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 Preface

				Few, if any, subjects occupy and fascinate the human mind as much as that of life and death. Unfortunately, as noted by Benjamin Franklin over 200 years ago, “There are few things which are appreciated more in their absence and less in their presence than health. When we have it, we take it for granted, giving little care to its preservation. When we do not have it, there is precious little we would not do to get it back.”


				Aging, a very fascinating, complex, and multifactorial process, has been speculated about throughout history. However, only recently has the scientific community made major in-roads attempting to understand it. Indeed, evolution, genetics, free radicals, protein glycosylation, the immune and neuroendocrine systems, among others have now been implicated. Unfortunately, the biology of aging remains conspicuously absent from school curriculums, and there are relatively few courses that cover the subject even at the university level. This neglect is curious since most people find the topic of great interest and of personal relevance.


				Two thousand years ago, the average life expectancy of a Roman citizen was about 22 years (wars, infectious diseases, trauma, etc). By 1900, it increased to 47 years. Today, the average life expectancy in the U.S. is approximately 30 years longer than it was a century ago [mixed sexes, about 78 years (men, 76; women, 81); longer in Japan and some European countries]. However, the average person is born with strong enough longevity genes to live to age 85 and perhaps longer. Unfortunately, our “health span”, the portion of our life when we are vigorous, healthy, and free from chronic disease, is not keeping pace. Nevertheless, most people who take appropriate preventive steps to prevent or delay a chronic disease will likely add ten or more quality years to their lives. Indeed, growing older does not necessarily mean growing sicker. Therefore, “don’t just add years to your life, add life to your years” (Hans Selye). Importantly, if we strive to improve our health, we will not only live longer and be more healthy, but will reduce medical expenditures by billions of dollars each year.


				

Physicians are primarily trained to diagnose and treat diseases and physical and psychiatric disorders. As such, they often encounter people only when they are sick or have signs and/or symptoms of a disease. Moreover, “managed care” groups limit the time physicians have with each patient and therefore inadequate time to be certain that their patients fully understand their condition and what is needed to improve their health. Yet, at least 65% of the major causes of disease and eventual death are lifestyle-related. Can there be any doubt that disease and disability prevention are significantly better than treatment?

				It is extremely important that physicians and other healthcare providers, managed care directors, school teachers, local and federal government officials and news reporters become more active in educating the public on the importance of “wellness”, health promotion, and disease prevention. Interestingly, many years ago Thomas Edison noted that “The doctor of the future will give no medicine, but will interest his patient in the care of the human frame, in diet, and in the prevention of disease.”


				In this book, I have presented abundant important information from both laboratory and clinical studies. In addition to the major theories of aging, poor lifestyle characteristics (i.e., obesity, physical inactivity, poor nutrition, addictive drugs, etc) lead to various diseases and clinical disorders that increase morbidity and mortality and thereby decrease longevity (e.g., various cancers, coronary heart disease, cerebrovascular disease, type 2 diabetes, and hypertension, among others) are also discussed in detail.


				 

				



 Chapter 1. 

 Life Expectancy, Lifespan, and Causes of Death


				Introduction


				Although philosophers have been interested in the aging process for centuries, it has only been in the last century that scientists became interested in this important and highly complex subject. Indeed, the terms “gerontology” and “geriatrics” were first coined in the first decade of the 20th century; the American Geriatrics Society was formed in 1942. Moreover, only in the past couple of decades has aging received significant attention from government agencies, corporations, physicians and the general public. This latter recognition has been due, in great part, to the realization that the elderly form an ever increasing percent of the population; they also utilize a disproportionate share of the retirement and health care benefits.


				It is now commonly accepted that those 65 years and older constitute the “elderly”. Why was 65 years selected as the specific age for this designation and retirement? From a scientific standpoint, there is nothing to suggest that someone aged 65 years is biologically different from others who are 60 to 64 years old. Indeed, we do not all age at the same rate. That is, biological age is not the same as chronological age. Thus, some 80 year old individuals are biologically younger than others who are 65 to 70 years of age. Similarly, some so-called “elderly” 65 year olds are biologically younger than others in late middle age (i.e., 50-55 years).



				This aging misconception apparently dates from the 1890s when the German chancellor Bismarck established the world’s first pension system for those 65 years and older. Why did Bismarck pick aged 65? It has been suggested that his rise to power came about through government legislation to retire all persons 65 years and over (his major political rivals at that time were allegedly 65 years and older). Perhaps another major reason was that very few people lived to age 65 in 1900 (average life expectancy about 47 years). Over the subsequent 2-3 decades, other European countries, along with the United States and Canada, also established pension systems for those 65 years and older.


				The United States and other industrialized countries now face an impending “elder boom” as the post World War II “baby boomers” age (i.e., persons born from 1946 to 1964). In 1900, about 4% of the U.S. population was 65 years and older. Today, 12.4% of Americans are 65 or more and by the year 2020 it is expected to reach 19.6% (Figure 1-1).1 More specifically, a recent U.S. census indicated that in 1960 there were 16.6 million Americans 65 years or older; in 1980 there were 25.6 million and about 34.7 million in 2000. In the years 2020 and 2040, there will be an estimated 53.2 million and 75.2 million people 65 years or older, respectively.2 Indeed, of all the humans who have ever lived to age 65, it was estimated that at least half are alive today.3 The most rapidly growing group in the U.S. is the 85 years and older.4 In 1900, about 1% of the U.S. population was 85 or older; it is estimated to be 3% in 2030 and 5% by 2050. 
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				Figure 1-1. Percentage of U.S. population > 65 years, 1900-2030


				

However, the fastest growing group, percentage-wise, is possibly the 100 plus. In 1960, there were about 3,600 Americans 100 years and over; in 1998 it was 54,000 and is estimated to reach 200,000 by the year 2020 and 400,000 by 2040.5 Moreover, these unusual individuals may be significantly more healthy than generally thought. Thus, at age 85 years men can expect that 80% of their remaining life will be free of serious disability; for women, the estimated disability-free time is 65%.6

				There has also been a significant progressive increase in scientific research to better understand the aging process, as well as the various age-related diseases/disorders. Unfortunately, a considerable amount of this research has focused on age-related losses while important aspects regarding elderly heterogeneity have been largely ignored. Thus, some effects of the aging process have been exaggerated while the modifying effects of lifestyle (i.e., obesity, physical inactivity, poor nutrition, smoking, accidents and psychosocial effects, among others) have been underestimated.


				Life Expectancy


				The estimated life expectancy at birth represents the average number of years that a group of newborns would be expected to live if, throughout their lifetime, they were to experience the age-specific prevailing death rates during the year of their birth. Has the average life expectancy of humans approached its limit? About 2000 years ago the average Roman citizen lived only 22 years (wars, accidents, infectious diseases, neonatal and maternal deaths, etc).7 The average life expectancy progressively increased over the next 2000 years such that in 1900 it reached 47 years in the United States. One hundred years later (2003), primarily due to a wide variety of changes (e.g., public health, personal hygiene, scientific and medical advances, improved nutrition, etc), it progressively increased for all gender and race groups combined to 77.6 years,8 an increase of 0.7 years since 2000 at which time white women averaged 79.8 years, black women 75.0 years, white men 74.8 years, and black men 68.3 years.9 In 2003, the latest figures available in 2006, the average life expectancy was 80.5 years for U.S. white females, 76.1 years for black females, 75.4 years for white males and 69.2 years for black males.8


				In 1840, Swedish women lived longer than any other world population, averaging about 45 years.10 In 2004, the average life expectancy in Okinawa, a Japanese prefecture, was 81.8 years while that of the entire Japanese population was 81.2 years.11 Indeed, Japanese women, who traditionally live longer than all others, currently average 86 years; women from Australia, France, Italy, San Marino, Spain and Switzerland average 84 years.12 Men from San Marino reportedly average 80 years while those from Japan, Australia, Iceland, Sweden, and Switzerland average 79 years.12


				Assuming that the future decline in mortality rate will follow the exponential decline that has occurred during the past 50 years, Tuljapurkar et al13 predicted that the average life expectancy in 2050 in the G7 industrialized nations will vary from a high of 90.9 years in Japan to a low of 82.9 in the U.S. Others10 noted that since this increase in life expectancy has been linear over the past 160 years (r2 = 0.992), life expectancy trajectories “do not appear to be approaching a maximum.” Indeed, they suggested that the average life expectancy might reach 100 in the year 2060.


				In 1980 Fries14 proposed that after excluding traumatic deaths, a significant decline in coronary heart disease, diabetes, stroke, cancer, and other chronic diseases would result in a maximum average life expectancy not exceeding 85 years, a maximum average supported by others.15 Thus, as these diseases become less common, (a) the number of very old people would not increase; (b) the average period of decreased physical activity and vigor would decrease; (c) chronic diseases would involve a smaller percentage of the life span; and (d) late-life medical care needs would decrease. Indeed, from 1900 to 1990 there was a distinct rectangularization of the mortality curve (Figure 1-2) with a resultant compression of morbidity.16,17 Ideally, a person would be healthy, active and productive until a very short time before a final illness or event occurs and death rapidly follows.


				Others,18 however, presented evidence that supports different conclusions. That is, (a) the number of elderly persons is rapidly increasing; (b) the average period of decreased vigor will likely increase; (c) chronic diseases will occupy a larger percentage of one’s life; and (d) the needs for medical care in later life are likely to increase. Moreover, in Japan, the record holding country, female life expectancy was 86.0 years in 2007,19 surpassing the 85-year limit to life expectancy proposed by Fries in 1980.14 Although the maximum average life expectancy in other countries will also likely exceed 85 years within the next couple of decades, the compression-of-morbidity hypothesis continues unabated. Vita et al20 demonstrated that all people can compress their morbidity. Here, 1,741 college alumni were first surveyed in 1962 at an average age of 43 years. Each individual’s health status was rated on the basis of body weight, smoking, and physical activity. In 1994, at an average age of 75 years, the importance of these health habits became apparent. Those who exercised regularly, controlled their weight, and avoided smoking in midlife and later adulthood lived significantly longer. Moreover, they postponed disability problems and compressed them into fewer years at life’s end.
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				Figure 1-2. Comparison of individuals living at various ages and periods of time with the “ideal” maximum life span: (A) “ideal”, (B) 1990, (C) 1920, (D) 1900, (E) 100 BC
(Adapted from Fries14)

				More recently, this group provided further evidence that a healthy lifestyle will delay the onset of age-related diseases and compress the time of illness into a shorter period at the end of life.21 Indeed, disability trends have declined by about 2% since 1982 while mortality rates declined by 1%.22 Thus, longitudinal studies link good health risk status with reduced lifetime disability. Compared with those with multiple health risks, those with few risks have only one-fourth the disability rate and the onset of disability was delayed by 7 -12 years. Similarly, in a cross-sectional nationwide study, 523 women and 216 men 97 years and older were stratified by sex and age at onset [< 85 years (“survivors”) and > 85 years (“delayers”)] of various chronic diseases, the authors concluded that “Whereas the compression of both morbidity and disability are essential features of survival to old age for some centenarians, for others the compression of disability alone may be the key prerequisite.”23 Other studies also support the compression-of-morbidity paradigm.24-27 To further evaluate the reasons for the declining late-life disability, Schoeni et al28 evaluated data from the National Health Interviews Surveys from 1982 to 2005. The important findings were as follows: increased use of assistive mainstream technologies; declines in heart/circulatory disorders, visual problems, and musculoskeletal conditions; pharmacologic treatment for cardiovascular disease; knee/joint replacements; increased cataract surgery; medications for arthritic/rheumatic conditions; greater education, decreased poverty, and declines in widowhood.



				Factors Affecting Life Expectancy


				The risk of dying decreases significantly after birth and early childhood development due to sanitation systems, immunizations, and drugs that combat infectious diseases. It continues to decline until puberty at which time it slowly rises until about 30 years of age after which there is an exponential rise (Figure 1-3).29 The major factors affecting life expectancy are genetics, lifestyle, race, socioeconomic status, psychological factors, marital status, and religious involvement.


				1. Genetics


				Epidemiologic data indicate the presence of a strong familial component of longevity that is at least partly determined by genetics.30 Twin study data suggests that genetic diversity accounts for about 25% of life span variation;31 others suggest that genetic diversity is responsible for up to 35% of exceptional longevity.32 Longevity studies of centenarians is an excellent example of successful aging. Indeed, centenarian studies have proven useful since they are a cohort that, compared to younger age groups, lacks genotypes linked to several age-related lethal diseases and premature mortality. As a result, “the older you get, the healthier you have been.”33


				[image: missing image file]

				

Figure 1-3. Death rate as a function of age

				Terry et al34 reported that the median ages of onset of coronary heart disease, hypertension, diabetes, and stroke are significantly delayed in centenarian offspring by 5.0, 2.0, 8.5 and 8.5 years, respectively, compared with age-matched controls. Similarly, Adams and associates35 reported that centenarian offspring had a 78% lower risk of myocardial infarction, 83% lower risk of stroke, and 86% lower risk of developing diabetes mellitus. Moreover, in a separate report these researchers found that centenarians’ offspring had a 62% lower risk of all-cause mortality, a 71% lower risk of cancer-specific mortality and an 80% lower risk of coronary heart disease mortality than the control group.36 In addition, significant evidence for linkage to human exceptional longevity was noted at a locus on chromosome 4, indicating a significant likelihood that a gene or genes exist that significantly influences the ability to achieve exceptional old age.37

				2. Lifestyle


				In a recent National Geographic article,38 three groups (Sardinians, Okinawans, and Seventh-day Adventists) whose average life expectancies are significantly longer than those in most other developed countries are discussed. The following lifestyle characteristics are common to each group: don’t smoke; put family first; physically active; socially engaged; and eat fruits, vegetables and whole grains. Other characteristics include the following: Sardinians drink red wine in moderation and eat foods rich in omega-3 fatty acids (e.g., fish); Okinawans keep lifelong friends, eat small food portions, and find purpose in life; and the Adventists eat nuts and beans, observe the Sabbath, and have faith.


				Indeed, about two-thirds of the top 15 causes of death in the United States and other industrialized nations are primarily lifestyle-related (Table 1-2). For example, AIDS was the 8th leading cause of death in the United States in 1995. However, mainly due to improved medical treatment and education, it is no longer a major cause of death. In addition, not smoking, regular exercise, weight control, improved nutrition, modest or no alcohol intake, and the elimination of various psychologically-associated activities (e.g., drug abuse, unsafe sex, suicide, etc.) among others, would not only compress morbidity into fewer years, but would also increase the average life expectancy by decreasing the death rate due to heart disease, stroke, some forms of cancer, type 2 diabetes, and others. The following examples demonstrate the relationship between lifestyle and life expectancy.


				Doll et al39 compared the hazards of smoking in male British physicians from 1951 to 2001. Their results showed that excess mortality was primarily due to vascular, neoplastic, and respiratory diseases. Cigarette smokers born in 1900-1930 and continued to smoke died an average of about 10 years younger than lifelong non-smokers. Moreover, smoking cessation at ages 60, 50, 40 and 30 years increased life expectancy by approximately 3, 6, 9 and 10 years, respectively. Others40 studied the effect of smoking and physical activity on active and disabled life expectancy among 8,604 persons without disability at baseline. The participants were classified as “ever” or “never” smokers and doing “low”, “moderate,” or “high” physical activity. Compared with smokers, men and women non-smokers survived 1.6-3.9 and 1.6-3.6 years longer, respectively, depending on the physical activity level. Physical activity, from low to moderate to high was also significantly associated with increased life expectancy at age 65 in both smokers (9.5, 10.5, 12.9 years in men; 11.1, 12.6, 15.3 years in women) and non-smokers (11.0, 14.0, 16.2 years in men; 12.7, 16.2, 18.4 years in women). Moreover, higher physical activity was associated with significantly fewer years of disability before death.


				More recently, the relationship between lifestyle and mortality was prospectively studied in 20,244 men and women aged 45-79 years and free from cardiovascular disease and cancer at baseline.41 Each participant scored one point for each of the following: non-smoking, physically active, moderate alcohol intake, and plasma vitamin C level > 50 mmol/L (indicative of > 5 servings of fruits/vegetables/day). After an average 11-year follow-up, and adjusted variables for age, sex, body mass index, and social class, the all-causes mortality rates for men and women who had three, two, one, and zero compared to four health behaviors were respectively 1.39, 1.95, 2.52, and 4.44. Thus, compared with zero health behaviors, the mortality risk for those with four was equivalent to being 14 years younger in chronological age.


				A recent study of Seventh-day Adventists, who apparently have the longest life expectancy of any specific population in the U.S., adds further support to the importance of lifestyle and increased life expectancy.42 In this study, 34,192 Adventists were followed for 12 years (1976 to 1988). At age 30 years, California Adventists had significantly longer life expectancies than other white Californians (men, 7.28 years; women, 4.42 years). These researchers concluded that good nutrition, regular exercise, not smoking, not overweight/obese, and hormone replacement therapy (in women) in combination can increase the life expectancy up to 10 years.


				More recently, Yates et al43 prospectively evaluated modifiable factors associated with survival and function in 2,357 men to age 90 years (Physicians’ Health Study, 1981-2006). Of these, 41% survived to 90 years or more. Increased mortality risk prior to age 90 was associated with smoking, diabetes, obesity, and hypertension [hazard ratios (HR) 2.10, 1.86, 1.44, and 1.28, respectively]; regular exercise was associated with a 30% lower mortality risk (HR, 0.72). Thus, the probability of a 90-year life span at age 70 years was 54% in the absence of smoking, diabetes, obesity, hypertension, or sedentary lifestyle, as well as good health and function during older age.


				

Nevertheless, unless the current obesity epidemic is brought under control, the average life expectancy will probably decrease significantly.44 Indeed, obesity reportedly reduces the life expectancy by an estimated 5 to 20 years.45 The positive effects of proper nutrition, not being overweight/obese, regular physical activity and not smoking on the average life expectancy are discussed in later chapters. Numerous studies have also shown that other risk factors including race, socioeconomic status, education level, social status, and various personal characteristics (e.g., depression, hostility, pessimism, stress) are important determinants of life expectancy.

				3. Race and Socioeconomic Status


				Differences in socioeconomic status may be an increasing public health problem.46 In this study, those with lower socioeconomic status, as measured by income, education level, and occupation had significantly higher mortality rates than those in the higher socioeconomic levels. Among older whites and blacks, the level of education had a greater effect than race on both total life expectancy and active life expectancy. More recently, life expectancy was estimated for age, gender, and deprivation level for periods 1980-82, 1989-91, and 1998-2000.47 The results showed that in 1980-82, the life expectancy at birth was 2.8 years longer for the least-deprived group than for the most-deprived group (75.8 vs 73.0 years); by 1998-2000, the difference in life expectancy at birth was 4.5 years (79.9 vs 74.7 years). Possible reasons for this widening gap include the following: (a) affluent people are more educated and therefore are more likely to take advantage of new discoveries to detect/treat heart disease and cancer; (b) smoking has declined more rapidly in affluent individuals; and (c) low income people more often live in unsafe neighborhoods and engage in risky or unhealthy behavior and have less healthy diets.


				Studies have also shown significant socioeconomic and racial differences in the incidence of both coronary heart disease (CHD) and ischemic stroke. For example, Barnett et al48 found a significant increase in CHD mortality in black men of lower social classes over a 10-year period (1984-1993). However, the mortality rate of upper class black males decreased, as did the CHD mortality for white males in all social classes. Others49 studied the incidence of ischemic stroke and survival in a large cohort of middle-aged men and women, aged 45-64 years, from 1987 to 1995. The age-adjusted incidence rate/1000 person years was highest among black males (4.44) followed by black females (3.10), white males (1.76) and white females (1.24). A recent review50 of stroke mortality noted that, compared with U.S. white men and women, African Americans had significantly greater mortality rates for every stroke subtype except cerebral infarction due to carotid artery occlusion. From 1992 to 1996, the number of stroke deaths increased in African Americans by 8%.


				Others prospectively studied the association between socioeconomic status with functional capacity and heart rate recovery following exercise testing, and all-causes mortality involving 30,043 consecutively referred patients between 1990 and 2002.51 The authors concluded that impaired functional capacity in metabolic equivalents and heart rate recovery “were strongly associated with lower socioeconomic status and accounted for a major proportion of the correlation between socioeconomic status and mortality.”


				Considerable evidence also supports the concept that education is a strong psychological and biologic tool to attain a longer and more satisfying life. For example, a longitudinal Dutch study52 examined the role of behavioral (i.e., alcohol, smoking, body mass index, physical activity) and material (i.e., financial problems, employment status, income proxy) factors in explaining education differences in all-causes mortality. Their results showed that the association between mortality and education level was largely explained by material factors. In another study, Wamala et al53 concluded that the increased risk for CHD in women with low education is linked to both psychosocial stress (i.e., job stress, social isolation, poor coping and hopelessness) and lifestyle factors (i.e., smoking, leisure physical activity, obesity). More recently, lower parental education was found to be significantly associated with multiple metabolic risks (i.e., higher insulin, glucose, and cholesterol levels, greater insulin resistance, and decreased HDL cholesterol) and cumulative risk for cardiovascular health in adolescents.54


				Others reported that the inverse relation between mortality and socioeconomic position was stronger in 1986 than in 1960.55 Indeed, this disparity in mortality rates according to education and income increased for both women and men, whites and blacks, and family members and unrelated persons. Conversely, in their study of centenarians, Perls and Silver5 stated, “we realized that the commonly accepted profile of successful aging, which assumes that the person will be well-educated, employed in a profession, and financially secure, is dangerously flawed.” Moreover, Lantz and associates56 noted that a prominent hypothesis regarding social inequalities in mortality is that the increased risk among the lower socioeconomic groups is mainly due to a higher prevalence of lifestyle risk factors (i.e., cigarette smoking, excess alcohol intake, sedentary lifestyle, and increased body weight). They found, however, that these factors explain no more than 12-13% of the predictive effect of income on mortality. Rather, they concluded that mortality differences are due to various other factors and, therefore, would persist to some extent even with improved health behaviors among the disadvantaged.


				

Further support for the direct association between lifestyle and life expectancy is presented in the book, Living to 100, which is based on a study of 150 individuals 100 years and over.5 In this study, most of the centenarians were reportedly healthy into their nineties and in some who were over one hundred. Moreover, morbidity could be compressed into 4% of the total life span since these individuals had generally escaped the major age-related diseases. These authors proposed a Life Expectancy Calculator, which is based on the assumption that the average person has adequate “longevity genes” to live to age 85 or more, and that those with an appropriate lifestyle may add an additional 10 or more years. This “calculator” consists of a 19-question quiz as to one’s chances of living to 100. Here, depending on interpretation, 16-17 of the questions are lifestyle-related. Thus, it appears that we may be “witnessing an increase in average life expectancy throughout the industrialized world at a linear pace” (albeit at a somewhat slower rate).57

				According to recent extensive studies by Murray et al,58,59 the gap between the highest and lowest life expectancies for race-county combinations in the U.S. exceeds 35 years. These researchers divided the race-county combinations of the U.S. population into distinct groups, the “eight Americas” (Table 1-1). 


				 

				
					
						
								
								Table 1-1. Per Capita Income and Life Expectancies in the Eight Americas


							
						

						
								
								1. Asians (10.4 million). Per capita income, $21,566; average life expectancy, 85 years.


							
						

						
								
								2. Whites in Northland (3.6 million in Minnesota, Montana, Iowa, Nebraska, the Dakotas). Per capita income, $17,758; average life expectancy, 79 years.


							
						

						
								
								3. Middle Americans (214 million). Per capita income, $24,640; average life expectancy, 78 years.


							
						

						
								
								4. Whites in Appalachia and Mississippi Valley (16.6 million). Per capita income, $16,390; average life expectancy, 75 years.


							
						

						
								
								5. Western Native Americans (1 million). Per capita income $10,029; average life expectancy, 73 years.


							
						

						
								
								6. Black middle Americans (23.4 million). Per capita income, $15,412; average life expectancy, 73 years.


							
						

						
								
								7. Blacks, Southern (5.8 million). Per capita income, $10,463; average life expectancy, 71 years.


							
						

						
								
								8. Blacks, high-risk urban (7.5 million). Per capita income, $14,800; average life expectancy, 71 years.



							
						

					
				

				 

				Their findings showed that the difference in life expectancy between the 3.4 million high-risk urban black males and 5.6 million Asian women was 20.7 years. The life expectancy between the best-off and worst-off groups was 15.4 years for males (Asians compared with high risk urban blacks) and 12.8 years for females (Asians compared with low-income Southern rural blacks). More importantly, however, the mortality disparities were the largest for young (15-44 years) and middle-aged (45-59 years) adults. These disparities were due to chronic diseases and injuries with well-established risk factors (i.e., cardiovascular disease, diabetes, liver cirrhosis, HIV, and homicide). Thus, the authors concluded that the “observed disparities in life expectancy cannot be explained by race, income, or basic health-care access and utilization alone.”


				Other important factors regarding socioeconomic status and increased mortality are childhood and post-retirement circumstances. With respect to the former, Galobardes and associates60 reviewed 40 published studies regarding childhood factors and cardiovascular disease in adulthood (24 prospective, 11 case-control, 5 cross-sectional). Of these, 31 showed a strong inverse association between childhood circumstances and risk for cardiovascular disease. Others61 reported that employment grade among civil servants was a strong predictor of mortality before retirement in men dying at ages 40 to 64 years (relative risk, 3.12 for lowest employment grade compared with the highest grade). Following retirement, the relative risk declined but was still significant (1.82). Thus, in addition to other socioeconomic factors, both childhood circumstances and work itself are important socioeconomic factors regarding early mortality.


				Although it is clear that total life expectancy has increased for Americans of all races and ethnic groups, what are their healthy life expectancies? To evaluate this question, Chang et al62 reported that the total life expectancy in Tennessee is 73.6 years. However, only 61.1 years of “good” health is expected. Thus, as with other studies, black males have the lowest total and healthy life expectancies. Although, as with national studies, white females in Tennessee have the highest total life expectancy, they have more total unhealthy years than white males.


				4. Psychological and Social Factors


				Depression, hostility, and social isolation have been associated with increased all-causes mortality.63 Indeed, depression is a world-wide problem. Some of the major risk factors include spousal bereavement, financial problems, medical illness, physical disability and lack of social support from family and friends. Depression in those 65 years and older is a major public health problem, resulting not only in a decreased quality of life, but increased mortality. In 1995, depression and other mental disorders accounted for 28% of the total disabilities in the world.64 It was estimated that depression, which ranked fourth in the world in disability-adjusted life years in 1990, will rank second in 2020, a figure greater than traffic accidents and second only to ischemic heart disease. Depression has also been associated with various medical problems including alcoholism, drug addiction, suicide, and coronary heart disease.


				

Depression greatly increases the risk for suicide, which is currently the 11th most common cause of death in the U.S. (Table 1-2). According to the Centers for Disease Control (CDC), individuals over age 65 years committed 19% of all suicides between 1980 and 1992, although they accounted for only 13% of the population;65 81% of the suicides occurred in men. It is possible that elderly suicides are actually more common than current statistics suggest due to intentional overdose of prescribed medications, cease taking prescribed medications, stop caring for themselves, delayed treatment for medical disorders, poor nutrition and decreased water intake.66

				In addition to increased suicides, several studies have shown a direct correlation between depression and various clinical disorders including cardiovascular and cerebrovascular diseases. Ford and associates67 reported a 12% incidence of coronary heart disease (CHD) in male medical students after a 40 year follow-up. Multivariate analysis indicated that depression was a significant risk factor for CHD and acute myocardial infarction (relative risk 2.12 for both disorders). Others68 studied depressed women and men and compared them with non-depressed matched controls. Although depression was not associated with CHD in women, the risk for CHD was three times higher among depressed men compared with the controls. Depression also predicts an increased risk for mortality in individuals with CHD at baseline.69,70 More recently, clinical depression was shown to be associated with a higher risk of out-of-hospital cardiac arrest independent of established CHD risk factors.71


				Recent studies have also shown a positive correlation between depression and cerebrovascular disease.72,73 This latter 6-year prospective study of 2,478 older whites and blacks from five North Carolina counties found that increasing scores on the modified Center for Epidemiological Stroke Depression Scale were associated with an increased risk of ischemic stroke.73 Conversely, increased levels of positive affect appeared to be protective against stroke.


				Various explanations have been proposed to explain the association between CHD, ischemic stroke, and depression. Carney et al74 suggested that it is directly or indirectly related to poor health habits (i.e., increased smoking and decreased physical activity). Poor nutrition, a very common problem among the elderly, resulting in an inadequate intake of protein, critical antioxidants and micronutrients, is probably also an important risk factor. Moreover, current smoking has been associated with suicidal behavior.75 Here, current daily smoking predicted subsequent suicidal thoughts or attempts, independent of prior depression or substance abuse (odds ratio, 1.82).


				In addition to these factors, House et al76 compared the mortality rate of suburban and rural/small-town residents with urban residents. After adjustments for health and sociodemographic variables, city dwellers had a mortality ratio of 1.62 compared with the rural/small-town residents; suburbanites had an intermediate but insignificant increased rate. They also found that the increased mortality rate was particularly strong among white males less than 65 years of age. The authors concluded that the increased mortality risk of city residence among men is as significant as race, low income, smoking, and social isolation. The impact of stress on overall health and longevity was recently reviewed.77


				5. Marital Status


				Demographers have long recognized that married people live longer. An early extensive study of marital status and life expectancy in the U.S. found higher mortality rates for the never married, separated, divorced, and widowed people at every age over 20 years.78 Indeed, mortality rates were up to 50% higher for unmarried groups. The highest rates were among divorced white people, whereas the highest mortality rates among those of other races were the widowed. Moreover, morbidity and mortality rates are lower for married persons across such diverse diseases as heart attacks and cancer, as well as those undergoing surgery.79-81


				Conversely, marital discord is a significant morbidity risk factor.82 In this study, blister wounds healed 60% slower and local cytokine production (i.e., interleukin-6, tumor necrosis factor-alpha, interleukin-1 beta) was lower at wound sites following marital conflicts, compared with positive marital support.


				6. Personal Longevity Characteristics


				Strong, optimistic personalities are typical of long-lived individuals; conversely, depression is uncommon. Rather than taking life easy, centenarians adopt whatever measures are necessary to maintain their physical strength and mental capabilities. They also refuse to see age as a limitation on life’s enjoyments and strive to avoid lifestyle-related diseases.5


				A recent study evaluated how people explain events as a risk factor for early death.83 After following 839 individuals for 30 years, the pessimistic group had a 19% higher risk for all-causes mortality. Earlier studies also found that pessimistic people are significantly more likely to be depressed,84 more physically unfit,85 and more frequent users of medical and mental health care facilities.86 Proneness to anger is also a significant risk factor for increased morbidity and mortality from coronary heart disease.87 Moreover, feelings of tension, frustration, or sadness can more than double the risk for cardiac ischemia within the subsequent hour.88 Similarly, a study of life satisfaction, defined as interest in life, loneliness, happiness, and general ease of living, showed the age-adjusted hazard ratios for all-cause disease and injury mortality among dissatisfied compared with satisfied men were 1.49, 1.35, and 1.93 respectively.89 The data was adjusted for marital status, social class, smoking, alcohol use, and physical activity.

				A growing body of empirical evidence also suggests that active religious involvement has a positive effect on health and all-causes mortality.90-93 Oman and Reed94 analyzed the prospective association between attending religious services and all-causes mortality. After comparing the mortality rate of those who regularly attended religious services with several confounding factors, including demographics, health status, physical functioning, health habits, social functioning and support and psychological state, they concluded that attendance at religious services was associated with a lower mortality rate. More specifically, Helm et al95 examined the relationship between survival and private religious activity such as prayer, meditation, and Bible study. Since physical impairment and stress often lead to increased religious activity, they divided the participants into impaired and unimpaired groups. After a 6-year average follow-up, and control for various confounding variables, they found a significant protective effect of private religious activity against mortality in the relatively healthy unimpaired group compared with the impaired group.


				Other studies are also consistent with the view that religious involvement “is a general protective factor that promotes health through a variety of causal pathways.”96 For example, Strawbridge et al97 reported that the lower mortality rates among those involved in religious activities can partly be explained by improved health practices, increased social activity, and more stable marriages. The subject of religious commitment and health status has been reviewed.98


				Maximum Lifespan


				“The days of our lives are threescore years and ten; and if by reason of strength they be fourscore years, yet is their strength labor and sorrow; for it is soon cut off, and we fly away” (Psalm 90:10).


				Lifespan commonly refers to the period of time that an animal species can be expected to live under the best of circumstances. The maximum lifespan is defined as the average lifespan of the longest-lived decimal of a cohort.99 The lifespan of humans and other primates can be divided into three periods with respect to productivity: pre-reproductive period, reproductive maturity, and a period of post-reproductive life that follows reproductive senescence. Interestingly, reproductive senescence in humans occurs in the middle of the maximum lifespan with 50% or more being post-reproductive.


				In 1825, Gompertz100 presented an aging model, which assumes that mortality rates increase exponentially with age. With this model, the odds of humans dying are highest at birth, lowest at about twelve years, and thereafter doubles every eight years from about age thirty (Figure 1-4). The figure shows, however, that the slope of the curve decreases after about age 80 years. The rate of dying slows in the very old, suggesting that the probability of dying decreases in extreme old age. Indeed, recent publications show that a reduction in death rate at older ages has accelerated in recent decades.101,102 Thus, longevity limits may also continue to slowly increase.


				How long can humans live? Is it possible to extend the human lifespan? Attempts to increase the human lifespan date as early as 3500 BC and the search for immortality by Ponce de Leon (“Fountain of Youth”) and Alexander the Great are well known. 


				[image: missing image file]

				Figure 1-4. Schematic Gompertz Survival Curve

				Moreover, so-called “aging experts” have long touted various anti-aging elixirs to the general public. Nevertheless, as recently emphasized by many of the world’s leading aging authorities, there is “no truth to the fountain of youth”.103 These authors wrote that “the hawking of ‘anti-aging’ therapies has taken a particularly troubling turn of late. Disturbingly large numbers of entrepreneurs are luring gullible and frequently desperate customers of all ages to ‘longevity’ clinics, claiming a scientific basis for the anti-aging products they recommend and, often, sell.”


				

Before the mid-1990s, it was widely believed that the maximum human lifespan could not exceed 115 years.104 Indeed, in 1980 the oldest authenticated person was a Japanese woman who lived 114 years.105 As of late 2007, however, there was validated documentation that 23 people have lived for 115 or more years and an additional 42 validated persons lived to 114 years.106 The oldest documented individual is Madame Jeanne Louise Calment of France, who died on August 4, 1997 at the age of 122 years and 164 days. Shigechiyo Izumi, the oldest male from Japan, died in 1986 at 120 years and 237 days. However, of the well documented individuals who have lived 115 or more years, only three were males.106,107 Thus, the other two were Christian Mortensen (115 years and 252 days) and Emiliano Mercado del Toro (115 years and 156 days).

				In November 2006, the oldest living person (female) was 116; two others were 115 (one female; one male) and 81 living persons were 110 years of age and older.10 In 2004, 56 validated living supercentenarians were 110 to 113 (8 men, 48 women).108 As of November 2007, there were 65 worldwide validated supercentenarians, dead or alive, who were aged 114 or above (6 men, 59 women).106


				Although the number of supercentenarians (> 110 years) evaluated were few, Coles109 noted several common phenotypes, including the following: (a) excellent health status before age 90 years; (b) not obese; (c) had long-lived parents and siblings; (d) hearing deficit; (e) reduced sense of smell and taste; (f) frailty (sarcopenia); (g) thin skin susceptible to damage and poor healing; and (h) poor orientation. More recently, the phenotypic characteristics of 32 age-validated supercentenarians, age range 110 to 119, were studied.110 Of these, 59% had Burthel Index scores in the partially to totally dependent range whereas the remaining 41% were independent or required minimal assistance. Clinically evident vascular-related diseases were uncommon (myocardial infarction, 6%; stroke, 13%). Seven (22%) were taking medications for hypertension, eight (25%) had a history of cancer (all cured), one had diabetes mellitus (3%) and one (3%) had Parkinson’s disease. Conversely, osteoporosis and cataract history were common (14% and 28%, respectively).


				Many biogerontologists believe that the maximum lifespan can be extended. Certainly, experimental studies show that a progressively rising death rate does not apply to all animal species. For example, Carey et al111 reported that the risk of death for Mediterranean fruit flies on a given day peaks in old age and then declines. That is, life expectancy in older individual flies increased rather than decreased with age. Similarly, Curtsinger and associates112 showed a leveling off of the risk of death in ten different strains of Drosophila melanagaster. They concluded, “these results are contrary to the limited life-span paradigm which postulates well-defined, genotype specific limits on life-span and bring periods of intense and rapidly accelerating mortality rates at the oldest age.” As a result of these and other experimental studies, stocks of fruit flies now exist that live 2-3 times longer than normal and are also healthy longer.113


				Results from various studies of human mortality also show a decrease in the mortality rate. For example, analyses of both Swedish and U.S. Medicare cohorts showed that mortality rates slowed at late ages.114 Others115 reported that the male mortality rate increased 8.8% per year of age from 75 to 84 but decreased to 3.2% from 95 to 104. The female mortality rate increased 10.5% per year of age from 75 to 84 but decreased to 2.5% from 100 to 109 years.


				In 1981 Harman116 suggested that the maximum human lifespan could be increased by 5 to 10 or more years by weight control and ingesting diets adequate in essential antioxidant nutrients designed to minimize the negative effects of free radical reactions. More recently, a Swedish study, where reliable older records have long been available, found that the maximum age at death increased from 101 years during the 1860s to 108 years in the 1990s.117 The rate of increase was 0.44 years/decade before 1969 but it increased to 1.11 years/decade after 1969. Over 70% of the rise was attributed to reduction in the death of those over age 70. The authors concluded, “our analysis refutes the common assertion that the human life-span is fixed and unchanging over time.” Using the 1960-1990 U.S. mortality data, Manton and Stallard also suggested that the maximum life span limits are not yet manifest.118 Indeed, using parameters from extinct cohorts, one of their analyses suggested a maximum longevity potential of 130 or more years. This topic is discussed in more detail in Chapter 2.


				Causes of Death


				The overall improvement in the health of U.S. citizens from 1900 to 2000 is exemplified by two highly significant trends; the age-adjusted death rate declined about 74% and life expectancy increased 56%.119 In 1900, the ten most common causes of death were, in order of frequency, pneumonia, tuberculosis, diarrhea (bacterial), heart disease, stroke, liver disease, accidents, cancer, senility, and diphtheria. Thus, over the past 100 years, the major causes of death primarily shifted from infectious diseases to chronic diseases. Indeed, about 80% of Americans 65 years and older have at least one chronic disease and 50% have at least two.120


				There were 2,448,017 deaths in the United States in 2005, which was 50,402 more than in 2004 but fewer per 100,000 deaths (798.8 vs 800.8).121 A recent report noted that approximately 50% of the decline in coronary heart disease in the U.S. from 1980 through 2000 was primarily attributable to improved medical treatments and reductions in major risk factors (i.e., reduced total cholesterol, systolic blood pressure, smoking, physical inactivity).122 The 15 leading causes of death in the United States in 2005, the latest figures available as of March/April 2008, are listed in Table 1-2.121

				 

				
					
						
								
								Table 1-2. Fifteen Leading Causes of Death in U.S., 2005121


							
						

						
								
								Cause of Death


							
								
								Number    

							
								
								Percent    

							
								
								Rate*


							
						

						
								
								All causes


							
								
								2,448,017


							
								
								100.0


							
								
								798.8


							
						

						
								
								1. Heart disease


							
								
								652,091


							
								
								26.6


							
								
								211.1


							
						

						
								
								2. Cancer


							
								
								559,312


							
								
								22.8


							
								
								183.8


							
						

						
								
								3. Cerebrovascular diseases


							
								
								143,579



							
								
								5.9

							
								
								46.6


							
						

						
								
								4. Chronic respiratory diseases    

							
								
								130,933



							
								
								5.3

							
								
								43.2


							
						

						
								
								5. Accidents (unintentional)


							
								
								117,809



							
								
								4.8

							
								
								39.1


							
						

						
								
								6. Diabetes mellitus 


							
								
								75,119



							
								
								3.1

							
								
								24.6


							
						

						
								
								7. Alzheimer disease


							
								
								71,599



							
								
								2.9

							
								
								22.9


							
						

						
								
								8. Influenza and pneumonia


							
								
								63,001



							
								
								2.6

							
								
								20.3


							
						

						
								
								9. Nephritis, nephrotic syndrome, nephrosis


							
								
								43,901



							
								
								1.8

							
								
								14.3


							
						

						
								
								10. Septicemia


							
								
								34,136



							
								
								1.4

							
								
								11.2


							
						

						
								
								11. Suicide


							
								
								32,637



							
								
								1.3

							
								
								10.9


							
						

						
								
								12. Chronic liver disease and cirrhosis


							
								
								27,530



							
								
								1.1


							
								
								9.0

							
						

						
								
								13. Essential hypertension and hypertensive renal disease

							
								
								24,902

							
								
								1.0


							
								
								8.0

							
						

						
								
								14. Parkinson’s disease


							
								
								19,544



							
								
								0.8


							
								
								6.4

							
						

						
								
								15. Homicide


							
								
								18,124



							
								
								0.7


							
								
								6.1

							
						

						
								
								All Other and Ill-defined causes


							
								
								433,800


							
								
								17.7


							
								
							
						

						
								
								*Rates are per 100,000 population and age-adjusted to 2000 U.S. standard population


							
						

					
				

				 

				Importantly, preliminary data for 2006 indicated that age-adjusted death rates decreased significantly between 2005 and 2006 for 11 of the 15 leading causes of death: heart disease, malignancies, cerebrovascular disease, chronic respiratory diseases, accidents, diabetes mellitus, influenza/pneumonia, septicemia, suicide, chronic liver disease/cirrhosis, and essential hypertension/hypertensive kidney disease.123 Moreover, Alzheimer’s disease replaced diabetes mellitus as the fifth leading cause of death and accidents fell from number five to number nine.


				Heart disease has been the most common cause of death in the U.S. for the past 80 years; it is also a major cause of disability.124 As such, it results in extensive health-care expenditures (estimated $151.6 billion in direct and indirect costs in 2007).125 On a state-wide basis, the states with the highest prevalence of prior myocardial infarction or angina/CHD are West Virginia (10.2%), Kentucky (8.8%), Louisiana (7.9%), Tennessee (7.6%), and Oklahoma (7.5%); those with the lowest prevalence are Colorado (4.8%), Washington DC (4.8%), Hawaii (4.9%), Utah (5%) and Minnesota (5%). The prevalence rates are 10.2% in Puerto Rico and 3.5% in the U.S. Virgin Islands.


				Deaths from heart disease have declined over the past several years at a greater rate than cancer deaths. Although the American Cancer Society recently reported that cancer deaths have exceeded cardiac deaths for individuals younger than 85 years since 1999,126 deaths from heart disease significantly exceed cancer deaths in those 85 years and over. A total of 1,479,350 new cancer cases and 562,340 deaths from cancer were projected to occur in the United States in 2009.127 The estimated cancer deaths in men were lung/bronchus (88,900), colon/rectum (25,240), and prostate (27,360); in women they were lung/bronchus (70,490), breast (40,170), and colon/rectum (24,680).125 Although breast cancer was clearly the most common malignancy in women (182,460 cases), about 80% were cured.


				The death rates (deaths/100,000 population) of several diseases have increased while others have decreased. Indeed, overall death rates may mask the death rate changes from specific diseases. For example, of the six leading causes of death from 1970 to 2002, death rates decreased for stroke (63%), heart disease (52%,) accidents (41%), and cancer (2.7%).128 However, the death rate doubled for chronic obstructive pulmonary disease and increased 45% for diabetes. Although diabetes is listed as the sixth leading cause of death, it is significantly higher since diabetics generally have more severe atherosclerosis (coronary heart disease, ischemic stroke).129-131 In addition, hypertension and chronic renal disease are also very common in diabetics.


				As noted previously, the human mortality rate increases at a constant rate through adult ages, but decreases in the very old. Although it has been supposed that there is an exponential increase in the major causes of death throughout life, a Japanese study of the causes of death from 1951-1990 showed that after age 75, the mortality rate also decreases for most of these diseases/disorders.132 Indeed, “centenarians disprove the ageist myth ‘the older you get, the sicker you get’; they live 90-95% of their long lives in excellent health, only to experience illnesses in the very last few years of their lives.” 133 In addition to a healthy lifestyle, the authors noted that these individuals also have a substantial genetic advantage.


				About two-thirds of these diseases are lifestyle-related. According to the Centers for Disease Control and Prevention statistics, about 80% of heart attacks and strokes, 80% of type 2 diabetes, and 40% of cancer could be prevented if Americans did not smoke, ate healthy food, and exercised regularly.134 This is probably true even when one’s genetic background predicts early medical problems. For example, in four human pedigrees with dominant familial hypercholesterolemia, the mean cholesterol level in males was 350 mg/dL; myocardial infarction occurred at an average age of 42 years and coronary death at 45 years.135 However, four ancestral males born before 1880 who carried this lethal gene survived to ages 62, 68, 72, and 81 years, suggesting that healthy lifestyle factors protected them from the expression of a gene that led to coronary heart disease by age 45 years in all of their heterozygous great grandsons.

				The figures in Table 1-2 often do not indicate the “actual causes of death,” as shown in Table 1-3 for 1990 and 2000.136,137 Moreover, the third highest “actual cause of death” may be due to adverse drug reactions, even when they are properly prescribed and administered.138 In this yearly report, there were an estimated 2,216,000 serious drug reactions and 106,000 drug-related deaths.


				 

				
					
						
								
								Table 1-3. Actual Causes of Death in the United States136,137


							
						

						
								
								Cause of Death


							
								
								1990          

							
								
								2000


							
						

						
								
							
								
								Number (%)


							
								
								Number (%)


							
						

						
								
								1. Tobacco


							
								
								400,000 (19)


							
								
								435,000 (18.1)


							
						

						
								
								2. Poor diet and physical inactivity    

							
								
								300,000 (14)


							
								
								365,000 (16.6)*


							
						

						
								
								3. Alcohol consumption


							
								
								100,000 (5)


							
								
								85,000 (3.5)


							
						

						
								
								4. Microbial agents


							
								
								90,000 (4)


							
								
								75,000 (3.1)


							
						

						
								
								5. Toxic agents


							
								
								60,000 (3)


							
								
								55,000 (2.3)


							
						

						
								
								6. Motor vehicle


							
								
								25,000 (1)


							
							

						
				

				


	
								43,000 (1.8)

							
						
								
								7. Firearms


							
								
								35,000 (2)


							
								
								29,000 (1.2)


							
						

						
								
								8. Sexual behavior


							
								
								30,000 (1)


							
								
								20,000 (0.8)


							
						

						
								
								9. Illicit drug use


							
								
								20,000 (< 1)


							
								
								17,000 (0.7)


							
						

						
								
								Total deaths


							
								
								1,060,000 (50)


							
								
								1,159,000 (48.2)


							
						

						
								
								*Corrected number137


							
						

					 

				More recently, Danaei et al139 estimated the mortality effects of 12 modifiable dietary, lifestyle, and metabolic risk factors in the U.S. Thus, in 2005, tobacco smoking and high blood pressure were responsible for an estimated 467,000 and 395,000 deaths, respectively (i.e., about one in five to six deaths). Overweight/obesity (216,000) and physical inactivity (191,000) were each responsible for almost 10% of deaths, whereas high dietary salt intake (102,000), low dietary omega-3 fatty acids (84,000), and high dietary trans fatty acids (82,000) were the dietary risks with the highest mortality effects.


				Interestingly, Froom and Shimoni140 recently reported that mortality rates in hospitalized internal medicine patients could be predicted by age plus eight routine admission laboratory tests (i.e., albumin, alkaline phosphatase, aspartate aminotransferase, blood urea nitrogen, glucose, neutrophil count proportion, and total leukocyte count). Using a logistic regression model, the odds ratio was 6.44 per quartile risk; the odds ratio for age alone was 2.01.


				Others combined co-morbid conditions and functional measures to predict mortality in older adults over a four year period.141 Twelve independent mortality predictors were identified: two demographic variables (ages, 60-64, 1 point; 65-69, 2 points; 70-74, 3 points; 75-79, 4 points; 80-84, 5 points; > 85, 7 points; and male sex, 2 points)), six co-morbid conditions (diabetes, 1 point; cancer, 2 points; lung disease, 2 points; heart failure, 2 points; current smoker, 2 points; and body mass index < 24, 1 point); and four functional variables (bathing, 2 points; walking several blocks, 2 points; managing money, 2 points; and pushing large objects, 1 point). The higher the score, the less likely one would live for at least four years. Thus, the four year mortality for points 0-5, 6-9, 10-13, and > 14 were 4%, 15%, 42%, and 64%, respectively. The authors concluded that the prognostic index, “accurately stratified community-dwelling older adults into groups at varying risk of mortality.”


				Do Humans Die of “Old Age”?


				As we age, there is a significant increase in our vulnerability to various diseases. The bioscientific medical model assumes that death always results from a specific disease, a combination of diseases, or other causes such as traumatic accidents, suicides, and homicides. Indeed, autopsies clearly reveal that all adults, especially the middle-aged and older, have multiple subclinical diseases at various stages.


				In 1958, Holman et al142 systematically studied the early aortic lesions in young persons aided by gross fat staining (sudan fat stain) of arterial specimens in 526 necropsied individuals one to 40 years of age. All autopsied patients three years and older had at least minimal sudanophilic “fatty streaks” (i.e., slightly raised irregular yellowish lesions on the inner arterial surface). A couple years later, Strong and McGill143 reported that grossly visible lesions (fatty streaks) in the coronary arteries began to occur in the second decade and were almost universal after 20 years of age. In two subsequent studies, Stary144,145 reported that over 50% of children aged 10 to 14 years had microscopic coronary artery lesions characterized by the accumulation of foam cells and thinly scattered extracellular lipid in the subendothelial space. More recently, fatty streaks were identified in all aortas and over 50% of the right coronary arteries in those 15 to 19 years of age.146

				Unfortunately, autopsy rates have dramatically declined over the past three decades due to various reasons including fear of malpractice litigation, increased costs, the false perception that advanced medical technology reveals the correct diagnosis in most cases, and the elimination of a minimum hospital autopsy requirement (i.e., 25% of deaths) by the Joint Commission on Accreditation of Healthcare Organizations in 1970. Prior to this, the autopsy rate at most academic centers was 80% or more.


				Based on death certificates, the causes of death of Americans 85 years and older reportedly differ little from those less than aged 85.147 Nevertheless, death statistics are commonly erroneous since studies consistently show significant discrepancies between clinical diagnoses and autopsy findings.148-152 Indeed, autopsy findings not infrequently reveal information that, had they been known before death, would have changed patient treatment and survival. For example, patients who die in the hospital of an acute myocardial infarction are commonly misdiagnosed, especially elderly patients and those not on the cardiology service.153,154 Unfortunately, the older a person is, the less likely an autopsy will be performed. For example, in 1986, 12.6% of U.S. hospital deaths were autopsied with the following age-related rates: ages 25-34, 55.3%; 65-74 years, 6.9%; 75-84 years, 5.1% and 85 years and older, 2.3%.147 There is little evidence that these figures have improved over the past 20 years. Since autopsy rates are so low, and those that are performed are more selective, it is difficult, if not impossible, to know the true cause of age-related deaths.


				Another example of major discrepancies between autopsy findings and death certificates was reported in a chronic care setting.155 Although the autopsy rate was only 3.5%, major discrepancies were found in 47.1% of cases with pneumonia being the most commonly missed diagnosis. Only 23 of 34 (67.6%) death certificates reflected the cause of death as documented in the patients’ charts and in only 12 cases (35.3%) did the autopsy findings agree with the clinical diagnosis.


				Ishii et al156 reviewed the findings of 5,106 autopsies on Japanese persons 80 years and older. In order of frequency, the six most common causes of death were bronchopneumonia, encephalomalacia, myocardial infarction, gastric cancer, generalized arteriosclerosis, and myocardial hypertrophy. Interestingly, they reported no cases in which a cause of death was not indicated. Similarly, a retrospective English study analyzed 332 autopsies on individuals 65 years and older and 129 autopsies on those 85 years and older (autopsy rate, 35%).157 In only 4.5% of cases of those over 85 years was the cause of death uncertain. Moreover, a forensic study of 319 individuals aged 90 years and older showed that 259 (81%) died of a specific disease while 47 (15%) died from accidents (43), suicides (3), and homicide (1).158 Only 13 (4%) deaths were “written off” as due to “old age or senile debility.” However, the results of a recent autopsy study of 42,398 consecutive autopsies of individuals dying unexpectedly out of hospitals in Vienna over an 18-year period showed that 100% succumbed to various diseases and not merely of “old age.”159


				Most recently (2009), Motta et al160 evaluated the autopsy findings of 140 centenarians (21 males and 119 females) ages 100 to 109 years and compared them with 96 elderly subjects (14 males and 82 females) ranging in age from 75 to 95 years. The results showed a lower prevalence (16.3% vs 39.0%), as well as a slower and less aggressive evolution of malignant diseases (frequency of metastases, 26.0% vs 55.0%) in the centenarians compared with the younger group. With respect to the incidence of cancer in the oldest old, researchers analyzed 507 autopsies in three age groups (75-90 years, 95 to 99 years, and 100 or more years).161 The cancer prevalence was 35%, 20% and 16%, respectively. Moreover, the percentage of cancer deaths were 25% in the youngest group, 9.5% in those aged 95 to 99 years and 7.1% in the centenarians.


				Although essentially all individuals will die of a specific disease, some believe that as the life expectancy increases there could be a progressive increase in those who will die of “old age or senile debility.” As noted by Bernstein et al,11 “a significant proportion of centenarians delay or escape age-related diseases.” If rare centenarians don’t die of “old age”, will they live forever? Obviously not, although future research will likely lead to a significant increase in the average human life expectancy and possibly the maximum life span. Indeed, if the three most common causes of death (i.e., cardiovascular disease, cancer, stroke) were completely eliminated, the average life expectancy would increase approximately 15 years.162


				Chapter Summary


				Worldwide, humans are not only living longer but they are healthier and suffer less from various disabilities and chronic illnesses (compression of morbidity). Indeed, the average life expectancy has increased from 22 years for the Roman citizen about 2000 years ago to 47 years in the United States in 1900 and slightly over 77 years in 2003 (higher in Japan, several European countries, others). Since about two-thirds of the top 15 causes of death in the U.S. are lifestyle-related, the maximum average life expectancy could be significantly increased (opinions vary from 85 to 100 or more years).


				The maximum human life span also appears to be increasing, albeit at a significantly slower rate. Prior to 1990, it was widely believed that humans could not live beyond 115 years. However, as of November 2007, 24 validated individuals had lived 115 or more years, the current record being 122 years and 164 days.106 Moreover, an additional 42 validated individuals lived to 114 years, of which only six were males (9.2%). Can the maximum human life span be further increased? Certainly, many biogerontologists believe it can. However, until the basic biological factors that control the aging process are better understood, the maximum life span will probably not be significantly extended (Chapter 2).
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 Chapter 2. 

 Aging: What Is It? Can It Be Postponed?


				Introduction


				Aging (senescence), the time of growing old, is an extremely complex and multifactorial process. Although everyone has a general concept of “aging”, it is difficult to clearly define. Indeed, there is currently no formal definition that is universally acceptable. Thus, there have been numerous attempts to define aging. Over 100 years ago, Bechat reportedly defined life as “the sum of the influences that resist death.”1 More recently, Harman2 defined aging as “the progressive accumulation of changes with time associated with or responsible for the ever increasing susceptibility to disease and death which accompanies age.” Others3 defined aging as “the progressive loss of function accompanied by decreasing fertility and increasing mortality with advancing age.” Rothstein4 noted that “the changes from maturity through senescence constitutes the aging process” while Oshansky et al5 wrote that aging is “…..the accumulation of random damage to the building blocks of life—especially to DNA, certain proteins, carbohydrates, and lipids (fats)—that begins early in life and eventually exceeds the body’s self repair capabilities.”


				Regardless of how aging is defined, Strehler and North emphasized that the process is deleterious, progressive, intrinsic (i.e., cannot be modified by environmental conditions or agents), and universal.6 Thus, it is widely recognized that aging is associated with the following conditions:7 (a) a progressive decrease in efficiency and vigor of essentially all physiologic functions (i.e., cardiac output, muscle strength, sensory acuity, mental ability, etc.); (b) atrophy of most organs; (c) increased vulnerability to trauma, osteoporosis (bone fractures), and various diseases (e.g., coronary heart disease, stroke, cancer etc); (d) immune system deficiencies (e.g., autoimmunity, increased susceptibility to infections, etc); and (e) a decreased ability to extract oxygen from the air and transport it to the various organs and tissues (i.e., VO2max).


				Why do we age? Why is the average life expectancy of people in Western societies 75 to 80 or more years while the common housefly lives only 24 hours, rats 3 years, horses 40 years, elephants 70 years, and some tortoises up to 300 years? Aging, however, is not simply the passage of time. Indeed, chronological age is not the same as biological age. Chronological age simply measures the number of years that have passed since birth and is generally used in a social and legal sense. Moreover, we do not all age at the same rate. Some 80 year-old individuals are biologically younger than others who are aged 65 and some so-called “elderly” individuals (i.e., aged 65 years) are biologically younger than others who are late “middle-aged” (i.e., 50-55 years).


				Aging has been theorized to consist of both primary and secondary aging, which are interactive and overlapping processes.8 Primary aging refers to a progressive deterioration of physical structure and biological function that occurs as aging progresses; it is independent of other factors. Secondary aging refers to the increased deterioration of organ structure and function secondary to atherosclerosis, hypertension, diabetes and other diseases/disorders. It is also secondary to harmful life styles and environmental factors including cigarette smoking, excess alcohol intake, poor nutrition, physical inactivity, and sun exposure, among others. Although the biologic basis of aging is only partly understood, there is general agreement that the answer lies at the molecular/cellular level. Thus, numerous theories have been suggested to explain the aging process (Chapters 3, 4).


				Successful (Healthy) Aging


				The World Health Organization (WHO) reports on healthy life expectancy for 192 WHO countries. Using the latest figures (2002), Mathers and associates9 analyzed mortality in the 192 countries, disability from 135 causes assessed for 17 world regions, and healthy surveys from 61 countries. Their findings showed that healthy life expectancy at birth ranged from 40 years for African males to over 70 years for females in developed countries. Thus, the “lost” healthy years ranged from 15% of total life expectancy in Africa to 8-9% in developed countries.


				Although the concept of “successful aging” has resulted in numerous studies over the past several decades, there is still no agreement as to the definition or specific criteria of this concept. For example, research definitions have included a variety of elements including life satisfaction, longevity, freedom from disability, mastery/growth, active engagement with life, high/independent functioning, and positive adaptation.10 In their landmark study, Rowe and Kahn11 wrote that “research in aging has emphasized average age-related losses and neglected the substantial heterogeneity of older persons.” These authors emphasized three essential components of successful aging: absence of chronic disease and disability; high cognitive and physical functioning; and active engagement with life. Other scientific predictors of successful aging are educational level, self-efficacy, and social contacts/support.10

				Although population studies show a significant average physiologic decline with age, many older persons have minimal physiologic decline. Thus, “usual” (normal) aging is due to extrinsic factors which increase the effects of aging alone while “successful” aging is due to extrinsic factors that have a neutral or positive role.11 For example, there is an average increase in various risk factors with usual or normal aging including blood pressure, body weight, type 2 diabetes, and coronary heart disease, among others. However, successful aging factors, which includes good nutrition, weight control, exercise, absent to mild alcohol intake, and not smoking are associated with a significant decrease in these diseases. Indeed, successful aging consists of three components; low probability of disease and disease-related disability, high cognitive and physical functional capacity, and active engagement with life.12 The authors emphasized that each of these components includes subparts. Low probability of disease includes the absence, presence, or severity of risk factors for disease. High functional level includes both physical and cognitive components and refers to what a person can do, not what he/she does do. The third component, active engagement, refers to both interpersonal and productive activities. Here, interpersonal relations include person contacts, emotional support and direct assistance while productive activities include those that are of value to society (i.e., either volunteer or reimbursed work).


				Crowther et al13 suggested that positive spirituality (not religion) is a “forgotten factor” and should be the fourth factor in successful aging. Here, “positive spirituality involves a developing and internalized personal relation with the sacred and transcendent that is not bound by race, ethnicity, economics or class, and promotes the wellness and welfare of self and others.” Other models of successful aging have also been proposed.14,15


				Everard and associates16 reported that maintenance of instrumental, social, and high-demand leisure activities is associated with higher physical health while maintenance of low-demand leisure activities is associated with higher mental health scores. Moreover, a recent study compared the contributions of primary prevention (i.e., risk factor reduction such as weight control, not smoking, regular physical activity, and good nutrition in apparently healthy people) with secondary prevention (i.e., risk factor reduction in patients with established coronary heart disease).17 Their results showed that primary prevention resulted in a four-fold larger reduction in deaths compared with secondary prevention. Similarly, Yates et al18 prospectively examined modifiable factors associated with a life span of 90 or more years and late-life function in 2,357 healthy men (mean age, 72 years) within the Physicians’ Health Study. Of these, 970 (41%) lived to 90 years or more. Smoking, diabetes, obesity and hypertension were all associated with increased risk of mortality before age 90 years [hazard ratios (HR), 2.10, 1.86, 1.44, and 1.28, respectively]. Conversely, regular exercise was associated with approximately 30% lower mortality risk (HR, 0.72). In the absence of smoking, diabetes, obesity, hypertension, or sedentary lifestyle, the probability of a 90-year life span at age 70 years was 54%.


				In agreement with these latter reports are the results of a 40-year prospective cohort study involving 5,820 Japanese-American middle-aged men (aged 45 to 68 years, mean, 54 years) who were free of morbidity and functional impairment (Honolulu Heart Program/Honolulu Asia Aging Study, 1965-2000).19 Of the original participants, 42% survived to age 85 years while 11% met the criteria for exceptional survival to 85 years (i.e., without incidence of major chronic diseases or physical/cognitive impairment). High grip strength and the avoidance of overweight, hyperglycemia, hypertension, smoking, and excessive alcohol consumption were associated with both overall and exceptional survival to 85 years; high education and normal triglyceridemia were associated with exceptional survival while the lack of a marital partner was associated with mortality before age 85 years. The probability of survival to the oldest age was 69% with no risk factors, but as low as 22% with six or more risk factors. The risk of exceptional survival to age 85 years was 55% with no risk factors but only 9% with six or more risk factors.


				In their literature review, Peel et al20 reported a significant association between successful aging and not smoking, being physically active, maintaining optimal body weight, and moderate alcohol consumption. Hillsdon and associates21 reported their findings after a 9-year follow-up of 6,398 relatively healthy, mostly working, middle-aged women and men. Their major finding was that the level of physical activity at baseline predicted higher physical function at follow-up even after controlling for the presence of chronic illnesses and baseline physical activity. Since physical activity during midlife is important for maintaining high physical function in later life, it is critical that physicians counsel patients to improve their lifestyles as early in life as possible.


				

Changes in brain size, vasculature, and cognition are associated with the aging process. Thus, the brain becomes smaller and the incidence of stroke, white matter lesions, and dementia increase with age. However, factors that reduce arteriosclerosis, namely regular exercise, a healthy diet, low to moderate alcohol intake, and increased cognitive effort (i.e., education or occupational attainment) appear to aid the aging brain.22 Several other studies have clearly shown, presumably due to increasing cerebral blood flow and oxygen delivery, that regular physical exercise is associated with a delayed onset of both ischemic dementia and Alzheimer’s disease.23-26 Moreover, a randomized trial recently demonstrated that increasing physical activity through habitual exercise is also beneficial to individuals with established Alzheimer’s disease.27,28

				Although antioxidants have not been shown to increase the life span of animals, several improvements in age-related neurologic disorders have been reported. For example, life long vitamin E intake was recently shown to prevent the accelerated decline in spacial learning in apoE-deficient mice.29 Moreover, a recent study of 100 healthy 20-75 year-old nonsmoking males, not taking vitamin supplements, showed that vitamin E depletion (25% of recommended intake) increased low density lipoprotein (LDL) oxidation while increased supplementation signifcantly reduced LDL oxidation.30 In addition, the activity of glutathione peroxidase, an antioxidative selenoenzyme, was increased while vitamin E supplementation decreased oxidative DNA modification (i.e., decreased urinary 8-hydroxydeoxyguanine). Moreover, compared with controls, aged dogs on an enriched antioxidant diet demonstrated both short- and long-term cognitive benefits, as well as decreased deposits of brain amyloid-beta protein.31 Others32 reported that dietary supplementation with polyphenolics (antioxidants) found in various fruits (i.e., boysenberry, blueberry, cranberry, black current) improved muscle tone, strength and balance, neuronal functioning, and generated a neuroprotective response to stress in aging rats.


				The objective of a recent study of a long-lived population was to document the extent of healthy aging along 10 different dimensions (i.e., independent living, vision, hearing, activities of daily living, instrumental activities of daily living, absence of physical illness, cognition, healthy mood, social support and participation, and religious participation and spirituality).33 Their results showed that the participants were healthy overall; 80% to 90% of those aged 65 to 75 were healthy according to each measure, but decreased to 60% of those aged 85 and older. The authors concluded “this population has a high prevalence of most factors representing healthy aging” and that “the predictors of overall self-reported health are distinct from the predictors of survival” and “are amenable to clinical and public health efforts.”


				Although most researchers consider “successful aging” in terms of the studies outlined above, others consider it to be a value judgment. Thus, “asking aging individuals about the meaning and relevance of successful aging should enrich the theoretical definitions that have predominated on this concept that has potentially high relevance to persons of all ages, allowing a more patient-centered definition of successful aging to emerge.”10 The authors emphasized that a patient-centered definition would be valuable for future research in this field since it would lead to specific predictors that are relevant to aging individuals.


				In any event, as noted by Westendorp,34 healthy aging occurs “when the conditions in which we live significantly improve, mortality decreases, evolutionary pressures for early survival and reproduction relax, and further resources can be invested in body maintenance and repair, which increases both average life expectancy and maximum life span.” Thus, wealth and an affluent environment significantly correlate with life expectancy as shown by the marked increase in life expectancy over the past century due to the marked improvement in sanitation, nutrition, education, and medicine.


				Aging Biomarkers


				The concept of aging biological markers (biomarkers) rests on the fact that the passage of time (i.e., chronological age) is only indirectly related to one’s true age (i.e., biological age). However, the identification of aging biomarkers obtained during a portion of lifespan might reliably predict longevity. Indeed, the search for biomarkers of aging began many decades ago. Early attempts to predict the rate of aging included hair color, grip strength, both systolic and diastolic blood pressure, exercise capacity, reaction time, hearing loss and forced expiratory function, among others. However, due to the extensive variation among individuals, it was soon recognized that these biomarkers were unreliable in estimating biological age. Moreover, other proposed biomarkers, including glucose intolerance, decreased cardiac output, decreased glomerular filtration rate, creatinine clearance, and osteopenia are now recognized as indicators of age-associated diseases/disorders rather than aging per se.


				Several quantifiable biologic markers have been proposed including protein carbonyls,35 mitochronrial DNA damage,36 beta-galactosidase in skin biopsy,37 lenticular glutathione,38 dehydroepiandrosterone,39 DNA unwinding rate,40 age pigments (lipofuscin),41 and advanced glycation end-products,42,43 as well as fasting insulin level, body temperature, neuroendocrine function, and stress response.44 Although none of these markers are generally considered to be completely reliable in predicting biological age, a recent study found that genetically identical C. elegans siblings that age poorly have significantly higher levels of age pigments than their same-aged siblings that “aged more gracefully and more youthfully.”45 The authors concluded that high pigment levels “indicate a physiologically aged state rather than simply marking chronological time.” Thus, age pigments appear to be valid lifespan markers, at least in nematodes.

				Since the effect of kidney function on successful aging had not been studied, Sarnak et al46 evaluated the relationship between cystatin C, a serum measurement of renal function, and healthy aging in 2,140 volunteers (mean age, 74 years). Their findings showed that “a higher cystatin C level, even within a range of relatively normal kidney function, was associated with unsuccessful aging.” Others47 tested the hypothesis that physical activity level during leisure time may be associated with leukocyte telomere length. Indeed, their results showed that leukocyte telomere length is positively associated with increased physical activity. Thus, a sedentary lifestyle “may accelerate the aging process.”


				Mooradian48 suggested that aging biomarkers should meet both primary and secondary criteria. The primary criteria include the following: (a) a quantitative correlation between the biologic parameter and age of subjects or a qualitative change in subjects achieving at least 90% of the life span potential of a given species; (b) the biologic parameter must not be altered by any known disease process or the disease alteration is not in the same direction as the aging process; (c) the age-related alteration is independent of nutritional and metabolic conditions; (d) factors that alter the aging rate should also appropriately alter the aging biomarker, and (e) an absence of the biomarker in immortal cell lines. The secondary aging biomarker criteria must (a) apply to different tissues with similar replicative capacity; (b) be similar across various species; and (c) be applicable to the accelerated aging syndromes.


				Parentini et al49 recently presented data suggesting that the cellular accumulation of dolichol, a high molecular weight lipid containing twenty isoprene (C5) units, may be a reliable biomarker of aging since it reportedly fulfills all of the suggested criteria. However, there are practical problems. Although dolichol can be readily quantified in plasma and urine, the levels do not reliably correlate with aging. Rather, dolichol must be measured in tissue samples.


				The subject of aging biomarkers is still somewhat controversial for two primary reasons: first, the absence of a common definition of aging and second, because the term “biomarker” is defined differently by basic and clinical scientists.50 In addition, controversy exists as to whether there are biologic processes of aging per se which can be identified and studied independently of age-associated diseases (i.e., coronary heart disease, stroke, cancer, cataract, etc). Although there are well known risk factors for various chronic diseases, some of these overlap with aging risk factors. Moreover, disagreement exists as to whether these age-related diseases are by-products of aging , or whether they are an essential component of the aging process. Thus, valid biomarkers of physiological aging have yet to be identified.51


				Although not a laboratory-derived aging biomarker, the concept of the total immediate ancestral longevity (TIAL) score has been suggested as a convenient and easily quantifiable longevity marker. First introduced by Pearl,52 it represents the summed ages at death of both parents and the grandparents of each propositus. Kantha53 recently reported the TIAL scores of four outstanding scientists and compared them with Madame Jeanne Louise Calment, the oldest documented person who died in 1997 at the age of 122 years and 164 days. Compared with her score (477), the scientists’ scores were 378, 390, 372, and 436.


				Accelerated Aging Syndromes


				Several human genetic disorders mimic premature aging in various ways, including shortened life expectancy, aged skin, premature cardiovascular disease and the development of cataracts, among others. Since there is some controversy as to whether any of these syndromes represent normal aging, they have often been referred to as “caricatures of aging.” Martin classified these syndromes into two broad categories: those that have an impact on several organ systems (“segmental progeroid syndromes”54) and those that impact a single organ system or tissue (“unimodal progeroid syndromes”55).


				A. Segmental Aging Syndromes


				The major segmental aging syndromes include Hutchinson-Gilford, Werner, Down, and ataxia telangiectasia. Other examples include Cockayne, Bloom, and Rothmund-Thompson, among others (Table 2-1).


				 

				
					
						
								
								Table 2-1. Segmental Accelerated Aging Syndromes


							
						

						
								
								Hutchinson-Gilford (childhood progeria)


							
						

						
								
								Werner (adult-onset progeria)


							
						

						
								
								Down (trisomy 21)


							
						

						
								
								Ataxia telangiectasia


							
						

						
								
								Cockayne
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								Rothmund-Thompson


							
						

						
								
								Combined xeroderma pigmentosa-Cockayne

							
						

						
								
								Others (e.g., Turner’s, Klinefelter’s, Donohue’s, etc)


							
						

					
				

				

1. Hutchinson-Gilford Progeria Syndrome

				The Hutchinson-Gilford Progeria Syndrome (HGPS), also referred to as childhood progeria, is an extremely rare disorder. The birth incidence is about one in eight million live births; familial cases have not been reported. Recent studies indicate that almost all HGPS cases are due to a single sporatic point mutation in the lamin A gene,56,57 resulting in a protein lacking 50 amino acids near the carboxy terminus, denoted as LADelta50.58 In most of these cases there is a change from glycine GGC to glycine GGT in codon 608 in the lamin A gene. Varga et al59 recently created a progeria mouse model that harbors the common HGPS mutation. As in children with HGPS, these mice develop a progressive loss of vascular smooth muscle cells in the media of large arteries.


				HGPS affects males and females equally and there are no racial differences. They appear normal at birth, but within a few years somatic growth slows and there is a marked loss of subcutaneous fat, particularly involving the face and limbs. The overall features of aging become apparent with atrophy and wrinkling of the skin, hair loss with balding, and loss of eye lashes and eyebrows. Indeed, the facial characteristics are similar with a tendency for protruding eyes and a hooked nose (“bird-like” facies). The voice is weak, high pitched, and squeaky.


				Atherogenesis is significantly accelerated and hypertension is common. However, their mental development is apparently not impaired. Although the average life expectancy is about 13 years, sexual maturity does not occur. Death is most often due to acute myocardial infarction or ischemic stroke. In contrast to Werner syndrome, there is no increased risk of cancer. Moreover, in contrast to normal aging, arthritis, diabetes, cataracts, deafness, and mental deterioration are not part of the syndrome. However, a recent study60 of 15 HGPS children (about 50% of the world’s known cases) reported the following: prolonged prothrombin times, elevated platelet counts and phosphorus levels, reductions in joint range of motion, low frequency conductive hearing loss, and functional oral deficits.


				Others61 showed that both adiponectin and high-density lipoprotein (HDL) cholesterol (“good cholesterol”) decreases with age in HGPS. However, there were no changes in other atherosclerotic risk factors (i.e., C-reactive protein, total and LDL cholesterol). The authors suggested that the progressive decline in adiponectin and HDL cholesterol may be responsible for the early onset of atherosclerosis in these individuals.



				 

				 

				2. Werner Syndrome


				Werner syndrome (adult-onset progeria), a rare autosomal recessive disorder with a prevalence of about 2/100,000, usually has its onset during late adolescence, although it may be delayed a decade or more. In typical cases, the affected person fails to demonstrate an adolescent growth spurt, the result of which is an adult short stature. As with HGPS, there is premature aging with wrinkling, thinning and ulcerations of the skin, pigmentary abnormalities, cataracts, graying and loss of hair, subcutaneous and periarticular calcium deposits and a “bird-like pinched” facie. This syndrome is also commonly characterized by accelerated cardiovascular disease and ischemic stroke, osteoporosis, hypogonadism, and a high incidence of endocrine gland hyperplasia and neoplasia. Thus, commonly designated MEN-1 (multiple endocrine neoplasia type 1), it is characterized by primary hyperparathyroidism, pancreatic endocrine and anterior pituitary tumors. In addition, the duodenum is the most common site for gastrinomas.62 The average life expectancy is about 47 years.


				The underlying cause of this disorder is a single gene mutation which encodes the Werner protein (WRN), a key aging protein that is critical for DNA repair and recombination. WRN is a member of the RecQ helicase family of proteins (“the guardians of the genome”).63,64 As a result of its mutation, there is significant genomic instability with chromosome breaks, translocations, and large deletions.65


				3. Down Syndrome (Trisomy 21)


				Down syndrome (DS) results from the presence of three copies of chromosome 21, the smallest of the human chromosomes. The physical abnormalities of DS include upslanting of the eye slits (palpebral fissures) with skin folds (epicanthic folds) at the inner sides, flatness of the nose bridge, and a tendency for the tongue to protrude, especially in the early years of life. The overall stature is also commonly reduced and congenital heart disease occurs in up to 40% of cases. The most serious feature is mental retardation, which is generally moderate although it varies from mild to severe. The average life expectancy is approximately 55 years.


				DS occurs once in every 600-1000 live births. The incidence rises with increasing maternal age. Thus, about 1 in 1000 children born to women aged 25-30 years have DS. The prevalence increases to about 1 in 350 for women aged 35 years and 1 in 100 for women 40 years and older. DS is usually the result of a failure of chromosomes 21 to separate from one another during the formation of the egg or sperm (nondisjunction) resulting in three chromosomes 21 in the embryo after conception.


				Recent social trends are reportedly responsible for the significant increase in the frequency of DS. Thus, a literature review reported the following conditions responsible for the increased incidence of DS:66 (1) marriage instability with later remarriage and late conception; (2) tendency of women to establish professional careers prior to conception; and (3) the use of hormonal contraceptives.

				The possibility that environmental effects may also be associated with DS and other chromosomal disorders has been suggested. Indeed, a recent study in Israel compared the indices of solar activity and the number of DS cases over a ten year period.67 The results showed a significant inverse correlation between both solar activity indices and solar flux with the number of DS cases (r = 0.75, P = 0.008 and r = 0.01, P = 0.01, respectively). Moreover, increased biomarker levels of oxidative stress (i.e., 8-hydroxy-2’-deoxyguanosine and malondialdehyde) are significantly increased in DS.68


				4. Other Segmental Aging Syndromes


				Ataxia telangiectasia is an autosomal recessive disorder characterized by a progressive cerebellar degeneration, mainly involving Purkinge cells, immunodeficiencies with increased susceptibility to various infectious diseases, hypogonadism, degenerative skin and skin appendage lesions (e.g., telangiectasia, atrophy, graying of hair, senile keratosis), and various malignancies, of which non-Hodgkin’s lymphoma is relatively common.


				Cockayne syndrome is also a rare autosomal recessive disorder involving the CSA and CSB genes. It is characterized by dwarfism, microcephaly, deep-set orbits, cachexia, mental retardation, retinal degeneration, and photodermatosis with progressive skin atrophy. However, this syndrome is not associated with an increased risk of cancer.


				Bloom syndrome is another rare autosomal recessive disorder. As with the Werner syndrome, the genetic defect is a defective protein (BLM) of the RecQ helicase family.69 This syndrome is characterized by stunted growth, lupus-like erythematous facial telangiectasia, photosensitivity, infertility, and a significant predisposition to various malignant disorders, including acute leukemia. Other rare accelerated aging disorders include, among others, the Rothmund-Thomson, combined xeroderma pigmentosa-Cockayne, Turner’s, and Klinefelter’s syndromes.


				B. Unimodal Progeroid Syndromes


				Examples of the unimodal accelerated aging syndromes include familial Alzheimer’s disease (AD), Parkinson’s disease, and attenuated familial polyposis, among others. As noted by Martin,70 “some have argued that such neurodegeneration is a disease, not aging; …” Nevertheless, he noted that since about 50% of people over age 85 years may have AD, one can reasonably conclude that AD “is part and parcel of aging in our species.”


				Gender Differences in Aging


				It is widely recognized that women generally live longer than men. At conception, the ratio of males to females is about 115:100; at birth it is approximately 105:100.71 The ratio becomes equal (i.e., 100:100) at about 30 years of age, but then declines to approximately 60:100 at 75 years and older.


				In the year 2003, the latest figures available in 2006, the average life expectancy for American white women was 80.5 years; white men averaged 75.4 years, a difference of 5.1 years.72 However, this difference progressively decreased over the past three decades (7.8 years in 1975; 6.8 years in 1993).73 Similarly, American black women averaged 76.1 years and black men 69.2 years.72 These longevity sex differences also exist in Japan, Canada, most of Europe, and other developed countries.


				The reasons for this gender gap are multifactorial and not completely understood. Not only do women, as a group, live longer than men but their rates of survival from the major causes of death also generally exceed those of men. Thus, men are more likely to die from many of the major causes of death (Chapter 1). These include coronary heart disease (# 1), cancer (# 2), cerebrovascular disease (# 3), chronic lung diseases (# 4), accidents (# 5), suicide (# 11), liver diseases/cirrhosis (# 12), and homicide (# 15). In addition, deaths from drug abuse, AIDS, and some environmental toxins (e.g., heavy metals, insecticides, etc) are also more common in men. Furthermore, over 90% of the U.S. prison population are males; in wartime virtually all of the battlefield casualties are men. Interestingly, there is current interest in whether recent social changes in the roles of men and women in Western societies may alter the societal and behavioral contributions to the longevity gender gap. Women’s greater longevity, however, is more often accompanied by various non-fatal disabling diseases/disorders including arthritis, lupus erythematosus and other autoimmune disorders, colitis, depression, and osteoporosis. Indeed, after age 85 years, 80% of men will be free of a serious disability while only 65% of women will be disability-free.74


				There is also some evidence of sex-linked effects on the inheritance of human longevity.75 Focusing on late or post-reproductive survival, this study found that the heritable component was significantly higher for daughters compared with sons. A possible genetic explanation for this gender difference may be due to the beneficial action of estrogens which bind to estrogen receptors and thereby increases the expression of longevity-associated genes.76,77 These authors proposed that some of these genes may encode for the mitochondrial antioxdant enzymes, manganese superoxide dismutase and glutathione peroxidase. As a result, the mitochrondria from females produce significantly less hydrogen peroxide than mitochondria from males. Moreover, oxidative damage to mitochondrial DNA is four-fold higher in males than in females (free radical theory of aging, Chapter 4).


				

Coronary heart disease (CHD), the major cause of morbidity and mortality in both men and women, is uncommon in pre-menopausal women but increases sharply after menopause, presumably due to the fact that estrogen stimulates the production of “good cholesterol” (i.e., high density lipoprotein cholesterol; HDL-C). A review of the gender differences in the cellular and molecular physiology of the cardiovascular system in health and disease was recently published.78 Future research should help explain the protective role of estrogens in the pre-menopausal period and help resolve the controversy regarding hormone replacement therapy in postmenopausal women.

				Although a delayed menopause is associated with an increased risk for breast and endometrial cancer, it is also associated with a decreased risk for coronary heart disease. Moreover, “age-adjusted mortality is reduced 2% with each increasing year of age at menopause.”78 Indeed, although the risk of death from endometrial and ovarian carcinoma is increased by 5%, “the net effect of a later menopause is an increased lifespan.”79


				In addition to the genetic explanations for the longevity gender gap, harmful lifestyle characteristics are significantly more common in men than in women. As noted in Chapter 1, the commonly accepted major causes of death (i.e., diseases/disorders) are often not the “actual” causes of death. For example, coronary heart disease and cerebrovascular disease, the number one and three causes of death, are due to atherosclerosis, a pathologic process that is accelerated in smokers. In the year 2000, cigarette smoking caused 435,000 deaths.80,81 Other “actual” causes of death included alcohol consumption (85,000), toxic agents (55,000), motor vehicle accidents (43,000), firearms (29,000), sexual behavior (20,000), and illicit drug use (17,000). All of these conditions are significantly more common in males than in females. The following are representative examples.


				 

				1. Cigarette Smoking: Cigarette smoke, with its nicotine, carcinogens, ciliotoxins, carbon monoxide, and particulates is well established as a major risk factor for a variety of fatal diseases. Although deaths from cigarette smoking have decreased over the past several decades, smoking is still the leading cause of preventable deaths in the U.S. and many other countries. The Centers for Disease Control (CDC) reported that from 1995 to 1999, smoking caused 442,398 premature deaths in the U.S. each year (men, 264,087; women, 178,311).82


				Since smoking is usually more prevalent among men of lower social class, education, and income, Jha et al83 compared the risk of dying from smoking among men in several countries. In each country, the risk of dying among men aged 35 to 69 years was about twice the difference between the highest and lowest social strata (England/Wales 21% vs 43%, United States 20% vs 37%, Canada 21% vs 34%, and Poland 26% vs 50%). Thus, smoking cessation would significantly reduce the overall death rate and increase life expectancy. The major diseases/disorders associated with smoking are listed in Table 2-2.


				 

				
					
						
								
								Table 2-2. Major Smoking-Related Diseases/Disorders84


							
						

						
								
								Accelerated aging


							
						

						
								
								Cardiovascular and cerebrovascular diseases


							
						

						
								
								Cancer (lung, larynx, kidney, urinary bladder, oral cavity, others)


							
						

						
								
								Pulmonary diseases (chronic bronchitis, emphysema)


							
						

						
								
								Cataract and macular degeneration


							
						

						
								
								Osteoporosis


							
						

						
								
								Pregnancy-associated disorders


							
						

						
								
								Others (decreased physical function, psychologic changes)


							
						

					
				

				 

				 

				2. Excess Alcohol Consumption: World wide, alcohol is the most commonly abused drug. Moreover, it is the third leading cause of preventable death in the U.S.80 Trends in alcohol consumption in the U.S. between 1984 and 1995 differed significantly among whites, blacks and Hispanics.85 This report noted that heavy drinking decreased among white males (20% to 12%), but remained stable among black (15%) and Hispanic men (17% and 18%). Frequent heavy drinking also decreased among white women (5% to 2%), but remained essentially stable among black and Hispanic women (5% and 2-3%, respectively). The major diseases/disorders associated with excess alcohol intake are listed in Table 2-3. Moreover, since more men than women drive vehicles after consuming alcohol, they are significantly more likely to die in drunk-driving accidents.


				

 

				 

				 

				
					
						
								
								Table 2-3. Major Alcohol-Related Diseases/Disorders84

							
						

						
								
								All-causes mortality


							
						

						
								
								Cancer (liver, breast, colon, kidney, pancreas, others)


							
						

						
								
								Gastritis


							
						

						
								
								Pancreatitis


							
						

						
								
								Liver diseases (hepatitis, cirrhosis)

							
						

						
								
								Malnutrition


							
						

						
								
								Newborn-associated disorders (e.g., fetal alcohol syndrome, birth defects)


							
						

						
								
								Psychologic disorder
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				3. Illicit Drugs: The most commonly used illicit drugs in the U.S. are listed in Table 2-4. The use of these drugs, which is more common in men than women, may also lead to premature death.


				 

				
					
						
								
								Table 2-4. Most Commonly Abused Illicit Drugs84


							
						

						
								
								Cocaine
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								Ectasy


							
						

						
								
								Marijuana

							
								
								Methamphetamine

							
								
								Steroids


							
						

					
				

				 

				For example, cocaine-related cardiovascular disorders include accelerated atherosclerosis (angina pectorus, myocardial infarction), cardiomyopathy, myocarditis, cardiac arrythmias, hypertension, aortic dissection, and endocarditis.86 Most cases of cocaine-related myocardial infarction occur in relatively young non-white male cigarette smokers without other risk factors for coronary heart disease.87


				Numerous studies have verified cocaine-associated myocardial ischemic events. For example, a retrospective cohort study at 29 U.S. hospitals identified 130 cases of cocaine-associated myocardial infarction between 1980 and 1993.88 These patients were relatively young (mean age, 38 years), non-white (72%), and tobacco smokers (91%) with a history of cocaine use within the previous 24 hours (88%).


				 

				4. Occupation: In contrast to most women, men work at potentially more dangerous jobs that are associated with a higher risk of death.89,90 These include policing, fire-fighting, truck driving, mining and refining, and construction. Men are also more often exposed to hazardous chemicals in construction and agriculture.



				Extending Life Expectancy and Maximum Life Span


				The average life expectancy of a Roman citizen 2000 years ago was approximately 22 years (wars, famines, infectious diseases, neonatal and maternal deaths, etc).91 Since then, the average life expectancy has more than tripled in the more developed countries. For example, in 1900 the average life expectancy in the United States was 47 years and by the end of the 20th century it had increased another 30 years (average 77.3 years).92 Moreover, in 2004 the average life expectancy in Japan was 81.2 years;93 Japanese women averaged about 85 years.94


				Since approximately two-thirds of the major causes of death are lifestyle-related (Chapter 1), it is readily apparent that the average life expectancy would be significantly extended if people adhered to healthy lifestyles. Indeed, if the three major causes of death in the U.S. (i.e., coronary heart disease, cancer, and stroke) were eliminated, the average life expectancy would increase more than ten years. For example, numerous studies have shown that increased physical activity has a protective effect on total mortality, cardiovascular disease, some forms of cancer, and type 2 diabetes among others.95-102 In addition, Doll et al103 recently reported that men born in 1900-1930 who smoked cigarettes and continued smoking died an average of 10 years younger than life-long nonsmokers. Obese individuals also have a significant decrease in life expectancy.104 Compared with normal weight nonsmokers, obese 40 year old female and male nonsmokers lost 7.1 years and 5.8 years of life, respectively; obese female and male smokers lost 13.3 years and 13.7 years, respectively.


				In an analysis of the effect of obesity on longevity, the authors concluded, “the steady rise in life expectancy during the past two centuries may soon come to an end.”105 In this regard, a recent study106 of people living in some U.S. areas, primarily in the “deep south” along the Mississippi River and in Appalachia, saw a decrease in life spans beginning in 1983. The authors noted that although white race and poverty explain some of the disparity, other contributing factors include an increase in type 2 diabetes, various cancers, and chronic obstructive pulmonary disease, illnesses commonly caused by obesity and smoking. Thus, from 1983 to 1999, the longevity gap between men living in the best- and worst-off counties increased from 9.0 to 11.0 years; the gap for women widened from 6.7 to 7.5 years. The negative effects of physical inactivity, obesity, and poor nutrition on various diseases/disorders and mortality are discussed in later chapters.


				Olshansky et al107,108 suggested that the maximum average life expectancy would not exceed 85 years “in the absence of scientific breakthroughs that modify the basic rate of aging.” However, on the basis of recent information from studies on experimental animals, the life expectancy for women might approach 90 years by 2020 and about 80 years for men.109,110 Thus, as proposed by Lohman et al,111 the maximum attainable life expectancy may be approaching 95 years. Indeed, when 60 academic gerontologists were recently asked to estimate the average life expectancy of a person born in the year 2100, the median estimate was 100 years.112 More recently, it was noted that if the pace of increase in life expectancy over the past 200 years continues through the 21st century, most babies born in developed countries since 2000 “will celebrate their 100th birthdays.”113 Importantly, current studies also suggest that people are living longer without severe disability.

				In a recent publication, the authors noted that “the biochemical processes that sustain life generate toxins as an intrinsic side effect”.114 They suggested that interventions to remove the cellular damage would “sever the link between metabolism and pathology…” and thereby postpone aging and increase life expectancy. Thus, current and future biotechnology could slow and perhaps even reverse the aging process. They referred to these efforts as “strategies for engineered negligible senescence (SENS)”. Indeed, recent discoveries in the research on aging suggests that modern science is more adept at keeping aging at bay–at least temporarily and so far only in worms, flies, and rodents.115 For example, Selman et al116 recently identified ribosomal protein S6 kinase 1 (S6k1) as a molecular player in the aging process. These researchers reported that deletion of the S6k1 gene leads to an increased lifespan and resistance to age-related diseases in mice. Thus, compared with true wild-type littermates, S6k1-deficient mice were protected against age-related declines in motor, bone and immune function (but not against cancer) and had increased sensitivity to insulin in old age.


				A. Caloric Restriction and Aging in Animal Models


				Over 200 years ago Benjamin Franklin wrote, “To lengthen thy life, lessen thy meals”.117 Indeed, caloric restriction (CR) has significantly extended the maximum life- span of a wide variety of laboratory animals and early observations suggest that it probably also applies to non-human primates. If true, it presumably applies to humans.


				CR studies did not begin until the early 1900s. Here, reports in the fields of cancer and nutrition indicated that periods of restricted food intake decreased the incidence of cancer and increased life expectancy. For example, in 1914 Rous reported that reducing food intake significantly decreased the incidence of cancer in rodents.118 A year later, Osborne et al119 reported their study results on juvenile malnutrition in rats and noted growth resumption after a long period of arrested development induced by decreased food intake. They concluded that decreased caloric intake early in life delayed maturation but increased life span. However, the sentinel study on CR and extended life span was published in 1935. Here, McKay et al120 reported that by restricting total caloric intake in young rats, but with an adequate intake of critical nutrients, they lived significantly longer than rats allowed food ad libitum. Thus, reducing caloric intake to 60% of the amount consumed ad libitum increased their lifespan by 30% to 50% (Figure 2-1).121,122
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Figure 2-1. Survival curves showing the life expectancy of rats receiving food ad libitum (A) vs a calorically restricted diet (B) (Adapted from Yu et al122).

				Similarly, caloric restriction initiated in older rats and mice also lengthen their life- span, albeit to a lesser degree compared with calorically restricted young mammals.123,124 Thus, a 44% reduction in caloric intake in adulthood extended the maximum lifespan by 10% to 20%.124 Numerous studies have also shown similar results in a wide variety of other creatures (i.e., spiders, water flea, protozoa, Guppy fish, etc.).125 Moreover, the risk of developing various cancers, heart disease, diabetes, kidney failure, and cataracts, among others, is significantly reduced in rodents while youthful physiological function is increased.125,126 However, restriction of carbohydrates, fat, or protein without reducing total calories does not increase the maximum lifespan of rodents. Supplementation with multivitamins or high doses of antioxidants without CR is also ineffective in changing their maximum lifespan.123


				CR studies in rats have also shown a variety of other biological effects. For example, long-term (i.e., > 18 months) CR in rats resulted in decreased hepatic oxidative stress.127 Compared with the control group, they had lower levels of protein carbonyl, H2O2, and mitochondrial proton leak. CR in rats also completely reversed the age-dependent loss of liver and soleus muscle mtDNA128 and attenuated or prevented the age-associated increase in inflammation as measured by C-reactive protein,129 the decline of heat shock proteins,130 and the loss of muscle function.131


				Animal studies suggest that the effects of CR on maximum lifespan are mediated by CR itself and are not just a result of leanness induced by restricting food intake. For example, the maximum lifespan of rats is not increased in those that maintain a low body fat mass by performing regular running exercises; it is, however, increased in sedentary CR rats that keep their body weights the same as the runners.132,133 With respect to youthful physiologic function, McCarter et al134 reported that spontaneous exercise activity in CR rats far exceeds that of the control group (food ad libitum). Given access to an exercise wheel, the control rats initially averaged about 1.0 km/day but declined to less than 200 m/day by 12 months. In contrast, the CR rats averaged more than 4.0 km/day until more than 30 months of age and still averaged over 1.0 km/day at ages in which most of the control rats had died. However, it should be noted that Forster et al135 recently reported that CR does not increase the lifespan of all mouse strains. In this study, they compared the effect of CR on two mouse strains, C57BL/6 and DBA/2, and their F1 hybrids (B6D2F1). Although the C57BL/6 and B6D2F1 mice showed increases of 6 to 7 months in median and 8 to 11 months in maximum lifespan, the DBA/2 mice had a “slight decrease in life span.”


				Tissue fibrosis may be a significant index of tissue aging because numerous studies have shown an association between oxidative stress and tissue fibrosis. However, since the anti-aging mechanisms of CR are not fully understood, Castello et al136 evaluated the effects of CR on oxidative damage and its relationship with fibrosis during aging. Their results showed a significant increase of both oxidative stress and fibrosis parameters in the aortae from aged versus young rats. However, CR reversed both phenomena. Hence, CR protection against fibrosclerosis might be due to a decrease in oxidative stress.


				Other studies regarding CR and aging have been reported in yeast. For example, the SIR2 gene has been shown to regulate the life span in yeast (SIR2 is discussed in more detail later in this chapter). Thus, Kaeberlein et al137 reported that CR slows aging by activating Sir2, a histone deacetylase that is dependent on the oxidized form of nicotinamide adenine dinucleotide (NAD). In this study, they identified a Sir2 independent pathway “responsible for a majority of the longevity benefits associated with caloric restriction.” Their findings suggest that Sir2 and CR “act in parallel pathways to promote longevity in yeast and, perhaps, higher eukaryotes.” The major biologic effects of CR in animal models are listed in Table 2-5.


				

 

				 

				 

				
					
						
								
								Table 2-5. Biologic Effects: Caloric Restriction in Animal Models

							
						

						
								
								Increases Maximum Life Span

							
						

						
								
								Decreases Oxidative Stress

							
						

						
								
								Maintains Youthful Physiologic Function
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								thyroid stimulating hormone (TSH)

							
						

						
								
								melatonin


							
						

						
								
								dehydroepiandrosterone (DHEA)

							
						

						
								
								HDL-cholesterol


							
						

					
				

				 

				It has generally been assumed that most of the physiological responses to CR are exclusively due to a net decrease in energy intake. However, it has recently been shown that some CR laboratory animals, when fed ad libitum every other day, engorge themselves such that their net weekly food intake is only slightly decreased compared with daily ad libitum-fed animals. Interestingly, these animals also experienced enhanced longevity and stress resistance comparable to daily CR animals.138 Moreover, alternate-day fasting protects the rat heart against age-induced inflammation and fibrosis by inhibiting oxidative damage and NF-kB activation.139 The major biological effects of CR in primates and humans are listed in Table 2-6.


				 

				
					
						
								
								Table 2-6. Biologic Effects: Caloric Restriction in Primates and Humans
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								mortality rate, body temperature,


							
						

						
								
								muscle oxidative damage, T-cell


							
						

						
								
								function, insulin sensitivity, glycation
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								B. Humans
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								heart rate, body temperature

							
						

						
								
								Decreased blood levels of
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								insulin, glucose, C-reactive protein,

							
						

						
								
								triiodothyronine (T3), cholesterol


							
						

					
				

				 

				B. Caloric Restriction in Primates


				Calorically restricted diet studies in rhesus and squirrel monkeys, underway since the late 1980s, suggest that the effects of CR on aging may be universal across species. However, since the median lifespan of rhesus monkeys is about 25 years and the maximum nearly 40 years, final results will not be available for 10-15 more years. Nevertheless, current study results indicate that CR reduces the incidence of various age-related diseases/disorders in primates, which should at least increase their average life expectancy. For example, plasma insulin levels have been shown to be reduced as much as 70% in CR rhesus monkeys compared with controls.140,141 Moreover, insulin sensitivity is greatly increased and plasma glucose levels significantly reduced. Hence, CR monkeys should be less likely to develop type 2 (“adult-onset”) diabetes,142 the current sixth most common cause of death in humans. Indeed, a recent report of a 20-year longitudinal adult-onset CR study in rhesus monkeys showed that 50% of the control-fed monkeys survived compared with 80% of the CR animals.143 Moreover, CR delayed the onset of several age-associated pathologies including cancer, diabetes, cardiovascular disease and brain atrophy.



				

Several lines of evidence also suggest that CR monkeys are less likely to develop coronary heart disease (CHD), the major cause of human death in the United States and other Westernized countries. Indeed, studies clearly show that several major risk factors for CHD are significantly reduced including decreased plasma triglyceride levels144,145 and increased high density lipoprotein cholesterol (HDL-C; “good cholesterol”) levels.145 In addition, plasma lipoprotein (a), an independent risk factor for atherosclerosis, is almost two-fold higher in male rhesus monkeys than in females (47 + 9 mg/dL vs 25 + 5 mg/dL).146 In this study, CR reduced circulating Lp(a) in males to levels similar to those in calorically restricted females. Interestingly, CR had no significant effect on Lp(a) levels in the female monkeys (control level, 25 + 5 mg/dL; CR level 24 + 4 mg/dL).

				The accumulation of glycation end products (reaction between glucose and proteins), as determined by the Maillard reaction, normally increases with age and represents one of the major theories of the aging phenomenon (Chapter 4).147 Importantly, CR has been shown to inhibit glycation in skin collagen of rhesus monkeys.148 In addition, CR has been shown to have a positive effect on various hormones, another basic aging theory. Thus, studies have shown that CR attenuates the age-associated decline in both melatonin149,150 and dehydroepiandrosterone (DHEA) in male monkeys.149 These researchers also reported that CR lowered total plasma triiodothyronine (T3) levels but had no effect on either free or total thyroxine (T4).151 However, plasma thyroid stimulating hormone (TSH) levels, which normally decrease with age, were increased in older monkeys on a long-term CR diet.


				The anti-aging effects of CR in rodents are believed to relate, at least in part, to changes in energy metabolism. When Lane et al152 tested this effect in rhesus monkeys, they found that CR lowers body temperature and energy expenditure, both of which are consistent with the findings in CR rodents. This reduction in energy expenditure presumably results in decreased oxidative stress. As with rats, CR significantly reduces oxidative damage in the skeletal muscle of primates.153


				In addition to reducing various disease risk factors, early observations involving middle-aged CR monkeys indicated that they were healthier and had about half the mortality compared with the food ad libitum control group of the same age.154 Bodkin et al155 subsequently reported that ad libitum-fed monkeys had a 2.6-fold increased risk of death compared with CR monkeys (median survival 25 and 32 years, respectively). Moreover, hyperinsulinemia in the ad libitum fed monkeys led to a 3.7-fold increased risk of death, which decreased by 7% per unit of increase in insulin sensitivity.


				A recent study also showed that CR delays the adverse aging effects upon primate T-cells.156 Importantly, the impact of CR “was at the level of maintaining and/or increasing the production of naive T-cells and the consequent maintenance of T-cell receptor repertoire diversity.” Moreover, CR improved T-cell function and reduced the production of inflammatory cytokine in memory T-cells. Thus, CR may extend both life expectancy and lifespan by reducing susceptibility to infectious diseases.


				C. Caloric Restriction in Humans


				Early epidemiologic studies suggest that CR has beneficial effects on life expectancy, as well as the pathogenesis of both primary and secondary aging in humans. For example, food shortages in some European countries during both World Wars were associated with a significant decrease in coronary heart disease mortality, which increased after the wars ended.157,158 Moreover, Okinawans who ate about 30% fewer calories than the average Japanese residents had lower mortality rates (about 35%) from coronary heart disease and cancer than the average Japanese.159 They also had one of the world’s highest number of centenarians.


				The first of several CR studies in humans was published in 1995.160,161 Here, eight persons on a low calorie nutrient-dense diet were sealed inside a closed ecological space, known as Biosphere 2, for two years. During this time they developed 20% or more reductions in body weight [body mass index (BMI) average about 19], blood pressure, and blood levels of cholesterol, triglycerides, fasting glucose, white blood cell count, and insulin, all of which are similar to that observed in CR rodent studies. Levels of cortisol and glycosylated hemoglobin were also similar to those observed in rodents.


				Fontana et al162 evaluated the effects of CR in humans on the major risk factors for arteriosclerosis. The CR group, involving 18 adults aged 35-82 years for an average of six years, was compared with 18 age-matched adults on a typical American diet. Their results showed the following: the CR group was leaner (BMI 19.6 vs 25.9); serum total cholesterol, LDL-cholesterol, ratio of total cholesterol to HDL-cholesterol, triglycerides, fasting glucose, fasting insulin, C-reactive protein, platelet-derived growth factor, and systolic and diastolic blood pressures were all significantly lower; and HDL-cholesterol was higher. The CR group also had 40% lower values of carotid artery intima-media thickness, further demonstrating that reduced caloric intake protects against arteriosclerosis, the number one (coronary heart disease) and three (cerebrovascular disease) causes of death. Caloric restriction was also shown to improve memory in healthy elderly humans.163


				Meyer and associates164 studied the effects of CR in 25 human subjects (age 53 + 12 years) for an average of 6.5 years and compared the results with 25 age- and gender-matched controls. The CR group had significantly lower diastolic blood pressure and levels of serum C-reactive protein, tumor necrosis factor-alpha (TNF-alpha), and transforming growth factor-beta1 (TGF-beta1) compared with the control group on a typical Western diet. Others165 recently examined the effects of six months CR with and without exercise on two aging biomarkers (insulin level and body temperature) in a randomly controlled trial of healthy sedentary overweight men and women (BMI, 25-29.9). Compared with the control group, the two CR groups had significantly reduced body temperature, decreased energy expenditure, reduced fasting insulin levels, and significant weight loss.

				Although these human studies suggest several significant CR benefits, various physiological problems including hypotension, loss of libido, menstrual irregularities, infertility, bone thinning and osteoporosis, cold sensitivity, loss of strength and stamina, slower wound healing and various psychological conditions (i.e., depression, irritability, emotional deadening) may also occur. Moreover, a BMI below 18.5 is associated with an increased mortality rate in adults of all ages.166,167 In addition, death due to starvation is commonly associated with a BMI of 13 in men and 11 in women.168


				Since the classical 40% reduction in calorie intake is very unlikely for most humans, less demanding alternative regimens may provide similar benefits. For example, Weindruch et al169 found that 25%, 55%, and 65% of the ad libitum diet conferred improved health and longevity over ad libitum-fed control mice. Others170,171 demonstrated that an every other day (EOD) diet regimen in rats confer similar health and longevity benefits as a daily CR regimen. Importantly, the EOD feeding regimen does not require a significant reduction in total calorie intake to produce similar benefits. The topic of caloric restriction in humans was recently reviewed.172


				D. Cellular and Molecular Effects of Caloric Restriction


				Mitochondrial oxidative phosphorylation, nucleic acid synthesis, structural and enzymatic proteins, cell receptors, and transcription factors, as well as chromosomal repair and cellular uptake of nutrients all decline with increasing age. Morphologically, aging cells often show irregular and abnormally lobed nuclei, vacuolated pleomorphic mitochondria, decreased endoplasmic reticulum, and a progressive increase in lipofuscin (age pigment), a product of lipid peroxidation.


				Even a modest reduction in energy intake retards growth, shrinks the amount of body fat, improves various disease risk factors, and increases the average life expectancy of obese adult rats who lose weight compared with obese rats who do not lose weight.173 Nevertheless, moderate weight loss did not increase their longevity beyond those who were never obese. In this regard, Wang et al174 evaluated the independent effects of CR and body weight on mortality rate in Wistar rats. They concluded that body weight and CR have independent effects on the mortality rate; body weight accounted for about 11% of the effect of CR. However, CR not only decreases body weight and fat mass, it improves glucoregulatory function, decreases blood lipids, blood pressure, and body temperature as well as extending the maximum lifespan of rats, mice, and various other living creatures.


				Numerous studies have been published in an attempt to understand the basic mechanisms whereby CR slows the aging process, including oxidative stress, hormonal action (e.g., insulin, melatonin, thyroxine), mitochondrial mutations, protein glycation, and others. Indeed, a recent study showed that inhibiting the enzyme mammalian target of rapamycin (mTOR) increases the lifespan of genetically heterogeneous mice.175 At this same time, Selman et al176 showed that deletion of ribosomal S6 protein kinase 1, a component of the nutrient-response mTOR signaling pathway, increased mammalian lifespan and resistance to several age-related pathologies (e.g., bone, immune system, motor dysfunction, loss of insulin sensitivity). These findings further define a conserved pathway linking nutrient availability to aging in organisms as diverse as yeast and mice. They also have potentially important implications for future attempts to increase longevity and slow the progression of age-associated diseases in humans.


				1. Oxidative Stress


				It is widely believed that oxidative damage plays a critical role in mitochondrial dysfunction in aging and various diseases/disorders (e.g., atherosclerosis, cancer, cataracts, various neurodegenerative diseases, etc). In a 1996 CR literature review, Sohal and Weindruch177 made the following conclusions in support of the hypothesis that oxidative damage is a major causal factor of aging: (a) overexpression of antioxidative enzymes slows oxidative damage and extends the maximum lifespan of transgenic Drosophila melanogaster ; (b) longevity variations among different species correlate inversely with the rates of mitochondrial generation of the superoxide radical (O2-.) and H2O2; and (c) CR decreases the steady-state levels of oxidative stress and damage, slows age-related changes, and increases the maximum lifespan in mammals. Indeed, a wide variety of studies have demonstrated that CR leads to a reduction in both the generation of reactive oxygen species and a reduction in the peroxidizability of mitochondrial membranes.


				Sohal et al178 compared the concentration of 8-hydroxy-2-deoxyguanosine (8-OHdG), a product of DNA oxidation, in skeletal muscle, heart, brain, liver and kidney of 8- and 27-month-old mice. Compared with the ad libitum-fed mice, the CR mice had significantly lower levels of 8-OHdG in all five tissues. Similarly, Hamilton and associates179 measured 8-OHdG in nuclear DNA (nDNA) isolated from heart, liver, kidney, spleen, skeletal muscle, and brain and in mitochondrial DNA (mtDNA) isolated from liver in both mice and rats. The results showed a significant increase in 8-OHdG levels in nDNA with age in all tissues of both rodents. There was also an age-related increase in 8-OHdG in mtDNA from the livers of both rodents. Dietary restriction was shown to significantly reduce the age-related accumulation of 8-OHdG in nDNA in all tissues of mice and most tissues from rats, as well as from the mtDNA in the livers of both mice and rats.


				

Others180 measured 4-hydroxy-2-nonenal (HNE), a well established marker for oxidative damage to lipids, in calorically restricted Drosophila melanogaster . Compared with the dietary control group, there was a significant decrease in the HNE-modified proteins. Similar evidence that CR lowers oxidative damage was shown in nonhuman primates.181 Ten years of CR in monkeys resulted in significant reductions in various oxidized products including HNE-modified proteins, protein carbonyls, and nitrotyrosine in skeletal muscle. Moreover, Chen and Yu182 reported that both HNE and malondialdehyde decrease mitochondrial membrane fluidity, a characteristic of aging animals.

				Matsuo et al183 compared the exhalation rate of pentane, an oxidative stress gaseous product, in old ad libitum-fed rats with CR rats. Their results showed that CR rats had significantly decreased pentane levels compared with the ad libitum-fed rats. In addition, the pentane exhalation rate of old CR rats was similar to that from young ad libitum-fed rats. Others compared catalase activity in the livers from 12- and 24-month old mice fed a control diet (~95 kcal/week) or restricted diet (~55 kcal/week).184 Compared with the control mice, catalase activity was significantly higher and lipid peroxidation significantly lower in the dietary restricted group.


				As a further step in examining the theory that total energy expenditure and increased oxidative stress is an important mechanism in explaining the benefits of CR, mitochondrial proton leak, H2O2 production, and oxidative stress markers were recently measured in liver mitochondria in control and CR rats.185 After 18 months, the CR rats had lower protein carbonyl content and H2O2 production, findings consistent with this hypothesis. Moreover, de Cabo et al186 reported that CR induces a higher capacity to oxidize NAD(P)H in the plasma membrane of rat livers and therefore exerts a higher resistance to oxidative stress-induced damage.


				With respect to energy expenditure and CR, Judge et al187 studied the effects of lifelong exercise and mild (8%) CR on free radical production in four groups of male Fischer-344 rats: young (6 months) ad libitum-fed; old (24 months) ad libitum-fed; old lifelong 8% CR; and age-matched old lifelong 8% CR with daily voluntary wheel running exercise. Their results showed that, compared with the other groups, lifelong exercise and 8% CR attenuated the production of reactive oxygen species (H202, NO., ONOO-) and age-associated decline of antioxidants (glutathione, total antioxidant status). Moreover, lifelong exercise plus 8% CR showed a significant decrease, compared with the other groups, in the inflammatory marker C-reactive protein. Similarly, DeLany and associates188 compared the energy expenditure between rhesus monkeys subjected to ten or more years of CR with ad libitum-fed monkeys. As expected, the CR monkeys had lower lean body mass and lower fat mass. Moreover, total daily energy expenditure was lower in the CR than in the ad libitum-fed monkeys, even after correction for body weight (563 + 64 kcal/day vs 780 + 53 kcal/day). Although triiodothyronine (T3) was not significantly different between the two groups, thyroxine (T4) and the free thyroxine index were lower in the CR monkeys.


				Interestingly, Nisoli et al189 recently reported that CR for both 3 and 12 months induced endothelial nitric oxide synthase (eNOS) expression in various tissues of male mice. There was mitochondrial biogenesis with increased oxygen consumption, production of adenosine triphosphate, and enhanced expression of sirtuin 1. Thus, nitric oxide (NO.), a free radical, apparently has an important role in CR and may be important in the mechanism whereby CR increases the lifespan of mammals.


				An increase in heat-related morbidity and mortality rates in the elderly have been reported during periodic heat waves in urban areas.190-192 However, since the effect of long-term CR on an organism’s ability to cope with a physical challenge such as thermotolerance had not been explored, Hall et al,193 studied the influence of CR and aging on stress tolerance in old rats exposed to environmental heating on two consecutive days. All of the CR rats survived both heat exposures compared with only 50% of the control-fed rats. Moreover, CR decreased the production of heat-induced free radicals, stress protein accumulation, and hepatic liver injury. There was also a marked increase in the mitochondrial antioxidant enzymes manganese superoxide dismustase (MnSOD) and catalase in the CR rats; the stress-related induction of these enzymes was blunted in the control group.


				Although CR leads to weight loss, Wang et al194 evaluated whether the effects of these two factors were independent of each other. Interestingly, they found that although low body weight associated with CR “appeared to mediate some of the mortality-reducing effects of CR, CR clearly had effects independent of body weight.” Indeed, reductions in body weight accounted for approximately 11% of the CR effect. More recently, this group reported that, as expected, lifetime CR rats lived longest. However, rats that were obese and lost weight lived significantly longer than rats that remained obese throughout life.195


				Although 4-hydroxy-2-nonenal, malondialdehyde and other oxidative stress markers have been used for many years, recent studies suggest that F2-isoprostanes, oxidation products of arachidonic acid that are released from cell membranes into the blood stream and excreted in the urine, are sensitive and accurate biomarkers of oxidative stress.196 These researchers recently reported that plasma free and total (free plus esterified) F2-isoprostanes were increased in older rats (185% and 66%, respectively). However, these increases were significantly reduced by CR (50% and 23%, respectively). Although esterified F2-isoprostanes increased 68% with age in the liver and 76% in the kidney, CR reduced these levels to 27% and 35%, respectively.

				These and other studies strongly support a significant role for reduced oxidative stress in CR animals. However, a recent study showed a lack of correlation between oxidative stress and lifespan.197 These researchers reported that although CR extended the lifespan of Drosophila melanogaster, there was no significant difference in the mitochondrial production of reactive oxygen species compared with the ad libitum-fed control group. The role of oxidative stress in relation to CR and longevity was recently reviewed.198


				2. Hormones


				Several hormones are known to stimulate the production of reactive oxygen species (ROS) and affect fatty acid composition. However, plasma levels of some hormones, including insulin and triiodothyronine, are significantly lower in CR organisms. Indeed, Merry199 noted that these hormones “exert transcriptional control over desaturase enzymes” which control membrane lipid unsaturation. Thus, lipid membrane saturation increases mitochondrial resistance to lipid peroxidation and thereby reduces proton conductance and increases membrane potential. He noted, however, that perhaps these membrane changes are “offset by other membrane changes that may include increased activity of uncoupling proteins.” Whatever the mechanism, caloric restriction increases proton leak which lowers membrane potential and decreases the generation of ROS.


				CR reduces pituitary secretion of growth hormone (GH). For example, Everitt200 noted that complete absence of GH “has a greater anti-ageing action than FR” (i.e., food restriction), suggesting that pituitary hormones accelerate the aging process. Moreover, Snell and Ames dwarf mice, both of which are deficient in GH, live 50% longer than normal mice. The author suggested that since CR reduces GH secretion, which diminishes oxidative damage in various tissues, it follows that GH decreases the incidence of some age-related diseases and extends the lifespan.


				CR also decreases the levels of plasma glucose and insulin-like growth factor-1 (IGF-1). Thus, studies in mammals suggest that hyperglycemia and hyperinsulinemia are important factors in aging. As noted by Barbieri et al,201 gene mutations involved in the insulin/IGF-1 signal response pathway can significantly extend life in yeast, worms, fruit flies, and rodents. To further investigate the inverse association between insulin levels and ROS, Lambert et al202 studied the effects of insulin replacement in CR rats. Compared with the fully fed rats, the CR rats had significantly decreased mitochondrial levels of ROS and malondialdehyde. However, these effects were reversed by insulin administration. The authors suggested that the mitochondrial benefits of CR “may in part be downstream effects of alterations in hormonal signaling.”


				Similarly, others treated ad libitum-fed and CR rats with growth hormone (GH) and insulin.203 Caloric restriction during six weeks showed a decrease in ROS and oxidative DNA damage in heart mitochondria, which was reversed by insulin treatment. The decrease in oxidative damage to liver nuclear DNA, induced by CR, was also reversed by GH and insulin. Although both insulin and GH decreased the generation of mitochondrial ROS in the liver, they increased oxidative damage to the liver mitochondrial DNA. Both GH and insulin also decreased several liver protein oxidation products, but increased hepatic lipoxidation-dependent markers related to an induced increase in phospholipid unsaturation. The authors concluded that the results suggest “that the idea that insulin-like signalling controls oxidative stress in mammals cannot be generalized since both prooxidant and protective effects of GH and insulin are observed depending on the particular parameter and tissue selected.”


				Zhu et al204 studied the effects of CR on the insulin/insulin-like growth factor-f (IGF-1) signaling pathway in the liver and skeletal muscle of male rats. Their results showed that, compared with the controls, CR modulates insulin signaling in both liver and skeletal muscle. Others205 studied mice with a fat-specific insulin receptor knockout. Although these mice had a normal food intake, their fat mass was reduced and they were protected against age-related obesity and its associated metabolic abnormalities. Moreover, the maximum life span increased in both male and female mice by 18%, “possibly through the effects of insulin signaling.”


				An early study involving 6-month-old male Fisher rats evaluated the effects of long-term CR on the serum concentration of thyroid hormones.206 Compared with the ad libitum-fed rats, CR did not change the mean 24-hour thyroxine (T4) level but did reduce the mean triiodothyronine (T3) level. Moreover, the ad libitum-fed group exhibited diurnal rhythms in both serum T4 and T3 concentrations with peak values at 10 P.M. Although CR eliminated the peak values for both T4 and T3, it abolished the dirunal variation for T3 only. More recently, Roth et al150 measured plasma levels of TSH (thyroid stimulating hormone), T4 and T3 in male and female rhesus monkeys fed either ad libitum or a 30% CR diet (males for 11 years; females for 6 years). These hormones were also measured in another group of young male monkeys during adaptation to the 30% CR diet. The results showed the following: (a) both long- and short-term CR diet lowered plasma T3 levels; (b) no effects of CR diet were detected for either free or total T4, although T4 decreased with age; (c) TSH levels decreased with age but were increased by long-term CR in older monkeys only; and (d) no consistent effects of short-term CR were noted for TSH.


				

Since earlier studies regarding the impact of body weight loss on single plasma TSH levels showed variable results, Kok and associates207 investigated the effect of weight loss induced by CR on diurnal TSH levels and secretion in obese humans. They found that the 24-hour TSH secretion rate was higher in obese women compared with normal weight controls. Weight loss resulted in decreased free T3 levels and TSH release.

				In an early study, Stokkan et al208 compared pineal gland N-acetyltransferase (NAT) activity and serum melatonin levels in ad libitum-fed and CR male Fisher 344 rats. Their findings showed that although aging is normally associated with a significant decrease in pineal NAT activity and serum melatonin levels, the CR rats had twice the levels of both substances compared with the ad libitum-fed rats. CR in young male rats also increases plasma levels of prolactin, decreases luteinizing hormone and testosterone, and disrupts their 24 hour secretory pattern.209


				3. SIR2 Gene and Sirtuin Proteins


				Studies over the past decade have identified single gene mutations that can extend the lifespan of laboratory organisms. For example, the SIR2 (silent information regulator 2) gene was shown to regulate the lifespan in yeast.210 Moreover, in both yeast and Caenorhabditis elegans, the addition of extra copies of the SIR2/SIR2.1 genes extended their lifespans up to 50%.210, 211 An increase in SIR2 also extended the lifespan of Drosophila melanogaster , whereas a decrease in SIR2 blocked the lifespan extending effects of CR.212 Subsequent studies showed that CR also extends the lifespan of Saccharomyces cerevisiae by increasing the activity of Sir2,213,214 a member of the conserved family of nicotinamide adenine dinucleotide (NAD)-dependent histone deacetylases (sirtuins)215 which participate in numerous important cell functions including cell protection, cell cycle regulation, metabolism, and apoptosis. This enzymatic activity suggests that this protein “senses the metabolic state of cells and sets the lifespan accordingly.”216 Furthermore, the human ortholog SIRT1 also plays a pivotal role in these processes.217


				Cohen et al218 reported that expression of mammalian SIR2 (SIRT1) is also induced in CR rats. However, insulin and insulin-like growth factor-1 (IGF-1) attenuated this response. Interestingly, the treatment of human cells with serum from these rats induced the expression of SIRT1. These researchers also noted that Sirt1 deacetylates Ku70, the DNA repair factor, causing it to sequester the proapoptotic Bax away from mitochondria, which inhibits stress-induced apoptotic cell death and thereby possibly extending lifespan.


				Recent studies, however, indicate that lifespan regulation of the budding yeast S. cerevisiae is considerably more complex than simply the effects of the SIR2 gene. For example, CR in yeast reportedly results in a greater lifespan extension in cells lacking the SIR2 gene than in cells with SIR2.137 The authors concluded that “Sir2 and calorie restriction act in parallel pathways to promote longevity in yeast and, perhaps, higher eukaryotes.” Indeed, Kaeberlein et al219 identified ten gene deletions that increase the replicative lifespan of Saccharomyces cerevisiae. Six of the ten gene deletions corresponded to genes that encode components of the nutrient-responsive TOR (target of repamycin) protein and Sch9 kinase pathways. Thus, similar to CR, deletion of either TOR or Sch9 increased the lifespan independent of SIR2 histone deacetylase. These workers also found that, in addition to Sch9, deletion mutations of FOB1, GPA2, GPR1, and HXK2 all significantly increased yeast replicative lifespan.220 Three recent reviews discuss the relationship between CR, the SIR2 gene, and lifespan.221-223


				4. Mitochondrial DNA Changes


				Point mutations and deletions of mitochondrial DNA (mtDNA) accumulate in various tissues during aging. To further understand this phenomenon, the authors of two studies224,225 reported the effects of CR on the abundance of deleted mitochondrial genomes, mitochondrial enzymatic abnormalities, and fiber number in skeletal muscle of adult rats fed ad libitum, 35% CR, and 50% CR. Their results showed that muscle from the 50% CR rats contained significantly fewer cytochronme c oxidase and succinic dehydrogenase activity fibers than muscle from the 35% CR rats. The 50% CR rats also had significantly lower numbers of mtDNA deletion products in two of four muscles studied (adductor longus and soleus) compared with the 35% CR rats. Thus, CR begun in late middle age (17 months of age) retarded age-associated muscle fiber loss and fiber-type changes and decreased the number of muscle fibers exhibiting mitochondrial enzyme abnormalities and the accumulation of deleted mitochondrial genomes.


				As noted above under CR and oxidative stress,189 CR for either 3 or 12 months induces endothelial nitric oxide synthase (eNOS) expression and 3’,5’-cyclic guanosine monophosphate formation in male mice. The authors also reported that these changes were accompanied by mitochondrial biogenesis with increased oxygen consumption and the production of adenosine triphosphate (ATP) and increased sirtuin-1 expression. Others226 reported that specific DNA fragmentation, indicating apoptosis, increased with age in rat brain. However, lifelong CR increased the expression of the apoptosis repressor with a caspase recruitment domain (ARC) in rat brain. Thus, CR may provide neuroprotection through ARC by suppressing caspase-2 activity and the release of cytochrome c.


				

5. Glycation and Glycoxidation

				The products of glycation (i.e., glucose reaction with long-lived proteins including enzymes and hemoglobin), as measured by the Maillard reaction, increase with age (See Figure 4-1, Chapter 4). The glycation end products are capable of cross-linking adjacent proteins, which results in the accumulation of abnormally folded proteins. CR, however, inhibits their formation.


				In an early study, Cefalu and associates227 evaluated the effects of chronic CR on the glycation of blood proteins and accumulation of both glycation products (furosine) and glycoxidation products [N-epsilon-(carboxymethyl)lysine (CML) and pentosidine] in the skin collagen of rats. Compared with the ad libitum-fed control rats, CR significantly decreased glycation (18-33%) of hemoglobin, plasma proteins, and skin collagen. CML and pentosidine concentrations increased significantly with age in skin collagen in both the ad libitum-fed and CR rats. However, CR significantly reduced levels of CML (25%) and pentosidine (50%) in the collagen of the oldest rats. Others228 measured early glycation products in plasma proteins in ad libitum-fed and CR rats by two different methods. Glycation progressively increased in both groups but was less pronounced in the CR rats. The lowest glycation levels were detected 2-3 months after beginning CR. During their lifespan, glycemia was also significantly lower in the CR rats.


				Sell et al229 studied the effects of CR on protein glycation and glycoxidation in skin collagen of squirrel and rhesus monkeys. Furosine, a Maillard reaction product of glycation, increased modestly in both ad libitum-fed monkey species. However, furosine decreased significantly in the CR rhesus but not the squirrel monkeys. Moreover, pentosidine and carboxymethyllysine, products of glycoxidation, were not decreased in either monkey species.


				E. Caloric Restriction Mimetics


				Even if caloric restriction (CR) is eventually shown to increase the maximum human lifespan, it is highly doubtful that most people would be willing or able to maintain the strict dietary control necessary to be successful. Thus, understanding the basic biologic mechanisms of CR and the development of alternative methods to produce similar results without actually restricting calorie intake is of primary importance.


				The concept of CR mimetics (i.e., agents that “mimic” the protective effects of CR but without food restriction) was first introduced by Lane and associates.154 Thus, these agents could provide the various beneficial effects of CR (i.e., physiologic, metabolic, hormonal) without having to change the diet or experience the possible adverse effects. Weindruch et al230 suggested six metabolic interventions for study, the first being a reduction of mitochondrial oxidative stress by testing the efficacy of nitrone and other antioxidants. The second intervention should focus on the long-term effects of compounds known to lower circulating glucose and insulin levels, or increase insulin sensitivity. The four other study areas are intermediary metabolism, response to infection, dietary fat source, and stress responses.


				Recent studies have shown that CR modifies gene expression profiles of glucose (energy) handling pathways and insulin action.231-233 Here, 2-deoxyglucose, a sugar analogue that acts as a glycolytic inhibitor with limited metabolism, reduced glucose/energy flux without decreasing food intake. Thus, 2-deoxyglucose lowered both body temperature and plasma insulin levels in rats and metformin, an oral hypoglycemic agent, and increased insulin sensitivity similar to that observed with CR. In addition, there was enhanced protection against neurotoxicity, dopamine action, and upregulated brain-derived neurotropic factor.


				Superoxide dismutase (SOD) and catalase are well recognized as two of the most effective physiologic enzymes that inactivate or prevent the formation of reactive oxygen species (ROS). Levin234 recently reported that older mice (aged 14-22 months) with genetic overexpression of extracellular SOD have significantly better learning and memory function than wild-type mice. Hence, antioxidant enzyme mimetics (e.g., SOD, catalase) may be useful in slowing this and other aging processes. Indeed, Sampayo et al235 reported that the administration of synthetic Eukarion SOD/catalase mimetics (i.e., EUK-134; Euk-8) confers resistance to thermal stress and paraquat, an oxidative stress inducing agent, in C. elegans. Moreover, their lifespan was also extended. Similarly, others augmented the antioxidant systems of this nematode with small synthetic SOD and catalase mimetics.236 The mean lifespan of the wild-type worms increased by 44% while treatment of prematurely aging worms resulted in a normal lifespan (67% increase). Moreover, the administration of two synthetic catalytic ROS scavengers (EUK-189, EUK-207) reversed cognitive deficits and decreased oxidative stress in the brain of 8-11 month-old mice.237 Thus, protein (i.e., enzyme) oxidation was completely prevented and lipid peroxidation decreased by about 50%.


				Several studies suggest that various pharmaceuticals capable of mimicking the molecular effects of CR may have applications to humans. For example, Spindler et al238,239 compared the effectiveness of glucoregularory and putative cancer preventive drugs with CR in mice. Treatment with metformin for eight weeks out-performed short-term (eight weeks) CR in inducing gene expression changes associated with long-term CR. Compared with control mice, it also extended the mean and maximum lifespans of female transgenic HER-2/neu mice by 8% and 13.1%, respectively. Moreover, phenformin, which is chemically related to metformin, extended the lifespan and reduced the tumor incidence in C3H mice. Others studied the effects of phentermine (an anorectic drug) and phenformin in female rats.240 Compared with ad libitum-fed controls, phentermine decreased caloric intake by about 12%, but reduced body weight by only 2%. However, it significantly reduced the concentration of ROS in all tissues studied. Although phenformin did not influence food consumption, body weight or temperature, it decreased the production of ROS. Various other chemical agents, including metformin,231 deprenyl,241 melatonin,242 carnosine,243 coenzyme Q10,244 dehydroepiandrosterone,245 epitalon,246 resveratrol,247,248 and a combinaton of acetyl-L-carnitine and lipoic acid249 have also been shown to alter the aging rate or extend the lifespan of experimental animals.

				Petraschek et al250 tested 88,000 chemicals for their possible ability to extend the lifespan of adult C. elegans nematodes. They reported that mianserin, an antidepressant drug that blocks neural signalling in humans by the neurotransmitter serotonin increases C. elegans lifespan. The effects of the drug on lifespan is reduced or eliminated by mutations that affect the synthesis of serotonin, serotonin re-uptake, or either of two G-protein coupled receptors. In vitro studies indicated that mianserin acts as an antagonist at both receptors. Thus, the drug may cause the nematode to perceive that it is starving, even with adequate food intake, which would activate the same survival mechanism as a CR diet.


				Since cardiovascular and cerebrovascular diseases are the number one and three causes of death in Western societies, their elimination would result in a significant increase in life expectancy. Thus, Wald and Law examined the possibility that a combination of drugs and vitamins in a single pill (”Polypill”) taken daily might significantly reduce these diseases.251 Their suggested formulation is as follows: (a) a statin drug [e.g., simvastatin (40 mg/day) or atorvastatin (10 mg/day]; (b) three blood pressure lowering drugs (e.g., a thiazide, a beta blocker, and an angiotensin converting enzyme inhibitor) each at half the standard dose; (c) folic acid (0.8 mg); and (d) aspirin (75 mg). They estimated that a daily “Polypill” would reduce ischemic heart disease events by 88% and stroke by 80%. Moreover, one third of those taking the pill from age 55 years would gain an average of 11 years from ischemic heart disease and stroke. Others have also suggested aspirin as a means to extend lifespan.252 As an anti-inflammatory and antioxidant agent, it has a variety of well-known positive effects on the immune system and cardiovascular health. These authors suggested that aspirin could also be an effective anti-aging agent since it reduces inflammation, reactive oxygen species, and glycation end products, all of which are associated with the aging process.


				Nelson et al253 recently reported that human intake of five medicinal plant extracts, labelled Protandim, resulted in a significant increase in activity of the erythrocyte antioxidative enzymes, SOD and catalase. Moreover, it also decreased lipid peroxidation in plasma. Thus, compared with baseline values, supplementation for 120 days decreased lipid peroxidation by an average of 40%. Furthermore, the previously noted age-dependent lipid peroxidation increase was eliminated and erythrocyte SOD and catalase activity increased by 30% and 54%, respectively.


				Although considerably more work remains to be done, these and other studies suggest that CR mimetics may eventually be successful and thereby result in health and longevity-promoting effects without significantly decreasing caloric intake. The topic of CR versus drug therapy to extend life and delay the onset of age-associated diseases and increase life expectancy was recently reviewed.254


				F. Delayed Reproduction


				Aging can also be delayed by increasing the age at which reproduction begins (i.e., discard fertilized eggs produced by young animals and use only those produced by older ones). Thus, only the more robust animals that reproduce at an advanced age are able to pass on their genes to the next generation. This theory has been shown to be true in the fruit fly, Drosophila melanogaster. Here, reproduction delayed across 10 or more generations results in fruit flies that live 2-3 times longer than normal.255 Moreover, they are healthy and “display superior capabilities at all adult ages.”


				If other animal species were treated similarly, aging would probably also be slowed by delaying reproduction over many generations. However, even if this were possible for humans, it would take about 10 generations to increase longevity even mildly, and hundreds of years to significantly increase the maximum lifespan.255


				Chapter Summary


				Aging (senescense; growing old) is an extremely complex multifactorial biological process. Although aging and disease are not the same, aging predisposes a person to numerous diseases/disorders including coronary heart disease, ischemic stroke, various cancers, type 2 diabetes, and hypertension, among others. The basic cellular and molecular mechanisms of aging are only partly understood. However, significant progress has been made over the past few decades, including the following: (a) identification of several possible aging biomarkers; (b) identification of the unique genetic characteristics of the accelerated aging disorders [e.g., Hutchinson-Gilford syndrome (progeria), Werner syndrome, others]; (c) understanding gender differences in life expectancy; (d) recognition that caloric restriction greatly increases the lifespan of rats, mice, flies, worms, probably non-human primates, and possibly humans; (e) understanding the importance of mitochondrial oxidative stress, sirtuin proteins, and hormones in CR; and (f) the possible successful development of CR mimetics. An “overview” of caloric restriction and aging was recently published.256 Future research will continue to unravel the basic mechanisms involved in the aging phenomenon and not only lead to increased life expectancy and possibly maximum human lifespan, but more healthy and productive lives.
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 Chapter 3. 

 Evolutionary, Genome-Based, and Developmental Aging Theories


				Introduction


				Although aging is perhaps the most familiar aspect of human biology, it is also the least well understood. Indeed, aging (senescence) is a very complex, progressive, and irreversible time-dependent process resulting in the deterioration and loss of an organism’s capacity to adapt to environmental changes and eventual death. In terms of years, why do rats live, on average, about three, guinea pigs six, dogs nineteen, horses forty, gorillas forty-seven, elephants sixty-nine, and humans seventy-five to eighty years? Moreover, some animals age and then die soon after mating while turtles and some fish appear not to age at all. As noted by Kirkwood,1 “The question of why we and most other higher animals age is not trivial since many organisms, notably higher plants, live and propagate indefinitely.” Moreover, since neither feral animals nor early humans attained their maximum life span, how did aging evolve?


				Although the aging phenomenon has fascinated philosophers for more than 2,000 years, its cause(s) remains, to a significant degree, unknown. Indeed, attaining “old age” is a consequence of civilization, a condition rarely if ever encountered in primitive human societies or the animal kingdom. Primarily due to predation, lethal infectious diseases and accidents, humans living 50,000 years ago rarely lived beyond forty years.2 Moreover, the degenerative factors associated with aging arise after the reproductive period. For example, in humans there is a progressive physiologic functional decline beginning about the fourth decade. These declining parameters include cardiac reserve, muscular strength, pulmonary vital capacity, glomerular filtration rate, vascular elasticity, and nerve conduction time, among others. Thus, aging is the accumulaltion of these adverse changes that increase the risk of dying and have been attributed to “development, genetic defects, the environment, disease, and an inborn factor, the aging process.” 3


				The fact that no single aging theory has been accepted is not surprising since the intrinsic aging process is extremely complex and presumably multifactorial. Indeed, mounting evidence points to a multitude of parallel and often interacting processes, some of which are genetically controlled, that combine to ensure eventual breakdown as a person ages. Since the aging process is only partially understood, it is perhaps not surprising that over 300 aging theories have been proposed.4 However, most of these theories have little scientific support. Although the specific biologic basis of aging remains unknown, there is general agreement that the answer(s) lies at the cellular/molecular level. The most important and widely accepted aging theories are listed in Table 3-1. The stochastic theories are discussed in Chapter 4.
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I. Evolutionary Theories

				The New World Dictionary defines evolution as “the theory that all species developed from earlier forms.” Indeed, Darwin’s theory of evolution transformed the way life is perceived. It is based on the concept that random and heritable variation of biological traits between individuals will lead to natural selection (“survival of the fittest”) for preferential reproduction of those individuals who are primarily fit in a given environment. Thus, natural selection favors organisms that first improve with age (mortality rates decrease) and later deteriorate with age (mortality rates increase).


				An early explanation for evolution of aging was the theory that aging is programmed in order to limit population size or to accelerate the turnover of generations and thereby allow organisms to adapt to changing environments.5 Thus, older individuals of a species are expected to die of old age by a specific death mechanism of natural selection in order to eliminate old members so they would no longer compete with younger generations for food and other resources. Later, however, he correctly predicted that there was a limit to cell division and formulated the germ plasm theory that the body is divided into germ cells (sperm or ova cells), which transmit hereditary information to the offspring and to somatic cells.6


				Thus, aging is not programmed since no genes are known to have evolved specifically to cause tissue damage and aging. Moreover, animals living in harsh natural habitat conditions survive for a relatively short period of time compared to those living in the protected conditions of captivity, which is opposite to what would be expected from the programmed theory. Thus, evolutionary theory argues strongly against programmed aging suggesting instead that organisms are programmed for survival rather than death. Indeed, evolutionary theory, which has support from recent studies, suggests that aging is characterized by a gradual accumulation of cellular and tissue damage which leads to frailty and increased risk from various age-associated diseases. Interestingly, a recent report evaluated public acceptance of evolution in 34 countries (Europe, Japan, U.S.).7 The acceptance of evolution varied from about 85% in Iceland to 25% in Turkey (about 40% in U.S.). The authors noted “The acceptance of evolution is lower in the United States than in Japan or Europe, largely because of widespread fundamentalism and the politicization of science in the United States.”


				There is little, if any, evidence that aging contributes to mortality in the wild. Indeed, the rarity of aged wild animals due to extrinsic mortality suggests that there is a progressive weakening in the force of natural selection with increasing age. Certainly, natural selection cannot act to prolong a lifespan that is only observed under laboratory- protected conditions. Thus, the forces of natural selection are weaker at older ages than at younger ages. Moreover, greater longevity demands increased resources to maintain and repair somatic cells and tissues.


				Kirkwood1 emphasized that a satisfactory theory of aging must satisfy the following three requirements: it must be theoretically plausible; supported by experimental evidence; and make evolutionary sense. Since the evolutionary theory of aging postulates that there is a robust relationship between fecundity and longevity, natural selection is based on competition and variation. Competition suggests that living organisms produce significantly more offspring than are needed to replace their parents. After reproduction, the parents soon die and the offspring must fend for themselves. Since all animal populations tend to remain relatively stable, the consequences of increased numbers of offspring are thrown into competition with each other.


				The second component is that all individuals of a given species show significant variation in their biological characteristics. Here, the reproduction rate is low coupled with a high degree of parental care. These individuals are more suited to reproduce and pass on these strong characteristics to their offspring, who are then more capable of surviving predation, accidents, non-age-specific diseases, starvation, infections, and environmental extremes such as cold weather (i.e., extrinsic mortality). Moreover, the “fittest” individuals are most likely to reach sexual maturity and give birth to vigorous offspring and maintain the species (i.e., natural selection). Thus, the force of selection declines with age and drops precipitously after reproductive potential ends. Over the course of many generations, the selection process leads to significant changes in form and function.


				The general evolutionary theory is supported by both laboratory and field experiments, and by comparative analysis.8,9 Several artificial selection experiments are also supportive.10,11 Here, the force of natural selection was increased in late life by selectively breeding older individuals. In each case, the mean and maximum lifespan increased after relatively few generations of selection. More recently, Stearns et al12 studied replicate populations of Drosophila melanogaster that were subjected to different adult mortality rates while maintaining a constant larval environment. As predicted, populations with increased adult mortality evolved shorter life spans compared with the low mortality controls.


				Assuming the general evolutionary model of aging is valid, there are three major routes by which senescence may evolve: mutation accumulation, antagonistic pleiotropy and disposable soma. The latter two theories are convergent.


				A. Mutation Accumulation


				In 1952, the basic observations that the force of natural selection declines with age were developed by Medawar.13 Thus, since all organisms eventually die from different causes (e.g., accidents, predation, diseases), genes beneficial in early life are favored by natural selection over genes beneficial late in life [Mutation Accumulation (MA) Theory]. Therefore, aging is due to DNA mutations with purely deleterious effects in late-life. Indeed, continuous DNA damage occurs from exogenous agents such as background radiation, ultraviolet light, and various toxic chemicals, as well as endogenous agents created through cellular metabolism (e.g., reactive oxygen species). A recent literature review indicated that DNA repair is critical to maintain genomic stability, the loss of which may lead to a decline in cellular function and thereby contribute to physiologic aging.14 The authors concluded that “whether these acquired defects are programmed, subject to genetic polymorphisms or due to environmental factors remains to be determined.” In any event, individuals who might escape the hazards of extrinsic mortality (e.g., diseases, accidents, predation) would experience the negative actions of these late-acting mutations.

				DNA replication is also imperfect and mistakes occur. However, deleterious mutations expressed at a young age are strongly selected against because of their highly negative impact on fitness. Moreover, these age-specific deleterious alleles may be highly polymorphic and distributed throughout the genome.8 Since the effectiveness of natural selection depends on the magnitude of deleterious mutations, as well as the age the effects take place, MA predicts that numerous genes contributing to aging may have individually small effects on late-life survival and health. In short, the idea that many mutations are irreversible, and some may be hazardous, is the basis of the MA theory of aging.15,16


				An important aspect of the MA theory is that it should lead to age-related increases in inbreeding depression and in the genetic variance of fitness components. Indeed, only MA predicts that dominance in variance (i.e., variance among homozygous lines) and the inbreeding load increases with age.17 Support for the MA theory was recently reported by Hughes et al.18 In this study, they measured “age-specific reproductive success for 100 different genotypes of Drosophila melanogaster (fruit fly) produced from all possible crosses among ten isogenic lines derived from a single randomly breeding population.” Their results showed, as predicted by the MA theory, genetic variation and inbreeding effects increased markedly with age. The dominant mutation of the Huntington disease gene has also been cited as an example of MA.9


				It should be noted that the recognition that late-life mortality plateaus or even decreases at late ages challenged the validity of the evolutionary theories of aging.19,20 To clarify this, Charlesworth21 presented a modified MA model in which mortality plateaus are predicted to occur at late ages if alleles affecting fitness do so for more than one specific age range class. Hence, late-life mortality plateaus were predicted whether deleterious alleles affected fitness during a “window” of very few age classes of affected fitness cumulatively at all ages after a particular age. A recent study supports Charlesworth’s modified MA theory.22 The MA theory of aging, assessed in both transgenic and knockout mice, was recently reviewed.23


				B. Disposable Soma


				The disposable soma (“wear and tear”) theory, initially proposed by Weismann in the late 19th century,24 was based on the concept that through natural selection the division potential of somatic cells become finite, thereby limiting the regeneration of the soma and an organism’s lifespan. This theory, now recognized as a special case of antagonistic pleiotropy, is currently based on the premise that maintenance and repair of somatic cells are metabolically costly.25 Although somatic cells are critical for early life, they become inefficient with time and wear out, which leads to aging and death. Thus, metabolic resources devoted to reproduction are not available for somatic maintenance and repair. As a result, an allele that increases the allocation of energy to reproduction has the pleiotropic effect of decreasing energy allocation to maintenance and repair. Organisms that allocate most of their resources to development and reproduction, but just enough for somatic maintenance to keep the organism in good condition for the duration of life, have a selective advantage. Moreover, the progressive accumulation of unrepaired somatic damage leads to senescence and eventual death.


				Interestingly, Drenos and Kirkwood26 recently described a mathematical model of the disposable soma theory. The model predicts the optimal strategies for investments in growth and reproduction and compares it with the investment in somatic maintenance. The results confirmed the prediction that optimum investment in somatic maintenance “is less than what would be required for indefinite longevity.”


				In a recent review,26 Kirkwood noted that the disposable soma theory predicts the following functions in the biology of aging: (1) aging results from the accumulation of unrepaired cellular and molecular damage; (2) genes that regulate the levels of somatic maintenance and repair control longevity; (3) increased levels of repair and maintenance in germ cells, compared with somatic cells, are necessary for germline immortality; (4) cellular and molecular aging mechanisms are stochastic; (5) aging is the result of multiple kinds of cellular damage; and (6) maintenance and repair allocation resources are determined by evolutionary optimization. However, a major problem with the disposable soma theory is that there appears to be no way of explaining how aging and death could have evolved from natural selection (i.e., “survival of the fittest”). Rather, natural selection should promote fitness and work to increase rather than decrease longevity.


				

C. Antagonistic Pleiotropy

				The antagonistic pleiotropic (AP) theory, based on population genetics, favors those characteristics that are of major benefit early in life but harmful at later ages. This theory, first proposed in the early 1950s by Medawar,13 was later modified by Williams28 when he pointed out that many genes are pleiotropic (i.e., they have more than one effect). Thus, some genes that have biological benefits early in life become increasingly deleterious in later life. As a result, genes that favor youthful physical fitness will be at the expense of late-life characteristics. An example of antagonistic pleiotropy is replicative cellular senescence (limited cell division) which suppresses tumorigenesis by arresting cell growth.29 Thus, this process may promote cancer later in life because senescent cells stimulate other premalignant and malignant cells to proliferate and form tumors.29,30


				Together, the MA and AP theories provide the backbone for a significant amount of the current thinking regarding the evolutionary theory of aging.31,32 Nevertheless, attempts to identify these types of genes have had mixed results. As noted by Shaw and associates,33 evidence for MA remains limited and controversial and although the evidence for AP is stronger, details are still lacking. Alternatively, mutations that favor late life and are deleterious early in life will be strongly disfavored. For example, increased reproduction in the Drosophila melanogaster female causes a delayed pulse of increased mortality suggesting that evolutionary changes that increase early reproduction lead to decreased survival at later ages.34 A human pleiotropic example is muscular dystrophy which is caused by a mutated gene located on the X chromosome. Not only do these individuals suffer from muscular damage, there is also an increased incidence of cataracts, mental retardation, malfunctioning testes, and diabetes.


				AP is also supported by several artificial selection experiments and from analysis of longevity-enhancing mutations in Drosophila melanogaster .11,35-38 These studies used artificial selective breeding from relatively old flies. Moreover, recent discovery of single-gene mutations that confer extended longevity also support this theory. Thus, null and hypomorphic mutations in several genes significantly increase the lifespan of both Drosophila melanogaster36-39 and Caenorhabditis elegans.40 It should also be noted that pleiotropic antagonism forms the basis for the development of various age-associated diseases including, among others, atherosclerosis, Alzheimer’s disease, benign and malignant prostatic diseases, and the reciprocal association between cellular senescence and cancer.41 Moreover, “paradoxical antagonistic pleiotrophy,” which refers to the setting of bad alleles with deleterious effects early in life, has beneficial late-life effects.42 Thus, paradoxical antagonistic pleiotropy contradicts the proposal that genes are very beneficial early in life but harmful in later life.


				D. Evolutionary Theory Weaknesses


				The major difference between the MA and AP theories is that in the AP theory genes actively remain in the gene pool by selection, whereas in the MA theory genes with negative effects at old age passively accumulate from one generation to the next.43 However, these theories are not mutually exclusive since both mechanisms may operate at the same time.44 Nevertheless, there are significant weaknesses in the evolutionary theories.


				In their review of the evolutionary theory of aging, Hughes and Reynolds45 concluded: “On the basis of current evidence, it appears nearly certain that AP is a cause of senescence and that MA likely contributes.” Classical evolutionary theory predicts that organisms with low mortality rates due to extrinsic factors will evolve a later onset of senescence and higher infertility rates. Recent studies, however, indicate that this is often not the case. For example, Mitteldorf46 recently wrote “research on the genetics of aging indicates that evolutionary theory has essentially misunderstood where aging comes from, and what is its root cause. These experiments point to programmed death: human bodies do not wear out, nor do they fail because they have been optimized under pleiotropic restrictions, trading longevity for fertility. Rather, human bodies have simply been designed to self-destruct with age.” He emphasized that genetic studies indicate that “aging is a genetic program shaped over evolutionary time and selected for its own sake…..” Thus, it is programmed for death.


				Evidence that aging is a genetic program has been presented in studies dealing with caloric restriction, single gene mutations, replicative senescence and apoptosis, and semelparity. An interesting example of this latter area involves the female octopus whereby she lays eggs, broods them, and then significantly reduces her food intake and dies after the eggs hatch.47 However, surgical removal of both optic glands results in “cessation of broodiness, resumption of feeding, increased growth and greatly extended ife-span.” Interestingly, the optic glands of the octopus are endocrine glands, secretion of which leads to self-destruction following egg fertilization.


				The results of various other genetic studies are also inconsistent with the classic evolutionary theories of aging. For example, guppies that have short life spans in nature due to predation grow faster and initiate reproduction sooner than guppies without natural predators.48 However, if these predators are removed, the same guppies have more progeny and longer life spans than guppies without natural predators. Furthermore, some long-lived mutants, such as the Drosophila Indy mutant (an amino acid transporter), have more progeny than normal.49 Moreover, some animals appear not to age. For example, painted female turtles (Chrysamys picta) may increase both survivorship and reproductive output with age.50 A recent study also found that increased human longevity is not associated with decreased fertility.51 Here, the genealogical records of 3,723 married aristocratic European women born from 1500 to 1875 were evaluated. The results showed “that the woman’s exceptional longevity did not increase her chances of being infertile.” Nevertheless, aging, like numerous other biological processes, is subject to regulated pathways that have been conserved during evolution.

				II. Genome-Based Theory


				The genetic theory of aging suggests that aging is a predetermined process that is programmed to occur, as with puberty and menopause. However, as noted by Finch and Tanzi,52 “the role of genetics in determining life-span is complex and paradoxical.” Thus, in short-lived invertebrates (nematodes, fruit flies), mammals (mice, rats) and humans “the heritability of life-span accounts for < 35% of its variance,” the rest being secondary to accidents and injuries, environmental exposures, and chance. Indeed, some genes that are associated with lifespan are not true longevity genes. For example, two genes that reduce the risk of atherosclerosis are apparently more common in centenarians; however, they do not affect the aging process per se. Thus, a mutation in the cholesterol ester transfer protein (CETP) gene results in larger-sized lipoproteins which reduce the prevalence of coronary heart disease,53 while variations in the gene for the microsomal transfer protein (MTP) affects the rate-limiting effect in lipoprotein synthesis.54


				Although the aging process is multifactorial and very complex, our genes carry specific instructions that control growth, maturation, decline and, to a significant degree, aging and death. Considerable support for the genetic theory of aging comes from both observational and animal research studies (Table 3-2).


				 

				
					
						
								
								Table 3-2. Support for Genome-Based Theory
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				A. Heritability of Human Longevity


				Several studies have evaluated the relative importance of genetic factors on longevity in human twins. For example, McGue et al55 investigated 218 pairs of monozygotic and 382 pairs of like-sex dizygotic Danish twin pairs born between 1870 and1880. Although the estimated heritability of lifespan was statistically significant, it was onlymoderate in magnitude. Indeed, environmental factors accounted for a majority of the life span variance. In a follow-up study of Danish twin pairs born between 1870 and 1900, these investigators estimated the heritability for longevity to be 0.26 for males and 0.23 for females.56 The small sex difference was due to a greater impact of non-shared environmental factors in the females.


				Using data from the Swedish Twin Registry, Ljungquist et al57 compared a sample of 3,656 identical and 6,849 like-sexed fraternal twin pairs regarding mortality rates and within-pair similarity for age at death. They concluded that “around one third of the variance in longevity is attributable to genetic factors, and about all of the remaining variance is due to nonshared, individual specific environmental factors.” More recently, Hjelmborg and associates58 evaluated the genetic influence on human lifespan and longevity using cohorts of Danish, Finnish and Swedish twins born between 1870 and 1910. These 20,502 individuals were followed until 2003-2004. Overall, the estimated strength of genetic influence was compatible with previous studies. Moreover, the genetic influences on lifespan were minimal before age 60, but increased thereafter. The authors emphasized that these findings support the need to identify genes affecting longevity, especially at advanced ages.


				As noted by Perls et al,59 a significant distinction should be made between the genetics of aging and the genetics of exceptional longevity. Thus, twin studies “suggest that the average set of genetic variations facilitates the average human’s ability to live well into their octogenarian years.” Importantly, these twin studies do not address the genetic and environmental influences on survival to extreme old age (i.e., living to 100 or more). To live longer than 80 years, research with lower organisms and mammals, as well as population and molecular genetic studies of centenarians, suggest that genetic factors are important in exceptional longevity. To validate this, these latter researchers evaluated 444 centenarian pedigrees containing 2,092 siblings and compared them with the U.S. Social Security Administration’s 1900 life table of 100,000 individuals.60,61 The data showed that the siblings of centenarians were clearly different from that of their birth cohort, suggesting a significant familial component to extreme longevity. Although how they achieve this survival advantage remains largely unknown, it is reasonably clear that they have a significant genetic advantage in their ability to live 20-25 years beyond the average life expectancy. Thus, compared with the 1900 cohort, “male siblings of centenarians were at least 17 times as likely to attain age 100 themselves, while female siblings were at least 8 times as likely.”61 In this regard, a recent study of 308 individuals belonging to 137 families with exceptional longevity identified a region on chromosome 4 that is common in this population.62 Thus, a gene or genes appear to be very important in achieving exceptional old age.

				A major reason the offspring of centenarians live longer is presumably that their risk for various common death-associated diseases is significantly reduced. For example, Terry et al63 compared 295 offspring of centenarians with 276 controls whose parents were born the same year as the centenarians, but at least one of them had an average life expectancy. The findings showed that the centenarians’ offspring had a 62% lower all-causes mortality, a 71% lower risk of cancer mortality, and an 80% lower mortality risk of coronary heart disease. In a related study, these workers assessed the age at onset of age-associated diseases in centenarian offspring and again compared them with the offspring of parents born the same year as the centenarians, but one or both had an average life expectancy.64 Compared with the control group, the median ages of onset for coronary heart disease, hypertension, diabetes, and stroke were delayed in the centenarian offspring by 5.0, 2.0, 8.5, and 8.5 years, respectively.


				It is widely recognized that a favorable blood lipid profile is associated with a significantly reduced risk of coronary heart disease. As noted above, however, centenarians are relatively protected from this disease. To better understand this phenomenon, and the probable existence of related genetic factors, researchers at the Albert Einstein College of Medicine studied the lipid profiles of Ashkenazi Jewish centenarians. The results of these studies are summarized as follows.65


				1. Male and female offspring of Ashkenazi Jewish centenarians had significantly higher plasma levels of high density lipoprotein cholesterol (HDL-C; “good” cholesterol) compared with an age-matched control group of Ashkenazi Jews (56.2 mg/dL and 70.2 mg/dL vs 44.3 mg/dL and 59.0 mg/dL, respectively). Males of centenarians also had significantly lower levels of low-density lipoprotein cholesterol (LDL-C; “bad” cholesterol) than the controls (95.0 mg/dL vs 127.0 mg/dL).


				2. Ashkenazi Jewish centenarians and their offspring had significantly higher HDL-C levels and larger HDL and LDL particle sizes than the control group.66 This phenotype led to a study of candidate genes involved in lipoprotein metabolism. Their results showed “a markedly higher frequency of a functional CETP (cholesteryl ester transfer protein) variant that led to increased particle sizes of HDL and LDL…..” This study was “the first example of a phenotype and an associated genotype in humans with exceptional longevity.”


				3. Ashkenazi Jewish centenarians, their offspring, and an aged-matched Ashkenazi control group were genotyped for 66 polymorphisms in 36 candidate genes related to coronary heart disease [i.e., genes associated with serum lipoprotein levels, particle sizes, and apolipoprotein (APO) A1, B and C3].67 The results showed the following: (a) homozygosity prevalence for the -641C allele in the APOC3 promotor was higher in centenarians (25%) and their offspring (20%) than in the controls (10%); (b) this genotype was associated with significantly lower levels of APOC3 and favorable lipoprotein levels and sizes; (c) a lower prevalence of hypertension and increased insulin sensitivity in the -641C homozygotes; and (d) a significant survival advantage in those with the favorable -641C homozygote. Thus, the “APOC3-641C allele is associated with a favorable lipoprotein profile, cardiovascular health, insulin sensitivity, and longevity.”


				To further evaluate the genetic components of longevity, Schachter et al68 studied 338 centenarians and adults aged 20-70 years at several polymorphic candidate gene loci. Their findings showed that the epsilon 4 allele of APOE, a risk factor for premature atherosclerosis, occurs significantly less often in centenarians compared with the controls. However, the epsilon 2 allele, which is associated with types III and IV hyperlipidemia, was significantly increased in the centenarians.


				Puca and associates69 conducted a genome-wide scan for localizing loci predisposing for exceptional longevity in 308 individuals belonging to 137 sibships. Using nonparametric analysis, there was significant evidence for linkage for chromosome 4 at D4S1564, thereby adding further support that a gene or genes exert a significant influence on the ability to achieve exceptional old age. In a more recent study consisting of 95 pairs of male fraternal twins, aged 70 or more years, and free of cardiovascular disease and prostate cancer, Reed et al70 identified the same region on chromosome 4 at marker D4S1564. Thus, the study provides “independent evidence that a locus on the long arm of chromosome 4 is associated with better physical aging and/or longevity.”


				In a recent review of the genetic and environmental influences on attaining exceptional longevity (> 100 years), the author introduced an AGE nomogram (aging, genes, environment) “as a means of exploring the impact on survival of genes playing an important role in achieving exceptional old age.”71


				B. Accelerated Aging Syndromes


				Single gene mutations can produce premature aging (i.e., progeroid) syndromes in humans. Indeed, support for the genomic theory of aging is found in various accelerated aging syndromes (Hutchinson-Gilford, Werner, Down, etc). Although these disorders are more fully discussed in Chapter 2, the following briefly summarizes these genetic abnormalities. The Hutchinson-Gilford syndrome (progeria) is due to a single sporadic point mutation in the lamin A gene; Werner syndrome is an autosomal recessive disorder due to a single gene mutation which encodes the Werner protein (WRN), a member of the RecQ helicase family; Down syndrome results from the presence of three copies of chromosome 21 (trisomy 21); and the Cockayne and Bloom syndromes are both autosomal recessive disorders.


				

C. Telomere Length, Aging, and Disease

				In 1961, Hayflick and Moorehead72 demonstrated that serially cultured normal human diploid cells (fibroblasts) have a finite in vitro life span. That is, somatic cells dividing in vitro have a limited number of potential cell divisions (50 + 10) after which they arrest at the “Hayflick limit” in a state known as replicative senescence. These cells are irreversibly blocked, primarily in the G1 phase of the cell cycle, and are no longer sensitive to stimulation by growth factor.


				Human telomeres consist of hundreds to thousands of copies of a uniform double-stranded DNA sequence (TTAGGG) followed by a single-strand overhang of the same sequence at the ends of mammalian chromosomes. The average length of telomere repeats in somatic human cells decreases by 20 to 200 base pairs with each cell division.73,74 However, there is a minimal shortening of less than 20 base pairs per cell division in cells with high antioxidative capacity.75 Indeed, cultivating cells under increased oxygen tension (i.e., 40% normobaric oxygen) prematurely shortens both the telomeres and the replicative lifespan.76 Furthermore, telomere shortening rates are significantly higher in cells with low antioxidative defence.77 Thus, over expression of the gene for extracellular superoxide dismutase (SOD) in human fibroblasts with low antioxidant capacity increases total cellular SOD activity, decreases the intracellular peroxide level, slows telomere shortening, and increases cellular lifespan under both normal and increased oxygen tension.78


				Telomere shortening may lead to apoptosis, neoplastic transformation, or may prevent cellular replication. In contrast to somatic cells, the telomeres of postmitotic cells, such as neurons, do not shorten. Indeed, since telomere shortening has been connected with replicative aging in vitro and in vivo, telomere length might be a biomarker of aging and age-related morbidity.79 However, as recently noted, telomere length in blood monocytes ” is not a predictive indicator for age-related morbidity or mortality at ages over 85 years, possibly because of a high degree of telomere length instability in this group.”80


				Blasco et al81 reported that telomere shortening is also not the major cause of aging in mice since they age and die with long telomeres. The loss of the enzyme telomerase had no effect on aging for several generations. However, Cattan et al82 recently explored the effects of L-buthionine sulfoximine (BSO), an oxidant that inhibits gamma-glutamyl cysteine synthase,83 on telomere length in CAST/Ei mice. Here, BSO shortened telomere length in white fat, brown fat, skin, tail, and testis; BSO decreased tissue glutathione content and increased tissue carbonyl content and plasma advanced oxidized protein products. Moreover, telomere length has been shown to correlate with longevity and resistance to disease in humans aged 60 years and older.84 Those with shorter telomeres had a 3.18-fold higher mortality rate from heart disease and an 8.54-fold higher mortality rate from infectious diseases. In addition, Valdes et al85 reported that leukocyte telomeres in obese women are 240 bp shorter than those of lean women. They also found that each pack-years of cigarette smoking was equivalent to an additional 5 bp of telomere length lost. Similarly, increased insulin resistance, in concert with increased body weight, is associated with increased telomere loss.86


				Direct evidence linking telomere shortening causally to replicative senescence was given by forced expression of telomerase that adds telomere repeats to the ends of the chromosomes.78,87 Thus, telomeres were elongated and the transfected cells immortalized without any evident karyotypic changes or perturbations of cell cycle check points. Similarly, proliferating germ line cells, as well as some malignant cells, continue to divide by expressing telomerase, which uses an RNA template to add DNA to the overhang (telomerase is absent in somatic cells). Conversely, cultured cells from patients with progeria88 and Werner syndrome89 have a significantly decreased doubling capacity.


				Telomere length has also been shown to predict post-stroke mortality, dementia, and cognitive decline.90 Thus, longer telomeres at baseline in stroke survivors were associated with a reduced risk of death, dementia, and cognition. Furthermore, psychological stress, both perceived and chronic, was associated with higher oxidative stress, lower telomerase activity, and shorter telomere length in blood mononuclear cells from healthy premenopausal women.91 Women with the highest levels of perceived stress also had, on average, shorter telomeres “by the equivalent of at least one decade of additional aging compared to low stress women.”


				Importantly, definitive genetic variants associated with biological human aging have been recently identified. For example, individuals carrying a genetic variant near the TERC gene had shorter telomeres and appeared biologically older.92 This effect is equivalent to 3-4 years of biological aging. Accelerated telomere shortening also accompanies aging in Werner syndrome and other progerias.93 Telomeres and telomerase are not only central to aging, but in the biology of cancer, stem cells and dyskeratosis congenita, an inherited syndrome.


				

D. Aging Genes in Model Organisms

				Because of the complexity of identifying the various aging candidate genes in humans, most studies involve various model organisms (i.e., yeast, fruit fly, nematode, mammals) where life spans are short enough that multigenerational experiments can be carried out within a relatively short time. Although the evolutionary theories of aging suggest that many genes are involved in the rate of aging, various studies in model organisms have demonstrated that some single-gene mutations can significantly extend their life spans.


				 

				1. Yeast (Saccharomyces cerevisiae)


				There are four processes that determine the life span of the yeast, Saccharomyces cerevisiae : metabolism, stress resistance, chromatin-dependent gene regulation, and genome stability.94,95 The retrograde response, which signals mitochondrial dysfunction to the nucleus resulting in changes in nuclear gene expression, extends the yeast’s life span. This retrograde response links metabolism and genome stability during aging. Moreover, as with other organisms, a decrease in available nutrients (i.e., caloric restriction, Chapter 2) also extends yeast lifespan. However, the two processes are not identical. Rather, they appear to parallel each other. Thus, retrograde response apparently compensates for age changes, while caloric restriction “may be a preventive mechanism,”95 since it apparently remodels mitochondrial function.


				As of 2000, there were 20 known genes involved in determining the lifespan of Saccharomyces.96 In this study, the authors noted that deletion of RTG3, a downstream mediator of the retrograde response pathway, significantly increased the yeast’s lifespan. Other studies have also shown that genes affect the aging process in yeast through metabolic control and resistance to stress.97 Here, the RAS genes play a pivotal role in determining longevity by the maintainence of homeostasis in which metabolic control appears to occupy a central role. Others98 reported that deletion mutations FOB1, SCH9, and deletion of GPA2, GPR1, or HXK2 (three caloric restriction genetic models) significantly increase longevity.


				The SSD1 gene also affects several yeast cellular processes including cell integrity, cell cycle progression, and growth at increased temperatures.99 These researchers reported that the SSD1-V allele is necessary for achieving an extremely long lifespan. Furthermore, the addition of SSD1-V to cells increased their longevity independent of SIR2 (silent information regulator), an important determinant of lifespan in yeast mother cells and other organisms.100 The Sir2 protein, a member of the conserved family of nicotinamide adenine dinucleotide (NAD)-dependent histone deacetylases (sirtuins), participates in numerous critical cell functions including cell protection, cell cycle regulation, metabolism, and apoptosis.101 More specifically, Sir2 has a role in silencing at the rDNA, telomere, and mating-type loci of yeast.102


				 

				2. Fruit Fly (Drosophila melanogaster )


				In an early study, Tyler et al103 demonstrated that a group of long-lived Drosophila was more resistant to oxidative stress than the wild type. Thus, the long-lived flies consistently showed greater frequencies of the allele coding for the antioxidative enzyme, superoxide dismutase. Subsequent studies showed that flies with increased activity of both Cu/Zn- and Mn-superoxide dismutase increased their longevity.104,105


				A gene mutation, referred to as “methuselah” (mth), has been identified in a line of Drosophila that increases its lifespan by 35%.38 This mutation apparently resides within a single gene that is homologous to GTP-binding transmembrane domain receptors. Others106 identified a single gene mutation that approximately doubles the average adult lifespan without negatively affecting the fly’s fertility or physical activity. This gene, referred to as “Indy” (“I’m not dead yet”), is homologous to a mammalian sodium dicarboxylate co-transporter, which is a membrane protein that transports Krebs cycle intermediates. More specifically, a recent study by Knauf et al107 suggests that Indy “functions as an exchanger of dicarboxylic and tricarboxylic Krebs cycle intermediates.” Moreover, the effect of decreasing Indy activity “may be to alter energy metabolism in a manner that favors lifespan extension.”


				As with yeast and nematodes, an increase in SIR2 also extends the lifespan of Drosophila .108 However, a decrease in SIR2 blocks the lifespan extending effects of caloric restriction. The insulin/insulin-like growth factor-1 (IGF-1) pathway also regulates life- span. For example, null mutations in Drosophila genes that encode insulin receptor substrate homolog (chico) or the insulin-like receptor extend the lifespan of females by about 45%.109,110 Moreover, increased expression of protein repair genes, such as those encoding carboxymethyltransferase and methionine sulfoxide reductase, also increase the fly’s lifespan.111,112 The role of genetics in Drosophila melanogaster aging was recently reviewed.113


				 

				3. Nematode (Caenorhabditis elegans)


				Age-1 was the first gene mutant shown to increase the lifespan of any organism. This recessive mutant allele increases the lifespan of C. elegans by 40% and the mean maximum lifespan by 60% at 20 oC.114 At 25 oC, age-1 increases the mean and maximum life spans of this nematode by 65% and 110%, respectively. As of 2002, more than 40 single-gene mutants had been described that increase C. elegan’s lifespan by 20% or more (“age” mutants).115 These age mutants “define as many as nine distinct pathways and/or modes of action, as defined by primary phenotype.” Moreover, they increase the nematode’s ability to respond to heat, ultraviolet light, and reactive oxygen species. Indeed, significantly increased levels of the antioxidant enzyme Cu/Zn superoxide dismutase are present in wild type and age-1 dauer larvae compared with young adult worms.116

				Several other examples whereby mutants increase the lifespan of C. elegans include the following. Mutations in the daf-2 gene, an insulin/IGF-1 receptor homolog acting upstream in the pathway, more than doubled the life span of fertile, active adult hermaphrodites compared with the wild type.117 However, the life span extension brought about by daf-2 mutations requires the daf-16 gene, which encodes a member of the hepatocyte nuclear factor 3/forkhead family of transcriptional regulators.118 These gene mutations bring about the formation of the dauer larvae, a state of diapause in response to periods of low food availability, which allows them to become adults and live at least twice the normal lifespan.117 The C. elegans transcription factor HSF-1, which regulates the heat shock response, also affects aging.119 Thus, reduced hsf-1 activity decreases life- span whereas overexpression extends lifespan. These researchers found that HSF-1, as with the transcription factor DAF-16, is required for daf-2-insulin/IGF-1 receptor mutations to increase lifespan. The findings suggest that HSF-1 and DAF-16 together activate genes encoding small heat shock proteins that then promote longevity. In addition to daf-2 mutations, daf-23 and spe-26, among others, have also been shown to significantly increase the nematode’s lifespan.120


				The C. elegans longevity system also involves four clock genes ( clk-1, clk-2, clk-3 and gro-1), so-called because they regulate developmental, physiological, and behavioral clocks during the nematode’s life cycle.121 The clk-1 gene, which localizes in the mitochondria of all somatic cells, encodes a hydroxylase that is involved in the biosynthesis of ubiquinone (co-enzyme Q9), the redox-active lipid.122 Co-enzyme Q is important in the mitochondrial electron transport chain and clk-1 mutants rely on co-enzyme Q8, which is synthesized by their bacterial diets (i.e., E. coli). However, if Q8 is withdrawn from the diet of wild-type worms, their lifespan is increased by about 60%.123


				As with yeast and the fruit fly, the conserved SIR2 protein regulates the lifespan of C. elegans. Thus, a duplication containing sir-2.1, the C. elegans gene that is most homologous to yeast SIR2, increases the lifespan up to 50%.124 Overexpression of SIR2 is also dependent on the forkhead transcription factor DAF-16. Recent genetic analysis suggests that sir 2.1 is required for the increased lifespan observed by caloric restriction, independent of the insulin/IGF-1 signaling pathway.125 These researchers also reported that “sir-2.1 and daf-16 have overlapping and distinct roles in lifespan regulation.”


				4. Mammals


				Because of their long generaton times and increased costs, significantly fewer genetic studies have been completed with mammals. Nevetheless, various studies suggest that mechanisms similar to those in yeast, fruit flies, and nematodes also control the lifespan of mammals. Thus, mice homozygous for the Prop-1 gene (Ames dwarf mice) live 50% to 70% longer than the wild type.126 Interestingly, these dwarf mice are deficient in thyroid stimulating hormone, growth hormone, and prolactin. They also have reduced plasma levels of insulin, insulin-like growth factor (IGF-1), and glucose. Moreover, the occurrence of various neoplastic lesions are delayed compared with their normal siblings.127 These authors emphasized that the incidence of pulmonary adenocarcinoma was particularly decreased in the dwarf mice compared with their siblings, presumably due to decreased levels of growth hormone and IGF-1.


				Similar to the Ames dwarf mice, Pit-1-defective mice (Snell dwarf mice) are also infertile and have a greater than 40% increase in both mean and maximum life spans.128 Thus, “a single gene can control maximum lifespan and the timing of both cellular and extracellular senescence in a mammal.” There was also a delay in collagen cross-linking, as well as six age-sensitive indices of immune system status. Hsieh et al129 concluded that since Pit1 plays a key role in the increased lifespan of Snell dwarf mice, it conforms to the longevity paradigm of C. elegans. They also suggested that the Pit1 mutation results in decreased activity of the insulin/IGF-1 pathway and thereby increases their lifespan. However, others130 reported that, in contrast to nematodes and flies whereby disruption in the insulin/IGF-1 receptor significantly increases their lifespan, defects in the insulin signaling pathway in mammals decreases their lifespan. This paradox was explained “by the acquisition of more complicated metabolic pathways in mammalians over evolution.” Thus, many organs in mammals have insulin/IGF-1 receptors but their functions “are opposite if they are located in the central nervous system or in the pheriphery; whereas lower species have insulin/IGF-1 receptors signaling mainly through the nervous system.”


				As with the other model aging organisms, there is considerable evidence that the Sir2 enzyme also promotes survival in mammals. Indeed, in mammals there are seven homologs of the yeast SIR2. The closest is Sirt1, which represses a mammalian FOXO homolog of daf-16, FOXO3a,131 and regulates its activity in response to oxidative stress.132 Thus, deacetylated FOXO3a not only increases its ability to induce cell cycle arrest and its resistance to oxidative stress, but inhibits its ability to induce cell death. Earlier studies demonstrated that FOXO3a protects against oxidative stress by stimulating both DNA repair133 and antioxidant defense activities.134


				A critical question has been how molecular mechanisms that regulate lifespan relate to metabolism. To further examine this question, Rodgers and associates 135 recently reported that Sirt1 is not only important in aging, but it controls hepatic glucose metabolism by regulating the PPAR gamma co-activator 1 (PGC-1) alpha, a transcriptional co-activator that controls metabolism at the gene transcription level.136 More specifically, these researchers reported that Sirt1 physically associates with PGC-1 alpha in hepatocytes and thereby upregulates gluconeogenic genes and represses the genes involved in glycolysis. Increased PGC-1 alpha activity, which is caused by Sirt1-mediated deacetylation, is also directly dependent on changes in the concentration of pyruvate and NAD+, which occur when gluconeogenesis is activated. Sirt1 also regulates the activity of several transcription factors and transcriptional co-regulators (e.g., p53, FOXO1, PPAR gamma, NF kappa B, Ku70, and p300).137

				III. Developmental Aging Theories

				A. Immunologic Theory


				A decline in immunologic function with increasing age (immunosenescence) has long been recognized and appears to be due to the continuous attrition caused by chronic anti-genetic overload. Thus, the immune aging theory postulates that such progressive immunologic dysfunction is inevitable and results in decreased lifespan. Indeed, the thymus gland begins to undergo cortical atrophy during adolescence and by age 50 years it has lost 85-90% of its original weight. As a result, thymic hormone levels begin to decline by about 25 years and are usually undetectable after 60 years of age. Cellular loss, shift in the percentages of cellular subpopulations, and qualitative cellular changes have all been described.138,139 As a result, morbidity and mortality from viral infections increase after the age of 50 years.


				The immune theory of aging is based primarily on two major factors: (1) a decreased ability to produce appropriate antibodies to various agents with increasing age; and (2) the increased production of autoantibodies (i.e., inappropriate production of antibodies against normal body proteins). Thus, the elderly are more prone to infectious diseases, autoimmune phenomena, amyloidosis, myelomatosis, chronic lymphoproliferative disorders, and various forms of cancer. There is also a decreased response to various immunizations. This decreased immune responsiveness is primarily related to a decreased response of thymus-derived lymphocytes (T-cells) to mitogens and infectious diseases.139,140


				B-lymphocytes (B-cells) are also negatively affected by the aging process since there is a decreased capacity to produce antibodies, as well as a disproportionate loss in the ability to produce high affinity IgG and IgA antibodies.140,141 More specifically, the altered responsiveness of the immune system with age includes the following: (a) decreased interleukin-2 (IL-2) production; (b) decreased T-cell response to IL-2; (c) increased IL-6 production; (d) decreased response to mitogen stimulation; (e) increased frequency of autoantibody production; and (f) decreased antibody response to antigenic stimulation.


				Since B-cell function is dependent on T-cells, it remains uncertain whether these are primary or secondary effects, or both. For example, several studies have shown that protein, vitamin and mineral deficiencies are very common in the elderly. However, vitamin/mineral supplementation has shown the following important immunologic changes:142-147 (a) increased absolute number of T-cells; (b) increased various T-cell subsets; (c) increased T4/T8 cell ratio (i.e., helper cell/cytotoxic cell); (d) increased number and activity of natural killer cells; (e) improved delayed-type hypersensitivity skin test response; (f) increased IL-2 levels; (g) decreased prostaglandin (PGE2) production; (h) increased antibody response; and (i) decreased lipid peroxidation. Moreover, the results of a recent study “suggest that the increase of memory B cells and the loss of naive B cells, as measured by serum IgD levels, could represent hallmarks of immunosenescence and could provide biomarkers possibly related to the lifespan of humans…….”148


				In addition to the negative effects of poor nutrition, the immune system is also affected by the neuroendocrine system (see under Neuroendocrine Theory). Moreover, the immune system is affected by apoptosis (programmed cell death), which plays a central role in the immune system. Indeed, up to 95% of T-lymphocytes are eliminated by this process, presumably because these cells recognize self-antigens.149 Furthermore, the major histocompatability complex is genetically linked with the antioxidant enzyme, superoxide dismutase.150


				As noted above, the concentration of various interleukins (cytokines) changes as one ages. These protein messengers represent mediators and regulators of the innate immune system and play a role in lymphocyte growth and differentiation. Thus, they may act as both pro-inflammatory and anti-inflammatory agents. For example, IL-6, a 25-kDa protein produced by a variety of cells, is a multifactorial inflammatory cytokine. Along with IL-1, it is an important mediator of the acute-phase inflammatory responses, including B-cell proliferation and maturation, inflammatory cell activation, and the hepatic production of acute-phase proteins.151


				Prior to middle age, serum IL-6 levels are usually very low or even not measurable. However, later IL-6 dysregulation results in readily measurable levels in older persons even in the absence of inflammation. Indeed, it has been suggested that IL-6 dysregulation may be related to increased autoantibody production and the presence of paraproteinemia, both of which are common in the elderly.152 Furthermore, increased IL-6 levels have been associated with alteration of beta amyloid precursor protein, as is present in Alzheimer’s disease, stimulation of postmenopausal bone re-absorption, as well as being implicated in multiple myeloma, rheumatoid arthritis, Castleman’s disease and malignant B-cell tumors.151 The pathophysiologic role of IL-6 in human disease has been reviewed,153 as has the role of the innate immune system in the biology of longevity.154

				Although it is readily apparent that the immune system is critical in health maintenance and survival, there are several important problems with this aging theory. For example, thymic transplants in experimental animals increase their lifespan. However, mice with thymic aplasia and marked immune deficiency live as long as normal mice if they are kept in a microbe-free environment. Moreover, complex immune systems are not present in some lower organisms that share various aspects of aging with higher organisms. Indeed, the inability to distinguish between various fundamental changes occurring in various cells and tissues in addition to those of the immune system, and the secondary effects mediated by the age-altered immune system, further complicates the interpretation of the immune system of aging. Furthermore, although immune dysfunction may influence the lifespan of the individual, it clearly plays a minimal role in most of the morphologic abnormalities associated with aging.


				B. Neuroendocrine Theory


				Although hormones have been used experimentally in an attempt to slow the aging process since the late 1800s, the neuroendocrine theory of aging was first proposed in 1928.155 This theory suggests that aging is programmed in the hypothalamic-pituitary system and that these cells direct the aging process through various hormonal and neural influences. Indeed, hormones regulate various activities involved in reproduction, metabolism, protein synthesis, immune function, growth, puberty, and behavior. More specifically, three hormonal systems are associated with decreasing circulatory hormones during normal aging:156 testosterone (andropause) and estrogen (menopause); dehydroepiandrosterone (DHEA) and its sulfate (adrenopause); and growth hormone/insulin-like growth factor-1 axis (somatopause). Melatonin, the pineal gland hormone, may also have a role in the aging process.157


				An excellent example of the importance of the endocrine system in reproduction and aging was an early study of the female Octopus hummelincki .47 Normally, the female “lays eggs, broods them, reduces its food intake, and dies after the young hatch.” However, after surgical removal of both optic glands, which secrete hormones (i.e., they are endocrine glands), there is a cessation of broodiness, food intake increases, growth continues, and there is a significant increase in lifespan.


				Although age-related neuronal loss occurs in various areas of the brain (e.g., locus ceruleus, caudate nucleus, putamen, substantia nigra, hippocampus, and cerebral cortex), no similar cell loss has been reported in the pituitary or hypocampus. In addition, a wide variety of neuroendocrine disorders (e.g., diabetes mellitus, hypo- and hyperthyroidism, organ and muscle atrophy due to decreased growth hormone, gonadal dysfunction and hypertension) increase with advancing age. However, perhaps the most obvious change that signals increasing age occurs in middle-aged women when menopause results in the loss of reproductive capacity. Increasing evidence also suggests that both the ovary and the brain play key roles in menopause.158 Moreover, a recent study involving military male veterans found that after adjusting for age, medical morbidity, and other clinical covariates, low testosterone levels were associated with increased mortality.159 This finding is in agreement with a later six-year study of 410 men aged 65 years and older, during which time 126 died.160 The results showed that age-associated decline in anabolic hormone levels (i.e., testosterone, dehydroepiandrosterone sulfate, insulin-like growth factor 1) is a “strong independent predictor of mortality in older men.” Moreover, having more than one hormone deficiency compared with a single deficiency was a “robust” biomarker of health status.


				Some mutations that extend life span affect endocrine signaling. For example, the insulin/insulin-like growth factor-1 (IGF-1) pathway, which influences the lifespan of flies, worms, and mammals, is perhaps the best understood.161 This pathway, first linked to C. elegans where daf-2 mutations encode an insulin/IGF-1 receptor ortholog,162 doubled the worm’s lifespan compared with the wild type.163 Insulin/IGF-1 receptor mutations can also increase the lifespan of the fruit fly by up to 80%.164


				The somatotropic axis, which consists of the pituitary-derived growth hormone (GH), as well as insulin-like growth factor-1 (IGF-1), the major mediator of GH, is the key determinant of somatic growth and adult body size. This system is also involved in the regulation of puberty and gonadal function and affects body composition as well as functional and structural maintenance of adult tissues. Indeed, GH deficiency, GH resistance, and decreased IGF-1 signaling in mice delay aging and significantly increases lifespan.165-167 At about 35-40 years, humans begin to undergo progressive body changes including increased body fat, decreased muscle mass, and atrophy of most organs. Studies suggest that decreased production of GH and IGF-1 in late adulthood may contribute to these changes since blood levels begin to decline as early as 30-35 years in some adults and by 50 years in most adults.168 However, treatment of malnourished elderly people having decreased GH blood levels with recombinant GH improved their calorie intake, increased muscle mass and bone density, decreased body fat, thickened the skin and improved immune function.169,170 The role of the GH and IGF-1 systems in mammalian aging was recently reviewed.171

				Kurosu et al172 recently reported that overexpression of Klotho, a newly discovered hormone, extends the longevity of mice. This circulating hormone “binds to a cell surface receptor and represses intracellular signals of insulin and insulin-like growth factor 1 ……..” Since this hormone induces IGF-1 and insulin resistance, it would appear that these findings contradict earlier evidence for increased lifespan of dwarf mice with decreased insulin and IGF-1 levels and increased insulin sensitivity. However, as noted by Bartke,173 the fact that activation of signaling molecules down stream from IGF-1 and insulin receptors is reduced in both dwarf and Klotho mice suggests that they act by common mechanisms in slowing the aging process.


				The long-lived Ames and Snell dwarf mice both lack thyroid stimulating hormone and are, therefore, hypothyroid. Reduced body temperature in these mice is presumably related to hypothyroidism, although decreased GH and insulin levels probably contribute.174 Interestingly, a recent human study of the “oldest old” (i.e., > 85 years) concluded “elderly individuals with abnormally high levels of thyrotropin do not experience adverse effects and may have a prolonged life span.”175 Thus, sub-clinical hypothyroidism may slow aging by decreasing the metabolic rate, as has been reported in several organisms.176


				Another important area linking the endocrine system with aging is the adrenal hormone dehydroepiandrosterone (DHEA), a steroid hormone that some have referred to as a “fountain of youth.”177 Although none of the described benefits have been demonstrated in a large randomized placebo-controlled trial in humans, DHEA supplementation was found to decrease the incidence of cancer and atherosclerosis and increase longevity in mice. Moreover, when aging mice were supplemented with DHEA sulfate, they remained immunologically normal.178 Others reported that a one-time supplementation dose of DHEA sulfate with influenza vaccination enhanced the immune response in aging humans.179 Decreased DHEA production has also been linked to increased IL-6 levels in mice.180 In this latter study, the administration of DHEA sulfate to old mice resulted in decreased IL-6 levels. Furthermore, Straub et al181 reported that increased IL-6 levels were inversely proportional to serum DHEA levels in elderly humans. They also showed that DHEA and androstenedione inhibit IL-6 production by peripheral mononuclear cells in both males and females.


				Others suggest that aging is a pathologic process involving the pineal gland with resultant decrease in the synthesis of melatonin (N-acetyl-5-methoxytryptamine) from serotonin leading to a syndrome manifest by the “disease of the aged” and subsequent death.182 That is, “aging is a syndrome due to relative melatonin deficiency resulting in gradual failure of the pineal gland.” In this regard, grafting of pineal glands from old mice into young mice accelerates their aging.183 More recently, these researchers surgically pinealectomized (PX) male and female mice at the age of three, five, seven, nine, fourteen, and eighteen months and evaluated their life span.184 Their results showed that pinealectomy at three and five months of age accelerated aging; there was no relevant effect of pinealectomy at seven or nine months. However, a significant increase in lifespan was found when the mice were PX at fourteen months of age. Again, there was no effect when the mice were PX at eighteen months of age. The authors concluded “the findings demonstrate the existence of an evolutionary-developmental role for the pineal complex during growth, fertility, and aging.”


				Reiter185 noted that melatonin is a potent free radical scavenger that is very effective in quenching the highly reactive and potentially damaging hydroxyl free radical (HO.). Hence, if melatonin plays a major role in the aging process, some of its positive effects may be due to its antioxidant actions (i.e., free radical theory). A summary of the theories regarding the role of the pineal gland and melatonin in relation to aging has been published.186


				Hertoghe187 recently presented the following arguments to support the view that aging is mainly a “multiple hormone deficiency syndrome:” (1) “Many if not most” of the signs and symptoms of aging, as well as the diseases commonly associated with aging, are similar to those related to hormone deficiencies and may be the result of these deficiencies; (2) the widely accepted causes of senescence, including oxidative stress, protein glycation and cross-linking, imbalanced apoptosis system, waste product accumulation, immune deficiencies, deficient repair systems, as well as various genetic changes may be caused or favored by hormone deficiences; and (3) appropriate hormone supplements may slow or stop the progression of the negative factors associated with senescence and “may often reverse or even cure them.”


				Indeed, several studies have demonstrated that removal of the pituitary gland (hypophysectomy) followed by appropriate hormone replacement not only maintains, but may extend the lifespan of rodents.188 In addition, supplementation with levodopa, a dopaminergic drug, may prolong the lifespan of mice189 and treatment of rats with deprenyl was shown to facilitate the activity of the nigrostriatal dopaminergic neurons and protect them from age-related decay.190 Moreover, deprenyl supplementation reportedly increases both the average and maximum lifespan of rats.191,192 Various other changes occur in the neuroendocrine system during aging. Whether these alterations are primarily related to aging per se, or whether they are secondary to other events remains largely unknown and must await further studies. In any event, there is no direct evidence that the neuroendocrine system is the origin of all age changes.


				

Chapter Summary

				The aging process is extremely complex and multifactorial. Although numerous theories have been proposed, no single theory adequately explains the process. The evolutionary aging theory, which postulates a robust relationship between fecundity and longevity, has three components: mutation accumulation, disposable soma, and antagonistic pleiotropy. Of these, the most acceptable is antagonistic pleiotropy, which is convergent with the disposable soma theory.


				There is considerable support for the genetic theory of aging including human heritability, the premature aging syndromes, telomere length, and the presence of aging genes in model organisms. With respect to humans, however, it accounts for no more than about 35% of its variance. Nevertheless, considerable support for this theory comes from both observational and experimental animal studies.


				The immune theory is based on the observation that there is a decline in immunologic function with increasing age. More specifically, there is a decreased ability to produce antibodies to various agents, as well as an increased production of auto-antibodies with increasing age. However, non-aging factors including poor nutrition, which is very common in the elderly, also negatively affects the immune system. The immune system is also affected by the neuroendocrine system, as well as other processes. Thus, most of the aging immune deficiences are most likely secondary features.


				The neuroendocrine theory suggests that aging is programmed in the hypothalamic-pituitary system. Indeed, many of the signs and symptoms of aging, including some age-associated diseases, are similar to those related to hormone deficiencies, and some of these defects have been reversed in laboratory animals by hormone supplementation. Moreover, protein glycation, imbalanced apoptotic system, immune deficiencies, deficient repair systems, among others may be favored by hormone deficiencies. Thus, the hypothalamic-pituitary system is a critical factor in the aging process, but it certainly does not explain all of the aging phenomena.


				Bowles193 hypothesized that aging “confers an advantage on a species subject to episodic selection pressures……” Thus, since most theories have some degree of truth, he proposed a “united theory of aging.”
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 Chapter 4. 

 Stochastic Aging Theories

				Introduction


				The stochastic aging theories (random, accidental events) postulate that the deterioration associated with old age is due to random environmental cellular damage that accumulates over time resulting in cell death. The accumulation of these faulty macromolecules occurs by means of two somewhat different mechanisms: a stochastically caused error in macromolecular synthesis and/or a failure to repair the stochastic damage. In either case, vital cellular information is lost. Hayflick1 recently emphasized that the evidence that aging is a stochastic process is threefold: everything changes or ages without being driven by a purposeful program; there is no direct evidence that age changes are controlled by genetics; and extensive evidence exists that age changes occur by the loss of molecular fidelity. As a result, the progressive accumulation of faulty macromolecules leads to severe metabolic abnormalities resulting in systematic death. Although more than 300 different mechanistic aging theories have been proposed,2 only those generally considered to be important are discussed here. The major stochastic theories of aging are listed in Table 4-1.


				 

				 

				 

				
					
						
								
								Table 4.1 Stochastic Aging Theories


							
						

						
								
								Somatic mutation, DNA damage and repair

							
						

						
								
								Error catastrophe


							
						

						
								
								Protein glycation and cross-linkage

							
						

						
								
								Waste product accumulation

							
						

						
								
								Oxidative stress (free radical)

							
						

						
								
								Radiocarbon (14C)


							
						

					
				

				I. Somatic Mutation, DNA Damage and Repair


				Mutations are random events that occur in the genetic structures of cells. Several inherited diseases that arise from DNA (deoxyribonucleic acid) mutations in certain genes were presented in Chapter 2 (e.g., Werner syndrome, Hutchinson-Gilford syndrome, ataxia telangiectasia, etc). These genetic disorders are the result of mutations that occur, or are present, in germ cells. Indeed, if mutations occur in a developing embryo, the embryo is likely to be spontaneously aborted, which may account for the high rate of spontaneous abortions in humans. Conversely, if the mutations are beneficial they may be retained and passed on to the animal’s progeny (i.e., natural selection). DNA mutations also occur in somatic cells after the individual is fully formed. Thus, the somatic mutation theory rests on the assumption that somatic cells become increasingly susceptible to the cumulative effects of DNA damage over time resulting in the development of impaired cells that are unable to fulfill their proper functions with resultant biological decline.


				The somatic mutation theory was initially based on the recognition that background radiation produced random chromosomal damage in all cells. The fact that irradiation of laboratory animals produces chromosomal mutations that lead to functional failure and premature death adds support to this hypothesis. Although ionizing radiation also shortens lifespan, radiation-induced changes only mimick age changes. As a result, the somatic mutation theory was altered when Szilard3 postulated that species-specific life spans might be the result of species-specific rates of random “hits” by various endogenous mutagens that inactivate large chromosome regions or even entire chromosomes. Over time, the genetic loci become sufficiently altered such that various critical functions fail and the cell dies. Indeed, it has been shown that chromosomes from older individuals are significantly more fragile and have more breakages than those from younger persons. The theory also conceives that aging is a secondary, but inevitable consequence of the more fundamental biological process of mutagenesis.


				

Since DNA has limited chemical stability, DNA damage is a very common event in mammalian cells. Without an adequate repair system, within a few years affected cells would be unable to transcribe or replicate their DNA accurately or completely. Indeed, there is a general relationship between longevity and DNA repair.4 A good example involves the enzyme poly(ADP-ribose)polymerase-1 (PARP-1), a critical player in the immediate cellular response to stress-induced DNA damage.5 Thus, increased PARP-1 levels are associated with increased lifespans both between and within various mammalian species.6,7

				Early studies also demonstrated an inverse relationship between the rate of increase in chromosomal lesions in regenerating liver cells and the species-specific lifespan of the mouse, guinea pig, and dog.8,9 Martin and associates10 later examined the chromosomes from enzymatically dispersed kidney cells obtained from 8- and 40-month old mice soon after they were placed in culture. The results showed that the frequency of a variety of chromosomal lesions was significantly higher in the older mice. Similarly, Williams11 reported that DNA from fibroblasts of older humans have a lower molecular weight than DNA extracted from fibroblasts of younger donors. This was assumed to be due to a higher incidence of unrepaired single strand breaks in the genomes of the older cells resulting in an increased number of small DNA molecules relative to the young controls.


				The DNA repair aspect of this theory is perhaps a more specific example of the somatic mutation theory. Processes that act to alter or destroy the integrity of the somatic cell DNA may also cause loss of function of the affected cells. Thus, oxidative damage, hydrolysis, and nonenzymatic DNA methylation occur in vivo at significant rates.12 Conversely, manipulations designed to either increase or decrease the mutational load will have, as a secondary effect, a corresponding shortening or lengthening of lifespan. For example, Orr and Sohal observed a prolongation of lifespan in Drosophila melanogaster engineered to express increased levels of the antioxidant enzymes, catalase and superoxide dismutase.13


				Another important aspect of this theory is that of intrinsic somatic mutations and the ability of cells to repair the damage to both mitochondrial and nuclear DNA. Mammalian cells have an elaborate system of DNA repair enzymes that becomes less efficient over time. Failure to repair damaged DNA or to “misrepair” it could lead to gene inactivation or possible excision of specific genes. Since there is some correlation between DNA repair efficiency and lifespan,14 failure to completely repair the damaged DNA is of considerable importance for certain types of damage that could further accelerate the aging process.15


				Although there is little doubt that DNA mutations contribute to the aging process, aging does not appear to be the direct or causal consequence of a decrease in DNA repair capabilities alone.16 Other factors play an equal, or perhaps greater, role. Thus, although DNA mutations have an important contributory role, it may be more a result than a cause of aging. Moreover, this theory has important experimental disadvantages. That is, while aging is readily measured, it is very difficult to observe and to quantify somatic mutations.


				II. Error Catastrophe


				The error catastrophe hypothesis, originally proposed in 1963 by Orgel,17 postulates that an error in information transfer occurs at some site other than in the DNA. Thus, through random errors in copying the genetic information from DNA to RNA (transcription), or in the assembly of the protein at the ribosome (translation), erroneous copies of protein associated with chromosomes lead to genetic abnormalities. This, in turn, may result in persistently abnormal protein synthesis and an eventual “error catastrophe” destroys the cell. Indeed, the ability of a cell to produce its normal complement of functional proteins depends not only on the correct genetic specification of the various amino acid sequences, but also on the competence and fidelity of the protein-synthesizing apparatus (i.e., the information must be translated correctly).


				Thus, this theory predicts that there will be a build-up of faulty proteins in the cells of older individuals compared with younger ones. For example, an error in RNA polymerase would be very serious since it would result in a continual flow of incorrect information from the DNA to the ribosome resulting in defective proteins. Although the theory has been extensively tested by comparing DNA polymerases, transfer RNAs, and proteins derived from old with young animals, it did not prove to have general applicability to the aging process. Indeed, most cells show remarkably good fidelity in protein synthesis such that the error rates are so low they are barely detectable. Interestingly, Hoopes18 recently reported that progressive external ophthalmoplegia, a heritable eye disorder, “results from mutation of the gene encoding DNA polymerase gamma, which replicates mitochondrial DNA.” Since the mutant form replicates DNA less accurately than the wild type, it provides an explanation for the accumulation of mitochondrial DNA mutations in patients with this disorder. Thus, the affected mitochondria “appear to exhibit an age-dependent error catastrophe.” Other genetic diseases might also result in mitochondrial error catastrophes.


				Although it is true that abnormal proteins may increase slightly with age, the majority are likely a result of post-translational changes. An example is the various isoforms of creatine kinase (CK). Here, the major isoenzyme, CK-MM (CK-33), is normally synthesized in skeletal and cardiac muscles. However, after its release into the circulation, carboxypeptidase hydrolyzes the terminal lysine from one of the M-peptides to form CK-32. Subsequent hydrolysis of the terminal lysine from the second M-peptide produces CK-31, the third isoform.19 Since numerous other post-translational proteins are produced, the mere presence of “abnormal” proteins per se does not support this aging theory.

				III. Protein Glycation and Cross-Linkage


				The protein glycation and cross-links theory, although perhaps related to error catastrophe, is somewhat unique and therefore it is considered separately. This theory, first proposed by Bjorksten,20 is based on the fact that reducing sugars (e.g., glucose) and oxoaldehydes react nonenzymatically with numerous proteins including collagen, elastin, hemoglobin, enzymes and others to form advanced glycation end products (AGEs). Glucose reacts similarly with nucleic acids. Although the exact chemical structures of most AGEs are unknown, the cross-link shown in Figure 4-1 has been identified as 2-furanyl-4(5)-2-furanyl-1H-imidazole.21,22 
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				Figure 4-1. The reaction of glucose with a protein amino group to form a glycosylated protein (Amadori product) and subsequent glucose-derived cross-link (2-furanyl-4(5)- 2-furanyl-1H-imidazole)

				These authors proposed that this nonenzymatic reaction triggers a series of irreversible chemical reactions that result in the formation and accumulation of various adjacent cross-linked proteins. These glycated cross-linked proteins (i.e., protein molecules bound together by chemical bonds) are less efficient in fulfilling their biological roles. About 20 AGEs have been identified in human skin.23 These abnormal cross-linked proteins increase progressively with time and affect the functioning of the kidney, heart, retina and other organs and tissues. These proteins also contribute to a wide variety of problems associated with aging, including a loss of elasticity, which leads to increased stiffness of arteries, tendons, lung and urinary bladder, among others. Moreover, they trigger inflammatory signaling resulting in tissue damage and even cancer.24 Importantly, many of the results have been duplicated in vitro by the Maillard reaction.


				It has been further hypothesized that glycated proteins decrease the elasticity and permeability of the extracellular compartment and thereby impair the passage of nutrients and waste products in and out of cells. In addition, both deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) glycation may result in serious cell impairment. It is further suggested that, in addition to glucose, other intracelllular substances including aldehydes, free radicals, quinones, and polybasic acids could participate in protein cross-linkages. Many of the negative effects of increased plasma glucose levels may be significantly prevented or even reversed by maintaining levels below 100 mg/dL. Indeed, diabetics have significantly increased levels of glycated proteins. Moreover, caloric restricted rats have a significantly slower increase in glycosylated hemoglobin compared with ad libitum fed rats.25 In addition, copper/znc superoxide dismutase (Cu/Zn-SOD), a critical cytoplasmic antioxidant enzyme, is glycated and thereby inactivated under diabetic conditions.26,27 The reactive oxygen species produced from the Amadori product also results in site-specific Cu/Zn-SOD fragmentation.28 Although there is little question the glycated proteins increase with age and may have a negative effect on cell function, there is no evidence that they directly affect the aging process. Two recent publications describe the current status of protein glycation and cross-links, as well as the possibility of developing agents that break the cross-links.23,29


				IV. Waste Product Accumulation


				The waste product accumulation theory is based on the recognition that cellular metabolism results in the production of cellular debris that should be removed for optimal cell function. However, if these waste products are not removed, their concentration builds up and over time may impair the ability of the cell to function normally.


				

Age pigments, especially lipofuscin, were first recognized in human cells from various organs in elderly people over 100 years ago. Since lipofuscin, a yellow-brown fluorescent granular pigment accumulates principally in the lysosomes of non-replicating cells, it is found primarily in muscle (cardiac, smooth, and skeletal) and brain. Lipofuscin has been shown to accompany aging in every species examined and its rate of accumulation appears to match the rate of aging of that organism. Although most strains of the nematode worm live about 28 days, their cells contain approximately the same amount of lipofuscin as those from very old humans. Moreover, its accumulation rate appears to match the rate of aging in that organism. The amount of lipofuscin in cardiac muscle cells in humans also increases linearly with age and by 90 years it occupies about 7% of the cytoplasm.30

				Considerable evidence suggests that lipofuscin is formed as a result of free radical induced autoxidation of the molecular components of the cell, especially the membranous structures containing unsaturated lipids. Thus, the progressive increase in lipofuscin as aging progresses suggests that it is a result of long-term inadequate defense against the stresses of activated oxygen (i.e., lipid peroxidation). For example, chronic deficiency of vitamin E, a potent lipid-soluble antioxidant, not only increases tissue lipid peroxidation products, but also increases the concentration of lipofuscin.31


				The waste product hypothesis, unlike some of the other theories, meets the criteria of occurring in all cells. Moreover, its concentration in non-dividing cells increases with age. However, there is no solid evidence that lipofuscin or other waste products interfere with normal cell function. Nevertheless, the increase in cellular lipofuscin concentration with age supports the hypothesis that the level of free radical-induced autoxidation is an important factor in cell senescence.


				V. Free Radical/Oxidative Stress Theory

				A. Introduction


				Although the free radical/oxidative stress theory of aging is probably the most widely accepted stochastic mechanism for explaining the aging process, significant gaps and unknowns remain. According to this theory, first proposed by Harman in 1956,32 the production of highly reactive free radicals and other reactive oxygen species (ROS) causes progressive random intracellular damage to DNA, RNA, enzymes and other proteins, as well as unsaturated fatty acids and phospholipids, and eventually leads to cell death. This hypothesis is also consistent with earlier theories that suggested a relationship between the metabolic rate and lifespan. In 1928 Pearl33 proposed the “rate of living” theory in which an organism’s lifespan is dependent on its energy utilization (metabolic rate) and a genetically determined amount of energy consumed during its adult life (metabolic potential). Although ROS were unknown at that time, studies have now shown that the metabolic rate correlates directly with ROS production and decreased lifespan in some species. However, this correlation is not maintained in birds and primates since some live longer than would be predicted by their metabolic rates. Indeed, most of the evidence in support of the free radical theory is correlative. That is, oxidative damage to various biomolecules increases with age, and caloric restriction, which increases lifespan and retards aging, reduces the age-related increase in oxidative damage to biomolecules.


				Harman later extended his original free radical theory to mitochondria,34 the major source and damage site of free radicals. It is estimated that 0.2-2.0% of the oxygen taken up by cells is converted to ROS by mitochondria, primarily with the production of the superoxide anion radical (02-.).35,36 Indeed, mitochondria consume 85-90% of a cell’s oxygen to support oxidative phosphorylation, the major system whereby cells harness energy for the production of adenosine triphosphate (ATP). Thus, ATP, the “universal energy currency of cells”, is formed as electrons are transferred from reduced nicotinamide adenine dinucleotide (NADH) or reduced flavin adenine dinucleotide (FADH2) to oxygen by a series of electron carriers. Thus, 32 of the 36 ATP molecules formed by oxidative phosphorylation are formed when glucose is completely oxidized to C02 and H20. ROS are also produced, albeit at a significantly lower rate, by NADPH oxidase at the plasma membrane, lipoxygenases, xanthine oxidase, D-amino oxidase, P450 cytochromes, and proline and lysine hydroxylases.


				Mitochondrial DNA (mtDNA) codes for only 13 proteins, all of which are involved in oxidative phosphorylation:37 seven subunits of complex I (NADH dehydrogenase); one subunit of complex III (ubiquinol-cytochrome c oxidoreductase); three subunits of complex IV (cytochrome c oxidase); and two subunits of complex V (ATP synthase). The production of O2-. occurs primarily at complexes I and III.38 Thus, the well-established decline in the mitochondrial production of adenosine triphosphate (ATP) with aging39 is perhaps related to increased modifications40 and mutations of mtDNA.41 To better appreciate the free radical aging theory, the following basic information is presented.


				B. Free Radical Basics


				A free radical is an atom, molecule, or compound that contains one or more unpaired electrons in its outer orbital. Common radicals include the hydrogen and oxygen atoms, the latter of which is a bi-radical since its outer two electrons have parallel spins and, therefore, are unpaired. The first reported free radical reaction was apparently described by Fenton in 1894.42 Although free radicals were not known to exist at that time, it is interesting that he wrote “a drop of ferrous sulfate solution followed by a drop of hydrogen peroxide” to an aqueous solution of tartaric acid produced a “beautiful violet colour on the addition of caustic alkali.” The classic mechanism with ferrous iron (Fenton reaction), as well as other transition metal ions with more than one oxidation state (e.g., nickel, cadmium, chromium, etc), predicts that hydrogen peroxide is reduced at the iron center with generation of the highly potent hydroxyl radical (HO.).

				Fe2+ + H2O2 –—> Fe3+ + OH- + HO.

				Free radicals may also be formed by (a) homolysis of covalent bonds, (b) addition of an electron to a neutral atom, or (c) loss of a single electron from a neutral atom. These radicals, especially if they are of low molecular weight, are usually highly reactive; hence, they are short-lived. Since they have an unpaired electron, they are electrophilic (i.e., “electron loving”) and attack sites of increased electron density. Thus, compounds with a nitrogen atom which has two unpaired electrons (e.g., proteins, amino acids, DNA, RNA) or a carbon-carbon double bond (i.e., polyunsaturated fatty acids and phospholipids which make up the bilipid cell membranes), are primary targets.


				Ames et al43 estimated that in every rat cell there are about 100,000 oxidative hits/day while in every human cell there are 10,000 hits/day. Fortunately, as discussed later, there are numerous free radical scavengers/chain breakers, metal binding proteins, and antioxidant enzymes that either neutralize the radicals or prevent their formation.


				C. Lipid Peroxidation


				Upon exposure to air (i.e., oxygen), animal and vegetable fats and oils become rancid (i.e., color changes with a musty, rank taste and odor). Here, the hydrogen atoms of the -CH2- groups located between alternating double bonds (i.e., -CH=CH-CH2-CH=CH-) of a polyunsaturated phospholipid or fatty acid (LH) are very susceptible to abstraction by free radicals (R.). This process can then lead to a general reaction known as autoxidation, which results in the formation of a lipid hydroperoxide (LOOH) and the generation of a new lipid free radical via an autocatalytic reaction (i.e., lipid peroxidation).


				LH + R. –> RH + L.


				L. + O2 –> LOO.


				LOO. + LH –> LOOH + L.


				Indeed, a single free radical may result in the formation of hundreds of lipoperoxides before it is neutralized. Furthermore, the production of lipoperoxides results in the formation of various reactive aldehydes (e.g., malondialdehyde, 4-hydroxy-2-nonenal), which can result in further damage by causing cross-links with proteins and lipids.


				D. Oxygen Toxicity


				The air we and other living organisms breathe is truly a “double-edged sword.” Although it is critical for life, many essential intracellular reactions in which it is required result in the formation of free radicals. Shortly after Priestley and Scheele discovered oxygen in 1774, Lavosier reported that oxygen inhalation was detrimental. About 100 years later (1878), Bert documented that oxygen at high tension “is a powerful poison,” leading to death in sparrows, various laboratory animals, insects, and earthworms.44 Then in 1899, Lorrain Smith, an Irish physician, reported a series of experiments documenting that oxygen at high tensions results in severe pulmonary congestion with pneumonia-like changes in mice, rats, and guinea pigs.45 Moreover, in his 1909 textbook, “The Principles and Practice of Medicine”, Osler, referring to Smith’s studies, wrote “there can be but little doubt that the administration of oxygen may not be entirely harmless as stated in previous editions of this work.”46 Nevertheless, this information was completely ignored by the medical profession for more than 50 years, in spite of numerous supportive studies, including that of Comroe et al47 who reported on the toxic effects of oxygen inhalation at high concentrations in normal men at sea level and at the simulated altitude of 18,000 feet elevation.


				Failure to recognize the potential toxic effects of increased oxygen tension led to an estimated 10,000 worldwide cases of blindness (i.e., retrolental fibroplasia) in newborns in the late 1940s and early 1950s.48 Nevertheless, widespread recognition that increased oxygen tension is potentially toxic to humans did not occur until 1967 when Nash et al49 correlated the concentration and duration of inspired oxygen in adults before death with the pathologic lung findings at autopsy. One year later, adult pulmonary hyaline membrane disease was attributed to oxygen toxicity.50 Subsequent studies established that increased oxygen tension in pre-term newborns is a major contributing factor for the development of bronchopulmonary dysplasia.51,52


				E. Support for the Free Radical Theory


				1. Natural Free Radical Production


				Because of their marked reactivity, the existence of free radicals in biological systems was generally not considered possible until Gerschman et al53 theorized that oxygen poisoning and X-irradiation have a common basis of action. Thus, X-irradiation homolytically dissociates water to produce the hydrogen atom and hydroxyl free radical.

				H2O –—irradiation–—> H. + HO.

				Subsequent studies showed that oxygen-derived radicals are normally produced in living organisms by a wide variety of reactions, especially in mitochondria and the electron transport chain in the endoplasmic reticulum, where the unavoidable addition of an electron to molecular oxygen produces superoxide, an anion radical (O2-.).

				O2 + e. ––—> O2-.


				Superoxide is also a product of the enzyme reactions catalyzed by the flavin oxidases, xanthine oxidase (XO), and monoamine oxidase (MAO). Indeed, the catalytic production of uric acid by XO results in two superoxide radicals.


				H2O + O2 + Hypoxanthine ––XO–—> H2O2 + O2-. + Xanthine


				H2O + O2 + Xanthine ––-XO–—> H2O2 + O2-. + Uric Acid


				Moreover, superoxide is also produced by the non-catalytic oxidation of oxyhemoglobin, of which about 3% is converted each day to methemoglobin, as well as in phagocytic cells (i.e., neutrophils and monocytes) during the “respiratory burst.” Furthermore, various reduced transition metal ions (e.g., Cu1+, Fe2+, Ni2+, etc) react with oxygen to produce superoxide. In addition to the Fenton reaction, the Haber-Weiss reaction also results in the conversion of superoxide to the potent hydroxyl radical (HO.).54


				Fe3+ + O2- –––-> Fe2+ + O2


				Fe2+ + H2O2 –––> Fe3+ + HO. + HO-

				–––––––––––––––––––––––––––-



				Sum: H2O2 + O2-. –iron catalyst–> HO. + OH- + O2


				Other important carbon-centered radicals also exist in biologic systems including the alkoxyl (RO.), peroxyl (ROO.), and thiyl (RS.) radicals. Furthermore, nitric oxide (NO.), the endothelium-derived relaxing factor, is the major signal for vascular smooth muscle relaxation (i.e., vasodilation).55 Nitric oxide is produced by nitric oxide synthase (NOS), which exists in three isoforms; two constitutive synthases (cNOS), one of which is restricted to the endothelium (eNOS), while the other one is found in the central and peripheral neurons, skeletal muscle, pancreatic beta-cells, and epithelial cells of broncheoli, uterus, and stomach.56 The calcium independent inducible isoform (iNOS) is expressed in many cell types after challenge with immunologic or inflammatory stimuli, including neutrophils, macrophages, mast cells, endothelium, and vascular smooth muscle cells.57 This latter isoform is capable of producing large amounts of NO.. Indeed, the role of NO. in activated immune cells is to “act as a killer molecule.”57 All NOS isoforms catalyze the following reaction.

				L-Arginine + O2 –—NADPH + NOS –—> NO. + L-citruline


				Although direct toxicity of nitric oxide is very modest, it reacts with superoxide to form peroxynitrite (ONOO-), a very strong oxidant (e.g., NO. + O2-. –––> ONOO- ). Indeed, under various inflammatory and immunologic conditions, nitric oxide outcompetes superoxide dismutase (SOD) for superoxide.58 Peroxynitrite is involved in various neurodegenerative disorders59 and several kidney diseases,60 as well as in chronic inflammatory diseases such as rheumatoid arthritis.61 Here, as well as in other conditions, peroxynitrite-mediated reactions with amino acid residues result in the formation of nitrotyrosine, which can lead to enzyme inactivation.62


				 

				2. Antioxidant Defenses


				Although free radicals and other reactive oxygen species (ROS) are produced in abundance in all cells, a wide variety of natural mechanisms exists that either prevents the formation of radicals or neutralizes them after they have been produced (Table 4-2).


				 

				
					
						
								
								Table 4-2. Natural Antioxidant Defenses


							
						

						
								
								Antioxidant enzymes


							
						

						
								
								Catalase


							
						

						
								
								Glutathione peroxidase


							
						

						
								
								Glutathione reductase


							
						

						
								
								Glutathione S-transferase


							
						

						
								
								Superoxide dismutases (Cu/ZnSOD; MnSOD)


							
						

						
								
								Thioredoxin reductase


							
						

						
								
								Peroxiredoxins


							
						

						
								
								Metal-binding proteins


							
						

						
								
								Ceruloplasmin (Cu)


							
						

						
								
								Ferritin (Fe)


							
						

						
								
								Hemoglobin (Fe)


							
						

						
								
								Lactoferrin (Fe)


							
						

						
								
								Metallotheinein (Ni, Cd, etc.)


							
						

						
								
								Transferrin (Fe)


							
						

						
								
								Free radical “scavengers”


							
						

						
								
								Bilirubin


							
						

						
								
								Carotenoids (beta-carotene, lycopene, etc)

							
						

						
								
								Flavonoids (quercetin, rutin, catechin, etc)

							
						

						
								
								Lipoic acid

							
						

						
								
								Melatonin


							
						

						
								
								Thiols (glutathione, other R-SH)

							
						

						
								
								Uric acid

							
						

						
								
								Vitamins A, C, E

							
						

						
								
								Miscellaneous antioxidants


							
						

						
								
								Copper (Cu/ZnSOD)

							
						

						
								
								Glutathione (GSH)

							
						

						
								
								Manganese (MnSOD)

							
						

						
								
								Selenium (GPx)

							
						

						
								
								Zinc (Cu/ZnSOD, others)


							
						

					
				

				

 

				Nevertheless, oxidative stress occurs when there is an imbalance between the ROS and the various protective mechanisms.

				 

				a. Antioxidant Enzymes


				The general acceptance of free radicals in biological systems, as well as the possibility that free radicals might be involved in the aging process, did not occur until the discovery of superoxide dismutase (SOD) by McCord and Fridovich in 1969.63 Two superoxide dismutases are now known to be present. The cytoplasmic enzyme requires both copper and zinc (Cu/ZnSOD); the mitochondrial enzyme requires manganese (MnSOD). Both enzymes catalyze the conversion of superoxide to hydrogen peroxide.

				O2-. + 2H+ –-SOD–—> H2O2


				Although it is not a free radical, hydrogen peroxide is rapidly converted to the potent hydroxyl radical (HO.) in the presence of various transition metal ions (Fenton Reaction). However, both glutathione peroxidase (GPx), in the presence of glutathione (GSH) and catalase (Cat), convert hydrogen peroxide to water.

				H2O2 + 2GSH –GPx–-> GSSG + 2H2O

				2H2O2 –—Cat–-> 2H2O + O2


				Glutathione reductase, glutathione S-transferase, and thioredoxin reductase are also important antioxidant enzymes (Table 4-2). In addition to these well established antioxidant enzymes, about five members of a family of peroxide scavengers (peroxiredoxins) have been identified .64


				 

				b. Metal-Binding Proteins


				Although both GPx and Cat are very efficient in converting hydrogen peroxide to inactive compounds, the hydroxyl radical can still be formed in abundance in the presence of various transition metal ions including iron, nickel, cadmium, copper, and chromium, among others (i.e., Fenton and Haber-Weiss chemistry). To partially offset the potential damage from these metal ions, there are several metal-binding proteins that prevent the production of the hydroxyl radical from hydrogen peroxide. They include, among others, transferrin, ceruloplasmin, ferritin, and metalotheinein (Table 4-2).


				 

				c. Antioxidants


				In spite of the protective effect of the antioxidant enzymes and metal-binding proteins, free radicals and other ROS are still produced in abundance. As noted previously, Ames et al43 estimated that in every rat cell there are 100,000 free radical “hits” each day, while in every human cell there are 10,000 “hits” per day. Importantly, there are numerous natural free radical scavengers/chain breakers, the most notable being glutathione, vitamins C and E, various carotenoids (e.g., beta-carotene, lycopene), flavonoids (rutin, quercetin, catechin, etc), uric acid, and bilirubin, among others (Table 4-2).


				Although other antioxidants may not directly neutralize free radicals, they are critical for other systems to operate successfully. For example, selenium is necessary for glutathione peroxidase (GPx), copper and zinc for Cu/ZnSOD, manganese for MnSOD and glutathione (GSH) for the catalytic conversion of hydrogen peroxide to water by GPx. Furthermore, overexpression of either MnSOD or Cu/ZnSOD was recently found to inhibit breast cancer growth in humans.65


				Since zinc has only one oxidation state (i.e., Zn2+), it binds with protein sulfhydryl groups (-SH) and protects them from oxidation to disulfides (-S-S-) by other transition metals.66 Moreover, Ren et al67 recently reported that zinc supplementation decreases the development of atherosclerosis, a well recognized oxidative process, in rabbits. These researchers concluded that zinc “may have an anti-atherosclerotic effect by decreasing iron levels in the lesion, possibly leading to inhibition of iron-catalyzed free radical reactions.” Manganese has also been shown to have peroxyl radical scavenging properties.68 Thus, although there are numerous ways in which cells prevent the negative effects of free radicals, excess oxidative stress still occurs and has been associated, not only with aging, but with numerous age-associated diseases/disorders (Table 4-3).69


				 

				
					
						
								
								Table 4-3. Diseases/Disorders Associated with Increased Oxidative Stress69

							
						

						
								
								Aging


							
						

						
								
								Arteriosclerosis (coronary, cerebrovascular, peripheral)


							
						

						
								
								Cancer (various types)


							
						

						
								
								Cataracts and macular degeneration


							
						

						
								
								Chronic granulomatous disease


							
						

						
								
								Diabetes mellitus


							
						

						
								
								Immune system disorders


							
						

						
								
								Ischemia/reperfusion injury


							
						

						
								
								Liver diseases/disorders


							
						

						
								
								Kidney diseases/disorders


							
						

						
								
								Lung diseases/disorders


							
						

						
								
								Neurodegenerative disorders


							
						

						
								
								Nutritional deficiencies


							
						

						
								
								Radiation injury


							
						

						
								
								Skin disorders (ultraviolet light)


							
						

						
								
								Toxic states (xenobiotics, metal toxicity)


							
						

						
								
								Other diseases/disorders


							
						

					
				

				

F. Mitochondria, Oxidative Stress, and Aging

				The free radical theory proposes that aging is the cumulative result of oxidative damage to body cells and tissues that primarily arises as a result of aerobic metabolism. Indeed, the amount of damage to proteins, lipids, and DNA increases exponentially during aging in various tissues in different species.70 Although oxidative damage to lipids and DNA is functionally important, studies by Stadtman et al71,72 demonstrated that oxidative damage to proteins may also be a critical factor in aging since oxidized proteins (e.g., enzymes) lose catalytic and structural integrity and are hydrolyzed.


				The free radical theory of aging has gained significant credibility because it (a) satisfies most of the necessary criteria to define the aging process; (b) provides an excellent model to investigate the best molecular signs and mechanisms; (c) provides testable experimental approaches; and (d) provides the best molecular explanation for the interaction between aging and various disease processes.73 Studies have also established new roles for ROS, including those for nitric oxide,74 various enzyme reactions,75 and the hydroxyl radical-scavenging action of melatonin, a pineal gland hormone, in the defense systems.76 Because of these and other studies, it was proposed that the free radical theory of aging be broadened to the “oxidative stress” theory of aging.73 Indeed, the mitochondrial production of adenosine triphosphate (ATP) during oxidative phosphorylation results in significantly more superoxide than from all other sources together. A recent study also found that partial uncoupling of oxidative phosphorylation not only increased the concentration of ROS, but induced premature aging in human fibroblasts and yeast mother cells.77 Thus, the mitochondrial theory of aging holds that as we produce ATP, the compound which provides us with energy, our mitochondria generate oxygen free radicals that inexorably attack mitochondria and mutate the mitochondrial DNA (mtDNA). This random accumulation of somatic mtDNA mutations in humans and others who began life with healthy mitochondrial genes would ultimately reduce energy output below levels required in one or more tissues if the individual lived long enough. Thus, somatic mutations and mitochondrial inhibitions may lead to the common signs of aging (i.e., loss of memory, hearing, vision, stamina, etc.).


				Mitochondrial DNA damage is significantly more sensitive to oxidative stress than nuclear DNA damage for two possible reasons; its closeness to the major source of oxidant production (i.e., respiratory chain) and its limited DNA repair system. Several studies have provided direct supportive evidence that oxidative stress produces significant mtDNA damage. In two studies, oxidative stress was increased by genetic deletions of either mitochondrial superoxide dismutase (MnSOD) or the adenine nucleotide translocator (Ant 1), the absence of which blocked the exchange of ADP to ATP across the mitochondrial inner membrane, thereby inhibiting oxidative phosphorylation.78,79 These knockout mice had a respective defect in mitochondrial superoxide scavenging capacity or overall aerobic metabolism which significantly increased the level of mtDNA damage.


				Numerous studies have also shown that mitochondrial integrity declines as an organism ages. This relationship between mitochondrial metabolism and longevity is supported by studies in yeast, worms, flies and mammals.80 Thus, old mitochondria are not only morphologically altered, but produce more reactive oxygen species and less ATP.81 Moreover, in some postmitotic tissues levels of oxidative DNA biomarkers, such as 8-oxo-2’-deoxyguanosine, were shown to be significantly higher in mitochondrial compared with nuclear DNA.82 Others generated transgenic mice that overexpress human catalase localized to the peroxisome, nucleus, and mitochondria.83,84 The greatest life span effect was found in those with increased mitochondrial catalase activity, which resulted in a 20% increase in median lifespan and a 10% increase in maximum lifespan. Furthermore, hydrogen peroxide production and its inactivation of aconitase, a citric acid cycle enzyme, were attenuated which decreased both oxidative damage and mitochondrial deletions. Interestingly, treatment of C. elegans wild-type with synthetic superoxide dismutase and catalase mimetics increased their lifespan by 44%.85


				Since mitochondria from females produce significantly less hydrogen peroxide than those from males, the mitochondrial theory of aging may partly explain why females in humans and various other species live longer than males.86,87 These researchers found that women have higher levels of mitochondrial reduced glutathione (GSH) and the antioxidant enzymes manganese superoxide dismutase and glutathione peroxidase than males. As a result, oxidative damage to mtDNA is four times higher in males than in females. The relation between mitochondrial oxidative stress and aging was recently reviewed.80,88,89 Moreover, oxidative stress apppears to have a negative effect on the immune system90 and as a cause of breast cancer.91 Further support for the free radical aging theory includes caloric restriction, miotochondrial uncoupling proteins, the production of age pigments, gene mutations, and other studies as outlined below.

				 

				1. Caloric Restriction and Oxidative Stress


				It has been repeatedly demonstrated in a wide variety of organisms that caloric restriction (CR) results in a significant increase in longevity. For example, restricting the number of calories to 60% of what rats would eat ad libitum, but with adequate vitamins, minerals, and protein increases their lifespan by 30-50%.92 Moreover, current studies in progress suggest similar results in primates. If true, this would presumably apply to humans. The effect of CR on the aging process is discussed in detail in Chapter 2, as is the relationship between CR and oxidative stress. A few examples will be presented here simply to emphasize the importance of free radicals and aging.


				Data from several recent studies strongly suggests that CR results in a significant reduction in oxidative stress. For example, long-term CR in mice selectively increases the activity of catalase, which results in a significant decrease in hepatic lipid peroxidation.93 Dietary restriction also suppresses the production of reactive oxygen species in various other cells and tissues (i.e., lymphocytes, liver, kidney, heart);94,95 it also inhibits lipid peroxidation of brain synaptosomes.96


				Others studied the effects of CR on DNA damage in both rat cell nuclei and mitochondria.97 Although oxidative damage to mitochondrial DNA is normally about 15 times greater than nuclear DNA, CR significantly decreases the damage to both mitochondrial and nuclear DNA compared with ad libitum-fed rats. In addition, CR reduces the age-associated accumulation of oxidatively damaged proteins, lipids, and DNA in mice.70 CR also lowers body temperature,98 increases physical activity without exerting a negative influence on behavior,99 and slows the postmaturational decline in serum dehydroepiandrosterone sulfate (DHEA) levels in rodents, as well as in monkeys.100


				 

				2. Uncoupling Proteins


				Electrons do not normally flow through the electron transport chain (oxidative phosphorylation) to oxygen unless adenosine diphosphate (ADP) is simulataneously phosphorylated to ATP. Thus, the ADP level increases when ATP is consumed and so oxidative phosphorylation is coupled with the utilization of ATP. The uncoupling of oxidative phosphorylation can be biologiclly useful since it is a means of generating heat to maintain body temperature. Brown adipose tissue, which is rich in mitochondria, is specialized for the process of thermogenesis. The inner mitochondrial membrane contains a large amount of thermogenin (uncoupling protein 1; UCP1), a dimer of 33-kd subunits that resembles the ATP-ADP translocase. This uncoupling protein forms a pathway for the flow of protons from the cytosol to the matrix. Here, the uncoupling protein generates heat by short-circuiting the mitochondrial proton battery. This dissipative pathway is activated by free fatty acids liberated from triacylglycerols in response to hormonal signals.


				There are curently four new homologs to UCP1 expression in brown adipose tissue, muscle, white adipose tissue and brain, among others.101 UCP orthologs have also been identified in birds, fish and insects suggesting the metabolic importance of these proteins. UCP1 diverts energy from the synthesis of ATP to thermogenesis in the mitochondria of brown adipose tissue by catalyzing the proton leakage across the inner membrane. As noted by Echtay et al,102 superoxide activates mitochondrial uncoupling proteins and thereby decreases the mitochondrial production of ROS which “may be a mechanism for decreasing the concentrations of reactive oxygen species inside mitochondria.” In addition to superoxide, other ROS derivatives including 4-hydroxy-2-nonenal and other alkenals as well as adenine nucleotide translocase may also be biological signals to induce the production of UCPs and thereby increase proton conductance and decrease mitochondrial ROS production.103,104


				Hagopian et al105 compared proton leakage and ROS production in calorically restricted (CR) male rats with control-fed rats. After 18 months, but not 12 months, protein carbonyl content, hydrogen peroxide production, and proton leak were all lower in the livers of CR rats. The authors concluded that the results are “consistent with the idea that CR may act by decreasing energy expenditure and ROS production.” Despite these and numerous other recent studies, there are several significant controversies and a limited understanding of the physiological role of UCPs. Several recent reviews have been published.106-108


				 

				3. Lipofuscin (“Age Pigment”, “Ceroid”)


				Lipofuscin, a yellow-brown autofluorescent electron-dense pigment, is a bi-product of iron catalyzed lipid peroxidation. As noted previously in this chapter under the waste accumulation theory, lipofuscin and ceroid lipopigments have been recognized in various organs of elderly people for over 100 years. Indeed, the accumulation of lipofuscin within post-mitotic cells occurs at a rate directly proportional to age.109-111 Since the pigment accumulates principally in the lysosomes of non-replicating cells, it is found primarily in skeletal and heart muscle fibers, neurons, retinal pigment epithelium, and hepatic cells. Lipofuscin-associated iron sensitizes lysosomes to oxidative stress, thereby jeopardizing lysomal stability which leads to apoptosis.112 In their literature review of lipofuscin, these researchers concluded that the “formation and accumulation of lipofuscin in, especially postmitotic cells, seems to lead to a variety of defects in cellular function and homeostasis,” and “that the accumulation of this age pigment as an important—perhaps even central—aspect of the phenomenon of aging.”

				Indeed, the progressive increase in lipofuscin as humans and various organisms age suggests continuing lipid peroxidation as a result of long-term inadequate defenses against the stresses of activated oxygen. Hence, it may be more directly related to cellular degeneration in old age than previously believed.


				 

				4. Mitochondrial Gene Mutations and Oxidative Stress


				The relationship between lifespan and mitochondrial metabolism is also supported by several studies showing that disruption of the respiratory chain can have a significant effect on lifespan. For example, the long-lived C. elegans mutant isp-1 consists of a missense mutation in a component of complex III of the electron transport chain.113 Here, isp-1 mutants demonstrate a generalized slowing in several developmental milestones, as well as a corresponding reduction in oxygen consumption. Moreover, the long-lived mutant clock gene (clk-1) lacks an enzyme required for the biosynthesis of ubiquinone (coenzyme Q),114 a well-conserved electron acceptor for complex-1 and II-dependent respiration.


				Numerous other gene mutation studies with laboratory animals support the free radical aging theory. For example, p66Shc was the first mammalian gene identified whose mutation increased resistance to both oxidative stress and lifespan in mammals.115 The authors suggested that the p66shc protein is part of a signal transduction pathway involved in the regulation of oxidative stress, apoptosis, and lifespan. More recently, Menini et al116 reported that deletion of this gene not only confers resistance to oxidative stress and protects mice from age-associated atherosclerosis, but is also involved in diabetes-induced oxidative stress and oxidant-dependent renal injury. In addition, Napoli et al117 studied the effects of a high fat diet on both systemic and tissue oxidative stress and the development of vascular lesions in both wild-type and p66(Shc -/-) mice. Their results showed that early lesions from the p66(Shc -/-) mice had fewer foam cells and apoptotic vascular cells compared with the wild-type. Moreover, the p66(Shc -/-) mice, but not the wild-type, had a significant reduction of systemic and tissue oxidative stress. A recent review discusses the importance of the p66shc protein in regulating cellular responses to apoptosis, oxidative stress, and aging.118


				In studies with laboratory-developed long-lived strains of the fruit fly (Drosophila melanogaster) and the soil dwelling worm (Caenorrhabditis elegans), the major demonstrated difference was the increased activities of antioxidant enzymes.119 Furthermore, the age-1 gene mutation, which encodes a phosphatidylinositol 3-kinase catalytic subunit in C. elegans , increased the mean lifespan by 65% and the maximum life- span by 110%.120,121 Although how this mutation increases the lifespan is only partially understood, it confers resistance to hydrogen peroxide and paraquat, both of which promote the generation of the hydroxyl radical. Moreover, this C. elegans strain has increased activities of both Cu/ZnSOD and catalase. This mutant also accumulates fewer deletions of the mitochondrial genome, an age-related phenomenon believed to result from free radical damage. These researchers also reported that in young worms exposed to lethal heat shock proteins, the age-1 mutants were 40% more resistant than their wild-type counterparts. The short, non-lethal heat shocks not only reduced thermotolerance, but extended the lifespan.


				Others reported that transgenic flies with three copies of Cu/ZnSOD and catalase exhibited a one-third increase in lifespan, delayed loss of physical activity, and a lower amount of oxidative protein damage compared with the diploid controls.122 Conversely, Muller and associates123 reported that mice lacking Cu/ZnSOD have a marked acceleration of age-related loss of skeletal muscle mass. This genetic condition, which is characterized by an an increase in oxidative stress, resembles an acceleration of normal age-related sarcopenia.


				 

				5. Cell Signaling and Reactive Oxygen Species


				Although generally viewed as causing random and indiscriminate cellular damage, various studies over the past decade suggest that reactive oxygen species (ROS) may be essential for normal physiological signal transduction. In an early study, H202 accumulation was transiently increased when rat vascular smooth muscle cells were stimulated by platelet-derived growth factor.124 However, increased catalase activity or antioxidant concentration (i.e., N-acetylcysteine) blocked the H202 increase. Overall, the data suggested “that H202 may act as a signal-transducing molecule…..” Indeed, it is now recognized that H202, produced in mammalian cells, mediate various physiological responses including cell proliferation, differentiation, and migration.124,125 This implies that cellular “redox” signaling is important in the regulation of various normal processes and disease progression including cancer, angiogenesis, oxidative stress, and aging. More specifically, Rhee et al125 reported that “fluctuations in H202 levels can affect the intracelllular activity of key signaling components including protein kinases and protein phosphatases.”


				The production of H202 in phagocytic cells, such as neutrophils and monocytes, is a well-established and recognized process that results in the killing of microorganisms following their ingestion. This process is dependent on Nox, a multiprotein NADPH oxidase complex that generates H202 in phagosomes as part of the innate immune response. This process (“respiratory burst”) results in the production of superoxide, which leads to H202 and finally to the potent hydroxyl radical that kills the organisms. A family of NADPH oxidases has also been identified in nonphagocytic cells that produce reactive oxygen species (ROS) at low levels in a regulated manner to control the signaling response to various physiological stimuli.126 These proteins are the primary source of H202 in cells stimulated with a variety of growth factors and cytokines such as epidermal growth factor, insulin, tumor necrosis factor-alpha, platelet-derived growth factor, and interleukin-1.124,125 However, since H202 is potentially toxic, regulatory strategies must exist to ensure that Nox activation occurs only where it is needed and that the H202 signal is stopped in a timely manner.127 Although H202 diffuses freely across most cell membranes, recent studies indicate that some membranes are poorly permeable. Indeed, little is currently understood how H202 is delivered to the cytosol where most of its target proteins exist.

				In a recent serial review, it was noted that various sphingolipids, including sphingosine, sphingosine-1-phosphate, and various ceramide derivatives (e.g., glucosylceramide, lactosylceramide) among others, play a significant role in receptor-mediated signal cascades which are important in cell proliferation, endothelial function, and inflammation.128 Moreover, endogenous ROS and reactive nitrogen species (e.g., RNS; NO., ONOO-) also play a key role in receptor-mediated activation of NADPH oxidase and nitric oxide synthase (NOS), both of which are involved in cell physiological regulation. Indeed, considerable evidence now suggests that these two pathways interact with each other. Thus, pro-oxidants (ROS, RNS) regulate sphingolipid metabolism by regulating the enzymes involved in their metabolism (i.e., sphingomyelinase, ceramidase). However, some sphingolipids, including ceramide and lactosylceramide, also mediate ROS and RNS by regulating NADPH oxidase, NOS, and the antioxidant enzymes MnSOD and catalase.


				Studies have also shown that nitric oxide (NO.), produced by endothelial nitric oxide synthase (eNOS), is an important signaling molecule in ischemia-reperfusion (I-R).129 Moreover, NO. deficiency, due to decreased eNOS, exacerbates injury in both hepatic and myocardial I-R models. However, these researchers reported that transgenic overexpression of eNOS in mice reduced I-R liver damage compared with the wild type mice. In addition, their results suggest that hepatic protection in the eNOS transgenic mice may be partly mediated by NO. signalling via the guanylylcyclase-cyclic GMP pathway and independent of the heme oxygenase-1 signal transduction pathways.



				ROS and RNS are also widely recognized to contribute significantly to a variety of lung injuries and diseases. Indeed, both exogenous and endogenous exposure to these oxidative species regularly occurs. A series of review articles regarding redox signaling in immune function and cellular responses in lung injury and diseases was recently published.130 These reviews focus on recent advances that have been made in understanding the various redox signaling molecules and the cellular responses in lung cells as a result of oxidative stress.


				G. Biomarkers of Oxidative Stress


				The balance between the production of ROS/RNS and antioxidant defenses determines the degree of oxidative stress. The consequences of oxidative stress result in modification of proteins, DNA, and polyunsaturated lipids (lipid peroxidation) (Table 4.4).
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				1. Protein Biomarkers


				One of the most widely studied oxidative stress-induced protein modifications is the formation of carbonyl derivatives.131 These protein carbonyl derivatives occur due to various mechanisms such as direct oxidation of amino-acid side chains and oxidation induced peptide cleavage. The measurement of protein carbonyls involves the reaction between the carbonyl groups (C = 0) and 2,4-dinitrophenylhydrazine to form stable phenylhydrazones, which are readily measured by colorimetry or high performance liquid chromatography (HPLC). They can also be quantified by tritium labeling following reduction with tritiated sodium borohydride.132


				In a recent study, the accumulation of protein carbonyls and the role of cell death induced by hydrogen peroxide in human fibroblasts from humans of various ages (17-80 years) was determined.133 The results showed increased protein carbonyl levels with age in both whole-cell lysates and mitochondrial fractions which correlated with a decline in the intracelllular ATP level. Importantly, cells from those 60 years and younger were significantly more resistant to hydrogen peroxide-induced necrosis than were the older cells, which also contained lower ATP levels than the younger cells.


				Another protein marker is mitochondrial aconitase, an enzyme in the citric acid cycle that is critical for energy metabolism.134 These researchers, utilizing an immunochemical probe for oxidatively modified proteins, found that mitochondrial aconitase is a specific aging target of the housefly. Here, the oxidative damage, detected immunochemically, paralleled the loss of aconitase activity. Various other indicrect methods are available to measure the actions of peroxynitrite (ONOO-), which is formed from NO.and 02-.. This highly reactive anion reacts with tyrosine residues to form ortho-nitrotyrosine.135


				 

				2. DNA Biomarkers


				Free radicals react with DNA bases, such as guanine, to produce 8-hydroxy-2’-deoxyguanosine and 8-oxoguanine.136,137 Following sample digestion with endonucleases, the oxidized bases can be quantified by HPLC or gas chromatography coupled with mass spectroscopy (GC-MS). In addition, a microtiter technique for measuring serum autoantibodies to oxidized DNA bases has been reported.138


				 

				3. Lipid Peroxidation Biomarkers


				Lipid peroxidation, an autocatalytic free radical reaction, results in the production of numerous products including malondialdehyde (MDA), 4-hydroxynonenal, conjugated dienes, low molecular weight hydrocarbons (i.e., ethane, ethene, propane), and F2-isoprostanes. In addition, some of these products, such as MDA, cross-link amino acids, proteins, lipids, and DNA form conjugated structures that autofluoresce. These latter compounds are thought to be precursors of lipofuscin and ceroid (“age pigments”).

				Several techniques have been described to follow lipid peroxidation in biologic systems. For example, polyunsaturated fatty acids (PUFA) form conjugated dienes (-CH=CH-CH2-CH=CH-), which absorb maximally at 233 nm.139 Differences in the absorption before and after a reaction estimate the degree of lipid peroxidation. Although not highly specific, the method is simple, sensivitve, and may be useful in selected studies.

				MDA reacts with thiobarbituric acid to form colored adducts that absorb maximally at 532 nm. These adducts are commonly referred to as “thiobarbituric acid-reactive substances” (TBARS) when measured collectively.140 Since TBARS are fluorescent, they can also be measured using this property.141,142 Although these techniques are not highly specific, they have been used extensively since they are readily performed and are useful in selected cases. Increased specificity of the thiobarbituric acid (TBA) reaction is obtained by measuring the 2:1 TBA:MDA adduct by HPLC;143 MDA can also be directly measured by HPLC.144 4-Hydroxy-2-nonenal (HNE), also an important indicator of lipid peroxidation, is also readily quantified by HPLC.145 Immunochemical detection of HNE protein adducts has also been reported.146


				In some oxidative stress studies with laboratory animals, it may be preferable to measure low molecular weight hydrocarbons. These gases (i.e., ethane, ethene, propane) are readily quantified in the expressed breath of the studied subjects in an enclosed system using gas chromatography.147,148 Methods have also been described that measure total antioxidant reserve. For example, 2,2’-azino-di(3-ethylbenzthiazole sulfonate (ABTS) reacts with hydrogen peroxide in the presence of a peroxidase to produce an ABTS radical which has a stable blue-green color and is measured at 600 nm.149 Similarly, the total radical-trapping antioxidant parameter (TRAP) method is a measure of total antioxidative reserve capacity. The reaction is monitored by the loss of fluorescence of the protein R-phycoerythrin.150 The lag phase induced by the plasma sample is measured and compared with a standard (Trolox). The method has been automated.151


				F2-isoprostanes are stable prostaglandin-like end products formed by nonenzymatic free radical-catalyzed peroxidation of arachidonic acid. A large number of F2-prostaglandins, particularly 8-isoprostaglandin F2a, are widely considered to be the most reliable biomarkers for oxidative stress. They are commonly measured by mass spectrometry.152,153 More recently, reduced glutathione (GSH) and its oxidized forms, glutathione disulfide (GSSG) and glutathionylated proteins (PSSG), have been proposed as biomarkers of oxidative stress.154 Indeed, the authors suggested that blood levels of “GSH, GSSG, and PSSG are potentially powerful and reliable biomarkers of oxidative stress status….” Reviews of the major biomarkers of oxidative stress have been published.155,156


				Although free radicals are highly reactive and unstable, several direct procedures for measuring free radical activity have been reported, including pulse radiolysis,157 electron spin resonance spectroscopy involving spin traps,158 and chemiluminescence.159


				H. Weaknesses of the Oxidative Stress Theory


				Since mitochondrial DNA (mtDNA) mutations accumulate over time, they have been hypothesized to contribute significantly to the aging process. Nevertheless, a direct link between oxidative stress and aging has yet to be established since there are still many open questions regarding the mechanism of the accumulation of these mutations and their physiological relevance. Moreover, the extent of detectable mtDNA mutations is relatively low and their importance is purely related to correlative studies. In contrast to the studies noted previously in this chapter, recent studies have questioned the importance of oxidative stress in mtDNA mutations. Thus, the degree of detectable mtDNA mutations is significantly less than can be reconciled to this hypothesis “unless it is assumed that a subset of cells with much higher than average mtDNA mutation load is systematically lost by apoptosis.”160


				Kujoth et al161 reported that mice expressing a proofreading-deficient version of the mitochondrial DNA polymerase gamma not only increased mtDNA mutations, but they experienced premature aging. However, there was no evidence of increased ROS production or oxidative stress. Rather, increased mtDNA mutations correlated with the induction of apoptotic markers, which also occurred in normal aging mice. The authors concluded that “the accumulation of mtDNA mutations that promote apoptosis may be a central mechanism during mammalian aging.” Similarly, others162 created homozygous knock-in mice that express the nucleus-encoded catalytic subunit of mtDNA polymerase. These knock-in mice develop a mtDNA mutator phenotype with a 3- to 5-fold increase in point mutations and increased amounts of deleted mtDNA resulting in reduced life span and premature age-related phenotypes (i.e., alopecia, weight loss, kyphosis, osteoporosis, reduced fertility, others).


				In an extensive literature review of the oxidative aging theories, the authors concluded that although mammalian studies support a role for oxidative stress in various age-related diseases, “the data either do not support or remain inconclusive on whether oxidative stress determines lifespan.”163 However, Barja164 emphasized that the interpretation of some studies is “based on the erroneous assumption that increasing 02 consumption must increase the rate of mitochondrial oxygen radical generation.” Indeed, decreased mitochondrial ROS occur during bouts of aerobic exercise, chronic exercise training, and dietary restriction. Moreover, levels of mitochondrial ROS are lower in long-lived birds than in short-lived mammals of similar body size and metabolic rate. Others165 reviewed the evidence that “both supports and conflicts with the free radical theory….” More recently, Salmon et al166 “updated” the oxidative theory of aging. They concluded that current data showing the effects of changes in the antioxidant defence system in mice and various invertebrate models “seriously call into question the classical interpretation of the oxidative stress theory of aging.” Based on current data, if oxidative stress plays a role in aging, “it is much more limited than previously thought.” They noted, however, that oxidative stress/damage “may play a role in health span” (i.e., the period of life when an animal is free of age-associated pathologies). It may also play a significant role when an animal is exposed to chronic lifetime stress and thereby accelerate several aging features.

				VI. Radiocarbon


				The radiocarbon mechanism of aging (RMA) is based on a mathematical description correlating a person’s natural death rate with the atomospheric concentration of radioactive carbon (i.e., 14C).167,168 Since the common feature of the stochastic aging theories is a chain mechanism of an organism’s death, these researchers argue that “it is logical to suppose that hardly reparable primary changes, arising on separate DNA sites as a result of disintegration of incorporated radiocarbon, appear to be quite enough to cause chain reaction defect formation throughout the whole DNA strand.” Thus, the natural death rate theoretically depends on the concentration of atmospheric 14C.


				In support for this theory, the natural death rate was studied for populations from 48 European countries, as well as the United States and Canada, from 1970 to 2002 and from 191 world-wide countries for 1999, 2000, and 2001.169 Their findings indicated that the “law”, calculated from the mathematical description of RMA, as well as the connection between the natural death rate and the concentration of atmospheric radioactive carbon, supports the theory that a person’s natural aging rate depends on their body’s 14C content. Thus, the higher the atmospheric and body 14C content, the shorter the life expectancy.


				Chapter Summary


				The aging process is extremely complex and presumably multifactorial. The stochastic theories of aging are based on the theory that cellular damage, due to random events, increases over time leading to cell death. The accumulation of macromolecules occurs due to either or both of the following mechanisms; an error in macromolecular synthesis and/or failure to repair the stochastic damage. Thus, cells theoretically age due to varous mechanisms: deleterious somatic DNA mutations; random errors in copying genetic information from DNA to RNA (i.e., transcription errors); reaction of reducing sugars and oxoaldehydes with cellular proteins resulting in advanced glycation end products (AGEs); accumulation of cellular debris resulting in cell dysfunction; the production of highly reactive oxygen species that randomly attack cellular proteins, lipids, DNA and RNA; and the accumulation of radioactive carbon.


				Of the stochastic theories, the free radical theory is the most widely accepted. Indeed, both reactive oxygen species (ROS) and oxidative damage significantly increase with age and vary inversely with the maximum lifespan of various species. The rates of ROS production, levels of oxidative damage, and repair capability represent the major evidence supporting the free radical hypothesis. Moreover, since physical inactivity, poor nutrition, and obesity are associated with increased oxidative stress and decreased life expectancy, they add further suppport for the free radical theory of aging (Chapters 5 to 7). Nevertheless, as with the other aging theories, some studies have questioned the importance of oxidative stress in the aging process (e.g., failure of antioxidants to delay aging and prevent late onset chronic diseases). Interestingly, due to various shortcomings of the major aging theories [antagonistic pleiotropy, disposable soma (Chapter 3), free radical], Lane proposed the double-agent theory which unifies these three theories.170
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 Chapter 5. 

 Physical Inactivity and Associated Diseases


				Introduction


				The “sedentary death syndrome” is a major personal and public health problem since it is a major risk factor for numerous diseases and millions of premature deaths each year.1 Studies have shown that long-lived species are more efficient in cellular maintenance than short-lived species, suggesting that enhancement of the body’s maintenance systems may slow the aging process. Since aging results from the accumulation of cellular damage, interventions in poor lifestyles (e.g., smoking, physical inactivity, poor nutrition, etc.) may prevent damage, promote repair, and thereby increase lifespan. Indeed, 65-70% of the major causes of death, including coronary heart and cerebrovascular diseases, some forms of cancer, chronic bronchitis/emphysema, diabetes and others are, to a significant degree, lifestyle-related (Chapter 1). However, as reported by Mokdad et al,2,3 the major “actual causes of death” include tobacco use, poor nutrition, and physical inactivity, among others.


				Although a sedentary lifestyle is an important factor in the pathogenesis of many chronic diseases, little is known about the mechanisms whereby physical activity decreases their incidence. However, whether increased physical activity slows the aging process per se is currently unknown. Since caloric restriction (CR) is the only paradigm that consistently increases the lifespan of flies, worms, mice, rats, etc., and inhibits the development of various chronic diseases, a panel of aging experts examined “whether changes in exercise behavior and body composition produce similar changes as those found in dietary restriction and whether these changes can be used to either replace or enhance the beneficial effects of dietary restriction.”4 Although no definitive conclusions were reached, the panel suggested several avenues for future research to determine whether changes in physical activity and body composition might act as CR mimetics (Chapter 2).


				Lack of adequate physical activity and its consequences results in the so-called “disuse syndrome” (i.e., premature aging, obesity, cardiovascular vulnerability, musculoskeletal fragility, and depression).5 The author emphasized that this syndrome is experimentally reproducible. Moreover, both preventive and restrictive efforts are inexpensive, safe, accessible and effective. The principles apply not only to the young and middle-aged, but also to the elderly. Thus, it is important to recognize that age per se is not responsible for many of the diseases/disorders attributed to it. As Bortz5 indicated, “illness as we see it has another component that is due neither to disease per se nor to time effects but to disuse, the third dimension.”


				A sedentary lifestyle is a major risk factor for various diseases, clinical disorders, and death (Table 5.1). Independent of other risk factors, about 15% of the 1.6 million newly diagnosed chronic diseases each year are due to a sedentary lifestyle.6


				 

				
					
						
								
								Table 5.1 Diseases/Disorders And Physical Inactivity


							
						

						
								
								All-causes mortality


							
						

						
								
								Atherosclerosis (coronary heart/cerebrovascular/peripheral vascular diseases)


							
						

						
								
								Cancer (colon, breast, prostate, others)


							
						

						
								
								Depression


							
						

						
								
								Diabetes mellitus (type 2)


							
						

						
								
								Dyslipidemia (increased total/LDL cholesterol, decreased HDL cholesterol)

							
						

						
								
								Hypertension

							
						

						
								
								Immune deficiencies

							
						

						
								
								Metabolic Syndrome


							
						

						
								
								Neurological disorders (functional decline, depression, dementia)


							
						

						
								
								Osteoporosis (falls, fractures)


							
						

						
								
								Overweight/obesity


							
						

						
								
								Oxidative stress


							
						

						
								
								Sarcopenia


							
						

					
				

				 

				Conversely, numerous clinical studies, especially over the past several decades, have shown that physical activity (both aerobic and strength exercises) is a major factor in the prevention and control of a wide variety of diseases/disorders. These include coronary heart disease, cerebrovascular disease, type 2 diabetes, hypertension, osteoporosis, bone fractures, some cancers (e.g., colon, breast, others), blood lipid abnormalities, and weight control. Increased physical activity also improves the immune system, balance, flexibility, mental health, and overall quality of life. Moreover, these health benefits begin to accrue soon after one moves from a sedentary lifestyle to one involving even moderate physical activity, although the benefits are greater with vigorous activity. An excellent example is a recent study that evaluated the associaton between the quality of life (QOL) and level of exercise.7 In this study, 430 sedentary overweight and obese (body mass index 25 to 43) postmenopausal women were followed for six months. The group was randomized to a non-exercise control group and one of three exercise groups (energy expenditure of four, eight or 12 kilocalories/kg body weight per week). After evaluation of eight aspects of physical and mental QOL, exercise-induced QOL improvements “were dose dependent and independent of weight change.”

				The earlier in life one becomes physically active, and remains so, the greater the lifetime benefits. Nakamura et al8 studied a large group of men aged 20 to 85 years to determine whether those who regularly exercised were in good biological condition, as well as whether they were in a good state of physiological and physical fitness age. Their results showed that those who maintained high physical fitness at all age groups (20 to 79 years) were physiologically younger (mean, 4.7 years); their physical fitness age was younger by 7.3 years. These researchers later studied women aged 20 to 70 years and reported similar results.9 Indeed, as noted by Stewart,10 “physical inactivity speeds up the aging process in many people, whereas increased physical activity slows it down in others.” Thus, being physically active confers a protective effect against several major chronic diseases/disorders and thereby increases life expectancy.


				Recommended Physical Activity Guidelines


				The 1995 recommended guidelines by the American Heart Association,11 the Centers for Disease Control and Prevention, and the American College of Sports Medicine12 indicated that the accumulation of at least 30 minutes of moderate intensity physical activity on most, but preferably all, days of the week would result in significant health benefits. Reports supporting these guidelines describe a dose-response relationship between physical activity and health outcomes. Thus, moderate intensity (45-60% of heart rate reserve) activities completed on as few as 3 days/week produce observable changes in disease risk factors; greater benefits generally accrue by engaging in greater intensity and volume.11,12 However, in 2007 these basic guidelines were updated to the following: moderately intense exercise for 30 minutes/day, 5 days/week or vigorous exercise for 20 minutes/day, 3 days/week and 8-10 strength-training exercises with 8-12 repititions of each exercise twice a week.13 The major changes over the 1995 recommendations include the following: (a) moderate intensity for 5 days/week, not “most, preferably all days….”; (b) vigorous-intensity physical activity was added; (c) specified that aerobic activity is needed in addition to routine activities of daily life; (d) physical activity above the minimum provides even greater benefits (i.e., “more is better”); and (e) the addition of muscle-strengthening activities.


				Moderate intensity is categorized as burning 3.5 to 7.0 kcal/minute. Examples include walking or biking on even terrain at 3.0 to 4.5 miles per hour (mph) or 5.0 to 9.0 mph, respectively. Since vigorous activity is classified as burning 7.0 or more kcal/min, race walking at 5.0 or more mph and biking at 10.0 or more mph meet this standard. An alternative to measuring mph is to count the number of steps taken per minute.14 To meet current guidelines, individuals should walk a minimum of 3,000 steps in 30 minutes (100 steps/minute) on five days each week. However, three bouts of 1,000 steps in ten minutes each day also satisfies the recommended goal.


				Unfortunately, most American adults are not sufficiently active on a regular basis. Indeed, at least 26% are sedentary, and more than 50% are not regularly active at the minimum recommended level.15 However, the proportion of adults from 35 states and the District of Columbia who did not engage in any leisure-time physical activity declined from 1996 to 2002.16 From 2001 to 2005, the prevalence of regular physical activity reportedly increased 8.6% among women overall (from 43.0% to 46.7%) and 3.5% among men (48.0% to 49.7%).17 Moreover, the prevalence increased 15% among non-Hispanic black women (31.4% to 36.1%) and 12.4% among non-Hispanic black men (40.3% to 45.3%). The objectives of Healthy People 2010 are that at least 50% of American adults will be regularly involved in moderate to vigorous exercise since approximately 250,000 premature deaths occur in the United States each year as a result of physical inactivity.18


				The terms “exercise” and “physical activity” are commonly used interchangeably, although their meanings are clearly different when applied to health matters. Physical activity refers to any bodily movement produced by skeletal muscles that burn calories (i.e., gardening, lawn mowing, housework, etc.). Exercise, however, is a subcategory of physical activity; it is planned, structured, repetitive, and results in the maintenance or improvement of one or more facets of physical fitness. It includes regular activities such as cycling, jogging, brisk walking, and swimming. “Aerobics” or “aerobic exercises” refer to endurance activities that increase the heart and breathing rates for an extended period of time. Exercises that build muscles are referred to as “strength training”, “resistance training”, or “weight lifting”.


				

Although most studies measure the level of physical activity or exercise, others measure “physical fitness.” Stewart10 differentiates physical activity from physical fitness. Thus, physical fitness is measured by the capacity to perform or sustain physical work, performance such as the time to complete an event or lift a weight, or as a physiological variable (i.e., maximum oxygen uptake, heart rate response). Physical activity is measured as habitual patterns of energy expenditure during work or leisure time, or from self-reports, interviews, direct observations, or electronic monitoring devices. Erikssen19 described physical fitness as “maximal aerobic capacity, adjusted for body size and composition, and is an integrated measure of cardiorespiratory and neuromusculo-skeletal function, oxygen transport and delivery, and psychological drive.” Most clinical studies, however, do not clearly distinguish between the two.

				In any event, it is very important that the dose-response relationship between physical activity, various chronic diseases, and all-cause mortality is understood. To evaluate this relationship, Lee et al20 examined the parameters of physical activity dose, volume, intensity, duration, and frequency in 44 published studies. Their findings showed the following: (a) there is “clear evidence” that an inverse relationship exists between volume of physical activity and all-cause mortality rates in men, women, younger and older (> 60 years) adults; (b) adherance to the current minimal physical activity guidelines [energy expenditure about 1,000 kcal/week (4,200 kJ/week)] is associated with a 20-30% reduction in all-cause mortality; (c) further risk reductions occur at higher levels of energy expenditure; and (d) after controlling for volume of physical activity, no data is currently available regarding the duration or frequency of physical activity and all-cause mortality.


				In a recent randomized clinical trial, Church and associates21 clarified some of the dose-response questions for physical activity. Here, 464 sedentary postmenopausal women with a mean body mass index of 31.8 and mean systolic blood pressure of 139 mm Hg were randomly assigned to a control group or to three different exercise dose groups (4, 8, or 12 kcal/kg/week). After 6-months, the exercise groups averaged 72, 136, and 192 minutes/week of moderate intensity physical activity (cycling, walking), which corresponded to approximately 50%, 100%, and 150% of the minimum recommendations (i.e., 150 minutes/week). Compared with the control group, and adjustments for age, race/ethnicity, weight, and peak heart rate, the exercise groups increased their peak oxygen capacity by 4.2%, 6.0%, and 8.2%, respectively. Thus, exercising at only 50% of the minimum recommendations resulted in some fitness improvement in this group of sedentary, overweight, or obese women.


				Although healthcare providers are strongly encouraged to promote increased physical activity in older patients, many apparently do not feel adequately prepared to prescribe a specific exercise program.22 Indeed, physicians counsel their patients less often about the importance of physical activity than about most other important lifestyle behaviors. For example, a Center for Disease Control report indicated that 19% of physicians counseled their patients about exercise.23 Others24 reported that physicians are poorly compliant with the National Cholesterol Education Program (NCEP) guidelines even with patients at high risk for coronary heart disease. Here, only 1% of physicians recommended increased physical activity, 50% followed the NCEP guidelines for lipid screening, 4% encouraged patients to quit smoking, and 14% referred overweight/obese patients to dieticians. Another report was somewhat more optimistic in that 34% of patients reported being counseled about exercise.25 However, counseling was particularly low in those less than 30 years of age and in the lower socioeconomic groups (i.e., income < $50,000/year; non-college graduates). Rather, “physicians appear to counsel as secondary prevention …..” These latter authors concluded that “failure to counsel younger, disease-free adults and those from lower socioeconomic groups may represent important missed opportunities for primary prevention.”


				Physical inactivity among adolescents is also a major problem. For example, Kimm et al26 prospectively followed 1,213 black girls and 1,166 white girls for 10 years (ages 9-10 years to 18-19 years). The median activity scores for black girls and white girls were 27.3 and 30.8 metabolic equivalent (MET)-times/week at base line and declined to 0.0 and 11.0 by year 10, respectively (100% decline for black girls; 64% decline for white girls). Lower levels of decline were associated with the following: lower levels of parental education; pregnancy (black girls only); cigarette smoking (white girls only); and increased body mass index. Similarly, the level of physical activity of a cohort of boys and girls was followed from ages 9 to 15 years.27 The measured physical activity showed a significant progressive decline in moderate-to-vigorous activity during this time period. Moreover, physical inactivity and sedentary behaviors of U.S. immigrant children and adolescents are significantly higher than in U.S.-born white children.28


				In 2003, one-third of U.S. high school students did not participate in the minimum recommended level of moderate or vigorous physical activity.29 Although high school physical education (PE) classes can significantly increase student participation in physical activity, the proportion of students attending daily PE classes declined significantly during 1991-1995 and remained at this level from 1995 to 2003.30 Indeed, in 2003 only 55.7% of high school students were enrolled in a PE class and only 28.4% attended classes daily. Furthermore, students in the higher grades and female students were consistently at a greater risk for not reaching the national health objectives. Although current guidelines recommend daily PE for all students, only 5.8% of senior high schools require daily PE for the entire school year.31 There was also a significant linear decrease from 1999 to 2005 in the percentage of Canadian high school students enrolled in PE classes (70.3% to 60.3%).32 Unfortunately, most middle school and sixth-grade students also fail to meet the minimum recommended physical activity guidelines.33-35 As a result of these factors, the national health objectives for 2010 are that (1) more than 50% of adolescents will participate in daily school physical education classes and (2) more than 50% of these students will spend at least half of the physical education class time being physically active.30

				Physical Inactivity and All-Causes Mortality


				Although persons with lower health risks generally live longer than those with higher health risks, there is often concern that increased life expectancy may result in greater disability and increased medical costs. Nevertheless, the compression-of-morbidity hypothesis36 suggests that it is possible to reduce lifetime morbidity. Moreover, decreases in the risks for chronic diseases increase life expectancy. Indeed, a study of university alumni beginning in 1962 (average age 43 years) showed that those with high health risks (i.e., low exercise patterns, smoking, increased body weight) had twice the cumulative disability of those with low health risk after 32 years follow-up.37 The authors concluded, “Not only do persons with better health habits survive longer, but in such persons, disability is postponed and compressed into fewer years at the end of life.” Subsequent studies indicate that postponement of the onset of disability by at least ten years is possible.38


				Although television viewing time has been shown to be associated with biomarkers of cardiometabolic risk, its relationship with mortality had not been studied. As a result, Dunstan et al39 recently examined television viewing time among 8,800 adults during 58,087 person years. After adjustment for important variables, the hazard ratio for each one-hour increment in television viewing time per day was 1.11 for all-cause mortality and 1.18 for cardiovascular mortality. Compared with television viewing time of less than two hours per day, the adjusted hazard ratios for all-cause mortality were 1.13 for 2-4 hours per day and 1.46 for more than 4 hours per day. For cardiovascular mortality, the corresponding hazard ratios were 1.19 and 1.80. Indeed, numerous studies clearly demonstrate that increased physical activity reduces disease risk, improves physical performance, increases the quality of life, and decreases mortality. Several examples will be reviewed.


				In an early study, physical activity (i.e., walking, stair climbing, sports play) was compared with all-cause mortality in 16,936 Harvard alumni, aged 35-74 years.40 After 16 years follow-up (1962-1978), the death rate declined steadily as the expended energy increased from 500 to 3,500 kcal/week. Thus, the death rates were one-fourth to one-third lower among those expending 2000 or more kcal/week doing exercise compared with the less active men. A subsequent prospective study of 17,321 Harvard alumni followed from 1962 and 1966 through 1988 showed a graded inverse relationship between total physical activity and all-cause mortality.41 Moreover, vigorous physical activities compared with non-vigorous activities were associated with increased longevity. The third study of this alumni group from 1977 to 1992 evaluated walking, stair climbing, and sports/recreation activities.42 Distance walked and floors climbed were independent predictors of longevity. Although light activities were not associated with a reduced mortality rate, moderate activities were “somewhat beneficial” while vigorous activities “clearly predicted low mortality rates.”


				In a prospective study, Blair et al43 compared the degree of physical fitness, measured by a maximal treadmill exercise test, with the risk of all-cause and cause-specific mortality in 10,224 men and 3,120 women over an 8-year period. Their results showed that age-adjusted all-cause mortality rate declined across physical fitness quintiles from 64/10,000 person-years in the least-fit men to 18.6/10,000 person-years in the most-fit men (relative risk, 3.4). The corresponding values for women were 39.5/10,000 person-years to 8.5/10,000 person-years (relative risk, 4.7). These trends remained after adjustment for age, smoking habit, systolic blood pressure, fasting blood glucose and cholesterol levels, and family history of coronary heart disease. Moreover, the mortality rates from heart disease and cancer were also lower in the higher fitness groups.


				In a subsequent prospective study, the relationship between changes in physical fitness and mortality risk was evaluated in 9,777 men.44 Each man underwent two clinical examinations (mean interval, 4.9 years) to assess any changes in physical fitness as associated with risk of mortality during the follow-up period. Their findings showed that the highest age-adjusted all-cause death rate was present in men who were unfit at both examinations (122/10,000 man-years); the lowest death rate was in men who were physically fit at both examinations (39.6/10,000 man-years). Moreover, men who improved from unfit to fit between the two examinations had an age-adjusted death rate of 67.7/10,000 man-years, a reduction in mortality risk of 44% compared with those who were unfit at both examinations.


				Erikssen et al45 studied the effects of sequential changes in physical fitness on mortality in 2,014 healthy middle-aged men (40-60 years) over a total follow-up period of 22 years. The participants completed a questionairre, had a bicycle exercise test, and clinical examination (survey 1); these items were repeated 7 to 10 years later (survey 2). After correcting for age, the change in exercise scores between the two surveys was divided into quartiles. The results showed a gradual inverse relation between changes in physical fitness and mortality irrespective of physical fitness status in survey 1. A more recent investigation compared the contributions of male fitness level and physical activity patterns in all-cause mortality.46 The results showed that being fit or active was associated with a greater than 50% reduction in risk. In addition, an increase in energy expenditure from physical activity of 1,000 kcal/week (4,200 kJ) or an increase in physical fitness of 1.0 metabolic equivalent (MET) unit was associated with a mortality benefit of approximately 20%. In a recent review of physical activity and all-cause mortality in women (from 1966 to 2000), the authors concluded that “by adhering to current guidelines for physical activity and expending about 4,200 kJ (about 1,000 kcal) of energy/week, women can postpone mortality.”47 They also concluded that the degree of benefit for women is similar to that seen in men.

				Since little is known about the mortality risk and physical activity in the elderly, Bijnen and associates48 evaluated 802 retired Dutch men aged 64 to 84 years at baseline. Relative risks were estimated for 10-year mortality from all-causes, coronary heart disease, and stroke. Mortality for all-causes in the highest tertile decreased with increasing physical activity (relative risk, 0.77). In addition, more intense physical activity was associated with greater decreased mortality than less intense activities. They also reported that walking or bicycling at least 3 times/week for 20 minutes significantly reduced all-cause mortality compared with the physically inactive (relative risk, 0.70). More recently, Newman et al49 evaluated the long-term positive effects of elderly adults, aged 70 to 79 years at baseline, who completed a 400 meter corridor walk. After a mean period of 4.9 years, those unable to complete the walk had a significantly higher risk of mortality, incident coronary heart disease, disability, and mobility limitation. After adjustment for various risk factors, each additional minute of performance time was associated with the following hazard ratios in those who completed the walk: 1.29 for mortality; 1.20 for incident coronary heart disease; 1.52 for mobility limitation; and 1.52 for disability. The findings were consistant in men, women, blacks and whites. Moreover, of those who completed the walking test, persons in the lowest quartile of function capacity (walk time > 362 seconds) had a significantly higher risk of death than those in the highest quartile (< 290 seconds; hazard ratio, 3.23).


				Others50 evaluated the daily activity energy expenditure and mortality among high-functioning community-dwelling individuals aged 70 to 82 years. The participants were followed for a mean of 6.15 years. The free-living activity energy expenditure was separated into the following three tertiles: low, less than 521 kcal/day; middle, 521-770 kcal/day; and high, greater than 770 kcal/day. After adjusting for various confounders (i.e., age, sex, race, weight, height, percent body fat, and sleep duration), those in the highest tertile energy expenditure group were at a significantly lower all-cause mortality risk than those in the lowest tertile (hazard ratio, 0.31). The absolute death risk was 12.1% of those in the highest energy tertile versus 24.7% in the lowest tertile. After adjusting for differences in death rates expected based on age, gender, weight, and other factors, the least active group was three times as likely to die. Thus, “simply expending energy through any activity may influence survival in older adults.” Similarly, a 5-year Swedish study involving 27,714 women aged 51 to 83 years found that low physical activity (35 MET hours/day) had a 3.22 times increased mortality compared with the most active women (> 50 MET hours/day).51 Thus, even modest amounts of physical activity reduce mortality in older women.


				Benetos and associates52 evaluated the role of physical activity and other risk factors in individuals between the ages of 60 and 70 years who could potentially reach the age of 80 years for men and 85 years for women. After adjusting for age, present history of coronary heart disease and expiratory volume, their data analysis showed a significantly increased probability of reaching these ages if they were involved in regular physical activity. Thus, regular participation (i.e., 30 minutes/day on most days of the week) in activities of moderate intensity such as biking, walking, climbing stairs, and yardwork/gardening which increase the total daily energy expenditure and maintain muscular strength, should be encouraged in older adults.53 Wang et al54 added further support for recommending physical activity in older persons. In this 13-year prospective cohort study, 370 runners’ club members 50 years and older were compared with 249 sedentary control subjects (mean age, 59 years). Their findings showed significantly lower disability levels in the runners’ club members compared with the controls and in ever runners versus never runners. Moreover, the death rate in the control group was 3.3 times greater than the runners’ club members in every disease category.


				These and numerous other studies clearly demonstrate that increased levels of physical activity result in decreased levels of all-causes mortality. Furthermore, the mortality rate declines further as the level of physical activity increases beyond the minimum recommended guidelines. A recent and somewhat unique study adds further important information regarding the positive effects of physical activity in the elderly.55 Since exercise capacity declines with age and improves with exercise training, these researchers studied the influence of age, gender, and training on exercise efficiency in four groups: younger women (20-33 years); younger men (20-30 years); older women (65-79 years); and older men (65-77 years). Their results showed that although older age is associated with decreased exercise efficiency and an increase in the oxygen cost of exercise (which adds to decreased exercise capacity) compared with the younger groups, “these age-related changes are reversed with exercise training, which improves efficiency to a greater degree in the elderly than in the young.” Several other studies have also demonstrated an inverse association between increased physical activity and all-causes mortality.56-59 Indeed, a recent meta-analysis of 33 all-cause mortality studies (102,780 men and women and 6,910 deaths) indicated that better cardiorespiratory fitness (CRF) was associated with a significantly lower risk of all-causes mortality.60 Compared with participants with a high CRF (7.9 METs or more), the relative all-causes mortality risk was 1.70 for those with a maximal aerobic capacity less than 7.9 METs.

				These studies clearly show that higher levels of physical activity and increased aerobic fitness are protective against premature mortality. However, the relationship between musculoskeletal fitness and all-causes mortality is less well understood. To better understand this relationship, Katzmarzyk and Craig61 studied 8,116 men and women aged 20 to 69 years (Canada Fitness Survey). Musculoskeletal fitness levels were measured by sit-ups, push-ups, grip strength, and sit-and-reach trunk flexibiliity. The results were as follows: sit-ups, a measure of abdominal muscular endurance, was particularly predictive for mortality in both men and women and compared with the highest quartile, the risks of the lowest quartile were 2.72 and 2.26 for men and women, respectively. Although there was a 49% increased risk of death for men in the lowest versus the highest quartile of grip strength, there was no association among women. Neither trunk flexibility nor push-ups were associated with mortality.


				A recent study also suggests that leisure time physical inactivity may accelerate the aging process.62 Here, Cherkas et al studied 2,401 white twin volunteers (2,152 women; 249 men) on physical activity level, smokng status, and socioeconomic status, and determined their leukocyte telomere length (chromosome telomeres progressively shorten in dividing somatic cells such that their length diminishes with age). Their results showed that after adjusting for age, sex, body mass index, smoking, socioeconomic status and physical activity at work, telomere length was positively associated with leisure time physical activity and thereby possibly slowed the aging process.


				Heart Disease and Stroke: Primary Prevention


				Heart disease has been the leading cause of death in the United States for the past four decades.63 Furthermore, it is not just a man’s disease. World-wide, it is the major cause of death in women, accounting for one-third of all deaths and in many countries, including the United States, more women die of cardiovascular disease than men.64 Primary heart disease prevention, the reduction in CHD risk factors in apparently healthy people, results in a four-fold higher reduction in mortality from CHD than secondary prevention (i.e., risk factor reduction in people with established CHD).65 Unfortunately, about one in every five adults aged 40 years will develop heart failure during their lifetime.66 However, as recently indicated in the Physicians’ Health Study (1982-2008) of 20,900 men who were healthy at baseline, adherance to healthy lifestyle factors (i.e., regular exercise, good diet, not smoking, etc.) is associated with a significantly lower lifetime risk of heart failure.67


				Carnethon et al68 recently studied the prevalence of low physical fitness in healthy U.S. adolescents (aged 12-19 years) and adults (aged 20-49 years) and related it to cardiovascular disease risk factors. Their findings showed that low fitness was present in 33.6% of adolescents and 13.9% of adults. The prevalence was similar in adolescent females (34.4%) and males (32.9%), but was higher in adult females (16.2%) than in adult males (11.8%); non-Hispanic blacks and Mexican Americans were less fit than non-Hispanic whites. In addition, total cholesterol levels and systolic blood pressure were higher and high-density lipoprotein cholesterol (i.e., “good” cholesterol) levels were lower among those with low versus high fitness. In this regard, a recent international (52 countries) case-control study attributed 12.2% of myocardial infarction in the world’s population to physical inactivity.69 In addition to decreasing the quality of life and life expectancy, the economic costs of cardiovascular disease are enormous (41.3 billion U.S. dollars in 1996, of which 5.4 billion dollars were associated with physical inactivity).70


				The beneficial effects of physical activity, including walking, in preventing cardiovascular disease is supported by numerous studies. Since there is a growing interest in using walking speed to assess functional status and motor performance in older people, 3,208 men and women aged 65 years and older were followed for an average of 5.1 years.71 Here, persons with low walking speed had a three-fold increased risk of cardiovascular death compared with those who walked faster. Lower walking speed has also been associated with increased all-causes mortality.72


				Using quantitative analyses, Morris et al73,74 demonstrated in the early 1950s that active conductors in the London double-decker buses were protected against coronary heart disease (CHD) compared with the sedentary bus drivers. Similarly, postmen were protected from CHD compared with less active government employees. About three decades later, Paffenbarger and associates75 examined physical activity and other lifestyle characteristics in 16,936 male Harvard alumni, aged 35 to 74 years, for lifestyle experiences related to CHD and longevity. Their findings showed that those expending 2,000 kcal/week (8.4 MJ) in walking, stair climbing, and sports play were at a 39% lower risk for CHD than the less active alumni. Their risk estimates suggested that about 16% fewer deaths from CHD would have occurred if every man had expended 2,000 kcal/week in some form of exercise.


				In their study of the association of 400 meters corridor walk performance with total mortality in 3,075 individuals aged 70 to 79 years (52% women; 42% black), the authors also evaluated its effect on incident CHD.49 Here, inability to complete the walk was associated with a significantly higher risk of incident CHD. Of those who completed the walk, each additional minute of performance time was associated with an adjusted hazard ratio of 1.2 for incident CHD. The findings were consistent for both men and women and blacks and whites. Others76 studied the consequences of different physical activity levels on total life expectancy and life expectancy with and without cardiovascular disease in both men and women. Using data from the Framingham Heart Study, they calculated the cardiovascular effects of low, moderate, and high physical activity levels among populations older than 50 years. Compared with low levels of physical activity, moderate and high levels led to 1.3 and 3.7 years more in total life expectancy and 1.1 and 3.2 more years without CHD, respectively for men. The differences for women were 1.5 and 3.5 years in total life expectancy and 1.3 and 3.3 more years free of CHD, respectively.

				Although regular physical activity is associated with higher levels of physical fitness, an incomplete understanding still exists as to how much physical activity in terms of frequency, intensity, duration and the related volume of energy expenditure is needed to achieve specific outcomes. For example, the role of walking compared with vigorous exercise in the prevention of coronary heart disease remains somewhat controversial, especially among women. To evaluate this question, 73,743 postmenopausal healthy women aged 50 to 79 years at baseline were prospectively studied.77 The reults showed that an increasing physical activity score had a strong inverse graded association with the risk of both coronary and total cardiovascular events. Thus, increasing quintiles of energy expenditure had age-adjusted relative risks for coronary events of 1.00, 0.73, 0.69, 0.68, and 0.47, respectively. Moreover, walking and vigorous exercise were associated with similar risk reductions regardless of age, race, or body weight. Prolonged previous sitting also predicted an increased cardiovascular risk.


				To further understand these variables, Duncan et al78 randomized 492 sedentary adults (64% women) to 1 of 4 exercise-counseling conditions (45%-55% or 65%-75% maximum heart rate) or to a physician advice comparison group. The duration (30 minutes) and type (walking) of exercise were held constant while exercise intensity and frequency consisted of moderate intensity-low frequency (3-4 days/week), moderate intensity-high frequency (5-7 days/week), hard intensity-low frequency (3-4 days/week), and hard intensity-high frequency (5-7 days/week). The primary outcomes were changes in cardiorespiratory fitness (maximal oxygen uptake, ml/kg/minute) and changes in CHD risk factors at 6 and 24 months. After 24 months, participants in the high-intensity exercise, at either low or high frequency, and moderate-intensity activity at high frequency showed significant and similar increases in cardiorespiratory fitness. However, participants in the moderate-intensity activity at low frequency and the physician-assisted counseling groups had nonsignificant fitness increases (about 1% over baseline).


				Although exercise capacity is an important prognostic factor in people with coronary heart disease, it is uncertain whether it predicts mortality equally well among healthy individuals. To evaluate this, Myers and associates79 studied 6,713 consecutive men referred for treadmill exercise testing during a mean follow-up of 6.2 years. The participants were classified into two groups: 3,679 had an abnormal exercise-test result, history of CHD, or both and 2,534 had a normal exercise-test result and no history of CHD. After adjustment for age, the peak exercise capacity, measured in metabolic equivalents (MET), was the strongest predictor of death among both groups. Each 1-MET increase in exercise capacity conferred a 12% improvement in survival. Individuals who achieved an exercise capacity less than 5.0 MET and 5 to 8 MET, compared with those whose capacity was more than 8.0 MET, is shown in Table 5-2.


				 

				
					
						
								
								Table 5.2. Relative Mortality Risk and Exercise Capacity79


							
						

						
								
								Disease/Disorder
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								Approximate Mortality Risk


							
						

						
								
								History of hypertension
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								Chronic obstructive pulmonary disease
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								Obesity (BMI > 30)
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								*1.0 MET = 3.5 mL O2/kg/min or 1.0 kcal/kg/hr


							
						

					 

				 

				To examine whether the benefits of increased physical activity also apply to non-frail healthy elderly subjects, Evans et al80 determined the magnitude of cardiovascular and metabolic adaptations to high-intensity endurance training in men and women aged 77-87 years. After 10-12 months of supervised endurance exercise training (108 sessions; 2.5 sessions/week, 58 minutes/session, and intensity at 83% peak heart rate), there was an increase of 15% in peak aerobic capacity and reductions in both total cholesterol (-8%) and LDL cholesterol (-10%), but no changes in triglyceride or HDL cholesterol levels. However, insulin action improved significantly (29% increase in glucose disposal rate) and the total energy expenditure increased by 400 kcal/day.


				How about increased physical activity in the frail elderly? To evaluate this question, Ehsani et al81 studied the mechanisms underlying increased aerobic power in response to exercise training in a group of frail octogenarians. The participants were randomly assigned to a control sedentary group or an exercise group who participated in a 6-month training program (physical activity, strength training, and walking) followed by 3-months of more intense endurance exercise at 78% peak heart rate. Compared with the sedentary group, the exercise group showed a 14% increase in both the peak oxygen consumption and peak exercise cardiac output. The authors concluded “although frail octogenarians have a diminished capacity for improvement in aerobic power in response to exercise training, this adaptation is mediated most by an increase in Q (peak exercise cardiac output) during peak effort.”


				Because both cardiorespiratory fitness and overweight/obesity are related to health, their interrelation to cardiovascular disease has been studied in consideraable detail. In an early review of 24 studies involving both men and women, the authors concluded that (a) regular physical activity attenuates many risks associated with overweight/obesity; (b) physically active obese individuals have lower morbidity and mortality than sedentary normal weight individuals; and (c) inactivity and low cardiorespiratory fitness are as important as overweight/obesity as mortality predictors.82 Several more recent studies have also shown that physical fitness and obesity are independent morbidity and mortality risk factors in both men and women.83-87 Indeed, the risk of mortality is less in physically active overweight/obese individuals than in physically inactive lean individuals.


				Although these and other studies clearly demonstrate that increased physical activity is an important factor in the primary prevention of heart disease and early mortality, it is possible to predict, to a significant degree, those who are most susceptible to sudden cardiac death. Thus, a recent study88 of working men, aged 42 to 53 years and followed for 23 years, showed an increased relative risk (RR) of sudden death from myocardial infarction in those with the following: resting heart rate 75 or more beats/minute (RR, 3.92); increased heart rate during exercise to less than 89 beats/minute (RR, 6.18); and a decrease in heart rate after exercise of less than 25 beats/minute (RR, 2.20). Similarly, anecdotal evidence suggests that heavy physical exertion may trigger an acute myocardial infarction (MI). To evaluate this supposition, Mittleman and associates89 compared the observed frequency of heavy exertion (6 or more metabolic units) in the 26 hours before the onset of MI. The estimated RR of MI in the hour after heavy physical exertion, compared with less strenuous physical activity or none, was 5.9. However, among those who regularly exercised less than 1 to 2, 3 to 4, or 5 or more times/week, the relative risks were 19.4, 8.6, and 2.4. Thus, “heavy physical exertion can trigger the onset of acute myocardial infarction in people who are habitually sedentary.”

				Physical activity has also been shown to reduce the risk of ischemic stroke in both women and men. For example, Hu et al90 examined the association between physical activity and risk of stroke in 72,488 women aged 40 to 65 years (Nurses’ Health Study). After eight years of follow-up, the relative risks for ischemic stroke across increasing metabolic equivalent tasks from lowest to highest quintiles were 1.00, 0.87, 0.83, 0.76, and 0.52. Thus, moderate-intensity physical activity, including walking, was associated with a significant reduction in ischemic stroke. Similarly, Lee and Blair91 examined the association between cardiorespiratory fitness and stroke mortality in 16,878 men aged 40 to 87 years over an average ten-year period. After adjustment for age and various other risk factors (e.g., smoking, alcohol intake, BMI, hypertension, diabetes), the high-fit men had a 68% and moderate-fit men a 63% lower risk of stroke mortality compared with the low-fit men.


				Increased plasma homocysteine, a risk factor for coronary heart disease, can be lowered by increasing the dietary intake of folic acid and vitamins B6 and B12.92,93 Moreover, physical activity is also inversely associated with total homocysteine levels.94,95


				Heart Disease: Secondary Prevention


				Although rest and physical inactivity have been recommended for patients with established coronary heart disease (CHD) for decades, it is important that physicians recognize that recent studies clearly show that the benefits of physical activity and fitness also apply to those with coronary and other vascular diseases. Although several early studies documented an association between acute episodes of exertion and sudden cardiac death,96-98 which has been of considerable concern for both physicians and patients, a recent prospective study involving 69,693 women (Nurses’ Health Study) showed that regular exercise significantly minimizes the risk.99 Thus, the absolute risk of sudden cardiac death associated with moderate to vigorous exertion was “exceedingly low” (1 per 36.5 million hours of exertion). A prospective study of U.S. male physicians also indicated that habitual vigorous exercise “diminishes the risk of sudden death during vigorous exertion.”100 The following studies further document the importance of physical activity in patients with established CHD.


				A British study involving 772 men with established CHD compared the relative risks of death from cardiovascular disease and all-causes with the level of physical activity.101 Compared with an inactive or occasionally active group, the relative risks were as follows: light activity, 0.42; moderate activity, 0.47; and moderately vigorous or vigorous activity, 0.63. In addition, recreational activity of four or more hours/weekend, moderate or heavy gardening, and regular walking (> 40 min/day) were also associated with a significant reduction in mortality. Those who were initially sedentary but began a light or more active program also lived longer (relative risk, 0.58). Similarly, Hung et al102 compared the effect of aerobic training (AT) or combined aerobic and strength training (CT) on peak aerobic power (V02 peak), distance walked in 6 minutes, upper and lower extremity maximal strength, and quality of life in women aged 60 to 80 years with documented CHD. The subjects, randomly assigned to AT or CT, exercised 3 days/week for 8 weeks. Both AT and CT improved similarly in V02 peak, 6 minute walking distance, lower extremity strength, and emotional and global quality of life. However, only CT improved upper extremity strength, physical and social quality of life.


				Others103 reported that an energy expenditure of 1,600 kcal/week of leisure-time physical activity may halt the progression of CHD whereas a gross energy expenditure of 2,200 kcal/week may result in regression of CHD. In a related study,104 CHD patients were prospectively randomized to either an intervention regular physical activity group or a control group receiving usual care. After 12 months, repeat coronary angiography was performed and coronary lesions were measured by digital image processing. After this 12-month period, the intervention group increased their oxygen uptake by 7% and peak exercise by 14%, whereas a significant decrease in these parameters was present in the control group. Moreover, there was a regression of coronary heart disease in 28% of the intervention group (no change in 62%; disease progression in 10%). In contrast, CHD progressed at a significantly faster rate in the control group (progression, 45%, no change, 49%; regression, 6%). The authors concluded that measurable improvement in cardiorespiratory fitness “requires approximately 1,400 kcal/week of leisure time physical activity; higher work loads are necessary to halt progression of coronary atherosclerotic lesions (1,533 + 122 kcal/week).” Reversal of the atherosclerotic process required an expenditure of 2,200 kcal/week in leisure time physical activity (i.e., about 5-6 hours/week of regular physical exercise).


				

For patients with CHD, exercise-based cardiac rehabilitation improves survival rate and has beneficial effects on CHD risk factors. However, since the association between long-term outcomes and the number of sessions attended were unknown, Hammill et al105 identified 30,161 elderly patients who attended at least one cardiac rehabilitation session over a 4-year period. After adjustment for several cofounders, the results showed the following: those who attended 36 sessions had a 14% lower risk of death (hazard ratio [HR], 0.86) and a 12% lower risk of MI (HR, 0.88) than those who attended 24 sessions; a 22% lower risk of death (HR, 0.78) and a 23% lower risk of MI (HR, 0.77) than those who attended 12 sessions; and a 47% lower risk of death (HR, 0.53) and a 31% lower risk of MI (HR, 0.69) than those who attended one session. In an earlier systematic review and meta-analysis of 48 clinical trials involving 8,940 patients with cardiovascular disease, the effectiveness of exercise-based cardiac rehabilitation was examined.106 When compared with “usual care”, cardiac rehabilitation decreased all-causes mortality (20%), cardiac mortality (26%), nonfatal myocardial infarction (21%), coronary artery bypass graft (CABG) surgery (13%), and percutaneous coronary angioplasty (19%).

				Although the minimum training intensity recommended for patients with CHD is generally about 45% of heart rate reserve,104 exercise training less than 45% of the maximum aerobic power has also been associated with an improvement in the health status in patients following an acute myocardial infarction.107 Similarly, Flynn et al108 tested the effects of exercise training on the health status of individuals with heart failure. This multicenter, randomized controlled trial involved 2,331 medically stable outpatients with heart failure, of which 1,172 underwent usual care plus aerobic exercise training consisting of 36 superivised sessions followed by home-based training. The results were compared with the control group that only received usual care. The researchers concluded “exercise training conferred modest but statistically significant improvements in self-reported health status compared with usual care without training.” Thus, regular physical activity is clearly effective in the secondary prevention of CHD and in persons with heart failure. It is also effective in attenuating the risk of premature death in both men and women with CHD. A 2005 article by the Council on Cardiology of the American Heart Association (AHA) updates the 1994 AHA scientific statement on cardiac rehabilitation.109 It also reviews the recommended components for an effective cardiac rehabilitation and secondary prevention program.


				Inflammation and Atherosclerosis


				Although the pathogenesis of atherosclerosis (cardiovascular, cerebrovascular, and peripheral vascular diseases) is incompletely understood, inflammation secondary to oxidized low density lipoproteins is a widely accepted mechanism.110 Since coronary heart disease (CHD) is the number one cause of death in the U.S., as well as most other Western countries, and cerebrovascular disease is number three,111 the prevention or delay of these diseases would not only improve the quality of life but increase longevity.


				As of 2005, twenty-two prospective epidemiologic studies demonstrated that the high sensitivity C-reactive protein (hs-CRP) blood test, a sensitive marker of inflammation, is a strong predictor of future coronary heart disease (CHD); six cohort studies showed that hs-CRP measurements add prognostic value beyond the Framingham risk score; and eight cohort studies confirmed that hs-CRP adds prognostic information in the metabolic syndrome and the prediction of type 2 diabetes mellitus.112 Moreover, an increased hs-CRP is reportedly a better predictor of future cardiovascular events than any of the lipid risk factors [i.e., total, low density and high density lipoprotein cholesterol, apolipoprotein B, lipoprotein (a)].113


				Cesari et al114 evaluated the relationship between physical performance (walking speed, chair-study test, standing balance test, hand-grip strength) and inflammatory markers in 1,020 Italian participants aged 65 years and older. Increased levels of CRP, IL-6, and interleukin-1RA were all significantly correlated with low levels of physical performance; hand-grip strength was inversely associated with CRP and IL-6. After adjustment for various co-variants, increased levels of CRP, IL-6, and IL-1RA continued to be associated with low physical performance; increased CRP and IL-6 levels were still associated with low handgript strength. These researchers also examined the blood levels of several inflammatory markers in 2,225 elderly participants (aged 70 to 79 years) without baseline CHD.115 Blood levels of interleukin-6 (IL-6), CRP, and tumor necrosis factor-alpha (TNF-alpha) were assessed at baseline and during a mean follow-up of 3.6 years. After adjustment for portential confounders, there was a significant association between all three markers and the subsequent onset of CHD, ischemic stroke, and congestive heart failure. The risk for CHD was especially high if all three markers were in the highest tertile. In another study, the association between inflammatory markers and cardiovascular disease was evaluated in well-functioning elderly men and women.116 The participants were divided into three groups; cardiovascular disease, “subclinical cardiovascular disease”, and “no cardiovascular disease”. They concluded that IL-6 and TNF-alpha have an important role in the diagnosis of both clinical and subclinical cardiovascular diseases; CRP “had a weaker association with cardiovascular disease than the cytokines.”


				

Other recent studies have also clearly demonstrated that physical activity decreases the inflammatory process. Thus, a group of 197 patients with CHD were randomized to either a comprehensive lifestyle program (regular physical activity, low fat diet, smoking cessation) or usual care with routine follow-up for six months.117 Independent of diet and smoking, physical performance was significantly and inversely correlated with levels of CRP, IL-6, and soluble cell adhesion molecule 1 in patients with CHD “possibly retarding the process of atherosclerosis.” Similarly, Fischer and associates118 measured IL-6, IL-18, CRP, TNF-alpha, soluble TNF receptor II, and adiponectin in healthy non-diabetic men and women. Physical inactivity was associated with increased C-peptide, IL-6, and CRP independent of age, gender, obesity, and smoking. The amount of leisure time physical activity was inversely associated only with IL-6 and CRP. Others119 examined the association between physical activity and inflammatory markers (CRP, IL-6, TNF alpha) in both black and white well-functioning men and women, aged 70 to 79 years. The results showed that higher levels of exercise were associated with lower levels of CRP, IL-6 and TNF alpha. Moreover, the use of antioxidant supplements (multivitamins, vitamins C or E, beta carotene) lowered the inflammatory markers regardless of the exercise level.

				Does the type of exercise affect the level of inflammatory markers? To investigate this question, Kohut et al120 randomly assigned participants aged 64 or more years to either an aerobic exercise treatment (CARDIO) or a flexibility/strength exercise treatment (FLEX) three days/week for 45 min/day. After 10 months, CARDIO treatment resulted in significant reductions in serum CRP, IL-6, and IL-18 compared with FLEX treatment. However, TNF-alpha declined in both groups. A variety of other studies add further support for the positive effects of physical activity in reducing the negative effects of inflammation.121-123


				The mechanisms responsible for the anti-inflammatory effect of exercise are only partly understood. Woods et al124 recently discussed several possible mechanisms to explain this phenomenon including loss of body fat, muscle production of IL-6, the balance between the sympathetic and parasympathetic nervous systems, and decreased macrophage accumulation in fatty tissue. Long-term exercise has also been shown to decrease the atherogenic activity of blood mononuclear cells in persons at risk for coronary heart disease.125 This reduction in mononuclear cells following long-term exercise is possibly due to decreased oxidative stress, a major theory of atherogenesis.


				To test their hypothesis that exercise attenuates the gene expression changes that normally occur in the aging heart, Bronikowski et al126 used microarray analyses to determine the number of gene expressions in sedentary and physically active mice. Compared with the sedentary group, there was a significant decrease in the number of deleterious age-related gene expressions in the exercise group. Moreover, in the physically active mice, fewer genes involved in stress and inflammatory responses, signal transduction, and energy metabolism were altered with age compared with the sedentary group. They also found that inflammatory and stress response genes were the most affected by age in the sedentary group. Thus, twenty-one inflammatory response genes were upregulated in the sedentary mice compared with nine in the physically active group.


				Blood Pressure


				Aging is accompanied by changes in the cardiovascular system which results in alterations in cardiovascular physiology. These changes must be differentiated from the effects of coronary artery disease that occur with increasing frequency as age increases. The cardiovascular changes associated with aging include a decrease in elasticity and an increase in stiffness of the coronary arteries. These changes commonly increase the afterload on the left ventricle resulting in systolic hypertension that leads to left ventricular hypertrophy and concentric remodeling. All of these conditions are common in the elderly.


				Hypertension is a major public health problem and appears to be increasing. For example, in a recent community-based prospective study (1976-1998) Vasan et al127 evaluated the lifetime risk of developing hypertension in 55- to 65-year-old individuals who were free of hypertension at baseline. The residual lifetime risk for developing hypertension ( > 140/90 mm Hg) was 90% in both 55- and 65-year-old participants. Compared with an earlier period (1952-1975), the risk for hypertension remained unchanged for women, but was approximately 60% higher for men.


				Since exercise is a cornerstone therapy for the prevention, treatment, and control of hypertension, lifestyle modifications are strongly encouraged. In an early study128 of 14,998 Harvard male alumni followed from 1962 to 1972, those who did not engage in vigorous sports play were at a 35% greater risk of hypertension than those who did. Moreover, increased levels of body mass index (BMI), weight gain since college, history of parental hypertension, and lack of strenuous exercise independently predicted an increased risk of hypertension. The following year Blair et al129 reported on the association of physical fitness with hypertension in 4,820 men and 1,219 women aged 20 to 65 years over a period of one to 12 years (median, four years). After adjustment for sex, age, follow-up period, baseline blood pressure and BMI, those with low levels of physical fitness (72% of participants) had a relative risk of 1.52 for the development of hypertension compared with the highly fit group.


				

As noted by Brennan et al,130 isolated systolic hypertension is present in most older women. To evaluate the possible effect of lower levels of physical exertion on blood pressure, these researchers studied 109 elderly women (75.2 + 7.2 years), of which 63.3% were hypertensive; 48.6% had isolated systolic hypertension. The mean systolic blood pressure was lower among “women moving > 5 hours/day (mean 142.8 mm Hg) than those moving < 5 hours/day (149.8 mm Hg).” Potential confounders including antihypertensive medication use, adiposity, and age did not change the association between the daily time moving and systolic blood pressure. Others131 carried out a 9-month study to determine whether low- or moderate-intensity exercise training could lower blood pressure (BP) in hypertensive men and women (mean age, 64 + 3 years). After ensuring that the patients had persistently elevated BP, the low- and moderate-intensity groups trained at 53% and 73% of maximal oxygen consumption, respectively; however, total caloric intake was similar in both groups. After 9-months, the diastolic BP decreased 11 to 12 mm Hg in both training groups compared with the control group. The systolic BP decreased 20 mm Hg in the low-intensity training group, which was significantly greater than the moderate-intensity group (8 mm Hg).

				Stewart et al132 carried out a similar 6-month randomized controlled trial of combined aerobic and resistance training in persons aged 55-75 years with untreated systolic BP of 130-159 mm Hg or a diastolic BP of 85-99 mm Hg. Compared with the control group, the exercisers significantly improved their aerobic and strength fitness, increased lean mass, and reduced abdominal obesity. Although the mean diastolic BP was significantly reduced, the systolic BP was not, suggesting “older persons may be resistant to exercise-induced reduction in systolic BP,” perhaps due to “the lack of improvement in aortic stiffness…” Indeed, there is a progressive increase in arterial stiffness with aging that contributes to systolic hypertension.133,134 This increased arterial stiffness is primarily due to the replacement of elastic fibers in large arteries by less distensible collagen fibers.


				This latter study134 was carried out “to determine whether sex differences in large-artery stiffness contribute to the greater prevalence of systolic hypertension in elderly women than in elderly men.” The participants were 374 women (aged 72 + 5 years) and 296 men (aged 71 + 5 years). After measuring several parameters, the authors concluded that elderly hypertensive women have stiffer large arteries, greater central wave reflexion and higher brachial pulse pressure than elderly men. Thus, “stiffer large arteries likely contribute to the greater prevalence of systolic hypertension in elderly women…”


				Based on current evidence, the exercise recommendations by the American College of Sports Medicine for hypertensive individuals are moderate-intensity [40-60% oxygen uptake reserve (V02R)] for 30 or more minutes of continuous or accumulated physical activity on most, but preferably all, days of the week.135 The recommended type of physical activity is primarily endurance (i.e., low intensity, short duration aerobic exercise supplemented by resistance exercise).136 Those who are overweight should progress to a calorie energy expenditure of a minimum of 1,000 kcal/week to more than 2000 kcal/week (i.e., > 2.5 hours/week of moderate intensity, aerobic exercise).


				Type 2 Diabetes Mellitus


				Aging is associated with an increased incidence of insulin resistance and type 2 diabetes mellitus. Unfortunately, the burden of diabetes on society’s health and welfare continues to rise to epidemic proportion, not only in the U.S., but worldwide. Indeed, the number of diagnosed cases rose drastically from 1.5 million in 1958 to 17.9 million in 2007.137 As of 2009, 23.6 million Americans had type 2 diabetes; among minorities, the reported prevalence for African Americans and Hispanics was 14.7% and 10.4%, respectively. In 2004, diabetes was the sixth most common cause of death in the United States.138 However, since diabetes is also a major risk factor for coronary heart disease, cerebrovascular and peripheral vascular diseases, hypertension and renal disease, its true cause of death is significantly higher. Type 2 diabetes constitutes from 90% to 95% of all diagnosed cases. For decades it was termed “late-onset diabetes” since it was very uncommon prior to aged 40 years. However, because of the marked lifestyle changes over the past several decades, the disease is currently not uncommon in adolescents and young adults. Indeed, the major risk factors for type 2 diabetes mellitus are abdominal obesity and physical inactivity. Although a familial risk factor is often present, it is considerably less important than lifestyle.


				Numerous studies have clearly demonstrated that exercise improves glucose metabolism and delays the onset and/or reverses insulin resistence by an unknown mechanism. As emphasized by the Diabetes Prevention Program Research Group, the major risk factors for type 2 diabetes (increased plasma glucose level after fasting or an oral glucose tolerance test, overweight, and a sedentary lifestyle) are potentially reversible.139 To evaluate the effect of lifestyle intervention, they assigned 3,234 nondiabetic middle-aged persons (average 51 years) with elevated fasting and post-load plasma glucose concentrations to one of three groups: placebo, metformin (Glucophage), or change of lifestyle (goal, at least 7% weight loss and 150 minutes physical activity/week). After an average follow-up of 2.8 years, lifestyle intervention decreased the incidence of diabetes by 58% and metformin by 31% compared with the placebo group. Moreover, after a median follow-up of 23.1 years, the Physicians’ Health Study of incident diabetes involving 20,757 men without diabetes at baseline, reported that the hazard ratios of inactive men with normal, overweight or obese body mass indexes were 1.41, 3.14 and 6.57, respectively.140 In addition, active but overweight and obese men had hazard ratios of 2.39 and 6.22 compared with physically active participants with a normal body weight.

				Beacuse of the rapid changes in lifestyle in China, Yang and associates studied 46,239 adults 20 years and older from 14 provinces and municipalities.141 The prevalence of diabetes and prediabetes was 9.7% and 15.5%, respectively (92.4 million adults with diabetes and 148.2 million with prediabetes). The prevalence of diabetes increased with both increasing age and body weight. Because of its large population, China may have more cases of diabetes than any other country. In an earlier study, Pan et al142 randomized 577 Chinese men and women with impaired glucose tolerance to either a control group or one of three treatment groups: diet only, exercise only, or diet plus exercise. After six years of follow-up, 67.7% of the control group developed diabetes compared with 43.8%, 41.1% and 46.0% in the diet only, exercise only, and diet-plus exercise groups, respectively. Similarly, 522 middle-aged overweight/obese Finnish subjects (172 men; 350 women) with impaired glucose tolerance were randomly assigned to either an intervention group or a control group.143 Each intervention group member received counseling for reducing weight, improving diet, and increasing physical activity. After 4 years follow-up, the cumulative incidence of diabetes was 11% in the intervention group compared with 23% in the control group (a 58% risk reduction in the intervention group).


				O’Leary and associates144 examined the effects of exercise training on glucose metabolism and abdominal adiposity in obese elderly men and women (age 63 + 1 year). Exercise for 12 weeks (5 days/week; 60 minutes/day at 85% maximum heart rate) significantly increased maximal oxygen consumption, decreased body weight and fat mass, and reversed insulin resistance. Others compared improvement in glucose disposal in older overweight/obese men who underwent an aerobic or resistive exercise training program (3 days/week for 6 months).145 Although both aerobic and resistive exercise comparably improved glucose metabolism, only aerobic exercise increased insulin activation of glycogen synthase. More recently, the results of the associations of lifestyle factors among 4,883 men and women 65 years and older (mean age at baseline, 73 years) and incident diabetes mellitus over a 10-year period were reported.146 Low-risk lifestyle factors were defined by physical activity level (leisure-time activity and walking pace) above the median, dietary score (high fiber intake, low glycemic index, low trans-fat intake, etc.), non-smoker, low alcohol use and “normal” BMI (< 25). After adjustment for age, sex, race, educational level, and annual income, each lifestyle factor was independently associated with incident diabetes. Thus, even later in life, 90% of new cases of diabetes were attributable to these five lifestyle factors.


				Hu et al147 followed 84,941 female nurses who were free of cardiovascular disease, diabetes, and cancer at baseline, for 16 years. These researchers concluded that 91% of the 3,300 new cases of type 2 diabetes were attributed to poor lifestyles. Although overweight/obesity was the single most important risk factor, physical inactivity was the second most important risk factor. Moreover, poor diet, current smoking, and abstinence from alcohol use were all independently associated with an increased risk for type 2 diabetes. Similar findings have also been reported in children.148 In this study, insulin resistance was evaluated in 9 to 11.5 year-old obese and lean children. As with adults, total and central adiposity were positively associated with increased insulin resistance while physical activity was negatively associated with insulin resistance. Other studies also clearly demonstrate the importance of increased physical activity in reducing or preventing insulin resistance and type 2 diabetes.149-153


				Physical activity is also important in the management of type 2 diabetes mellitus. To evaluate the effects of aerobic training alone, resistance training alone, and combined exercise training on hemoglobin A1c, a measure of the mean plasma glucose level over the previous 2 to 3 months, Sigal et al154 carried out a randomized, controlled trial with 251 adults age 39 to 70 years with type 2 diabetes mellitus. A sedentary control group was also included. Exercise training was carried out 3 times/week for 22 weeks. The results showed the following: (a) there was no change in A1c in the sedentary group; (b) the aerobic exercise group had an average decrease of 0.51% in A1c; (c) the strength training group had an average A1c decrease of 0.38%; and (d) participants who did both types of exercise had an A1c decrease of 0.97%.


				Increased physical activity also reduces the risk for cardiovascular disease and mortality in adults with diabetes. In the Nurses’ Health Study, 5,125 diabetic women were followed for 14 years after which time the age-adjusted relative risks for cardiovascular disease, according to the average number of hours of moderate or vigorous activity/week (i.e., < 1, 1.0-1.9, 2.0-3.9, 4.0-6.9 and > 7), were 1.0, 0.93, 0.82, 0.54 and 0.52.155 In another study,156 diabetic adults 18 years and older who walked at least two hours/week had a 39% lower all-causes mortality rate and a 34% lower cardiovascular mortality rate compared with sedentary persons. The mortality rates were lowest for individuals who walked three to four hours/week. The authors concluded “one death per year may be preventable for every 61 people who could be persuaded to walk at least 2 h/wk.” Similarly, the Aerobics Center Longitudinal Study followed 2,316 diabetic men (mean age 50 years) from 1970 to 1998.157 After this time, diabetic men with a “low fitness level was associated with increased risk of CVD mortality within normal weight, overweight, and class I obese weight categories.”

				Immune System


				Aging is commonly accompanied by a decrease in immune function which can lead to an increased incidence of infectious diseases, malignancy, and autoimmune disorders (thus, the immune theory of aging). However, the aging process does not uniformly affect the immune system since there is a significant degree of individual variation. A possible explanation for the individual variation may be due, at least in part, to differences in their level of physical activity. Indeed, many studies have shown that moderate exercise training attenuates immunosenescence in the elderly. For example, Chubak et al158 studied the effects of moderate-intensity exercise on the risk of colds and upper respiratory tract infections in overweight and obese sedentary postmenopausal women. After 12 months, the risk of colds decreased significantly in the exercisers compared with the control group. Indeed, in the final three months, the risk of colds in the control group was more than three times that of the exercisers. Similarly, a recent study indicated that moderate exercise in the initial days after influenza infection protected mice from death.159 However, “prolonged exercise led to increased morbidity and tended to decrease survival.” A recent review160 noted that exercise-related improvements have been reported with respect toT-cell function, antibody titer, macrophage response, changes in naive/memory cell ratio, and the level of pro-inflammatory cytokines.


				Although moderate physical activity, when performed on a regular basis, benefits the immune system by augmenting resistance to infections and some forms of cancer, intense long-term exercise (marathon runners) apparently has a negative effect on the immune system. For example, the susceptibility to upper respiratory tract infections (URTI) after chronic physical exercise at various intensities is generally described with a “J-shaped” curve (Figure 5-1). In this review, Nieman161 presented data from several studies indicating that individuals engaging in marathon-type events and/or very heavy training are at increased risk of URTI.
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				Figure 5-1. Relationship between levels of exercise and URTI risk161

				Moderate regular exercise has been reported to slow the age-associated declines in natural killer cell activity. Indeed, during both moderate and severe acute exercise, natural killer cell activity is increased, although severe acute exercise is followed by immunosuppression.161 At rest, however, elite athletes have elevated natural killer cell activity. Moreover, regular moderate exercise often leads to enhanced immunity and may protect these individuals from various microorganisms, including viruses. Although the mechanism(s) whereby moderate exercise improves immunity remains largely unknown, variation in immune function among elderly individuals is associated, at least in part, with environmental factors such as nutritional status and physical activity. Possible additional candidates for changes in natural killer cell function include cytokines, hyperthermia, and stress hormones (e.g., catecholamines, cortisol, growth hormone, beta-endorphins).162


				To further understand the mechanisms whereby physical activity stimulates the immune system, Miles and associates163 investigated whether the immune response to resistance training in untrained women was associated with anaerobic exercise intensity or to changes in workload. The women underwent six months of resistance training for either upper or lower body, or for upper body only. Although lymphocyte recruitment to the circulation and proliferation following resistance exercise did not differ between the two groups, exercise-induced anaerobic intensity significantly increased killer cell, CD4+, CD8+, and B-lymphocyte blood concentrations. Thus, “anaerobic intensity, rather than increased strength and workload, is associated with the number of lymphocytes recruited to the circulation, but not T- or B-cell proliferation responses.”


				

To evaluate the positive effect of moderate exercise on natural killer cell response, McFarlin et al164 divided a group of older postmenopausal women (65-85 years old) into two groups: chronic resistance exercise for 10 weeks and control. Blood samples were analyzed immediately following and two hours after an acute bout of reistance exercise both before and after training. Acute exercise increased total leukocyte, CD4, CD8, and CD56 blood counts, but there was no effect of resistance training. However, compared with the control group, natural killer cell activity was significantly greater in the resistance group.

				Others165 examined the association of aging and physical activity on the primary antibody and T-cell response to the “novel protein keyhole-limpet hemocyanin (KLH).” The physically active and sedentary young (20-35 years) and elderly (60-79 years) men were immunized with KLH; blood samples were measured for anti-KLHIgM, IgG, IgG1, and IgG2 on days 0, 7, 14, 21, and 28. Their results showed a significant reduction in all anti-KLH measures except anti-KLHIgG2. Compared with the sedentary older group, the physically active older group had significantly higher levels of anti-KLHIgM, IgG, IgG1, and delayed hypersensitivity response. Similarly, Yan et al166 compared the immune senescence relationship between men who regularly exercised at a moderate level with an age-matched sedentary control group. Both the regularly exercising and sedentary men were separated into three age groups: young (20-39 years); middle-aged (40-59 years); and elderly (over 60 years). Their findings were as follows: total leukocyte and T-cell counts were similar in all groups; slight increase in helper T-cell and decrease in cytotoxic/suppressor T-cell levels in older sedentary subjects, but no such increase and decrease in T-cell subpopulations in the exerciser group; increased natural killer cell concentrations in the exercising elderly group compared with the sedentary control subjects or the young group. Although neutrophil phagocytic activity showed an age-associated decline, it was less in the elderly exercisers compared with the elderly controls. Thus, moderate habitual training in later life slows the age-related decline in some aspects of innate immunity and circulating T-cell function.


				In a recent basic study, circulating monocytes/macrophages from sedentary rats submitted to a 1-hour swimming session were tested for the ability to phagocytose zymosan particles, hydrogen peroxide (H202) production, and the expression of the nitric oxide synthases (NOS-1, NOS-2, NOS-3).167 The results showed a 2.4-fold rise in macrophage phagocytic capacity, a 9.6-fold increase in H202 release, and a marked expression in NOS-2 (i.e., inducible NOS). However, swimming had no effect on NOS-1 or NOS-3. Interestingly, no systemic oxidative stress was identified since plasma TBARS (thiobarbituric acid reactive substances) and oxidized glutathione (GSSG) to glutathione (GSH) ratio in circulating erythrocytes remained constant after exercise. The authors concluded that the “induction of NOS-2 and macrophage activation must be related to local factor(s) produced in the surroundings of monocytes/macrophages.”


				Since aging is associated with T-cell changes, including an imbalance in the proportion of naive and memory T-cells, Woods et al168 examined the possibility that moderately intense treadmill running (5 days/week, 45 minutes/day, 13-22 meters/minute) in 2-month (young) and 18-month (old) male mice might alter thymic and splenic T-cell profiles. Although four months of exercise training had minimal restorative effect on the thymus in old mice, the percentage of splenic naive and memory cells increased significantly, approaching that of young mice. Others169 studied the immune effects of an exercise program in young (8-10 weeks) female mice that were randomly assigned to either an exercise (2 or 8 weeks) or sedentary group. The mice were immunized against human serum albumin (HSA) and serum anti-HSA levels were subsequently measured. The results showed a significant increase in antibody response in the exercisers compared with the sedentary group.


				Regular exercise also accelerates wound healing in the elderly. For example, compared with a sedentary control group of aged mice, exercise significantly increased the healing process in old mice.170 Similarlly, in a group of healthy older humans (mean age 61.0 + 5.5 years), wound healing occurred at a significantly faster rate in the exercise group (mean, 29.2 days) compared with the sedentary group (mean, 38.9 days).171 Other studies in humans, mice, and rats add to an expanding literature that supports a protective role for physical activity on the immune system.172-175


				Cancer


				Since cancer is the second leading cause of death in the U.S., Canada, and most of Europe, a reduction in the cancer death rate would significantly increase life expectancy. Interest in physical activity as a means to decrease the primary prevention of cancer has increased since significant evidence for a protective effect has accumulated. Indeed, in addition to poor nutrition and tobacco use, physical inactivity is an important risk factor for several forms of cancer. In addition, early epidemiological studies found an inverse relationship between increased physical activity and a lower prevalence of mortality rates for various site-specific cancers.176,177 Some, but not all, animal studies also support the inverse association between some forms of cancer and physical activity. However, unless the world-wide trends toward increasing overweight/obesity and decreasing physical activity are reversed, the incidence of some cancers will increase.



				

Cancer survivors also face an increased risk for second malignancies, as well as other chronic diseases including cardiovascular disease, diabetes and osteoporosis, all of which are associated with increased functional limitations.178,179 To further evaluate the association between elderly cancer survivors and functional limitations, Morey et al180 studied 641 overweight, long-term (> 5 years) survivors of breast, colorectal and prostate cancer in a randomized control trial. In this 12-month home-based program of telephone counseling and mailed materials promoting exercise and improved diet quality, exercise and diet intervention significantly reduced the rate of functional decline.

				Although the mechanism(s) whereby increased regular physical activity may prevent site-specific cancers is unknown, evidence suggests that components of the innate immune system, including monocytes/macrohages and natural killer cells, are involved. Other possible biological mechanisms include a better overall lifestyle, lower body fat, decreased stool transit time, lower estrogen levels, and enhancement of antioxidant enzyme systems.181 The major cancers associated with physical inactivity are listed in Table 5.3.
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1. Prostate Cancer

				Situdies of the relationship between physical activity and prostate cancer have been inconsistent. A literature review between 1989 and 2001 identified 13 cohort U.S. and international studies.182 Of these, 9 reported an association between increased physical activity and decreased risk of prostate cancer. Five of 11 case-control studies from 1988 to 2002 also reported that high physical activity levels decreased the risk for prostate cancer. In the evaluation of all studies between 1976 and 2002, 16 of the 27 reported a reduced prostate cancer risk in the most active men (average reduction, 10-30%).


				A recent case-control study in China showed that moderate physical activity was inversely associated with prostate cancer risk (odds ratio 0.20 for upper vs lower quartiles).183 There was also a significant dose-response relationship. However, in a population-based case-control study, Canadian researchers reported mixed evidence for the association between prostate cancer risk and physical activity.184 Thus, both occupational and recreational physical activity decreased the risk for prostate cancer while household activity was associated with an increased risk (highest vs lowest quartiles). With respect to activity intensity, only vigorous physical activity decreased prostate cancer risk (odds ratio, 0.70). Moreover, for activity performed at different time periods throughout life, only activity performed during the first 18 years decreased the cancer risk. Similarly, others investigated the relationship between lifetime occupational and leisure-time physical activity and prostate cancer in Italian men.185 Although there was no significant correlation between prostate cancer risk and leisure-time physical activity, there was an inverse association between occupational physical activity and prostate cancer risk. Conversely, a large Netherland study covering a period of 9.3 years found no correlation between occupational or non-occupational physical activity and prostate cancer risk.186


				Nilsen et al187 prospectively examined the association between physical activity and prostate cancer in 29,110 Norwegian men. After 17 years of follow-up, multivariable analysis showed that exercise frequency and duration were inversely associated with the risk of advanced prostate cancer and prostate cancer death. However, they found no correlation between physical activity and overall risk of prostate cancer. In the Health Professionals Follow-up Study of 47,620 U.S. men from 1986 to 2000, the results showed no association between total prostate cancer and total, vigorous, or non-vigorous physical activity.188 However, in men 65 years and older there was a lower risk in the highest category of vigorous activity for advanced and fatal prostate cancer (relative risks, 0.33 and 0.25 respectively). The authors suggested that “regular vigorous physical activity could slow the progression of prostate cancer and might be recommended to reduce mortality from prostate cancer…” In their prospective study of men 50-76 years at baseline, Littman et al189 reported that physical activity either in the 10 years before baseline or earlier in life was not associated with prostate cancer risk. However, compared with sedentary men, physical activity was associated with a reduced risk among those who were of normal weight or 65 years and older.


				Although convincing evidence for an inverse relationship between between prostate cancer and physical activity may be lacking, it is probable that increased physical activity decreases the risk. Indeed, Moyad and Carroll190,191 recommend lifestyle changes to reduce the risk of prostate cancer and “more importantly, impact all-cause mortality.”


				

 

				2. Breast Cancer

				In contrast to prostate cancer, studies clearly demonstrate that increased physical activity reduces the risk of breast cancer. Although the positive effect of exercise applies to both pre- and postmenopausal women, the association is stronger for postmenopausal than premenopausal women.192


				Among women of the French E3N cohort, baseline ages 40-65 years, there was a linear decrease in breast cancer risk with increasing amounts of moderate (P < 0.01) and vigorous (P < 0.0001) recreational activities.193 Similarly, women in the Women’s Contraceptive and Reproductive Experiences Study, which involves both black and white women aged 35-64 years with newly diagnosed breast cancer, were compared with cancer-free women matched for age, race/ethnicity, and study site.194 The findings showed that breast cancer risk was significantly decreased with increased levels of lifetime exercise activity in both black and white women. Thus, compared with sedentary women, an average lifetime exercise activity greater than the median level for the active control groups was associated with a signifiicantly reduced risk (about 20%). Similarly, John and associates195 conducted a population-based case-control breast cancer study in African Americans, Latinos, and whites aged 35-79 years to assess the association with lifetime moderate and vigorous physical activity (recreational activity, walking, bicycling, occupation, indoor/outdoor chores). The results showed significant breast cancer risk reductions in both pre- and postmenopausal women and were similar in the three racial/ethnic groups.


				Interestingly, the Women’s Health Initiative Observational Study of women aged 50 to 79 years reported that those who had engaged in strenuous physical activity for 3 or more times/week and worked up a sweat at age 35 had a relative risk for breast cancer of 0.86 compared with women who did not.196 A greater amount of current (from baseline to 4.7 years) physical activity was also associated with a lower risk of breast cancer. Thus, when compared with no current physical activity, the risk was reduced 18%, 11%, 17%, and 22% for those who exercised 5.1-10.0, 10.1-20.0, 20.1-40.0 and > 40 MET hours/week. “An hour every day of moderate or strenuous activity provided most benefit.” Similarly, results from the recent California Teachers Study of 110,599 women “support a protective role of strenuous long-term exercise activity against invasive and in situ breast cancer…..”197


				A literature review relating breast cancer risk with moderate/vigorous physical activity level revealed 19 case-control and four cohort studies during adolescence/young adulthood with future breast cancer risk.198 Compared with the lowest exercise category, the risk was reduced by about 20% in the highest category. Moreover, physical activity after a breast cancer diagnosis may also decrease recurrence and increase survival.199 In this Nurses’ Health Study, women who performed the equivalent of walking 3 to 5 hours per week “had the greatest benefit.”


				Since increased circulating estrogens and a sedentary lifestyle both increase the risk for breast cancer, McTiernan et al200 examined the effect of exercise on circulating estrogens. After 12-months of moderate-intensity exercise intervention, there was a significant decrease in serum estrogen levels (estrone, estradiol, free estradiol). The authors concluded “the association between increased physical activity and reduced risk for postmenopausal breast cancer may be partly explained by effects on serum estrogens.” It should also be noted that obesity, which can be controlled to a significant degree by physical activity, is also a major risk factor for postmenopausal breast cancer.201


				3. Colon Cancer


				As with breast cancer, there is a strong inverse association between colon cancer risk and physical activity. However, the evidence for an inverse relation between physical activity and rectal cancer is less consistent. In a case-control study, data collected on lifetime occupational and recreational physical actiivity for ages 20, 30, 40, 50, and 60 years from patients with colon and rectal cancer were compared with a cancer-free control group.202 In the multivariate logistiic regression analysis for colon cancer, there were significant risk reductions for the highest physical activity quartile for most ages. For lifetime mean physical activity, the multivariate odds ratio for the highest quartile was 0.37. Moreover, for life-long high exercisers, compared with life-long non-exercisers, the odds ratio was 0.26. However, there was no consistent association between physical activity and rectal cancer.


				Others203 examined the association between occupational and leisure-time physical activity and colorectal cancer in a cohort of male smokers aged 50-69 years. After 12 follow-up years, the relative risks for light and moderate/heavy occupational activitiy were 0.60 and 0.45, respectively. In addition, the relative risk for distal colon cancer in moderate/heavy occupation activity was 0.21. The strongest inverse association was in men who were most active in both work and leisure-time. However, there was no significant association between leisure-time activity and colon cancer, nor was there a relationship between physical activity and proximal colon cancer. For rectal cancer, the relative risk reductions for light and moderate/heavy occupational activity were 0.71 and 0.50 respectively, while leisure-time activity had no protective effect. Slattery et al204 also reported that vigorous physical activity reduced the risk of rectal cancer among both men and women (odds ratios 0.59 and 0.86, respectively). Moreover, vigorous activity over the past 20 years conferred the greatest protection in both sexes (odds ratios 0.55 and 0.67 for men and women, respectively).



				

The incidence of colorectal cancer, which has also increased significantly in Japan over the past few decades, is now among the highest in the world.205 Thus, a recent study examined the association between physical activity and colorectal cancer risk by subsite (i.e., proximal and distal colon and rectum). In Japanese males, increased job-related physical activity was associated with a significant risk reduction in both distal colon and rectal carcinoma. However, only total and moderate or “hard” non-job physical activity exerted a positive effect on rectal cancer. In females, job-related physical activity and moderate or “hard” non-job physical activity were protective only in the distal colon. As with some other studies, work and leisure-time activity did not decrease the incidence of proximal colon cancer. Conversely, a case-control study of the association between physical activity and subsite colon cancer showed an overall 30% risk reduction in colon cancer for all anatomic sites, but a 40% cancer reduction in the right colon.206 Although occupational physical activity reduced the cancer risk, it was significantly lower for those with both high occupational and leisure-time physical activity. In their literature review of the association between physical activity and colorectal cancer, Samad and associates207 performed a meta-analysis of data from 19 cohort studies. For men, the relative risks for colon cancer were 0.79 and 0.78 for occupational and recreational activities, respectively. Only recreational activities were significant in women.

				Since colorectal adenomas are precursors for colon cancer, Rosenberg et al208 evaluated the relationship between physical activity and colorectal polyps in African-American women, who have a greater risk for colon cancer than white women. In this 6-year prospective study of 45,400 women, the incidence ratio decreased from 0.94 for less than 5 MET-hours of physical activity/week to 0.72 for 40 or more MET-hours/week.


				Colorectal cancer is a complex multifactorial disease that involves interactions between genetic and lifestyle factors, including physical activity. In an extensive literature revew,209 the proposed mechanisms for colorectal cancer included the following: changes in gastrointestinal transit time, altered immune function, prostaglandin and insulin levels, insulin-like growth factors, bile acid secretion, plasma cholesterol levels, and pancreatic and gastrointestinal hormone profiles. The authors noted that there is currently little empirical data to significantly support any of these mechanisms in explaining the protective effect of physical activity. However, a hypothesized mechanism to explain the exercise-associated reduction in the risk for some colon cancers is through alterations in colon crypt cell architecture and proliferation.210 To test this hypothesis, these researchers recruited healthy sedentary men and women, ages 40 to 75 years who had a colonoscopy within the previous 3 years, to a 12-month exercise program (60 minutes/day, 6 days/week) or to a control group. They assessed changes in the number and relative position of Ki67-stained cells in colon mucosal crypts. The results showed a significant decrease in the indices of colon crypt cell proliferation in men who exercised at least 250 minutes/week or whose V02-max increased by at least 5%. However, exercise in women did not result in significant changes.


				4. Lung Cancer


				Population studies of the association between physical activity and lung cancer have yielded inconsistent results. For example, Bak et al211 examined the relationship between physical activity and risk of lung cancer in a Danish cohort aged 50 to 64 years. After adjustments for smoking, education level, possible occupational exposure to carcinogens and diet, there was “no convincing protective effect of physical activity on lung cancer risk.” Similarly, a large study of men and women from the European Prospective Investigation into Cancer and Nutrition showed “no consistent protective association of physical activity with lung cancer risk.”212


				Other studies, however, have shown that physical activity decreases the risk of lung cancer. Thus, a study of older women (Iowa Women’s Health Study) found that women with high physical activity levels were less likely to develop lung cancer than those who were relatively inactive (hazard ratios, 0.72 for current smokers; 0.63 for former smokers).213 Similarly, a case-control study of women from the Czech Republic also found an inverse association for lung cancer between smokers and physical exercise.214 Moreover, researchers of an extensive Norwegian study reported that men who exercised four or more hours per week had a lower risk for lung cancer (both small cell and adenocarcinoma) than men who did not exercise (relative risk, 0.71).215 Furthermore, a sub-cohort of these men in which physical activity was assessed twice, the relative risk for lung cancer was 0.39 for those who were most active at both assessments.


				To further evaluate the association between physical activity and lung cancer, Tardon and associates216 conducted a meta-analysis “of all relevant reports published from 1966 through October 2003.” The odds ratios were 0.87 for moderate leisure-time physical activity and 0.70 for high activity. This inverse association applied to both women and men, although it was stronger for women.


				5. Ovarian Cancer


				Increased physical activity may lower the risk for ovarian cancer by decreasing circulating sex hormones, ovulation frequency, body fat, or chronic inflammation. However, as with prostatic and rectal cancers, epidemiologic studies of the association between physical activity and ovarian cancer have been inconsistent. To further investigate this possible association, Hannan et al217 carried out a prospective cohort study of 27,365 women during 227,045 person-years. Although there was no overall significant association between physical activity and ovarian cancer over the previous year, “the results are suggestive of an inverse association.” However, in the Copenhagen City Heart Study “a highly significant inverse association was seen between vigorous physical activity in leisure-time and cancer of the ovary…”218 In addition, a literature review indicated that “physical activity protects against ovarian, endometrial and postmenopausal breast cancer independently of BMI.”219 Similarly, a case-control Canadian study reported that, compared to women in the lowest tertiles of moderate, vigorous, and total recreational activity, those in the highest tertiles had a significantly lower risk.220 In a case-control Chinese study, the risk for ovarian cancer also declined with increasing duration of strenuous sports and frequency of “activity-induced sweating among premenopausal women…..”221 Several other studies also found that physical activity decreases, to a variable degree, the risk of ovarian cancer.222-225


				Studies, however, have also found minimal or no association between physical activity and ovarian cancer. For example, The Netherlands Cohort Study of women aged 55 to 69 years found a “modest” inverse association between ovarian cancer risk and moderate physical activity.226 Interestingly, vigorous physical activity was not associated with a decreased cancer risk. In a prospective 10-year study involving 59,695 postmenopausal women, the results showed that a prolonged duration of sedentary behavior was associated with a significantly increased risk of ovarian cancer.227 However, the authors concluded that the data “do not support a major impact of light and moderate physical activity on ovarian cancer risk.” To further complicate the matter, two other studies reported no association between physical activity and ovarian cancer.228,229


				6. Endometrial Cancer


				The results of an early population-based case-control study of physical activity at work and outside work showed that non-retired women holding sedentary jobs or with sedentary lifestyles were at a “somewhat increased risk of endometrial cancer.”230 The findings were independent of caloric intake and body mass index. Similarly, the authors of an early British study231 concluded “that physically inactive women may be at increased risk of endometrial cancer because they are more likely to be overweight or obese.” However, they also concluded that physical inactivity per se may be an independent risk factor for endometrial cancer.


				More recently, Moradi et al232 reported results from a population-based case-control study in the “entire Swedish female population aged 50-74 years….” Compared with the lowest levels of physical exercise at ages 18-30 years and in recent years, there was a significant reduction in endometrial cancer for those in the highest exercise levels. A similar association was found comparing the lowest with the highest levels of occupational physical activity. In another recent population-based case-control study, the authors examined the relationship between endometrial cancer and physical activity from exercise, household activities, and transportation.233 Their findings showed the following: exercise participation in both adolescence and adulthood reduced the cancer risk by 40% compared with inactive women; postmenopausal women who initiated exercise in adulthood also significantly reduced their cancer risk, but at a lower rate; and reductions in risk were also found for household activities and walking for transportation. A review of physical activity and individual cancer risk indicated that “a convincing risk reduction was found for colon cancer (40-50%) and estrogen-dependent malignancies such as breast (40-50%) and endometrial cancer (35-40%).”234


				Metabolic Syndrome


				The metabolic syndrome is a combination of cardio-metabolic risk determinants including central obesity, insulin resistance, glucose intolerance, dyslipidemia, hypertension, hyerinsulinemia, and microalbuminuria. Sisson and associates235 recently examined the association of leisure time sedentary behavior (LTSB) and usual occupational/domestic activity with metabolic syndrome and cardiovascular disease (CVD) risk factors in 1,868 men and 1,688 women over a four year period. Their results showed that the odds of developing the metabolic syndrome was 1.94 in men for four or more LTSB hours per day, compared with one or less hour per day. LTSB of four or more hours per day was also associated with CVD risk factors including increased waist circumference, low HDL-cholesterol (“good cholesterol”), high blood pressure, and increased blood glucose in men. In women, high LTSB was only associated with an increased risk of metabolic syndrome.


				Sarcopenia


				By the age of 50 years, most humans become aware that they are losing endurance and muscle strength due to loss of muscle mass and adaptive ability (sarcopenia). The most apparent causes are lack of use, depletion of stem cells for muscle regeneration, and a decline in anabolic hormones (i.e., growth hormone, sexual steroids). Moreover, studies suggest that an important etiological factor is increased reactive oxygen species and oxidative stress.236,237


				

Tseng and associates238 defined age-associated muscle wasting “as a progressive neuromuscular syndrome that will lower the quality of life in the elderly….” As a result, there is a decreased ability to lift heavy objects, rise from a chair, and inability to perform other activities of daily living, all of which contribute to frailty with loss of balance, increased falls, osteoporosis, bone fractures, and late-life disability. Indeed, muscle strength decreases approximately 50% from age 30 to 80 years,239 and by the seventh and eighth decades of life, maximal voluntary strength is decreased by an average of 20-40% for men and women in both proximal and distal muscles.240 After adjustments for the major clinical variables, sarcopenia is also associated with increased mortality.241,242

				Sarcopenia also imposes a significant economic burden on both government and private healthcare services. For example, the direct U.S. government healthcare cost attributed to sarcopenia in 2000 was $18.5 billion (men, $10.8 billion; women, $7.7 billion), which was about 1.5% of the total government healthcare costs.243 Unfortunately, the prevalence of sarcopenia, which is present in about 30% of those aged 60 years and older, will increase further as the percentage of older people increases. These age-related body composition changes result, to a significant degree, from decreased levels of anabolic hormones (i.e., testosterone, dehydroepiandrosterone), increased oxidative stress, neuromuscular changes, and a general decrease in muscle protein turnover.244,245 Additional factors include decreased growth hormone, insulin-like growth factor-1, increased proinflammatory cytokines (e.g., interleukin-1beta, tumor necrosis factor-alpha, interleukin-6), and poor nutrition. Nevertheless, decreased physical activity with aging is also a key factor involved in producing sarcopenia.


				A recent study evaluated the effects of aging on the functional and morphological properties of cardiac, skeletal, and intestinal muscles and oxidative status in mice to determine whether a moderate lifelong exercise program would be protective against some harmful aging effects.246 Indeed, moderate treadmill running during animal lifespan reversed all of the aging effects on intestinal, skeletal and heart muscles. It also prevented the enhancement of lipid peroxidation and sarcopenia, as well as preserving cellular and ultracellular structures in the ileum.


				Raguso et al247 evaluated the association between physical activity on body composition in healthy elderly men and women. After a 3-year period, there was a significant decline in muscle mass and its total body potassium content, as well as body fat accumulation. Although leisure time activity did not prevent these changes, increased physical activity was associated with greater muscle mass, its potassium content, and less total and truncal body fat. Exercise can also reverse, to a significant degree, the age-associated decline in muscle mass and muscle strength.248 After 12 weeks of exercise training, approximately 40% of the 10-year strength loss and 75% of the muscle mass loss were restored. Moreover, those who exercised were less depressed and slept better.


				When exercise intensity is low, only modest increases in strength are achieved in the elderly. However, progressive resistance training in elderly men and women show similar or even greater strength gains compared with young individuals. Thus, after a 12-week progressive training program involving older men, the extensor strength more than doubled, the flexor strength more than tripled, and the total muscle area increased by 11.4%.249,250 Progressive resistance training is also beneficial to frail, institutionalized elderly men and women.251 In this latter study, nursing home residents randomly assigned to a high-intensity strength training program showed a significant increase in muscle mass, strength, and functional status; there were no changes in the sedentary control group. Spontaneous activity also increased significantly in the participants of the exercise program. Strength training also leads to significant improvement in muscle strength, size, and functional mobility in frail individuals aged 90 years and older.252 Indeed, after eight weeks of high-intensity resistance training, strength gains averaged 174%, midthigh muscle area increased 9%, and mean tandem gait speed improved 48%.


				Skeletal muscle strength is also a predictor of all-causes mortality in healthy men.253 In this study, increased mortality was associated with lower and declining strength, which was independent of muscle mass and physical activity. Although these latter factors are very important, the authors concluded “they do not completely account for the impact of strength and changes in strength.” In a related study, these researchers evaluated movement speed as a marker of longevity in men.254 The participants, who were also involved in the Baltimore Longitudinal Study of Aging for over 40 years, performed tapping and/or auditory single (sound response) and disjunctive (high pitch sound response) reaction-time tasks. After adjustments for age, neurological/psychiatric, and neck/arm pain histories, all three responses were associated with all-causes mortality. The authors concluded that “age-associated impairment in motor central systems but not the decision to move affects longevity.”


				Since several lines of evidence suggest that mitochondrial dysfunction contributes to sarcopenia, Melov et al255 evaluated whether healthy aging is associated with a transcription profile reflecting mitochondrial impairment and whether resistance training might reverse the changes enough to approximate that present in younger persons. After six months of resistance training in both men and women, the authors concluded that although healthy older adults show evidence of muscle weakness and mitochondrial impairment, they can be “partially reversed at the phenotypic level, and substantially reversed at the transcriptome level ………”


				

Runge and Hunter256 proposed the following locomotor tests for assessing musculoskeletal frailty and the risk of falls in elderly people: (1) self-selected gait velocity to measure general locomotor status and predictor of age-associated adverse events; (2) chair rise test as a measure of power in vertical movement and the hip surrounding muscles as a risk factor for falls and fractures; (3) tandem standing and tandem walking to measure postural balance; (4) timed up and go test as a global screening procedure; and (5) clinical gait analysis focussed on regularity. Although physical activity, including resistance training,plays a significant role in slowing the effects of aging, exercise alone will not prevent the gradual decline in skeletal muscle mass and function. Other factors, including changes in circulating growth factors and levels of anabolic hormones should also be considered when developing future strategies to reduce the incidence of sarcopenia.

				Osteoporosis and Fractures


				Osteoporosis, a very common disease in postmenopausal women and the elderly, is associated with a decrease in bone mineral density (BMD) and increased fractures resulting in a high percentage of late-life disability and death. Indeed, 20 million individuals in the U.S. have osteoporosis and another 34 million will develop the disease unless preventive action is taken.257 This is especially true as the “baby boomers” age. Moreover, the incidence of hip fractures has doubled among California Hispanic women over the past two decades.258


				In the United States, an estimated 26% of women aged 65 years and older and more than 50% of women 85 years and older have osteoporosis.259 As recently emphasized, however, osteoporosis is not just a disease affecting women.260 Although men are also commonly affected, it is not well appreciated by the medical community. As a result, men are often not evaluated and treated appropriately for osteoporosis. Although there are important differences in the osteoporotic effects in men and women, guidelines for the diagnosis and treatment of osteoporotic men are not currently available. According to this latter report, two million American men currently have osteoporosis compared with eight million women; 24% of men 45 years and older will have an osteoporosis-related fracture compared with 47% of women; and 31% of men will die within one year of a hip fracture compared with 17% of women. Indeed, osteoporosis is responsible for over 1.5 million fractures each year in the U.S. resulting in 500,000 hospitalizations, 800,000 emergency room visits, 2.6 million physician visits, 180,000 nursing home admissions, and 12 to 18 billion dollars in direct healthcare costs each year.


				1. Fractures and Mortality


				Accidental falls, which occur in about 30% of persons aged 65 years and older each year, can result in death as well as disability.261,262 In a study of 8,834 adults with fractures to the limbs and pelvis, femoral neck fractures accounted for 32% of cases.263 Younger patients were more likely to be males and older patients were mainly females. The overall mortalities after 30 days and 1-year were 4.5% and 13%, respectively. Increased mortality was associated with age, male gender, femoral and pelvic fractures. The Centers for Disease Control (CDC) reported that from 2001 to 2003 the rate of fatal falls among older persons increased 13.3% (men, 9.8%; women, 15.6%).264 A total of 13,700 persons aged 65 years and older died from falls and 1.8 million were treated in emergency departments in 2003.


				In a 5-year prospective study, mortality was increased in the first year after all major fractures.265 In women, the age-standarized mortality ratios were 2.18 for proximal femur, 1.66 for vertebral and 1.92 for other major fractures. In men, these ratios were 3.17, 2.38 and 2.52 for femoral, vertebral and other major fractures, respectively. Similarly, all subjects with a hip fracture in Denmark (169,145 fractures from 1997 to 2001) had a “pronounced excess mortality risk.”266 The excess mortality after hip fracture was 19% within the first year following the fracture (relative survival, 0.81 compared with controls) and an excess mortality of 1.8% per year for each additional year following the fracture. Moreover, the authors of a recent study of men and women 60 years and older concluded “all low-trauma fractures were associated with increased mortality risk for 5 to 10 years.”267 Other recent studies also showed an increased mortality risk following fractures.268-270


				2. Physical Activity and Osteoporosis


				Numerous studies have shown that physical activity is an important factor in reducing/preventing osteoporosis. Furthermore, increased physical activity during childhood and adolescence is an important prevention factor. For example, athletically active adolescent females have higher bone mass than their sedentary counterparts.271 Moreover, weight bearing physical activity during the years of peak bone acquisition (age 12 to 18 years) “appears to have lasting benefits for lumbar spine and proximal femoral aBMD (areal bone mineral density) in postmenopausal women.” Similarly, a population-based study in Eastern Finland compared the mean walking distance at ages 9 to 11 years with femoral BMD in perimenopausal women (mean age, 50.7 years).272 After adjusting for baseline age, height and weight, walking distance was significantly associated with femoral BMD; the greater the walking distance, the higher the BMD. A 10-year follow-up showed no changes in the rate of bone loss between the groups and femoral BMD benefits remained. However, childhood walking distance was not associated with spinal bone density. Others273 also reported that physical activity or participation in sports should begin at prepubertal ages and maintained through pubertal development to obtain maximal peak bone mass.

				During 1984-1986, a population-based health survey of healthy postmenopausal Norwegian women was conducted and then followed-up during 1995-1997.274 The results showed that higher intensity recreational physical activity during the initial evaluation period was associated with higher BMD in the forearm which persisted during the follow-up period. Others studied the effect of daily physical activity for 12 months on the proximal femur in women aged 35-40 years.275 The findings showed a significant relationship between physical activity and proximal femoral BMD. Physical activity that induced greater acceleration levels further increased BMD, especially in the femoral neck. Similarly, Kemmler et al276 compared the body mass index of long distance male runners with age-matched healthy controls with bone parameters at the major loaded and non-loaded skeletal sites. Compared with the controls, the runners had significantly higher BMD at all loaded sites (calcaneus, lower limbs, femoral neck, pelvis, and trabecular lumbar spine). The BMD at the non-loaded sites (ribs, upper limbs, skull) was not significantly different between the two groups.


				A meta-analysis of 10 studies that examined the effect of walking on BMD in postmenopausal women and men aged 50 years and older indicated that walking-only had a significant positive effect on lumbar BMD, but the effect was not significant on the femur or calcaneus.277 However, when combined with a weight-bearing program, the results are more significant. For example, in a 12-month prospective randomized trial, elderly women (66-87 years old) were assigned to a control group or an exercise intervention group.278 The exercise program consisted of strengthening, aerobic, balance, and coordination exercises. Compared with the control group, the exercise group showed a significant increase in BMD of the Ward’s triangle, improvement in maximum walking speed, and isometric grip strength.


				A prospective population-based study examined the effects of motor speed and knee extension strength on risk of fall-related fractures in men and women aged 75 to 80 years at baseline.279 After 10-years of follow-up, there was a significant increased risk of fracture for those with either slow motor speed or poor lower extremity strength A combination of the two impairments further increased the fracture risk. Similarly, a recent literature review found that individuals who have previously fallen are more likely to fall again; the most consistent predictors of future falls were abnormalities in gait and/or balance.280 Other possible indicators, including visual impairment, decreased daily living activities, medications, and impaired cognition were not consistently related to falls.


				Interestingly, Orwoll et al281 studied endogenous testosterone levels with physical performance and the risk of falls in community-based older men (aged 65 to 99 years). Here, 56% of 2,587 men had at least one fall over a 4-year period. Those with testosterone levels in the lowest quartile had a 40% higher fall risk than those in the highest quartile. Although lower testosterone levels were associated with reduced physical performance, the association between low levels and fall risk persisted after adjustment for physical performance.


				In summary, osteoporosis is a major health care problem that is expected to double over the next 50 years due to the increasing elderly population.282 However, the incidence of osteoporosis, bone fractures, and mortality would be greatly reduced if people remained physically active throughout their lives. It would also reduce the highly significant associated health care costs.


				Physical Disability


				As a person ages, there is a significant increased risk of becoming frail and disabled. The Health Assessment Questionairre assesses functional ability in eight areas: rising, dressing, grooming, hygiene, eating, walking, reach, grip strength, and other activities such as running errands and shopping.


				In an early study, predictors of disability were compared between 50- to 80-year old members of a runners’ club and a university population.283 Their results showed that the runners’ club members had significantly better overall health and less disability at baseline and after a six-year follow-up. Predictors of greater subsequent disability among the university population were greater baseline disability, medication, pack-years of smoking, and age, as well as increased blood pressure and arthritis, and less physical activity. Similarly, a related eight-year prospective longitudinal disability study compared men and women, aged 50 to 70 years at baseline, with general community members.284 After consideration of various covariates, the authors concluded that “older persons who engage in vigorous running and other aerobic activities have lower mortality and slower development of disability than do members of the general population.” More recent observations have also shown that physical activity not only slows the progression of disability in older adults, but decreases mortality.285,286


				To further understand the benefits of aerobic exercise on disability and mortality in older persons, Wang et al287 examined whether regular exercise could compress morbidity into later years of life. In this 13-year prospective study, 370 runners’ club members, aged 50 to 72 years at baseline, were compared with 249 control subjects. Compared with the control group, their findings showed the following: (a) disability levels were significantly lower in runners’ club members; (b) relative disability was postponed by 8.7 years; (c) runners’ club membership and participation in other aerobic activities were protective against mortality; and (d) controls had a 3.3 times higher death rate than runners’ club members in every disease category.


				

The randomized controlled Sendai Silver Center Trial also evaluated the efficacy of exercise training among healthy free-living people aged 60 to 81 years.288 The participants were randomly assigned to an exercise program or a control group. After a 25-week period, the maximum oxygen consumption (VO2 max) showed a significant increase in the exercise group, but there was no change in the control group. Thus, after six months of exercise, the exercise group became younger in aerobic capacity by five years.

				Overweight/Obesity


				Physical inactivity and obesity are major public health concerns throughout the industrialized world. Indeed, there is strong evidence from numerous prospective studies that obesity and physical inactivity independently contribute to all-causes and cause-specific mortality among young and middle-aged adults.289 These researchers compared adiposity with physical activity in predicting mortality over a 24-year period involving 116,564 women, ages 30 to 55 years and free of cancer and coronary heart disease at baseline. They noted that “mortality rates increased monotonically with higher body-mass-index values” in nonsmokers. Compared with physically active lean women [body mass index (BMI) < 25], the multivariate relative risks of death were 1.55 for lean inactive women, 1.91 for active obese women (BMI > 30), and 2.42 for inactive obese women. The authors estimated that excess body weight (BMI > 25) and physical inactivity (less than 3.5 hours of exercise/week) together account for 31% of all premature deaths, 59% of deaths from cardiovascular disease, and 21% of deaths from cancer among nonsmoking women. Thus, “both increased adiposity and reduced physical activity are strong and independent predictors of death.”


				Since the amount of physical activity needed to prevent long-term weight gain in older persons is unclear, Lee and associates290 carried out a prospective study involving 34,079 healthy women (mean age, 54.2 years) from 1992 to 2007. Throughout the study, women gained a mean of 2.6 kg (about 6 pounds). However, those who were successful in maintaining normal weight during this time period and gaining less that 2.3 kg (about 5 pounds) over a 13 year period averaged approximately 60 minutes a day of moderate intensity activity (most of it walking).


				As with adults, physical activity is also inversely related to overweight and obesity in children.291 In this Canadian study, organized and unorganized sport and physical activity were found to be negatively associated with being overweight (10-20% reduced risk) or obese (23-43% reduced risk). Moreover, watching TV and video game use were significant risk factors for being overweight (17-44%) or obese (10-61% increased risk). More recently, Menschik et al292 sltudied 3,345 adolescents, school grades 8 to 12, over a five-year period. Their findings showed that the likelihood of being an overweight young adult was reduced by 48% in those involved in various extracurricular wheel-related activities (i.e., rollerblading, roller skating, skateboarding, or bicycling) more than four times per week. Moreover, each weekday the students participated in curricular physical education decreased the odds of being an overweight adult by 5%; participation in all five weekdays of physical education decreased the odds by 28%.


				The HALE project investigated the single and combined effect of the Mediterranean diet, being physically active, moderate alcohol use, and non-smoking on all-causes and cause-specific mortality in elderly European men and women.293 After 10 years of follow-up, the hazard ratios were as follows: adhering to a Mediterranean diet, 0.77; moderate alcohol use, 0.78; physical activity, 0.63; and non-smoking, 0.65. The combination of these four risk factors lowered the all-causes mortality rate to 0.35. The authors concluded that among individuals aged 70-90 years, adherence to this healthy lifestyle “is associated with a more than 50% lower rate of all-cause and cause-specific mortality.” Indeed, as noted by Mokdad et al,294,295 combined physical inactivity and obesity/poor diet was the second highest “actual” cause of death in the United States in 1990 and 2000 (300,000 and 365,000 deaths, respectively).


				It is widely recognized that there is a significant genetic contribution to body mass index (BMI). Indeed, strong associations of common variants in intron 1 of the fat mass and obesity associated (FTO) gene with BMI have been identified in white adults and children.296-298 Moreover, FTO variants carry a risk for obesity greater than 20% in these population studies. Importantly, a recent study of Amish individuals found that increased risk of obesity owing to genetic susceptibility by FTO variants “can be blunted through physical activity.”299


				Socioeconomic Status


				Morbidity and mortality due to all-causes and cardiovascular disease are associated with lower socioeconomic status.300-302 To further understand the association between physical activity and socioeconomic status with mortality, Shishehbor et al303 carried out a prospective cohort study of 30,043 individuals. They estimated the functional capacity in metabolic equivalents and heart rate recovery with all-causes mortality during a median follow-up of 6.5 years. Their results showed that the mortaltiy risk increased from 5% to 10% as the socioeconomic status decreased by quartile. Excluding exercise physiologic characteristics, the hazard ratios for all confounding variables showed a significantly increased mortality rate as the socioeconomic status decreased. However, after adding functional capacity and heart rate recovery, the magnitude of this relationship was significantly reduced. Thus, “impaired funtional capacity and abnormal heart rate recovery were strongly associated with lower SES (socioeconomic status) and accounted for a major proportion of the relationship between SES and mortality.”


				

Low socioeconomic status is also associated with increased bone fractures. For example, a 5-year retrospective population-based study of over eight million persons in California with 116,919 hip fractures showed that higher income predicted lower hip fracture incidence.304 Thus, persons in the highest income decile had a fracture incidence of 0.79 compared with the lowest decile. The lowest decile group also had low language fluency.

				Studies have also shown that the level of education has a significant effect on both total life expectancy and active life expectancy.305-307 More specifically, an Italian longitudinal study of 1,817 men and 1,643 women, aged 65 to 84 years, showed a dose-response association between education level and disability.308 Thus, the relative odds decreased by about 30%, 60%, and 79% in persons with 4 to 5, 6 to 8, and more than 8 years of education compared with those with 3 or less years. Moreover, as physical disability increased, the death rate also increased. These and other studies strongly support the need for greater awareness by the medical profession, as well as community interventions to enhance the education and economic conditions of lower socioeconomic individuals and thereby improve their quality of life and longevity.


				Depression and Dementia

				1. Depression


				Depression is reportedly the leading cause of nonfatal medical disability in developed countries among those aged 15 to 44 years.309 Moreover, the costs in the United States due to direct treatment, mortality, and lost productivity is about 53 billion dollars per year. Indeed, depression is the major cause of suicide, the 11th leading cause of death in the United States (Chapter 1). Although aging is strongly associated with functional decline, depression and dementia, increased physical activity has been shown to delay these disorders. For example, 156 men and women aged 50 years and older with a major depressive disorder were randomly assigned to a program of aerobic exercise, anti-depressants, or combined exercise and medication.310 Although patients receiving medication alone exhibited the quickest initial response, exercise was equally effective in reducing depression after 15 weeks.


				More recently, Lindwall et al311 investigated the relationship between light and strenuous exercise and depression in 860 Swedish men and women aged 60 to 96 years. Using the Montgomery Asberg Depression Rating Scale, the inactive elderly had higher depression scores than the more active individuals, both in terms of light and strenuous exercise. Moreover, those who were continuously active had lower depression scores than both the continuously inactive persons and those who shifted from activity to inactivity during the previous year. Similarly, a cross-sectional study of 3,403 Finnish men and women aged 25 to 64 years found that those who exercised at least two to three times per week “experienced significantly less depression, anger, cynical distrust, and stress than those exercising less frequently or not at all.”312


				In a United States pilot study,313 the authors evaluated the effect of treadmill walking in a group of men and women with a major depressive episode. Following an interval training pattern, treadmill walking consisted of 30 minutes each day for ten days. At the end of this short exercise period, there was “a clinically relevant and statistically significant reduction in depression scores” resulting in “a substantial improvement in those with major depressive disorders.”


				Depression has long been recognized as a risk factor for cardiovascular disease in healthy individuals, as well as for recurrent events in persons with established cardiovascular disease.314-316 Although depression is often associated with adverse outcomes in persons with coronary heart disease, the mechanisms responsible for this association are unknown. However, Whooley et al317 recently reported that this association is “largely explained by behavioral factors, particularly physical inactivity.”


				2. Dementia/Alzheimer’s Disease


				Plasticity is an essential brain characteristic and part of how the brain functions. Indeed,the production of new neurons is part of plasticity even in the adult and old brain. However, under normal conditions, neurogenesis only occurs in the hippocampus and olfactory systems of the adult brain. Since aging causes changes in the hippocampus, it may lead to cognition decline in older persons. However, several studies have shown that regular exercise ameliorates some of the deleterious morphological and behavioral consequences in aging mice and thereby increases the potential for neurogenesis.318-321 Moreover, as in mice, exercise was shown to have a primary effect on dentate gyrus cerebral blood volume, which correlates with cardiopulmonary and cognitive function in humans.322

				Recognizing that increased physical activity may also maintain cognitive function in older adults, Weuve and associates323 examined the relation of regular long-term physical activity, including walking, to cognitive function in 18,766 women aged 70 to 81 years (Nurses’ Health Study). They found that higher levels of physical activity were associated with better cognition. Indeed, combining the tests of cognition, verbal memory, category fluency and attention, the results showed that women in the second through fifth quintiles of energy expenditure scored progressively higher than those in the lowest quintile. More specifically, compared with those in the lowest physical activity quintile, women in the highest quintile of physical activity had a 20% lower risk of cognitive impairment. Similarly, a more recent study of 3,903 Germans 55 years and older showed that moderate or high physical activity (i.e., less than 3 times/week or 3 or more times/week, respectively) was associated with a reduced incidence of cognitive impairment after two years.324


				Others followed a random sample of 2,581 people aged 65 years and older who were cognitively intact at baseline for a mean of 3.4 years.325 Over the follow-up period, coronary and cerebrovascular diseases and depression were associated with increased rates of functional decline (dertermined from activities of daily living, instrumental activities of daily living, performance-based physical function testing). However, regular exercise and moderate alcohol intake independently decreased the rate of functional decline. In a subsequent study,326 this research group evaluated 1,740 individuals over age 65 years who were without cognitive impairment at baseline. After a mean follow-up of 6.2 years, 158 persons developed dementia, 107 of whom developed Alzheimer’s disease (AD). For participants who exercised three or more times/week, the incidence rate of dementia was 13.0/1000 person-years compared with 19.7/1000 person-years for those who exercised less than three times/week. The authors concluded that the study suggests that “regular exercise is associated with a delay in onset of dementia and Alzheimer disease….”


				A recent prospective study (1994-1996 to 2003) involving 2,288 persons aged 65 years and older without dementia at baseline compared the level of physical performance with the onset of dementia.327 The age-specific incidence of dementia was 53.1/1000 person years for those who scored lower on a baseline performance-based physical function test (< 10 points) compared with 17.4/1000 person-years for those who had higher scores (> 10 points). Since lower levels of physical performance were associated with an increased risk of both dementia and AD, the authors concluded that “poor physical function may precede the onset of dementia and AD and higher levels of physical function may be associated with a delayed onset.”


				Since low-intensity physical activity, such as walking, had not been evaluated with regards to dementia, Abbott et al328 examined this association in 2,257 men aged 71 to 93 years (Honolulu-Asia Aging Study). After five years of follow-up, their results showed that men who walked the least (less than 0.25 miles/day) experienced a 1.8-fold higher risk for dementia than those who walked two or more miles/day. Those who walked more than two miles/day also had a significantly lower risk for dementia than those who walked one-fourth to one mile/day. Social and leisure activities (e.g., reading, playing board games, dancing, playing musical instruments) in late life have also been associated with a decreased risk of dementia.329-331


				Colcombe and associates332 reported that increased cardiovascular fitness results in increased functioning of important aspects of the attentional brain network during a cognitively challenging task. Here, highly fit (study 1) or aerobically trained (study 2) individuals showed greater task-related activity of the prefrontal and parietal cortices compared with low fit (study 1) or the nonaerobic control group (study 2). In another study, this research group confirmed that a significant decline in brain tissue densities occurs as a function of age.333 However, “losses in these areas were substantially reduced as a function of cardiovascular fitness…..” More recently, they reported a significant increase in brain volume (both gray and white matter regions) in 60 to 79 year old individuals who participated in aerobic fitness compared with those who participated in the nonaerobic (stretching and toning) control group.334


				Alzheimer’s disease (AD), the most common type of dementia in the United States, is also the 6th leading cause of death (Chapter 1). The major risk factors for AD include age, family history, educational level, and the presence of the apolipoprotein E (APOE) genotype e4.335 An estimated 1.9-4.0 million Americans currently have AD,336 but the number will significantly increase as the older population increases over the next few decades unless preventive measures are discovered. Indeed, the number of adults with AD worldwide is estimated to increase from the current 26.6 million to 106.2 million by 2050.337 However, if this disease could be delayed by 12 months, 9.2 million fewer cases would occur worldwide.


				A leading explanation for AD is an increase in cerebral beta-amyloid protein. Importantly, Lazarov et al338 recently reported that “environmental enrichment” decreases the accumulation of amyloid protein and alters the gene expression changes in a double transgenic mouse model. These genetically modified mice, who develop signs of AD by four to five months of age, were placed in a modified environment beginning at one month of age. The “enriched” environment contained exercise equipment and toys, as well as the usual food, water, and bedding material of the control mice. After five months, the brains of the mice housed in the enriched environment showed a significant reduction in amyloid protein compared with the control mice. The decrease appeared to be primarily related to increased physical activity. Moreover, the activity of neprilysin, a beta-amyloid degrading enzyme, was significantly increased in the brains of the enriched mice. In a similar study, five months of voluntary exercise in TgCRNDS transgenic mice significantly decreased extracellular beta-amyloid plaque in the frontal cortex, the cortex at the level of the hippocampus, and the hippocampus.339 Moreover, the effect was independent of mRNA/protein changes in both neprilysin and insulin-degrading enzyme.

				At about this same time, Podewills and associates336 reported that persons regularly engaged in a variety of physical activities may decrease the risk of developing AD by as much as 50%. However, physical activity did not affect individuals who carry APOE4, a gene variant that increases the risk for AD. Increased physical activity also decreased the risk of all-causes and ischemic dementia. Others340 reported that leisure-time physical activity at midlife is associated with a decreased risk of AD later in life. Thus, “regular physical activity may reduce the risk or delay the onset of dementia and AD, especially among genetically susceptible individuals.” Indeed, a 6-month physical activity program “provided a modest improvement in cognition” in older adults at risk for Alzheimer’s disease.341 More recently, both physical activity and diet were evaluated in a prospective study of two cohorts comprising 1,880 community-dwelling elders without dementia at baseline.342 After 14 years (1992-2006), the hazard ratio for “some” physical activity, compared with no physical activity, was 0.75 and 0.67 for “much” physical activity. For those who adherred to a Mediterranean-type diet, the high diet score was 0.60 and independent of physical activity. A literature review of the positive effects of exercise on the aging brain and cognition was recently published.343


				Physical Activity and Oxidative Stress


				During strenuous physical activity, reactive oxygen (superoxide; 02-.) and nitrogen (nitric oxide; NO.) species are produced in abundance in both skeletal muscle and myocardium.344,345 The major sources of free radicals and other reactive oxygen species during and after exercise include the mitochondrial respiratory chain, ischemia reperfusion, and the inflammatory response.346 Indeed, skeletal muscle generates reactive oxygen and nitrogen species both at rest and during contractile activity. Although exercise-induced disturbances presumably contribute to muscle fatigue and/or muscle injury, prolonged periods of muscle inactivity lead to a loss of muscle protein and strength. Thus, “abundant evidence implicates oxidative stress as a potential regulator of proteolytic pathways leading to muscle atrophy during periods of prolonged disuse.”347 Reactive oxygen species (ROS) may also serve as messenger molecules to activate adaptive responses through signaling pathways and thereby maintain cellular oxidant-antioxidant homeostasis during exercise.348


				The mitochondrial electron pathway chain, xanthine oxidase (XO), which converts hypoxanthine to xanthine and xanthine to uric acid resulting in the formation of two superoxide radicals (02-.), and neutrophils are potential sources of intracellular ROS during exercise .349 Indeed, Vina et al350 provided evidence that XO may be the major source of ROS during exhaustive exercise. Although physical exercise increases the production of ROS, there is a corresponding increase in the activities of superoxide dismutase (SOD) and glutathione peroxidase (GPx), as well as increased concentration of glutathione (GSH), in skeletal muscle.351 Thus, SOD, GPx, and catalase are responsible for removing 02-., H202, organic hydroperoxides (R00H), and H202, respectively.352


				Although numerous studies in laboratory animals have shown that antioxidant supplementation improves muscular performance, Powers et al352 noted that limited evidence existed in 1999 that they improve human performance. However, Vincent and associates353 recently compared the effects of antioxidant supplementation (vitamins E, C, beta-carotene) with placebo in young overweight adults following an 8-week exercise program. Compared with the placebo group, antioxidant supplementation significantly lowered exercise-induced oxidative stress. Inflammatory and lipid markers (C-reactive protein, IL-6, cholesterol subfractions, triglycerides, total antioxidant capacity) were also attenuated with antioxidant supplementation. Furthermore, others354 studied the effect of trapping free radicals on swimming endurance in mice. The animals were injected intraperitoneally with each of three spin-trappers. Each mouse then underwent a swimming test to control resistance to exhaustion (a) without any treatment, (b) after random administration of each spin-trapper, and (c) after saline. Control experiments were performed with saline and vitamin E. The results showed that swimming endurance was significantly increased by pretreatment with all spin-trappers and with vitamin E. The administration of saline alone did not increase the time to exhaustion.


				Since the effects of resistance exercise training on the level of skeletal muscle oxidative stress and antioxidant capacity had not been evaluated in older people, Parise et al355 biopsied the vastus lateralis of both legs in a group of men (mean age 71 years). The men then engaged in a progressive resistance-training program involving only one leg. After 12 weeks, the nontraining leg underwent a single bout of acute exercise which was identical to that of the trained leg. Muscle biopsies from the vastus lateralis of both legs were obtained 48 hours after the final exercise session. Training resulted in a significant increase in both copper/zinc SOD (CuZnSOD) and catalase activity, but not manganese SOD (MnSOD). There was no enzyme effect after acute exercise in the nonactive leg. Thus, “unilateral resistance exercise training is effective in enhancing the skeletal muscle cellular antioxidant capacity in older adults.”


				

Others studied the effects of endurance training and acute exhaustive exercise on plasma levels of three superoxide dismutases and neutrophil superoxide generation in healthy males, aged 17 to 22 years, who underwent three months of swimming or running.356 Before and after the training period they performed acute exercise and blood samples were collected at both times. The results showed that endurance training significantly increased the maximum oxygen uptake in all training subjects. Although plasma CuZnSOD was unaffected by endurance training and acute exercise, acute exercise after training, but not before, increased both plasma MnSOD and extracellular SOD (EC-SOD) by 33.6% and 33.5%, respectively; training decreased EC-SOD at rest by 22.2%. Moreover, the ability of the neutrophils to generate superoxide was increased by the acute exercise, but it was suppressed after training. Thus, EC-SOD levels were changed in a different manner than MnSOD and CuZnSOD, suggesting that endurance training increased the reserve EC-SOD in tissues. Similarly, nine untrained males, aged 19 to 21 years, participated in a 12-week training program and performed an acute period of exhaustive exercise on a cycle ergometer before and after training.357 After the training period, erythrocyte SOD and GPx activities were increased at rest. Furthermore, after exhaustive exercise there was a significant increase in lipid peroxidation that was attenuated after the training period. Moreover, a study of highly trained male triathletes who participated in a long distance triathlon “did not suffer from oxidative damage after they finished the long distance triathlon race.”358

				Since the effects of regular exercise on antioxidant enzymes and lipid peroxidation had not been studied in children, Gonene and associates359 evaluated the effects of a four-week regular swimming exercise program on erythrocyte SOD and GPx activities and plasma thiobarbituric acid reactive substances (TBARS) levels in previously untrained healthy children. Following the swimming course, the mean SOD activity significantly increased (581.1 to 791.1 U/gram hemogloblin) and the mean plasma TBARS levels decreased (1.1 nmol/mL to 0.9 nmol/mL). Although the mean GPx increased, the levels were not statistically significant (45.5 to 50.3 U/gram hemoglobin).


				To evaluate whether contraction-induced ROS is further increased in skeletal muscle of the elderly, Vasilaki et al360 studied three different approaches in adult and old mice. After the hind limb muscles underwent a 15-minute period of isometric contraction, ROS generation by isolated muscle mitochondria, ROS release into the muscle extracellular fluid, and muscle glutathione and protein thiol contents were determined. The authors concluded that “contractile activity increased skeletal muscle ROS generation in both adult and old mice with no evidence for an age-related exacerbation of ROS generation.”


				Senturk et al361 studied the effects of exertional oxidative stress on erythrocyte damage after exhaustive treadmill running in sedentary and exercise-trained rats. Their results showed that exhaustive exercise in sedentary rats resulted in significantly increased TBARS levels and H202-induced TBARS, as well as increased plasma hemoglobin and methemoglobin levels, erythrocyte osmotic fragility and deformability. Although erythrocyte TBARS also increased in the exercise-trained rats, the erythrocyte changes did not occur. Thus, “exertional oxidant stress contributed to erythrocyte deterioration due to exercise in sedentary but not exercise-trained rats.” These researchers later reported similar findings in sedentary and physically trained humans.362 In a related study, human adults performed a standardized endurance exercise at 75% maximal oxygen consumption during a 19-week training period.363 The results also showed that endurance training “reduces erythrocyte susceptibility to oxidative stress.”


				Nakamoto and associates364 explored the effects of regular exercise on DNA oxidative status in 21-month-old rats. After two months of regular treadmill running, the content of 8-hydroxydeoxyguanosine (8OHdG), a product of DNA oxidation, was reduced to the level of 11-month-old rats in both nuclear and mitochondrial liver DNA. Exercise also significantly increased the activity of the repair enzyme OGG1 in the nucleus, but not in the mitochondria. Exercise also decreases oxidative stress, inflammation, and proteinuria, increases antioxidant defense, and restores renal dopamine D1 receptor function in old rats.365


				Others366 investigated whether regular exercise modulates the levels of oxidative damage and responsiveness to oxidative stress induced by Fe-nitrilotriacetic acid (Fe-NTA), a renal carcinogen. During a 10-week period, one group of rats remained sedentary while the second group underwent swimming for 15-60 minutes/day, 5 days/week. The activity of SOD in the kidney and diaphragm, and kidney levels of 8OHdG, catalase, GPx, and OGG1 were measured. SOD activity was increased in the kidney and diaphragm in the exercise group. Although exercise by itself had no effect on the level of 8OHdG, it significantly suppressed the induction of 8OHdG by Fe-NTA. The amount of suppression also correlated with exercise intensity. The authors concluded that regular exercise “induces resistance to oxidative stress and, at least at the initiation stage, inhibits carcinogenesis.”


				Vincent et al367 compared exercise-induced oxidative stress and levels of homocysteine and cholesterol in normal weight and overweight individuals aged 60 to 72 years following resistance exercise training. The participants were randomly assigned to either a control non-exercise group or a 6-month resistance exercsie training group. Compared with the overweight/obese and normal weight sedentary groups, lipid peroxides, TBARS and homocysteine levels were lower in both the overweight/obese and normal weight resistance exercise-trained groups. However, lipoprotein a, total cholesterol, and high density lipoprotein cholesterol levels were not different in normal weight or overweight/obese groups before or after resistance exercise. The changes in muscle strength correlated with the homocysteine level at six months whereas the changes in lipid peroxides were correlated with the change in body fat.


				

Physical activity also increases plasma cytokine levels (e.g., TNF-alpha, IL-6, IL-1 beta), but their stimuli and sources are largely unknown.368 To evaluate the role of oxidative stress and the possible role of monocytes in this cytokine response, nonathletes performed two 45-minute bicycle exercise sessions at 70% of maximum oxygen capacity before and after the administration of antioxidants (vitamins A, C, and E for 60 days; allopurinol, 15 days; N-acetylcysteine, 3 days). Before the intake of antioxidants, exercise increased plasma TNF-alpha by 60%, IL-1 beta three-fold, and IL-6 six-fold. Following the intake of antioxidants, IL-1 beta and TNF-alpha responses to exercise were eliminated,IL-6 was significally reduced, and monocytes had no role in the process.

				Although the mechanisms whereby these oxidative changes are only partially understood, the overall effects of exercise are very positive. Since there is considerable support for the free radical theory of aging (Chapter 4), and since increased physical activity increases antioxidant enzyme activity, does increased physical activity slow the aging process? Only future studies will answer this question. Several recent reviews of the relationship between physical activity and oxidative stress were published.369-374


				Chapter Summary


				Physical activity clearly leads to increased physical fitness, exercise capacity, and risk reduction of a variety of pathological disorders resulting in lower rates of morbidity, all-causes and cause-specific mortality, and increased mean life expectancy (and possibly slows the aging process56). Indeed, cardiorespiratory fitness is an important mortality predictor in older adults independent of overall or abdominal adiposity.375 Thus, among the very old (age 78 to 85 years), “not only continuing but also initiating” physical activity is associated with better survival and function.376 Physical activity from low to moderate to high is also associated with a progressively increased life expectancy in nonsmokers at age 65 years (11.0, 14.4, 16.2 years in men; 12.7, 16.2, 18.4 years in women).377


				Increased physical activity also results in a marked decrease in medical costs. For example, in an 8-year longitudinal study of 517 runners’ club members, mean age 59 years, the disability rate was 25% less than the sedentary control group (423 persons).378 In addition, musculoskeletal pain was reduced 20% and the medical costs were 25% less than the control group. In another study, an estimated 12% of depression and anxiety and 31% of colon cancer, heart disease, osteoporosis and stroke cases among members of Blue Cross Blue Shield of Minnesota were attributed to physical inactivity.379 In this single health plan, the direct medical costs were $83.6 million for the year 2000. Although not specifically reported, indirect medical costs (work inefficiency, sick leave, etc) significantly added to the overall cost burden.


				Since there is a linear relationship between the level of physical activity and health status, children and adolescents should participate daily in 60 minutes or more of moderate to vigorous physical activity that is enjoyable, involves a variety of activities, and is developmentally beneficial. Moreover, with the large number of adults living a sedentary lifestyle, increased physician and public health efforts are critically needed to provide organized programs that are personally appealing and physiologically beneficial to increase their physical activity levels. Physicain guidelines to assist sedentary people to become more active were recently published.380 The overall health benefits of regular physical activity were also recently reviewed.381,382
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 Chapter 6. 

 Excess Body Weight and Associated Diseases


				Introduction


				Obesity is an escalating national and global epidemic. Because of the rapid increase in the number of overweight and obese individuals over the past several decades, obesity is commonly referred to as a pandemic. Indeed, an estimated 131 million Americans are now overweight or obese;1 worldwide, about 1.1 billion adults are either overweight or obese.2 A recent study of persons aged 18 to 80 years in 63 world countries reported that 40% of men and 30% of women were overweight [body mass index (BMI) 25-29.9] and 24% of men and 27% of women were obese (BMI > 30).3 In the United States, the prevalence of obesity increased by 24% from 2000-2005.4 However, the prevalence of morbid obesity (BMI > 40) increased by 50% and for a BMI > 50, it increased 75%. If the current trend continues, Wang et al5 estimated that 86.3% of American adults will be overweight or obese by 2030. Moreover, essentially all American adults will be overweight or obese by the year 2048, while black women will be overweight or obese by 2034. In children, the prevalence of overweight will nearly double by 2030.


				Overweight/obesity is a serious chronic disorder that has become a major health problem in most countries because of its high prevalance, causal relationship with numerous diseases/disorders, increased morbidity and mortality, accelerated aging, and decreased quality of life (Table 6.1). As reported by Sturm,6 “obesity has roughly the same association with chronic health conditions as does twenty years’ aging; this greatly exceeds the associations of smoking or problem drinking.”


				 

				
					
						
								
								Table 6.1 Overweight/Obesity Associated Diseases/Disorders


							
						

						
								
								All-causes mortality

							
								
								Gout

							
						

						
								
								Asthma

							
								
								Hypertension


							
						

						
								
								Coronary heart disease

							
								
								Inflammation

							
						

						
								
								Cerebrovascular disease

							
								
								Liver disease (steatosis, steatohepatitis)

							
						

						
								
								Cancer

							
								
								Metabolic syndrome

							
						

						
								
								Dementia/Alzheimer’s disease

							
								
								Osteoarthritis

							
						

						
								
								Diabetes mellitus (type 2)


							
								
								Oxidative stress, accelerated aging

							
						

						
								
								Disability

							
								
								Psychopathology

							
						

						
								
								Dyslipidemia

							
								
								Sleep disorders

							
						

						
								
								Gall bladder disease


							
								
								Quality of life


							
						

					
				

				 

				Indeed, Stewart et al7 recently concluded that “If past obesity trends continue unchecked, the negative effects on the health of the U.S. population will increasingly outweigh the positive effects gained from declining smoking rates.” Importantly, the trends in obesity among U.S. adults may be leveling off.8 In this study, National Health and Nutrition Examination Survey (NHANES) data from 2007-2008 were compared with results from 1999-2006. The authors concluded that “the increases in the prevalences of obesity previously observed do not appear to be continuing at the same rate over the past 10 years, particularly for women and possibly for men.”


				The causes of overweight and obesity are multifactorial relating to a complex interplay of genetic, physiological, nutritional, psychological, environmental, and social factors. Whatever the cause(s), overweight or obesity for most people results when energy intake exceeds energy expenditure for an extended period of time. To estimate the short- and long-term risks for becoming overweight or obese, 4,117 white persons in the Framingham Heart Study were followed from 1971 to 2001.9 The short-term (4-year) rates for overweight were 14% to 19% in women and 26% to 30% in men; obesity rates ranged from 5% to 7% in women and 7% to 9% in men. The long-term risk estimates (30-year) for overweight and obesity for both men and women exceeded 50% and 25%, respectively. Thus, “the future burden of obesity-assocated diseases may be substantial.”


				Since the impact of increased weight gain on the functional status had not been fully evaluated, Fine et al10 prospectively studied the association between weight gain and the quality of life in 40,098 women aged 46 to 71 years (Nurses’ Health Study). During this 4-year study, women who gained between 5 and 20 pounds had decreased physical function and vitality, and increased bodily pain. Moreover, in 1998 the estimated direct (medical) and indirect (lost productivity) costs of obesity in the U.S. exceeded $100 billion per year.11 Since the prevalence of obesity has continued to rise, the costs are now significantly greater. Indeed, a recent cohort study involving 34,858 full-time equivalents (FTEs) from 1997 to 2004 showed a linear relationship between the body mass index (BMI) and rate of compensation claims.12 Morbidly obese employees (BMI > 40) had 11.65 claims per 100 FTEs while employees with a recommended weight had 5.80 claims. The effect per 100 FTEs on lost work days (183.63 vs 14.19), medical claims costs ($51,091 vs $7,503) and indemnity claims costs ($59,178 vs $5,396) was also significantly greater. An important recent report from the National Center for Disease Prevention and Health Promotion (CDC) recommended 24 community strategies and measurements to stop the obesity epidemic in the United States.13

				Overweight/Obesity in Adults


				There is a general consensus that the indirect measurement of body fat by calculation of the BMI be used to determine the extent of this disorder in adults.14,15 This classification is based on the following calculations.


				 

				
					
						
								
								Healthy weight

							
								
								BMI = 18.5-24.9 kg/m2


							
						

						
								
								Overweight

							
								
								BMI = 25.0-29.9 kg/m2

							
						

						
								
								Obese


							
								
							
						

						
								
								Class I

							
								
								BMI = 30.0-34.9 kg/m2


							
						

						
								
								Class II

							
								
								BMI = 35.0-39.9 kg/m2


							
						

						
								
								Class III (morbid)

							
								
								BMI = > 40 kg/m2


							
						

					
				

				 

				The BMI is calculated by either of the following:


				BMI = weight (kg) or BMI = weight (lbs) X 704

				 height (m2) height (in2)


				 

				In a recent collaborative analysis of 57 prospective studies of BMI and cause-specific mortality in 900,000 adults, BMI was shown to be a strong predictor of overall mortality “both above and below the apparent optimum of about 22.5-25 kg/m2”.16 At 30-35 kg/m2, the median survival was reduced by 2-4 years, whereas if the BMI was 40-45 kg/m2, it was reduced by 8-10 years (about the same as smoking). There was also a significant increase in mortality if the BMI was less than 22.5 kg/m2, which was primarily due to smoking-related diseases. However, as subsequently noted in a correspondence, the youngest group in this study was 35-39 years and therefore this latter finding does not apply to younger adults.17 Rather, they noted that several cohort studies have shown that “long term mortality is lowest among adults in their 20s and 30s at inception with BMI values ranging between 20 and 22.5 kg/m2”. Other useful measures of body weight include the abdominal circumference and waist-hip ratio. Body fat may distribute primarily around the hips and thighs (gynoid obesity; lower body fat; “pear” shape) or in the abdomen (android obesity; upper body fat; “apple” shape). Numerous reports have emphasized that individuals with android obesity are particularly susceptable to various metabolic disorders and related diseases.18


				Lean et al19 compared waist circumference with BMI and the waist:hip ratio. They found that a waist circumference > 94 cm (> 37 inches) for men and > 80 cm (> 31.5 inches) for women identified those with an elevated BMI, as well as those with a lower BMI but with an elevated waist:hip ratio (> 0.95 and 0.80 for men and women, respectively). A waist circumference > 102 cm (> 40.2 inches) for men or > 88 cm (> 34.6 inches) for women identified people with a BMI of 30 kg/m2 or higher, as well as those with a lower BMI but with a high waist:hip ratio. The authors concluded that men with a waist circumference > 94 cm and women > 80 cm should gain no further weight; men with a waist circumference > 102 cm and women > 88 cm should be strongly encouraged to lose weight (abdominal obesity). For waist-hip ratios, abdominal adiposity exists when the values are > 1.0 for men and > 0.80 for women.


				Some studies have shown that abdominal obesity may be a better predictor for disease risk factors and all-causes mortality than BMI. Using the National Health and Nutrition Examination Surveys (NHANES) data, the age-adjusted mean waist circumference increased from 96.0 cm (38.4 in) to 100.4 cm (40.16 in) in men and 89.0 cm (35.6 in) to 94 cm (37.6 in) in women between the periods 1988-1994 and 2003-2004.20 Thus, the age-adjusted abdominal obesity increased from 29.5% to 42.4% among men and from 47.0% to 61.3% among women. Over 50% of U.S. adults had abdominal obesity in 2003-2004. Interestingly, a recent study in the United Kingdom found that current BMI guidelines overestimate the risks for all-causes and cause-specific mortality in persons 75 years and older.21 Rather, the waist-hip ratio was more reliable than either BMI or waist circumference.


				Overweight and obesity, now recognized as a world-wide pandemic, has mainly occurred during the last quarter of the 20th century. For example, successive cross-sectional U.S. surveys, including the National Health Examination Surveys (NHES-!, 1960-1962) and the NHANES I (1971-1974), NHANES II (1976-1980), and NHANES III (1988-1994), reported that the prevalence of overweight/pre-obese (BMI, 25.0-29.9) in 20 to 74 year old men and women over time was 30.5%, 32.0%, 31.5%, and 32.0%, respectively.22 However, the prevalence of obesity (BMI > 30.0) showed a significant increase, especially between NHANES II and NHANES III (14.5% to 22.5%). The trends were similar for all ages, gender, and race-ethnic groups. Thus, the prevalences of overweight and obesity combined for those 20 years and older was 59.4% for men and 50.7% for women. However, the prevalence of Class III obesity exceeded 10% for non-Hispanic black women. The authors noted that these findings were similar to the trends seen elswhere in the world. For example, from 1989 to 2000, the prevalence of overweight in China increased from 9.0% to 23.2%.23 Indeed, obesity is now a world-wide pandemic that affects not only the wealthy and middle-income persons in developed countries, but in underdeveloped countries as well.24,25 Since it has been estimated that there are over 500 million overweight and 250 million obese adults in the world,26 this pandemic threatens to overwhelm healthcare systems around the world.

				Unfortunately, several studies have clearly shown that the prevalence of obesity has continued unabated. In a cross-sectional random-digit telephone survey (Behavioral Risk Factor Surveillance System; BRFSS) of adults aged 18 years and older, the prevalence of obesity increased from 12.0% in 1991 to 17.9% in 1998.27 The greatest increases were in those 18-29 years old (7.1% to 12.1%), those with some college education (10.6% to 17.8%), and those of Hispanic ethnicity (11.6% to 20.8%). It should be noted, however, that reports from the BRFSS have limitations because they are based on self-reported weight and height. Thus, prevalence estimates of obesity based on self-reported data tend to be lower than those based on measured data. For example, compared with the BRFSS data,27 which showed a prevalence of 12% to 14.4% during 1991 to 1994, the corresponding NHANES estimate based on measurements of height and weight, was 22.5% for 1988 to 1994, which was more than 50% higher than the BRFSS estimate.20 Similarly, a 2007 survey of 1,978 adults by Harris Interactive found that 52% identified themselves as overweight and 12% as obese.28 However, based on their BMI, 35% were overweight and 34% were obese. Thus, of those whose BMI indicated they were obese, 82% considered themselves overweight.


				Flegal et al1 surveyed 4,115 adult U.S. men and women in 1999 and 2000 as part of NHANES. Compared with NHANES III (1988-1994), the age-adjusted prevalence of obesity increased from 22.1% to 30.5%. The combined prevalence of overweight/obesity and extreme (morbid) obesity also increased (55.9% to 64.5% and 2.9% to 4.9%, respectively). Over the next two years (1999-2002) this research group reported “no significant changes among adults in the prevalence of overweight/obesity (64.5% vs 65.7%), obesity (30.5% vs 30.6%), or extreme obesity (4.7% vs 5.1%)….”29 A later report indicated that the prevalence of obesity increased significantly in men between 1999-2000 (27.5%) and 2003-2004 (31.1%).30 However, there was no change in women (33.4% vs 33.2%), suggesting that the trend in women may have leveled off. The prevalence of extreme obesity was 2.8% in men and 6.9% in women. The 2000-2004 study also noted that significant differences in the prevalence of obesity remained by race/ethnicity (30% of non-Hispanic white adults were obese compared with 45.0% of non-Hispanic black adults and 36.8% of Mexican Americans). According to a CDC report for 2006-2008, 25.6% of non-Hispanic blacks, non-Hispanic whites, and Hispanics were obese.31 Non-Hispanic blacks (35.7%) had a 51% greater prevalence of obesity, and Hispanics (28.7%) had a 21% greater prevalence, when compared with non-Hispanic whites (23.7%).


				With respect to the association of obesity and location in the U.S., during 1995-2000 the number of states with obesity prevalence less than 20% declined from 50 states to 28 states.32 In 2005, only four states still had obesity prevalences less than 20% (Colorado, Connecticut, Hawaii, and Vermont); three states had prevalences over 30% (Louisiana, Mississippi, and West Virginia). In 2007, Colorado was the only state in which the prevalence of obesity was less than 20% (18.7%); in three states the prevalence was greater than 30% (Alabama, Mississippi, Tennessee).33


				There are numerous causes of overweight and obesity (discussed below). However, since the effect of fast-food consumption on the risk of obesity has received little attention, Pereira and associates34 studied 3,031 young black and white adults aged 18 to 20 years at baseline. After a 15-year follow-up, those with frequent (i.e., two or more times a week) visits to fast-food restaurants gained an extra 4.5 kg (about 10 pounds) and had a two-fold greater increase in insulin resistance compared with those who visited a fast-food restaurant less than once a week. In addition, snacking (i.e., food intake over a 15 minute period between meals and evenings) has significantly increased over the past three decades.35 During this period, the contribution of snacks to total energy increased from 18% to 24%.


				Overweight/Obese Children and Adolescents


				Overweight among children is a statistical definition initially based on the Center for Disease Control and Prevention growth charts for the United States in the year 2000.36 Overweight was defined as at or above the 95th percentile of BMI for age. At risk for overweight was defined as between the 85th and 95th percentile of BMI for age. The 95th percentile of BMI was also recommended to classify adolescents as overweight.37 In 2005 the Institute of Medicine classified children and adolescents as obese if the BMI was at or above the 95th percentile.38 However, in 2007 the Expert Committee on the Assessment, Prevention and Treatment of Child and Adolescent Overweight and Obesity indicated that children at or above the 95th percentile on the pediatric growth charts, or who have a BMI > 30, should be clinically classified as obese.39 More recently, the adult and pediatric endocrine societies recommended defining childhood overweight as BMI > 85th percentile, but less than the 95th percentile and obesity as BMI > 95th percentile.40 Unfortunately, single-site studies found that BMIs were being documented in only 5% to 28% of pediatric patients.41

				Since abdominal obesity may be a better predictor than increased body weight for various diseases/disorders in adults,19 Li and associates42 examined the recent trends in mean waist circumference and waist-hip ratio and the prevalence of abdominal obesity among U.S. children and adolescents aged 2 to 19 years. Their findings showed that between 1988-1994 (NHANES III) and NHANES 1999-2004, the prevalence of abdominal obesity increased by 65.4% for boys (10.5% to 17.4%) and 69.4% for girls (10.5% to 17.8%).


				As in the adult population, the incidence of overweight and obesity is rising at an alarming pace in the pediatric population. Indeed, rates of severe childhood obesity have tripled in the past few decades with significant differences by race, gender, and poverty. Thus, the percent of overweight children 6- to 11-years-old increased from 4% to 11% between the 1960s and 1988-1994.43 Ogden et al44 surveyed 4,722 U.S. children from birth through 19 years of age with weight and height measurements in 1999-2000 as part of NHANES. The prevalence of overweight was 15.5% among the 12- through 19-year-olds, 15.3% among those 6- through 11-year-olds, and 10.4% among the 2- through 5-year olds. This compared with 10.5%, 11.3% and 7.2% respectively in the NHANES III report (1988-1994). Furthermore, the prevalence of overweight among both Mexican-American and non-Hispanic black adolescents increased more than 10% between 1988-1994 and 1999-2000.


				Of course, excessive overweight and obesity in children are not limited to the United States. For example, the overall prevalence of overweight/obesity in Norwegian children aged 2 to 19 years is reportedly 13.8%, but the prevalence in children aged 6 to 11 years is 17%.45 The risk of excess body weight was associated with fewer siblings and lower parental educational level, but not parental employment status. Unfortunately, children who are obese in their preschool years are more likely to be obese in adolescence and adulthood.46


				In a recent U.S. study based on nationally representative data from 2- to 17-year-olds in four examinations (1971-1974 through 1999-2002), the prevalence of overweight of 6- to 12-year-old black children increased approximately 5-fold (4% to 20%) compared with a 3-fold increase among white children (4% vs 13%).47 In most sex-age groups, Mexican-American children had increases in BMI and overweight that were between blacks and whites. The prevalence of severe obesity (BMI levels > 99th percentile) reached 6% to 7% among black girls and Mexican-American boys in 1999-2002. More recently, the prevalence of obesity among 8,550 four-year-old U.S. children (mean age, 52.3 months) was 18.4%.48 Obesity also differed significantly by racial/ethnic group: American Indians/Native Alaskan, 31.2%; Hispanic, 22.0%; non-Hispanic black, 20.8%; non-Hispanic white, 15.9%; and Asian, 12.8%. Unfortunately, the overall prevalence of severe obesity has increased by more than 300% since 1976 and over 70% since 1994.49 If the current trends continue, the problem of pediatric overweight and obesity will become of unmanageable proportions once these children reach adulthood.


				Miech et al50 examined the association of poverty with overweight among U.S. adolescents from 1971 to 2004. The results showed “a widening disparity that disfavored adolescents from poor families was present in the 15- to 17-year-old adolescents” (male, female, non-Hispanic white and non-Hispanic black adolescents). Indeed, the overall prevalence of overweight in 1999-2004 was greater than 50% higher in poor compared with non-poor families (23.3% versus 14.4%, respectively). However, in the 12- to 14-year-old adolescents, the prevalence of overweight did not significantly differ by poverty status.


				In a recent study, Lee and associates51 examined the association between body weight in early childhood and the onset of puberty. Here, 354 girls were evaluated at 36 and 54 months of age and grades 1, 4, 5, and 6 (breast development, menarche). The authors concluded that “increasing rates of obesity in the United States may result in an earlier average age of puberty for US girls.” Unfortunately, overweight children commonly become obese adults.52,53 Thus, as the prevalence of adolescent overweight continues to increase, the associated adult consequences will also continue to rise (i.e., type 2 diabetes, some cancers, hypertension, heart disease, poor quality of life, decreased life expectancy).54-57 Importantly, Ogden et al58 recently reported that the prevalence of elevated BMI for age among children and adolescents “showed no significant changes between 2003-2004 and 2005-2006 and no significant trends between 1999 and 2006.”


				Household routines have also been associated with childhood overweight and obesity.59 In this study, the association between obesity prevalence in preschool-aged children and exposure to three household routines (i.e., regular eating the evening meal as a family, adequate sleep time, and limited television viewing time) was evaluated in 8,550 four-year old U.S. children. The obesity prevalence was 14.3% among children exposed to all three routines compared with 24.5% among those exposed to none of the routines. The odds of obesity associated with exposure to all three, any two, or only one routine were 0.63, 0.64, and 0.84, respectively. Indeed, television clearly plays a major role in childhood obesity. In their literature review of the relationship between television and childhood obesity, eating habits and body shape perception, the authors60 reported the following: (a) television (TV) watching decreases vigorous activities; (b) a positive correlation exists between the amount of TV watched and being overweight or obese; (c) obesity prevalence has increased as well as the time TV networks dedicate to children; (d) the rate of childhood TV watching more than four hours per day increased over the past 30 years; (e) while watching TV, children are exposed to a large number of unhealthy food intake stimulations; (f) the number of TV food commercials (“junk” food) targeting children increased over the past several years; and (g) obese subjects shown in TV programs are in a much lower percentage than in real life.

				A recent prospective study evaluated changes in the prevalence of obesity and other chronic conditions (asthma, other physical conditions, behavior/learning problems) in U.S. children.61 The children were aged two through eight years at the beginning of each of three six year cohort study periods (1988-1994; 1994-2000; 2000-2006). The prevalence of any chronic health condition was 12.8% in 1994, 25.1% in 2000, and 26.5% in 2006.


				Since childhood obesity is widely recognized as an epidemic, but the economic costs had not be quantified, Trasande et al62 evaluated obesity-associated hospitalizations, charges, and costs from 1999-2005. They found that hospitalizations almost doubled and costs increased from $125.9 million to $237.6 million (in 2005 dollars). These researchers also reported that for the U.S., increased childhood BMI was associated with an annual cost of $14.1 billion for prescription drugs, emergency room, and outpatient visits.63


				Factors Affecting Body Weight


				The causes of overweight and obesity are complex and multifactorial. They include genetic, lifestyle (i.e., excess caloric intake, physical inactivity), social, psychological, sleep deprivation, and environmental factors.


				1. Inheritance


				It has long been recognized that obesity often runs in families. Binge-eating disorder (BED) is often present in severely obese individuals. To evaluate whether BED aggregates in families, Hudson et al64 carried out a blinded family study of overweight and obese probands with and without BED. They concluded that “Binge-eating disorder is a familial disorder caused by factors distinct from other familial factors for obesity.” More specifically, a recent study found that people who carry a single copy of the FTO gene, which is associated with fat mass, significantly increases the risk of obesity.65 Those who carried two alleles gained 3.0 kg (6.6 lb) more and had a 1.67-fold increased odds for obesity compared with those not inheriting a risk allele. Of these 38,759 participants of European descent, 16% were homozygous for this allele. Nevertheless, the results of a recent study “strongly suggest that the increased risk of obesity owing to genetic susceptibility by FTO variants can be blunted through physical activity.”66


				Others67 recently reported that the gene adipose (Adp) is an evolutionarily conserved gene. In this study, the anti-obesity function of Adp was conserved from worms to mammals, including humans, in a dosage-sensitive manner. Here, Adp heterozygous flies and heterozygous mutant mice were obese and resistant to insulin. Conversely, fat restricted Adp transgenic mice were lean and had better metabolic profiles. The researchers concluded that “Adp appears to be involved in an ancient pathway that regulates fat accumulation.” Nevertheless, since the current obesity pandemic has occurred primarily over the past three to four decades, it is evident that lifestyle and other factors are significantly more important than genetics. As noted by Hill and Malanson,68 “the available data do not support a role for defects in resting metabolic rate, substrate metabolism, dietary induced thermogenesis, or the energy cost of physical activity as significant causes of obesity.”


				2. Physical Activity


				Energy expended in physical activity has the potential to affect energy balance and thereby affect body weight regulation. Since the amount of physical activity needed to prevent weight gain is not fully understood, Slentz et al69 studied the effects of an 8-month exercise program in sedentary, overweight men and women aged 40 to 65 years. The exercise participants were divided into three groups: high amount of vigorous intensity physical activity equivalent to about 20 miles of jogging per week; low amount of vigorous intensity physical activity equivalent to about 12 miles of jogging per week; and low amount of moderate intensity physical activity equivalent to about 12 miles of walking per week. Importantly, the participants were counseled not to change their diet. The study showed a significant dose-response relationship between the amount of exercise and the loss of fat mass. Compared with the control group, all exercise groups significantly decreased abdominal and hip circumference measurements.


				Interestingly, a recent randomized trial of the effects of reducing television viewing and computer use in children suggested that it “may have an important role in preventing obesity and in lower BMI in young children, and these changes may be related more to changes in energy intake than to changes in physical activity.”70 Nevertheless, for most overweight persons who are unable or unwilling to reduce their caloric intake, body mass can be somewhat reversed, or at least maintained, by simply walking 30 minutes each day. However, recent Institute of Medicine guidelines suggest that 60 minutes per day of moderate to vigorous physical activity may be necessary for weight loss and optimal health in some people.71 Interestingly, the results of a recent literature review indicated that the use of a pedometer significantly increases a person’s physical activity level and decreases body mass index and blood pressure.72 Studies relating to the role of physical activity in the prevention and treatment of excess body weight have been reviewed.73

				3. Snacking


				Surveys of food intake among U.S. children showed significant increases in snacking between 1989-1991 to 1994-1998 and 1994-1998 to 2003-2006.74 Indeed, childhood snacking trends are now approaching three daily snacks; about 27% of children’s total daily calories come from snacks. Thus, the calories consumed from snacks exceed those consumed at breakfast (18%) and lunch (24%).75 More than 41% of daily snack calories in Canadian children older than four years come from chips, chocolate bars, soft drinks, sugars, syrup, fats, and oils. Moreover, snacking prevalence in U.S. adults increased from 71% to 97% in 2003-2006 with increases in both the 1989-1994 and 1994-2006 periods.76 The total daily energy intake from snacks increased from 18% to 24%.


				4. Social Activity


				A recent study suggested that social factors have a more important effect on a person’s risk of obesity than genetics.77 These researchers evaluated a closely interconnected social network of 12,067 persons in the Framingham Heart Study. This 32-year longitudinal study (1971 to 2003) examined whether a person’s weight gain was associated with the weight gain of a friend, sibling, or spouse. Their findings showed the following: (a) the chances of becoming obese increased by 57% if the individual (male or female) had an obese friend; (b) if one sibling became obese, the other became obese 40% of the time; and (c) if one’s spouse became obese, the possibility that the other spouse would become obese inceased by 37%. Moreover, persons of the same sex had a greater influence on weight gain than those of the opposite sex.


				5. Sleep Duration


				A decline in daily hours of sleep, a trend that has accompanied the nation’s increase in obesity, also appears to play a significant role. For example, longitudinal analyses of the 1982-1984, 1987, and 1992 NHANES I Followup Studies examined the possible association between sleep duration and weight gain/obesity.78 The results indicated that persons aged 32 to 49 years with less than seven hours of sleep each night had higher BMIs and were more likely to be obese than persons with sleep durations of seven hours. Sleep durations greater than seven hours were not significantly associated with either an increased or decreased likelihood of obesity.


				A Wisconsin Sleep Cohort Study of 1,024 volunteers showed a U-shaped association between sleep duration and BMI.79 In persons sleeping less than eight hours, increased BMI was proportional to decreased sleep time. Moreover, decreased sleep was also associated with decreased blood levels of leptin, the anorexigenic hormone, and increased levels of ghrelin, the orexigenic factor. These differences presumably increase a person’s appetite and thereby explain the increased BMI in individuals with short sleep duration. Similarly, a randomized cross-over study involving healthy men, mean age 22 years, also showed that sleep restriction decreased leptin levels, increased ghrelin levels, and increased hunger and appetite.80


				6. Environmental Factors


				Recent studies also suggest that environmental contaminants, termed obesogens, may also have a role in body weight. These xenobiotic chemicals may disrupt the normal development and homeostatic control over energy balance and fat accumulation. As noted by Grun and Blumberg,81 organotins (e.g., tributyltin chloride, triphenyltin chloride), a class of perisistent organic pollutants with endocrine-disrupting properties that may mimic or inhibit hormone action, affect important nuclear receptors that have a role in lipid homeostasis and adipogenesis. Other identified obesogens include diethylstilbestrol, biphenol A, and phthalates, among others.82 It is suggested that obesogens result in perturbed nuclear receptor signaling and thereby alter adipocyte proliferation and differentiation, or modulate homeostatic controls.


				7. Psychological Stress


				The association between stress and obesity remains elusive since some stressed people lose weight while others gain weight. With respect to the latter, obese Japanese male workers were reportedly in a more stressful state due to high job demands and low job latitudes, compared with nonobese subjects.83 A more recent study evaluated lifetime diagnoses of depression, anxiety and obesity-related comorbidities in 177,047 U.S. men and women.84 Within both genders, the prevalence of the three psychiatric disorders were significantly higher in both sexes who were underweight (BMI < 18.5 kg/m2), in women who were overweight (BMI, 25-29.9 kg/m2) or obese (BMI > 30 kg/m2), and in morbidly obese men (BMI > 40 kg/m2). Others reported that higher levels of obesity were associated with “worsening cognitive function in men” but not in women.85

				More basically, Kuo et al86 reported that stress “exaggerates diet-induced obesity through a peripheral mechanism in the abdominal white adipose tissue that is mediated by neuropeptide Y (NPY).” Here, increased stress in mice due to cold exposure or aggression resulted in the release of NPY from sympathetic nerves, which upregulated NPY and its receptors in a glucocorticoid-dependent manner, resulting in the accumulation of abdominal fat. At the end of three months, the stressed mice were twice as obese as the nonstressed mice.


				Overweight, Obesity, and All-Causes Mortality


				In general, the higher the BMI the greater the risk for obesity-related diseases and premature mortality. Indeed, current evidence indicates that healthy body weight (BMI 18.5-24.9 kg/m2) is associated with a significantly lower mortality rate in men and women aged 30 to 74 years.87 The mean annual estimate of deaths attributable to obesity in the U.S. from six studies in the 1990s was 280,184 (range, 236,111 to 341,153).88 Of these, more than 80% occurred among individuals whose BMI exceeded 30 kg/m2. However, the number of excess obesity-associated deaths in 2000 was significantly decreased, perhaps due to improvements in public health and medical care.89


				Fontaine et al90 estimated the expected number of years of life lost (YLL) due to overweight and obesity across a person’s life span. Using a BMI of 24.0 as the reference point, there were significant race, sex, and age differences in the YLL. Among whites, the YLL showed a J- or U-shaped curve between overweight or obesity. The optimal BMI for whites was 23-25 and 23-30 for blacks. Moreover, for any degree of overweight, younger adults had greater YLL than did older adults. Thus, the maximum YLL for white males aged 20 to 30 years with severe obesity was 13 years and eight years for white women. For young blacks with severe obesity, the maximum YLL was 20 years for men and five for women. The association between obesity and the probability of death before 70 years of age was also reported in the Framingham Heart Study with follow-up from 1948 to 1990.91 For overweight 40-year-old women and men, lost life expectancy was 3.1 years. However, obese 40-year-old women and men lost 7.1 and 5.8 years, respectively; obese female and male smokers lost 13.3 and 13.7 years, respectively.


				An early 16-year prospective Nurses’ Health Study of 115,195 U.S. women, aged 30 to 55 years in 1976 and followed for 16 years, compared the association between BMI and mortality.92 Compared with BMI categories of < 19.0, 19.0-21.9, 22.0-24.9, 25.0-26.9, 27.0-28.9, 29.0-31.9 and > 32.0, the relative risks of death from all causes were 1.0, 1.2, 1.2, 1.3, 1.6, 2.1, and 2.2, respectively. At about this same time, the mortality rate among a large group of healthy white men and women enrolled in the American Cancer Society’s Cancer Prevention Study I was followed for 12 years.93 The results showed that “greater body-mass index was associated with higher mortality from all-causes…” up to aged 75 years. However, the relative risk associated with increased BMI declined after age 75 years. Similarly, 13,451 California participants, mean age 73 years at study entry, were followed for 23 years.94 Relative to persons of normal weight, being underweight (BMI < 18.5) or obese (BMI > 30) at study entry was associated with increased mortality, as were those who were overweight or obese at aged 21 years. However, obesity was associated with increased mortality only among those under aged 75 years.


				In a prospective 14 year study of more than one million U.S. never smoker adults, the BMI nadir was 23.5 to 24.9 in men and 22.0 to 23.4 in women.95 Among those with the highest BMI (men > 35; women > 40), the relative risks of premature death was 2.58 for men and 2.00 for women. As with some other studies, black men and women with the highest BMI indexes had significantly lower risks of death (1.35 and 1.21, respectively). More recently, 527,265 U.S. men and women in the National Institutes of Health-AARP cohort, aged 50 to 71 years old at enrollment, were prospectively studied to evaluate the risk of death with increasing body weight.96 After 10 years of follow-up, there was an increased risk of death for both the highest and lowest categories of BMI for men, women, all racial/ethnic groups, and all ages. For non-smokers aged 50 years, the risk of death increased 20% to 40% among overweight (BMI 25.0-29.9) persons and 2- to 3-fold among obese (BMI > 30) persons. Obesity is not only associated with an increased death rate among whites, blacks, and Hispanic individuals, but it is also a problem with Asians. For example, a recent study of more than one million Koreans showed that for both sexes, the association between the death rate and body weight had a J-shaped curve.97 The lowest death rate occurred with a BMI of 23.0 to 24.9.


				Most studies have relied primarily on the BMI to evaluate the association between adiposity and risk of death, but few have examined the role of body fat distribution in the prediction of early death. To evaluate this relationship, Pischon and associates98 examined the association of BMI, waist circumference, and waist-to-hip ratio with the risk of death among 359,387 men and women from nine European countries. After a mean follow-up of 9.7 years, the lowest risks of death related to BMI were at a BMI of 25.3 for men and 24.3 for women. After adjustment for BMI, waist circumference and waist-to-hip ratio were also strongly associated with the risk of death. The authors concluded that since both general adiposity (BMI) and abdominal adiposity (waist-to-hip ratio, waist circumference) are associated with an increased risk of death, all three measurments are useful in this evaluation. Similarly, a study of Chinese women with increased abdominal adiposity “independently predicts mortality risk, particularly for nonobese (BMI < 30) women.”99

				Others reported that although increased abdominal adiposity has been linked to an increase in premature all-causes, cardiovascular, and cancer mortality, the results have been inconsistent.100 To clarify this question, these researchers prospectively followed 44,636 women (Nurses’ Health Study) for 16 years. After adjustment for BMI and potential confounders, the relative risks across the lowest to the highest waist circumference quintiles were 1.00, 1.11, 1.17, 1.31, and 1.79 for all-causes mortality; 1.00, 1.04, 1.04, 1.28, and 1.99 for cardiovascular mortality; and 1.00, 1.18, 1.20, 1.34, and 1.63 for cancer mortality. Thus, abdominal adiposity was “strongly and positively associated with all-cause, CVD, and cancer mortality independently of body mass index.”


				Since the relationship between adolescent adiposity and death during adulthood was uncertain, van Dam et al101 examined this association in 102,400 healthy, mainly non-Hispanic white women, aged 24 to 44 years at baseline. At this time, their current weight and height were measured and, along with their recalled weight at age 18 years, their BMI was calculated. After 12 years of follow-up, and adjustment for various confounders (i.e., cigarette smoking, alcohol use, physical activity), women with a BMI of 18.5 at age 18 years had a hazard ratio of 0.98. For those with a BMI of 22.0 to 24.9, 25.0 to 29.9, and 30 or more at aged 18 years, the hazard ratios for premature death were 1.66, 2.79, and 3.81, respectively. In addition, among those who never smoked, a BMI of 22.0 to 24.9 at age 18 years also had an increased risk of premature death (hazard ratio, 1.50).


				Childhood and young adult overweight/obesity is also increased if either parent is obese.102 This long-term study of members of a health maintainance organization showed the following: (a) the risk of being an obese young adult (21 to 29 years of age) ranged from 8% for obese 1- to 2-year-olds without parental obesity to 79% for obese 10- to 14-year-olds with at least one obese parent; (b) the probability of being an obese adult increased with increasing age and severity of obesity in childhood; (c) obese children six or more years of age had more than a 50% chance of being an obese adult; and (d) the presence of obesity in one or both parents significantly increased the risk of being an obese adult. Indeed, lean children with at least one obese parent had a 3-fold greater risk of adulthood obesity than children with normal weight parents.


				As discussed in Chapter 5, physical inactivity significantly increases the risk of numerous diseases and thereby shortens longevity. It is also apparent from the above studies that obesity has a similar increased risk of premature death. In a recent study, Hu et al103 evaluated whether increased levels of physical activity can counteract the elevated risk of death due to obesity. Here, the BMI and physical activity among 116,564 women, aged 30 to 55 years in 1976 and free of heart disease and cancer, were followed for 24 years. They found that although increased levels of physical activity was beneficial at all adiposity levels, obesity predicted a high risk of death regardless of the level of physical activity. Thus, compared with lean (BMI < 25 kg/m2) and active (> 3.5 hrs/week) women, the relative risks of death were 1.55 for lean but inactive women, 1.91 for active obese women, and 2.42 for inactive obese women. The authors estimated that 31% of all premature deaths were due to overweight/obesity and physical inactivity, but that obesity and physical inactivity “are strong and independent predictors of death.”


				Overweight/Obesity-Associated Diseases and Disorders


				Obesity, a significant risk factor for numerous diseases/disorders, leads to a significant increase in the probability of an impaired quality of life, increased morbidity, and decreased life expectancy (Table 6.1).


				I. Atherosclerosis

				A. Coronary Heart Disease


				Heart disease is the leading cause of death among both men and women in the U.S. and other Western countries. In 2004, 652,486 Americans died of heart disease.104 Although there has been a significant decrease in the overall cardiovascular death rate in the U.S. over the past several decades, the overall incidence of acute myocardial infarction has not declined; it has actually increased among women.105 Indeed, a recent study found a significant increase in the coronary heart disease (CHD) death rate in women ages 35 to 44 years between 1997 and 2002.106 The authors indicated that the increased obesity rate is, perhaps, the major factor. However, the death rate from CHD for men of similar ages was relatively stable during this period.


				Obese individuals, especially those who were overweight during childhood and adults with abdominal obesity, are at a significantly increased risk for CHD. Researchers of an extensive early study reported that the risk for CHD progressively increases from a “normal” BMI of 23 kg/m2 for men and 22 kg/m2 for women.107 More specifically, 115,818 females (Nurses’ Health Study), aged 30 to 55 years in 1976, were followed for 14 years.108 After controlling for various confounders, and using as a reference BMI of less than 21 kg/m2, the relative risks for CHD were 1.19, 1.46, 2.06, and 3.56 for BMIs of 21.0 to 22.9, 23.0 to 24.9, 25 to 28.9, and over 29.0, respectively. In a separate study, these researchers reported that among women who had never smoked, the relative risk for death from CHD was 4.1 for those with a BMI of 32 or higher compared with those with a BMI below 19.0.92

				In a later Nurses’ Health Study, this research group evaluated the association between the waist-hip ratio and waist circumference with the risk of CHD over an 8-year period.109 The results showed that both meaurements were independently associated with a significant increased risk for CHD. Thus, for women with a waist-hip ratio of 0.88 or greater, the relative risk was 3.25 compared with a ratio less than 0.72. If the waist circumference was 96.5 cm (38 in) or more, the relative risk was 3.06. After adjustment for hypertension, diabetes, and increased cholesterol level, a waist-hip ratio of 0.76 or higher or waist circumference of 76.2 cm (30 in) or more, the risk for CHD was still more than 2-fold higher.


				Studies have also shown that obesity significantly increases the risk for CHD in men, as reported in an early prospective study among 29,122 men aged 40 to 75 years over a 3-year period.110 After adjustment for various other CHD risk factors, the relative risks for CHD for men younger than 65 years were 1.72, 2.61, and 3.44 for those with a BMI of 25.0 to 28.9, 29.0 to 32.9, and 33.0 or greater. The association between the BMI and CHD was weaker for men 65 years and older; however, the waist-hip ratio was a signifcantly stronger risk predictor of CHD than BMI.


				Rexrode et al111 compared the waist circumference and waist-hip ratio as predictors of CHD among men in the Physicians’ Health Study to determine whether these associations are independent of the BMI. After adjusting for age, smoking, alcohol intake and other potential confounders, the authors concluded that there is a “modest relationship between abdominal adiposity…..” as measured by either waist circumference (WC) or waist-hip ratio and risk of CHD in both middle-aged and older men. However, abdominal adiposity did not remain an independent predictor of CHD after adjustment for BMI. Data from the Dallas Heart Study, however, indicated that the waist-to-hip ratio was “independently associated with prevalent atherosclerosis, and provided better discrimination than either BMI or WC” 112


				A recent study indicated that overweight and obesity are currently more important risk factors for CHD than smoking, levels of physical activity, educational level, and income.113 This prospective study and cross-sectional population survey consisted of men aged 35 to 74 years, without a history of CHD, who were followed for 10 years. In all, 32% of the English men had an increased 10-year risk for CHD and of this group, 47% of the high risk was attributed to excess body weight (BMI > 25 kg/m2) and/or a waist-hip ratio of 0.95 or more. The authors concluded that “Overweight and obesity now dominate the standard risk factors of CHD in men……” Obesity is also associated with an increased risk of heart failure114 and right ventricular dysfunction,115 even without overt heart disease.


				As with the association of physical activity and obesity with all-cause mortality,103 these risk factors are also independently associated with the risk of cardiovascular mortality.116 Because of these and other studies, the American Heart Association added obesity to its list of major risk factors for CHD117 and developed guidelines for achieving a healthy body weight.118 Moreover, since there are few data comparing the effects of obesity and physical activity on cardiovascular biomarkers (e.g., C-reactive protein, total, HDL- and LDL-cholesterol, apolipoprotein A1, others), Mora et al119 studied 27,158 healthy women at baseline over a 10-13 year period. Although both factors were strongly related to adverse biomarker levels, high BMI was more strongly related than physical inactivity.


				As noted previously, the worldwide obesity pandemic is not limited to adults; it also includes children and adolescents. Importantly, recent studies evaluated the risk of early adult CHD and premature mortality with childhood and adolescent obesity. For example, Baker and associates120 investigated the association between BMI in 276,835 Danish children at 7 to 13 years of age, born between 1930 and 1976, and the presence of CHD at 25 years of age and older. Their findings showed that increased childhood BMI in both boys and girls was associated with an increased risk of both fatal and nonfatal CHD in adulthood. The associations were linear for each age and the risk increased progressively as BMI increased. For a 13-year old boy in the highest weight category, the risk of either a fatal or nonfatal CHD event was 33% by the age of 60 years. Thus, “as children are being heavier worldwide, greater numbers of them are at risk of having CHD in adulthood.”


				Others estimated the prevalence of obese 35 year-olds in 2020 on the basis of adolescent overweight in 2000.121 The projected results suggested that adolescent overweight in 2002 will increase to a range of 30% to 38% in adult men and 34% to 44% in women in 2020. It was estimated that by 2035, the prevalence of CHD will increase between 5% and 16% with 100,000 or more cases of CHD due to increased obesity. As a result, adolescent overweight will significantly “increase the rates of CHD among future young and middle aged adults, resulting in substantial morbidity and mortality.”


				Updated expert committee guidelines set for childhood obesity were recently published.122 In general, they call for a calculated BMI at least annually, counseling about weight even if children are not overweight, and a four-stage treatment plan that could end in medication or surgery for the most persistently obese children. For prevention, the recommendations include both specific eating and physical activity behaviors, among others. A literature review for optimal childhood cardiovascular health was also recently published.123

				B Cerebrovascular Disease


				In 2004, 150,074 Americans died from cerebrovascular disease, the third most common cause of death in the U.S.104 Deaths from stroke are highest in the southeastern U.S. than in other regions of the country.124 Moreover, blacks, American Indians/Alaska Natives, Asians/Pacific Islanders, and Hispanics die from stroke at younger ages than whites.124,125


				Overweight (BMI 25.0-29.9) and obesity (BMI > 30) significantly increase the risk of stroke in both men and women. In an early Nurses’ Health Study, 116,759 women aged 30 to 55 years and free of CHD, cancer, and stroke, were followed for 16 years.126 After adjustment for age, smoking, hormone use, and menopausal status, women with a BMI of 27.0 or more had a significantly higher risk for ischemic stroke. The relative risks for BMIs 27.0 to 28.9, 29.0 to 31.9, and 32.0 or greater were 1.75, 1.90, and 2.37, respectively. More recently, these researchers carried out a prospective study of BMI and stroke risk in 39,053 healthy women.127 After a mean follow-up of 10 years, there was a statistically significant trend for increased risk of ischemic and total stroke. Thus, compared with women whose BMI was less than 25.0, women who were obese had hazard ratios of 1.50 for total stroke, 0.82 for hemorrhagic stroke, and 1.72 for ischemic stroke.


				In an early study involving 28,643 U.S. male health professionals, aged 40 to 75 years in 1986, Walker et al128 compared the association between BMI and abdominal obesity with stroke incidence. After 5 years of follow-up, the relative risk was 1.29 for men in the highest BMI quintile compared with those in the lowest quintile. However, the age-adjusted relative risk between the lowest and highest quintiles of waist/hip ratio was 2.33. Using waist circumference alone, the relative risk was 1.52 for men in the highest quintile (> 40.2 inches) compared with men in the lowest quintile (< 34.5 inches). In a more recent Physicians’ Health Study, there were 631 ischemic, 104 hemorrhagic, and 12 undefined strokes during 12.5 years of follow-up.129 Compared with men with BMIs less than 23.0, those with BMIs of 30.0 or greater had a relative risk of 2.00 for total stroke, 1.95 for ischemic stroke, and 2.25 for hemorrhagic stroke.


				II. Cancer


				In the United States, cancer is the second leading cause of death across all ages. However, it is the leading cause of death for persons less than 85 years of age.104 Importantly, the overall cancer incidence rates between 1992 and 2004 declined by about 0.6% per year.130 Increased body weight has been associated with an increased risk of numerous forms of malignancy (Table 6.2). 
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				Indeed, in 2001 an international research group concluded that taken together, excess body weight and physical inactivity account for approximately one-fourth to one-third of cancers of the colon, breast, endometrium, kidney,and esophagus.131 Two early prospective studies of 750,000 men and women by the American Cancer Society compared the death rates for individuals who were overweight compared with those of average weight.132,133 After 12 years of follow-up, the mortality ratio for men and women who were 40% or more overweight were 1.33 and 1.55, respectively. Overweight men had significantly higher mortality risks for colorectal and prostate cancer; overweight women had significantly higher risks for cancers of the breast, ovary, endometrium, cervix, and gall bladder.


				Similarly, in a large recent prospective population study of men (404,576) and women (495,477) who were free of cancer in 1982, Calle and associates134 examined the relation between BMI and the risk of death from all cancers, as well as those at specific sites. Those who were morbidly obese (BMI > 40) had combined death rates that were 52% higher for men and 62% higher for women than those of normal weight (BMI < 25). For men, the relative risk was 1.52; the relative risk was 1.62 for women. In both men and women, BMI was also significantly associated with higher death rates from carcinoma of the colon, rectum, esophagus, liver, gall bladder, pancreas, and kidney, as well as from multiple myeloma and non-Hodgkin’s lymphoma. Significant death trends were also observed for cancers of the stomach and prostate in men and breast, uterus, cervix and ovary in women. The authors estimated that overweight and obesity could account for 14% of all cancer deaths in men and 20% in women.


				More recently, Renehan and associates135 analyzed 141 articles involving 282,131 incident cancer cases. Using strict inclusion criteria, their results showed that a higher BMI was associated with an increased risk of thyroid, renal, esophageal, and colon cancers, multiple myeloma, leukemia, and non-Hodgkins lymphoma in both sexes; rectal carcinoma and malignant melanoma in men; and gallbladder, pancreas, endometrial, and postmenopausal breast cancers in women. Moreover, the associations were generally similar in studies from Europe, North America, Australia, and the Asia-Pacific region.


				

1. Colorectal Cancer

				Every year in the U.S., 160,000 cases of colorectal cancer are diagnosed, and 57,000 patients die of the disease, making it the second leading cause of death from cancer among adults.136 Overweight and obesity have been associated with various cancer types, including colorectal carcinoma.134 More specificantly, Giovannucci and associates137 compared physical activity, BMI, waist circumference, and waist-to-hip ratio with the incidence of colon cancer and adenomas in 31,055 men aged 40 to 75 years. After adjustment for various confounders (i.e., age, smoking, family history, aspirin intake, dietary fiber, etc.), physical activity was inversely associated with the incidence of colon cancer (relative risk, 0.53 for highest vs lowest quintiles). However, BMI was directly associated with the risk for colon cancer independent of physical activity level. Waist circumference and waist-to-hip ratio were also strong risk factors for colon cancer (waist-to-hip ratio > 0.99 compared with < 0.90, relative risk, 3.41; waist circumference > 43 inches compared with < 35 inches, relative risk, 2.56). These associations also persisted after adjustments for physical activity and BMI. In addition, both physical inactivity and obesity were similarly associated with adenomas one centimeter or more in diameter.


				The association between body weight and colorectal cancer has been somewhat inconsistent in women. Since early studies suggested a stronger association between obesity and colorectal carcinoma in premenopausal women than in postmenopausal women, Terry and associates138 followed 89,835 women aged 40 to 59 years for an average of 10.6 years. Indeed, there was a two-fold increased risk of colorectal cancer in obese premenopausal women compared with normal weight women. However, obesity was not associated with an increased risk in postmenopausal women.


				Caan et al139 investigated the risks of BMI and body fat distribution associated with colon cancer in men and women aged 30 to 79 years. This case-control study consisted of 1,983 people with colon cancer and 2,400 age and gender matched controls. These researchers reported that BMI “was consistently associated with an increased risk of colon cancer” in both men and women. Moreover, comparing the third quintile with the first quintile, younger persons with a family history of colorectal cancer had a significantly greater risk of colon cancer associated with BMI (odds ratios 7.76 and 4.85 for men and women, respectively). In those with no family history of colon cancer, the odds ratios were 1.70 for men and 1.53 for women. After controlling for BMI, the waist-to-hip ratio was not associated with colon cancer in men, but was associated with “a slight increase in women.”


				Since BMI is apparently more strongly related to colon cancer in men than women, Pischon et al140 recently studied the association between anthropometric measures and risk of colon and rectal cancers among 368,277 men and women from nine European countries. After 6.1 years of follow-up, they identified 984 cases of colon cancer and 586 cases of rectal cancer. Body weight and BMI were significantly associated with colon cancer in men (relative risk, 1.55 for highest vs lowest quintile), but not for women. However, comparisons of the highest to lowest quintiles of anthropometric measures were related to colon cancer risk in both sexes. Thus, the relative risks for waist circumference were 1.33 for men and 1.48 for women; waist-to-hip ratio, 1.51 and 1.52 for men and women, respectively; and height were 1.40 for men and 1.79 for women. However, none of these measures were significantly associated with the risk of rectal cancer.


				Others evaluated the relationship between physical activity, BMI, and pattern of fat distribution with colorectal adenomas in 13,057 female nurses aged 40 to 65 years.141 After controlling for the important confounders, physical activity was inversely associated with large (> 1.0 cm) adenomas in the distal colon (relative risk, 0.57 comparing high vs low quintiles of physical activity). BMI was also directly associated with the risk of large adenomas (relative risk, 2.2), independent of physical activity level. Although waist circumference and waist-to-hip ratio were not significantly related to adenomas independent of BMI, women with both a high BMI and waist-to-hip ratio were at a greater risk of large colon adenomas than women with a high BMI but lower waist-to-hip ratio (relative risk, 1.99). Interestingly, BMI was not significantly related to small (< 1.0 cm) adenomas.


				A recent meta-analysis of 30 prospective studies (1966-2007) of obesity and the risk of colon and rectal cancer indicated the following:142 a 5-unit increase in BMI was related to colon cancer in both women and men (association stronger in men); BMI was related to rectal cancer in men but not in women; colon cancer increased with increasing waist circumference in both women and men; and colon cancer increased with increasing waist-to-hip ratio in both men and women.


				2. Breast Cancer


				Although more than two-thirds of women with breast cancer are cured, it is still a major cause of death. An early large prospective study of overweight women reported that, compared with women of “average” weight, the risk of death from breast cancer was 1.53 for those who weighed 140% or more of the average weight.134 In a later prospective cohort New York University Women’s Health Study, breast cancer risk was examined in relation to weight, height, and waist-to-hip ratio (WHR).143 Their results showed that among premenopausal women, the relative risk for breast cancer increased to 1.72 in the upper quartile of WHR. However, the association was limited to those whose BMI was elevated. Although BMI itself was not related to breast cancer risk in premenopausal women, in postmenopausal women the relative risk for breast cancer increased to 2.36 in the upper BMI quartile; there was no association with WHR.

				In the American Cancer Society’s Cancer Prevention Study II, Petrelli et al144 compared the relation between BMI and height and postmenopausal cancer mortality. Here, breast cancer mortality rates increased continually with increasing BMI (rate ratio 3.08 for BMI > 40 compared with 18.5-20.49). If causal, the authors estimated that 30% to 50% of breast cancer deaths among postmenopausal women are attributable to excess body weight. Similarly, the Women’s Health Initiative Observational Study assessed the risk of increased body weight and breast cancer in 85,917 women aged 50 to 79 years at baseline.145 They reported that among women who had ever used hormone replacement therapy (HRT), anthropometric factors were not associated with breast cancer. However, among HRT non-users, the relative risk was 2.52 for those with a baseline BMI of 31.1 or greater compared with a BMI less than 22.6. Although both waist and hip circumference were also associated with increased breast cancer risk, their ratio was not.


				


Using data from the Malmo Diet and Cancer Study, Lahmann et al146 categorized 12,159 postmenopausal women, mean age 59.9 years, by quintiles of baseline anthropometric and impedance measures and weight change since age 20. After 5.7 years of follow-up, weight, height, BMI and percent body fat were positively associated with an increased risk of breast cancer. Percent body fat showed the strongest association (relative risk, 2.01) in the highest versus the lowest quintile. However, fat distribution was not independently associated wih the risk of breast cancer. Moreover, women with a weight gain in the top quintile [31 kg (46.2 lbs)] had a relative risk of 1.75 compared with women with a low weight gain. Thus, percent body fat was “a more discriminating risk factor for breast cancer incidence than the commonly used BMI.”

				A prospective cohort study of 87,143 postmenopausal women (Nurses’ Health Study), who were followed for 26 years, indicated that 15% of breast cancer cases were attributable to a weight gain of 2.0 kg or more since age 18 years.147 Moreover, weight gain after menopause significantly increased the risk of breast cancer in postmenopausal women whereas weight loss after menopause decreased the risk. Somewhat similar findings were reported using data from 73,542 premenopausal and 103,344 postmenopausal women from nine European countries.148 After 4.7 years of follow-up, current hormone replacement therapy (HRT) in postmenopausal women modified the association between breast cancer and body size. Among non-users, weight, BMI, and hip circumference in women whose BMI exceeded 30 had a 31% excess risk compared with women whose BMI was less than 25. Among HRT users, body measures were inversely, but not significantly, associated wth breast cancer. After accounting for BMI, hip circumference was the only measure significantly related to breast cancer in premenopausal women. For postmenopausal women not taking HRT, after adjusting for BMI, neither waist circumference nor waist-to-hip ratio was an important risk factor.


				3. Endometrial Cancer


				Numerous studies have shown that adiposity significantly increases the risk of endometrial cancer. Indeed, epidemiological studies have shown that 41% or more cases of endometrial cancer can be atttributed to excess body weight, independent of physical activity (Chapter 5).149 Premature deaths due to endometrial cancer also progressively increase with increasing body weight. For example, an early study reported that the mortality rate from endometrial carcinoma progressively increased as body weight increased.132 Compared with women of “average” weight, the mortality ratios were 1.36, 1.85, 2.30, and 5.42 for those who weighed 110-119%, 120-129%, 130-139%, and 140% or more of the “average” weight, respectively. Similarly, data from the Cancer Prevention Study II (1982-1998) indicated that the relative risk of death from endometrial cancer was 6.25 for women with a BMI of 40 or more compared with those whose BMI was less than 25.134 Several representative examples of the association of body weight and endometrial cancer will be reviewed.


				In an early case-control study that included 168 cases and 334 controls, Austin and co-workers150 found a “strong positive relationship between overall obesity and endometrial cancer…” Here, the relative rate of endometrial cancer for women in the upper 90th percentile of BMI, compared with those below the median, was 5.5. However, there was no relationship between endometrial cancer and waist-to-hip ratio. A similar case-control study of 403 women with endometrial cancer and 297 controls indicated that those whose body weight was 78 kg (171.6 lbs) had 2.3 times the risk compared with those who weighed 58 kg (127.6 lbs) or less.151 After weight adjustment, the relative risks of endometrial cancer across increasing quartiles of upper body obesity were 1.0, 1.5, 1.8, and 2.6. Others,152 reported that women in the top quartile of BMI (> 29) had a 3-fold greater risk of endometrial cancer than women in the lowest quartile (BMI < 23). Moreover, for each 5 kg (11 poiunds) weight gain, the odds ratio for cancer risk was 1.2.


				

Adiposity has also been shown to increase the risk of endometrial cancer in women outside the United States. For example, in a population-based case-control study in Shanghai, China, overall and upper body obesity were both associated with an increased risk of endometrial cancer.153 The odds ratios for the highest quartile compared with the lowest quartile were 2.6 for weight, 2.9 for BMI, 4.7 for waist circumference, and 3.5 for waist-to-hip ratio. After adjustment for BMI, only waist circumference and waist-to-hip ratio were significantly associated with endometrial cancer. In a follow-up report, these researchers evaluated the association between endometrial cancer and weight gain during adulthood.154 Their results indicated that weight gain during adulthood, especially in the peri-menopausal period (age 40-50 years), was significantly associated with an increased risk of endometrial cancer. In a prospective study of Swedish women, the standardized incidence ratio (SIR), which is the ratio of the observed number of cancers to the number expected, for endometrial cancer was 2.9.155

				Bjorge et al156 noted that obesity is primarily associated with estrogen-dependent endometrial cancers (Type 1 tumors). To better understand the relationship between body size and histological subtypes of uterine cancers, they determined the BMI in over one million Norwegian women, aged 20 to 74 years, during 1963-2001. Compared with women with a normal BMI, the relative risks for overweight and obese women were 1.36 and 2.51, respectively. Although the increase was primarily for Type 1 tumors, it was also seen in Type 2 tumors (i.e., papillary, serous, clear cell adenocarcinomas), sarcomas, and mixed tumors.


				4. Cervical Cancer


				The association between increased body weight and cervical cancer is less compelling than for endometrial cancer. In an early study, the mortality ratio from cervical cancer modestly increased with increasing body weight.132 Subsequent studies also indicated a modest relationship between increased body weight and the risk of cervical cancer. For example, using the standard incidence ratio, the risk for cervical cancer in Swedish women was 1.4.155 A subsequent case-control study included 124 women with cervical adenocarcinoma, 139 with squamous carcinoma, and 307 matched controls.157 The results indicated that height, weight, BMI, and waist-to-hip ratio were positively associated with adenocarcinoma; the:odds ratio was 2.1 for a BMI of 30 or more versus below 25 and 1.8 for the highest versus the lowest teritle for waist-to-hip ratio. The relative risks for a BMI of 30 or more and the highest tertile of waist-to-hip ratio were both 1.6 for squamous cell cardinoma; both height and weight were weakly associated with squamous cell carcinoma. However, in a recent U.S. study, the relative mortality risk for cervical cancer was 3.4 for women whose BMI was 35 or more compared with those whose BMI was less than 25.134


				5. Ovarian Cancer


				As with cervical cancer, studies regarding the association between increased body weight and ovarian cancer have shown mixed results. Although there was a modest association between body weight and increased risk for ovarian cancer in the early study by Lew and Garfinkel, the number of cases were few.132 Similarly, the standarized incidence ratio in obese women for ovarian cancer in a Swedish study was 1.2.155 In a recent U.S. study, the relative risk for ovarian cancer in women whose BMI was 35 or more was 1.51 compared with a BMI less than 25.134


				A study of current weight, weight at aged 18 years, and adult weight in 109,445 women (Nurses’ Health Study) and ovarian cancer risk was recently reported.158 The results showed a significant increased risk for premenopausal ovarian cancer in women whose BMI at age 18 was 25 or more compared with those less than 20 (relative risk, 2.0). However, there was no significant association between ovarian cancer and current weight, current BMI, or adult weight gain. Similarly, others reported that compared with healthy underweight women, neither overweight or obesity was significantly associated with an elevated risk of ovarian cancer.159 Moreover, after stratification by menopausal status, obese premenopausal women (i.e., less than 50 years old) had a significantly increased risk (odds ratio, 2.19).


				In a population-based case-control study, Greer et al160 compared anthropometry and the risk of epithelial ovarian cancer in women not taking oral contraceptives or hormone therapy. Here, anthropometric measures were associated with increaed cancer risk only in nulliparous women (odds ratio, 2.1 compared with 0.96 for parous women). Adult weight gain was also significant only for nulliparous women.


				Several studies have focussed on the association between body weight and ovarian cancer mortality. For example, Rodriguez and associates161 examined the relationship between BMI, height, and cancer mortality among 300,537 postmenopausal women. After 16 years of follow-up, the relative risks of overweight (BMI > 25) and obesity (BMI > 30), compared with women whose BMI was less than 25, were 1.16 and 1.26, respectively. Height was also positively associated with ovarian cancer mortality. Similarly, reduced survival was reported among 214 Chinese women with a BMI greater than 25 at 5 years before diagnosis ( P= 0.001).162 Here, the hazard ratio was 2.33 for BMI over 25 versus less than 20. Moreover, the hazard ratio was 3.31 among women who were overweight or obese at age 21 years.


				

Since some studies evaluating the association between obesity and ovarian cancer have had weak statistical power, Olsen et al163 carried out a systematic review and meta-analysis. They identified 28 acceptable studies, of which 16 were on adult obesity and 9 on early adulthood obesity. In 24 studies, there was a positive association between obesity and ovarian cancer, 10 of which reached statistical significance. The pooled odds ratio was stronger among case-control studies (1.2) than cohort studies (1.1). Early adulthood overweight and obesity were also associated with an increased risk of ovarian cancer. The authors concluded that “Ovarian cancer should be added to the list of cancers likely to be related to obesity.”


				6. Kidney Cancer


				The incidence of renal cell carcinoma in Western countries has increased significantly over the past three decades. Two early case-control studies found that the association between obesity and renal cell carcinoma was present in women only;164,165 later reports, however, noted an increased risk in both sexes.166,167 More specifically, in a Danish study the risk of renal cell carcinoma in obese persons increased particularly among women (relative risk 2.67 compared with 1.52 in men).168 The association between obesity and renal cell carcinoma was also studied in Norway.169 In this report involving two million Norwegian men and women, including 227,000 adolescents, the risk of kidney cancer increased with increasing BMI among both adults and adolescents. Thus, for every one-unit increase in BMI, the relative risk was 1.05 in both sexes. Moreover, for every 10 centimeter increase in height, the relative risk was 1.19 in men and 1.17 in women. In a recent Swedish study, the standardized incidence ratio for kidney cancer was 2.3 for both obese men and women (BMI > 30) compared with those of normal weight (BMI < 25).155 In a literature review of all studies examining body weight in relation to kidney cancer in MEDLINE from 1966 to 1998, Bergstrom et al170 identified 22 studies on each sex. The summary relative risk for both men and women was 1.07 for each unit of BMI increase (i.e., 3 kg; 2.2 lbs).


				With respect to the association of kidney cancer mortality and body weight, an early study of 750,000 men and women showed a modest increase, especially in women.132 In a more recent prospective U.S. study of more than 900,000 men and women, the relative risk of death from renal cell carcinoma was 4.75 for women who were morbidly obese (BMI > 40); the relative risk was 1.70 for men whose BMI was 35 or more.134 In another recent U.S. study, Adams et al171 analyzed the association between BMI and invasive renal cell carcinoma (RCC). This large prospective cohort, aged 50-71 years at baseline, was initiated in 1995-1996 with follow-up through 2003. RCC associations were strongest for baseline BMI at age 50 years and were successively attenuated for BMI at ages 35 and 18 years. RCC was also strongly associated with weight gain in early (18-35 years of age) and mid-adulthood (35-50 years of age). The waist-to-hip ratio was also positively associated with RCC in women.


				7. Gall Bladder Cancer


				In the early mortality study of the association between gall bladder cancer and obesity, there was insufficient data for men, but a progressive cancer increase with increasing body weight in women.132 In a Swedish study of the association between body weight and gall bladder cancer, the standard incidence ratio was 1.6, which was significant in both men and women.145 Calle et al134 reported that the relative risks of death for obese (BMI > 30) American men and women with gall bladder cancer were 1.76 and 2.33, respectively.


				Two recent studies also found a greater risk of gall bladder cancer in obese women compared with obese men. Thus, Engeland and associates172 reported that the overall relative risk associated with one unit increase in BMI was 1.06 in women only. Similarly, a meta-analysis of published studies of obesity and the risk of gall bladder cancer indicated a stronger association for women than men (relative risks 1.88 and 1.35, respectively).173 Compared with individuals of “normal weight”, the relative risks were 1.15 and 1.66 for both sexes who were overweight and obese, respectively.


				8. Pancreatic Cancer


				An early American Cancer Society study suggested a modest increase in mortality from pancreatic cancer in overweight women; the findings were inconsistent in men.132 Although the authors174 of a recent Italian study concluded “that obesity is not a risk factor for pancreatic cancer,” others have consistently reported a positive association, although results vary somewhat between men and women. For example, a recent population-based case-control study in the San Francisco Bay area found that elevated anthropometric factors were associated with pancreatic carcinoma only in men.175 Thus, the odds ratios (OR) were elevated for BMI at 25 years (OR, 2.0, 4th versus 1st quartile); maximum BMI (OR, 1.8); and usual adult BMI (OR, 2.1). Similarly, a study of residents in Southeastern Michigan found that among nonsmokers, men in the highest BMI category were 3.3 times more likely to develop pancreatic cancer compared with men with a low BMI.176 There was no relation between BMI and pancreatic cancer in women. Other large studies, however, have shown a positive association between body weight and pancreatic cancer in women.


				

Patel et al177 followed 145,627 men and women for 7 years during which time there were 242 cases of pancreatic cancer. The relative risk for pancreatic cancer among obese men and women, compared with men and women of normal weight, was 2.08. In a recent study of more than 900,000 American men and women, the relative mortality risk in morbidly obese (BMI > 40) women, compared with normal weight women, was 2.76.134 Compared with normal weight men, the relative risk was 2.61 for those whose BMI was 35 or more. Similarly, in a recent Swedish study the multivariate rate ratio of pancreatic cancer for obese women and men was 1.81, compared to those with a BMI less than 25.178 For a difference of 20 centimeters (two standard deviations) in waist circumference, the rate ratios were 1.32 and 1.74 for women and men, respectively. Moreover, in two cohort studies of men (Health Professionals Follow-up Study) and women (Nurses’ Health Study), “individuals with a BMI of at least 30 kg/m2 had an elevated risk of pancreatic cancer compared with those with a BMI of less than 23 kg/m2” (relative risk, 1.72).179

				To determine whether excess body weight was associated with an increased risk for pancreatic cancer in Asian populations, Lin et al180 studied 110,792 Japanese men and women. Men with a BMI of 30 or more at age 20 years had a 3.5-fold greater risk than those whose BMI was normal. Women with a BMI of 27.5 to 29.9 at baseline had a 60% greater risk compared with women with a baseline BMI of 20.0 to 22.4. Moreover, the findings from a recent meta-analysis of BMI and pancreatic cancer risk in 21 independent prospective studies involving 3,495,981 men and women were recently published.181 Here, the relative risk of pancreatic cancer per 5 kg/m2 (11 pounds) increase in BMI was 1.12 in men and women combined; 1.16 in men and 1.10 in women. Thus, the meta-analysis of these prospective studies “support a positive association between BMI and risk of pancreatic cancer in men and women.”


				In the most recent case-control study involving 841 patients with pancreatic adenocarcinoma, Li et al182 confirmed the association between pancreatic carcinoma risk and obesity and emphasized the potential role of obesity in early adulthood. They also noted that overweight and obese patients were diangosed with pancreatic cancer at a younger age than patients with normal weight and that overweight and obese patients have lower rates and duration of survival after the malignancy is diagnosed.


				9. Esophageal and Gastric Cardia Cancer


				Incidence rates have risen rapidly for esophageal adenocarcinoma and moderately for gastric cardia adenocarcinoma over the past three decades. In a population-based case-control study from 1986 to 1989, Brown et al183 found a significantly increased risk of esophageal adenocarcinoma in individuals in the heaviest BMI quartile versus the lowest quartile (odds ratio, 3.1). The risks were also highest for those who consumed the least amount of vegetables and raw fruit. Two late 1990s studies also found that increasing obesity, determined by BMI, was significantly associated with an increased risk for esophageal adenocarcinoma, as well as a moderately increased risk for adenocarcinoma of the gastric cardia.184,185 The Swedish study185 found a strong dose-dependent relation between BMI and esophageal adenocarcinoma (odds ratio 7.6 in highest BMI quartile versus lowest quartile). For those whose BMI exceeded 30, the odds ratio was 16.2 compared with those whose BMI was less than 22. For patients with gastric cardia adenocarcinoma, the odds ratio was 2.3 for those in the highest quartile compared with the lowest quartile.


				In a study of more than 900,000 Americans, the relative risks of esophageal cancer in both sexes whose BMI was 30 or more were 1.91 and 2.64 for men and women, respectively.134 Others186 followed 41,295 people for an average of 11.3 years and found both esophageal and gastric cardia adenocarcinomas were positively associated with BMI. For those with a BMI greater than 30, compared with less than 25, the hazard ratio was 3.7. Moreover, for each 10 centimeter increase in waist circumference, the hazard ratio was 1.46, and for each 10 kilogram increase in fat-free mass, it was 2.06. Non-cardia gastric carcinoma showed no significant relationship with body size.


				In a literature review, Kubo and Corley187 analyzed the association between BMI and adenocarcinomas of the esophagus and gastric cardia. In their meta-analysis of 14 studies (2 cohort, 12 case-control), a BMI greater than 25 was associated with an increased risk of esophageal adenocarcinoma in both men and women (odds ratios, 2.2 and 2.0 for men and women, respectively). However, an elevated BMI was only weakly associated with an increased risk of gastric cardia adenocarcinoma.


				10. Liver Cancer


				Non-alcoholic fatty liver disease (NAFLD) is a common obesity-related disorder. Although the natural history of NAFLD is difficult to assess, individuals with NAFLD often develop steatohepatitis which may progressively lead to hepatic fibrosis, cirrhosis, and liver cancer. In the general population, most estimates of NAFLD reportedly range from 6% to 14%, but in patients undergoing bariatric surgery it ranges from 84% to 96%.188 In addition, 25% to 50% reportedly have non-alcoholic steatohepatitis (NASH), 34% to 47% have hepatic fibrosis, and 2% to 12% have cirrhosis.


				A recent Italian study noted that “obesity and diabetes per se are significantly associated with the development of HCC” (i.e., hepatocellular carcinoma).189 In addition,a recent prospective population study of more than 900,000 U.S. men and women found that the relative risk of liver cancer in severely obese (BMI > 35) individuals was 4.52, compared with those whose BMI was less than 25.134 Furthermore, the risk was significantly higher than that of the 10 other reported obesity-associated cancers. A meta-analysis of 11 cohort studies of body weight and obesity and the risk of liver cancer was recently published.190 Compared with normal weight persons, the summary relative risks of liver cancer were 1.17 and 1.89 for those who were overweight and obese, respectively.

				The negative effects of chronic alcohol consumption on hepatic mitochondria has been known for many years.191 However, it has only been recently recognized that mitochondrial dysfunction may play a critical role in the developmnent of NAFLD and progression to NASH,192 and presumably on to hepatocellular carcinoma. The importance of mitochondrial dysfunction and oxidative stress in the pathogenesis of obesity- and alcohol-induced fatty liver diseases was recently reviewed.193


				11. Prostate Cancer


				In an early American Cancer Society long-term prospective study over the period 1959-1972, there was a modest increase in the risk of prostate cancer with increased body weight.132 Similarly, for American men whose BMI was over 35, the relative risk was 1.34 compared with men whose BMI was less than 25.134 Interestingly, two recent studies indicated that obese men (BMI > 30) had a lower risk for low-grade prostate cancer than normal weight men (BMI < 25); obese men, however, had a significantly higher risk for high-grade prostate cancer. More specifically, the Prostate Cancer Prevention Trial found that obese men had an 18% lower risk (odds ratio = 0.82) of low-grade prostate cancer than men whose BMI was less than 25.194 However, obese men had an increased risk (odds ratio = 1.29) of high-grade prostate cancer compared with men of normal weight. Similarly, Rodriguez et al195 reported that BMI was inversely associated with the risk of localized low-grade prostate cancer (relative risk, 0.84). However, BMI was positively associated with the risk of non-metastatic high-grade prostate cancer (relative risk, 1.22), as well as the risk for metastatic or fatal prostate cancer (relative risk, 1.54).


				12. Hodgkin’s and Non-Hodgkin’s Lymphoma


				In a Swedish Cancer Registry study of obesity and cancer risk, the standardized incidence ratio (ratio of observed number of cancers to that expected) for lymphomas was 1.4, with a higher risk (3.3) for Hodgkin’s lymphoma in men only and for non-Hodgkin’s lymphoma only in women (1.6).155 However, in a prospective study of more than 900,000 U.S. men and women, the relative risk of non-Hodgkin’s lymphoma in men and women whose BMI exceeded 35 was 1.49 and 1.95, respectively.134


				More recently, a meta-analysis of 16 non-Hodgkin’s lymphoma studies (10 cohorts, 6 case-control) compared people of normal weight with those who were overweight (BMI 25 to 30) and obese (BMI > 30).196 The summary relative risks for non-Hodgkin’s lymphoma were 1.07 for overweight persons and 1.20 for those who were obese. When stratified for histologic subtypes, only diffuse large B-cell lymphoma was statistically significant (relative risk, 1.40).


				13. Multiple Myeloma


				In a large prospective study of the association between body weight and multiple myeloma, Calle et al134 reported that the relative risk was 1.71 for men whose BMI exceeded 35, compared with a BMI less than 25. For obese women (BMI > 35), the relative risk was 1.44 compared with women whose BMI was less than 25. Similarly, a meta-analysis of 11 cohort studies and 4 case-control studies indicated that the risk of multiple myeloma was significantly higher among those who were overweight (relative risks: cohort studies, 1.12; case-control studies, 1.43) or obese (relative risks: cohort studies, 1.27; case-control studies, 1.82).197


				III. Type 2 Diabetes Mellitus


				Since type 2 diabetes and obesity are so closely associated, Sims and associates coined the term “diabesity” in the early 1970s.198 Indeed, as with the obesity pandemic, a world-wide diabetes pandemic has also emerged over the past several decades. Unfortunately, the burden of diabetes on society’s health and welfare continues to rise. The number of diagnosed cases rose drastically in the U.S. from 1.5 million in 1958 to 17.9 million in 2007.199 As of 2009, 23.6 million Americans had type 2 diabetes; among minorities, the reported prevalence among Hispanics and African Americans was 10.4% and 14.7%, respectively. Unfortunately, about one in four U.S. diabetics are unaware that they have diabetes.


				With respect to U.S. geography, the results of a recent CDC county-level prevalence of diabetes and obesity study for diabetes (> 10.6%) and obesity (> 30.9%) were present in West Virginia, the Appalachian counties of Tennessee and Kentucky, Mississippi Delta, a “southern belt” across Louisiana, Mississippi, middle Alabama, south Georgia, and the coastal regions of the Carolinas.200 In addition, the International Diabetes Federation predicted that the number of individuals with diabetes will increase from 240 million in 2007 to 380 million in 2025, with 80% of the disease burden in low- and middle-income countries.201 Since Asia is the most populous region of the world, more than 60% of the world’s diabetic population will be in this region. As a result, “type 2 diabetes is an increasing epidemic in Asia characterized by rapid rates of increase over short period and onset at a relatively young age and low body mass index.”202

				The age-adjusted prevalence of diagnosed diabetes in the United States increased 43% from 1997 to 2005.203 Moreover, at least one fourth of U.S. adults have prediabetes, a disorder defined as having impaired fasting glucose (plasma glucose level 100 mg/dL to less than 126 mg/dL), impaired glucose tolerance (plasma glucose level of 140 to less than 200 mg/dL after a 2-hour oral glucose tolerance test), or both.204,205 Indeed, type 2 diabetes, which comprises 90-95% of all diabetes cases, is the sixth leading cause of death in the United States (Chapter 1). In reality, it is significantly higher since it is a major risk factor for coronary heart disease, the leading cause of death in Western societies, among others.206,207 Using data from the Framingham Heart Study, Franco et al208 reported than diabetic men and women live on average 7.5 and 8.2 years less than their non-diabetic counterparts. The differences in life expectancy free of cardiovascular disease were 7.8 and 8.4 years for men and women, respectively.


				Diabetes is also a major risk factor for cerebrovascular disease, the third leading cause of death in the United States, as well as chronic renal disease and hypertension, For example, the prevalence of chronic renal disease increased significantly from 1988 to 1994.209 The authors concluded that “This increase is partly explained by the increasing prevalence of diabetes and hypertension……….” Indeed, diabetic nephropathy occurs in about one third of individuals with diabetes and is significantly increasing in the developing world. This is particularly true in the Asia-Pacific region where a 2003 survey indicated that diabetic nephropathy was the most commmon cause of end-stage kidney disease in nine of ten Asian countries.210


				Since the mortality rate over the past several decades among American diabetic adults is unknown, Gregg et al211 examined the all-cause and cardiovascular disease mortality rates in persons age 35 to 74 years at baseline in three separate surveys: presence of diabetes in 1971-1975, 1976-1980, and 1988-1994 and mortality rates through 1988, 1992, and 2000. Their results showed that both all-cause and cardiovacular mortality rates among diabetic men declined during this time period. However, “diabetes continues to greatly increase the risk of death, particularly among women.”


				Studies have clearly shown that the risk of type 2 diabetes significantly increases with increasing body weight in both sexes, and in all ages, races, and educational levels.212-214 Moreover, the delay in the diagnosis of diabetes is significant. In the Atherosclerosis Risk in Communities study, the median delay from onset to diagnosis was 2.4 years; more than 7% of incident cases were undiagnosed for at least 7.5 years.215 This is truly unfortunate since among persons at risk, diabetes can be prevented or delayed by moderate weight loss and increased physical activity.216,217


				Hu et al218 followed 84,941 healthy women at baseline (Nurses’ Health Study) from 1980 to 1996. They studied five variables; BMI, diet, level of physical activity, smoking, and alcohol intake. They concluded that 91% of the cases were lifestyle-related; the single most important determinant was excess body weight. Physical inactivity, independent of body weight, was the second most important factor. Similarly, a prospective cohort study of 27,270 men (Health Professionals Follow-UP Study) was conducted whereby waist circumference (WC), waist-to-hip ratio (WHR), and BMI were assessed.219 After 13 years of follow-up, the age-adjusted ralative risks across quintiles of WC were 1.0, 2.0, 2.7, 5.0, and 12.0. The relative risks for WHR were 1.0, 2.6, 2.7, 3.6, and 6.9; and those for BMI were 1.0, 1.1, 1.8, 2.9, and 7.9. Thus, WC was a better predictor for type 2 diabetes than WHR and BMI. Importantly, the authors noted that the current recommended cutoff for WC (102 cm; about 41 inches) “may need to be re-evaluated; a lower cutoff may be more appropriate.” A recent report of patients in 63 countries also found a graded increase in the frequency of diabetes with both BMI and WC, although a stronger relationship existed for WC for both men and women.2 Moreover, abdominal obesity is a stronger predictor than physical fitness for insulin resistance among the elderly.220


				Unfortunately, type 2 diabetes is also emerging as a significant health problem in children and adolescents.221,222 Recent studies from the SEARCH for Diabetes in Youth Studies have shown that in addition to type 1 diabetes, the prevalence of type 2 diabetes, as with obesity, is progressively increasing in non-Hispanic white youth,223 African American youth,224 Hispanic American youth,225 and Asian and Pacific Islander American youth.226 Indeed, as with adults, altered glucose metabolism in children and adolescents is strongly associated with the increased prevalence of childhood obesity. The diabetes epidemic in the United States was recently reviewed.227


				Since obesity accelerates the aging process, is diabetes a pathway for the aging phenomenon? Protein glycosylation is a major theory of aging. Since diabetics have increased glucose levels, protein glycosylation is increased. Moreover, increased glucose concentrations potentiate injury to mitochondrial DNA228 (see glycosylation and mitochondrial theories of aging, Chapter 4). Moreover, oxidative stress is significantly increased in diabetes, a fact that appears to underlie the development of diabetic complications.229


				IV. Hypertension


				Although obesity is a well established risk for hypertension, study results have varied somewhat as to the degree of association. Thus, an early study noted that the risk of hypertension is about five times higher among obese individuals compared with those of normal weight.230 In this longitudinal evaluation of participants in the Framingham Study, blood pressure increased by 6.5 mm Hg for every 10% increase in body weight. Several later epidemiological studies also showed a linear association between hypertension and BMI.231-234 For example. in the Nationwide Community Hypertension Evaluation Clinic study of more than one million people, the prevalence rates of hypertension in overweight people was 50% to 300% higher than in normal weight persons.233 For obese persons aged 20 to 39 years, the frequency of hypertension was twice that of normal weight persons and three times that of underweight persons. For aged 40 to 64 years, the overweight group had a 50% higher hypertension prevalence rate than the normal weight group and 100% higher than the underweight group. Recent data from the NHANES III study showed that the age-adjusted prevalence of hypertension was more than two-fold higher in obese men and women than in lean men and women.227 Similarly, Ford and associates235 used NHANES data from adults aged 18-74 years during 1976-1980, 1988-1994, and 1999-2004 to evaluate the association between obesity and hypertension. The data showed that among hypertensive adults, the BMI increased from 27.5 kg/m2 during 1976-1980 to 31.2 kg/m2 during 1999-2004; the age-adjusted prevalence of obesity increased from 25.7% to 50.8%. Among adults without hypertension, the mean BMI increased from 24.2 to 27.1 kg/m2 and the prevalence of obesity increased from 8.4% to 25.1%. During all three surveys, the prevalence of obesity among hypertensive women exceeded that among men with hypertension.

				During this same time period, the prevalence of obesity was highest in hypertensive Mexican-American women (63.8%) and lowest among African-American men with hypertension (43.8%). Unfortunately, weight-related hypertension is now recognized as an increasing problem in children and adolescents.236,237


				Studies outside the United States have also demonstrated that obesity is associated with an increased prevalence of hypertension. In a study of Japanese men whose mean BMI was 23.6, 26.6% were “pre-obese” and 3.3% were “obese.”238 Multivariate analysis indicated that a BMI of 23 or greater was significantly associated with an increased risk of hypertension. Other Japanese researchers used data from several nation-wide surveys conducted in 1980 and 1990.239 In the 1980 survey, 18.8% of male participants were obese (BMI > 25) and 50.4% were hypertensive, whereas 22.6% of the women were obese and 41.1% were hypertensive. Among both sexes, the percentage whose hypertension was related to obesity in 1980 and 1990 was 11.4% and 15.3% for men and 19.3% and 22.3% for women, respectively. In a Greek study in which a BMI less than 27 was considered normal, obesity in hypertensive persons was more frequent than in normotensive controls (62.5% versus 54.2%).240 The waist-to-hip ratio of hypertensives was also significantly greater than that of the normotensive control group.


				Importantly, a recent double-blind, randomized, placebo-controlled clinical study of 3,845 hypertensive patients 80 years and older found that, compared with the placebo group, active drug treatment was associated with a 21% reduction in the relative risk of death from any cause, a 64% reduction in the risk of heart failure, and a 30% reduction in the risk of stroke.241


				V. Metabolic Syndrome


				The metabolic syndrome is also known as the insulin-resistance syndrome, syndrome X, Reaven’s syndrome, diabesity syndrome, and morbesity syndrome (morbid obesity). The Third Report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III; ATP III) defined the metabolic syndrome as having three or more of the following: (1) waist circumference greater than 102 cm in men and 88 cm in women; (2) serum triglycerides of at least 150 mg/dL; (3) serum high-density lipoprotein cholesterol (HDL) level less than 40 mg/dL in men and less than 50 mg/dL in women; (4) blood pressure at least 130/85 mmHg; and (5) fasting serum glucose level at least 110 mg/dL.242,243 Individuals with the metabolic syndrome are at increased risk for coronary heart disease,244 type 2 diabetes,245 and an increased mortality risk from cardiovascular disease and all causes.246 More specifically, when three or more of these criteria are present, the risk of coronary heart disease and type 2 diabetes is increased 1.5 to 2.0-fold.247


				Since the prevalence of the metabolic syndrome was unknown, Ford and associates248 analyzed data on 8,814 men and women aged 20 years and older (1988-1994). Their results showed the following: (1) the unadjusted and age-adjusted prevalences were 21.8% and 23.7%, respectively; (2) the prevalence increased from 6.7% in those aged 20 to 29 years to 43.5% and 42.0% in those aged 60 to 69 years and 70 or more years, respectively; (3) Mexican Americans had the highest age-adjusted rate (31.9%); (4) among African Americans, the prevalence rate was 57% higher in women than men and Mexican American women had a 26% higher prevalence than men; and (5) as of 2000, the metabolic syndrome was present in about 47 million Americans.


				Interestingly, a recent cohort study of Division 1 collegiate football players found that the prevalence of obesity, insulin resistance, and metabolic syndrome was 21%, 21%, and 9%, respectively.249 In this population, obesity was closely associated with metabolic sydrome (P < 0.0001) and insulin resistance (P < 0.0001). Indeed, all subjects with metabolic syndrome were obese and the odds for insulin resistance in the obese group was 10.6 times the odds for the nonobese group.


				

VI. Lung Diseases/Disorders

				Obesity is associated with various lung function abnormalities including asthma, obstructive sleep apnea, and hypoventilation. Indeed, abdominal obesity may decrease respiratory compliance, restrict ventilation, increase the work of breathing, and produce atelectasis.


				1. Asthma


				The prevalence of obesity and asthma have significantly increased in many countries over the past several decades. However, the association between obesity and asthma in men, compared with women, has been inconsistent. A recent study of adults, aged 18 to 34 years with physician-diagnosed asthma, indicated that the association between the two disorders was significantly stronger in women than men.250 Across increasing categories of BMI, there was an increased dose-response association in women (odds ratios 1.0 to 3.2), but only a non-significant risk in severely obese men. However, in a subgroup analysis, the obesity-asthma association was present in some minority groups, including black and Hispanic men. Other studies have also reported an increased risk of asthma in obese women compared with men.251,252


				Nevertheless, in a recent meta-analysis of seven studies (333,102 subjects), overweight (BMI 25.0-29.9) and obesity (BMI > 30) were associated with a dose-dependent risk increase of incident asthma in both men and women (odds ratios, 1.46 and 1.68, respectively).253 It was also noted in a literature review that “In adult cross-sectional, case-control, prospective, and weight-loss studies are in aggregate consistent with a role for obesity in the pathogenesis of asthma.”254 Three of four prospective studies also showed a significant association between excess body weight and asthma in children.


				Although an association between obesity and asthma has been repeatedly reported, the exact mechanism is poorly understood. Suggested areas that need further investigation are that obesity results in gastroesophageal reflux which causes asthma; physical inactivity may promote both obesity and asthma; and the diets of obese persons may potentiate asthma.255


				2. Obstructive Sleep Apnea


				Obstructive sleep apnea (OSA), a form of sleep disordered breathing, is characterized by excessive episodes of apnea and hypoapnea due to partial or complete upper airway obstruction. Although OSA is associated with coronary artery disease, heart failure, hypertension, and cerebrovascular accidents, 256 it remains underdiagnosed and undertreated. As a result, the risk of death in these individuals from heart disease and stroke is significantly increased.257,258 Moreover, OSA is also an independent risk factor for all-causes mortality.259,260 However, continuous positive airway pressure reduces cardiac risk and cardiovascular disease mortality.261


				The majority of individuals with OSA are obese (BMI > 30),262-264 have increased abdominal fat,265,266 and a large neck circumference.267,268 Indeed, a neck circumference of 43.0 cm or more in men and 40.5 cm or more in women ” is associated with episodes of disrupted breathing, recurring up to 30 times a night.”3 Waist circumference in midlife, as well as an increase in waist circumference in adults with over 30 years of adult life, are also independent risk factors for sleep apnea in male subjects aged 71 to 91 years.264


				VII. Musculoskeletal Diseases


				1. Osteoarthritis


				The risk of osteoarthritis in weight-bearing joints, particularly the knees, is significantly increased in overweight and obese individuals. Prior knee injury and occupational factors have also been associated with knee osteoarthritis.269 Although increased body weight increases the risk of osteoarthritis in both women and men, the relationship is significantly stronger in women.270-272 Indeed, the risk of osteoarthritis of the knees and carpometacarpal hand joints increases 9% to 13% per kg increase in body weight in women.273


				Data from the Baltimore Longitudinal Study of Aging showed that women in the middle and highest tertile of percent body fat had a significantly increased risk of bilateral knee osteoarthritis; men in the highest tertile of waist-to-hip ratio had a significantly increased risk of bilateral knee osteoarthritis.274 Longitudinal studies further support the association of obesity in the pathogenesis of osteoarthritis, since obesity can precede osteoarthritis by decades.273,275 Furthermore, studies using adult twin data indicate that the association between obesity and osteoarthritis is most likely not mediated by shared genetic factors.273,276 In a recent study, Fontaine et al277 reported that obese persons with osteoarthritis receiving professional advise to lose weight were significantly more likely to try to lose weight than those who did not receive this advice. Unfortunately, only 45.7% of the obese were ever advised to lose weight by their physician or health professional.


				2. Gout


				Early longitudinal and cross-sectional studies showed that obesity was a significant risk factor for gout in both women and men.278,279 This latter study involved 1,337 primarily white male medical students, mean age 22 years at cohort entry. At age 35 years, BMI, exercessive weight gain (> 1.88 kg/m2), and development of hypertension were all significant risk factors for gout. Similarly, Choi et al280 studied the risk of gout in 47,150 males over a 12-year period. Their findings showed that compared with a BMI of 21 to 22.9, the relative risks of gout were 1.95, 2.23, and 2.95 for BMIs of 25 to 29.9, 30 to 34.9, and greater than 35, respectively. Moreover, compared with men who maintained their weight since age 21 years, the relative risk for those who gained 30 or more pounds was 1.99. Conversely, for men who lost 10 or more pounds since the study baseline, the relative risk was 0.61.

				Serum uric acid levels are not only associated with an increased BMI, but also with other risk factors.281,282 Thus, hyperuricemia is significantly related to increased waist-to—hip ratio, waist-to-thigh girth, serum triglycerides and LDL cholesterol levels, and systolic and diastolic blood pressures (i.e., insulin resistance syndrome factors).


				VIII. Gall Bladder Disease


				Obesity is a significant risk factor for gall bladder disease, particularly in women. In an early study, the mean gallstone prevalence in moderately obese Caucasian American women was 31% compared with 10% in the control group.283 According to the NHANES III study, more than 20 million Americans (6.3 million men; 14.2 million women) have gallstones or have undergone gall bladder surgery.284,285 The prevalence is similar in non-Hispanic whites (8.6%) and Mexican American men (8.9%); both are higher than black men (5.3%). Among women, the prevalence is highest among Mexican Americans (26.7%) followed by non-Hispanic whites (16.6%) and non-Hispanic blacks (13.9%).


				Liew at al286 evaluated the association between obese Taiwanese patients (BMI 35 + 6) undergoing bariatric surgery and the presence of gallstones. The prevalence of gallstones was 10.1%, of which 91% were in women. In the Nurses’ Health Study of women aged 34 to 59 years at baseline, there was an overall linear relation between relative weight and the risk of gallstones.287 In a follow-up nurses’ study,288 obese women (BMI > 30) had a 2-fold increased risk of symptomatic gallstones compared with those of normal weight (BMI < 24); severely obese women (BMI > 45) had a 7-fold excess risk of gallstones. The yearly incidence of gallstones was about 1% in women whose BMI was greater than 30 and 2% in those whose BMI was 45 or more.


				A study of Japanese men indicated a low rate of gallstones (2%) and prior cholecystectomy (3%) but “a strong relationship between obesity and gallstones was confirmed.”289 In a follow-up report, both BMI and waist-to-hip ratio were associated with an increased risk for gallstones and prior cholecystectomy.290 BMI was also shown to be a risk factor for gallstones in middle-aged British men.291 More recently, Tsai and associates292 prospectively examined the associations of abdominal adiposity and waist-to-hip ratio with the risk of gallstone disease in 29,847 men (Health Professionals Follow-UP Study). After adjustment for BMI and other risk factors for gallstones, men with a height-adjusted waist circumference of 102.6 cm (40.4 in) or more had a relative risk of 2.29 compared with men with a waist circumference less than 86.4 cm (34 in). Men with a waist-to-hip ratio of 0.99 or more had a relative risk of 1.78 compared with men with a waist-to-hip ratio less than 0.89. Of further concern is a study of the prevalence of gallstones in obese children and adolescents in which gallstones were present in 2% of those aged 8 to 19 years (80% were in females).293


				IX. Pancreatitis


				As with cholelithiasis, both retrospective and prospective studies have shown that, compared with normal weight persons, overweight and obesity increases the risk of pancreatitis. For example, in a recent Swedish study, the prevalence of cholelithiasis, cholecystitis, cholecystectomies, and pancreatitis were significantly higher in obese subjects compared with the control group.294 In women, BMI and waist-to-hip ratio were independently related to an increased risk of these diseases, whereas only BMI was significant in men.


				Increased body weight also has a significant impact on the complications and outcome of acute pancreatitis. For example, compared with normal weight patients (BMI < 24.9), all categories of overweight and obesity were associated with an increased risk of developing “severe” acute pancreatitis (odds ratio, 3.55).295 Thus, the odds ratio for patients with class I obesity (BMI 30-34.9) was 3.5 for developing significantly more organ failure and local complications. Patients in class II and III obesity (BMI 35-49.9) had, in addition to increased organ failure and local complications, more metabolic problems (odds ratio, 7.3).


				The degree of obesity is an important prognostic factor in acute pancreatitis, whether secondary to biliary disease or alcohol.296-298 As noted by Funnell et al,296 severe pancreatitis may be associated with increased fat deposits in the retroperitoneal and peripancreatic spaces, thereby increasing the risk of fat necrosis, abscess formation, and death. Obese patients with acute pancreatitis may also develop serious respiratory problems that require artificial ventilation.299,300 In a recent meta-analysis involving 739 patients with pancreatitis, the authors concluded that “Obesity is not only a risk factor for the development of local and systemic complications in acute pancreatitis, it also increases the mortality of this disease.”301


				

X. Dementia

				Alzheimer’s disease (AD), the leading cause of dementia in the elderly, is the seventh leading cause of death in the United States (Chapter 1). Prospective population studies have emerged showing that both overweight and obesity in midlife are associated with a significant increased risk of all-causes mortality, ischemic dementia and AD, independent of diabetes and cardiovascular disease.302 In an 18-year follow-up of non-demented Swedish adults, women who developed dementia, especially AD, between ages 79 and 88 years were significantly overweight at ages 70, 75, and 79 years compared with non-demented women.303 Others evaluated the association between obesity in middle age and the risk of dementia later in life.304 This multiethnic cohort of 10,276 men and women was initially evaluated from 1964 to 1973 when they were aged 40-45 years. From 1994 to 2003, dementia was diagnosed in 713 (6.9%) participants. Those who were obese (BMI > 30) had a 74% increased risk of dementia while those who were overweight (BMI 25.0-29.9) had a 35% greater risk of dementia compared with those of normal weight (BMI 18.6-24.9). In a subsequent study, these researchers reported that central obesity in midlife also increased the risk of dementia independent of diabetes and cardiovascular comorbidities.305


				Kivipelto and associates306 evaluated the association of midlife BMI and the development of dementia and AD. After a follow-up of 21 years, and adjustments for social demographic variables, those with a BMI of 30 or more had a significantly increased risk of developing dementia and AD later in life (odds ratio, 2.4). Moreover, clustering of vascular risk factors (e.g., increased plasma total cholesterol level, high systolic blood pressure) “increases the risk in an additive manner.” Others also compared BMI in midlife and the risk of AD and vascular dementia.307 Compared with persons with a normal BMI (< 25), those whose BMI was 30 or more at midlife had a 3.10-fold increased risk of AD and a 5.01-fold increased risk of vascular dementia. Individuals who were overweight (BMI 25-29.9) at midlife had twice the risk of AD and vascular dementia (odds ratio 2.01 and 1.95, respectively). Abdominal obesity is also an independent risk factor for AD.308 In this study, the odds ratio for developing AD in abdominally obese persons (waist-to-hip ratio > 0.90 for men; > 0.80 for women) was 2.5. However, the odds ratio for AD was 9.5 for those whose BMI exceeded 30.


				Although the mechanism whereby obesity may increase the risk of AD is unknown, epidemiological, clinical and experimental studies suggest a link between type 2 diabetes and AD. Since obesity leads to hyperinsulinemia in early or middle adult life, and often to diabetes later in life, it has been suggested that hyperinsulinemia may be a major factor.309,310 Others, however, found no association between diabetes and AD or vascular dementia.311 Nevertheless, insulin modulates the metabolism of beta-amyloid precursor protein (APP) in neurons, decreasing the intracellular accumulation of beta-amyloid (Abeta) peptides, which are pivotal in the pathogenesis of AD.312 Since metformin, the antidiabetic drug, is widely prescribed in diabetics, these researchers demonstrated that metformin significantly increases the generation of both intra- and extracellular Abeta species. They noted that although insulin and metformin display opposing effects on Abeta levels, when used as a monotherapy in elderly diabetic patients, metformin increases the biogenesis of AD amyloid peptides.


				XI. Psychological Problems and Quality of Life.


				In a study of 9,125 U.S. residents, obesity was associated with a 25% increase in the risk of mood and anxiety disorders.313 The association of obesity with psychiatric disorders held regardless of age, sex, or whether the individual was a smoker. More recently, data from 41,654 respondents in the National Epidemiologic Survey on Alcohol and Related Conditions showed that an increased BMI was significantly associated with a higher incidence of mood, anxiety, and personality disorders.314 Moreover, a study of 12,992 New Zealand residents 16 years and older found that obesity was significantly associated with mood disorder [odds ratio (OR), 1.23], major depressive disorder (OR, 1.27), and any anxiety disorder (OR, 1.46), especially posttraumatic stress disorder (OR, 2.64).315


				Fitzgibbon et al316 compared the association of depression in three groups of adults: obese people who sought treatment; obese people who had not sought treatment; and normal weight controls. Compared with the other two groups, 20% to 30% of obese individuals who sought treatment suffered from depression or other psychological disorders. Since depression is a major cause of suicide (11th most common cause of death in the U.S.), it is an important factor in life expectancy (Chapter 1).


				Obese women may be at greater risk of psychological disorders than obese men, presumably due to greater social pressures on women to be of normal weight.317 Thus, increased BMI among women was associated with both major depression and suicide ideation. Cross-sectional and prospective data have also indicated that persons with body dysmorphic disorder (BDD), a preconception with an imagined body “ugliness”, have high rates of suicide ideation and attempts. For example, in a 4-year prospective study of suicidality in 185 subjects, a mean of 57.8% per year considered suicide and a mean of 2.6% attempted suicides per year (two subjects completed suicide).318 Similarly, a study of 200 subjects with BDD had high rates of lifetime suicidality (78.0%) and attempted suicide (27.5%).319 BDD was the major reason for suicidal ideation (70.5%) and a past suicidal attempt (about 50%). Individuals with long-standing and debilitating skin disease may also become depressed and attempt suicide. For example, 16 patients (seven men; nine women) with dermatological problems who were referred to dermatologists committed suicide.320 Women with facial complaints were particularly depressed and had a high risk of suicide.

				Binge eating refers to eating a large amount of food in a short period of time, accompanied by feelings of guilt. This disorder exists when these episodes occur at least twice a week for six or more months. To evaluate the quality of life in binge eating persons,Masheb and Grilo studied 94 patients (73 women, 21 men) with a mean BMI of 35.2 and a mean age of 44.9 years.321 Using the Medical Outcomes Study Short Form-36 Health Survey, their results showed the following: binge eating persons had worse functioning in all quality of life domains compared with U.S. norms; obese binge eaters had significantly worse physical component survey scores than non-obese binge eaters; and depressed binge eaters had significantly worse mental component scores than non-depressed binge eating subjects. Several other studies have also shown that obese individuals suffer from psychological distress and lower health-related quality of life, especially bodily pain, general health, and decreased vitality.322-324


				XII. Miscellaneous Disorders


				1. Inflammation


				Obesity is also associated with an increased prevalence and severity of various infections.325-327 Since the mechanism whereby these take place is unknown, Fontana et al328 studied the effects of adiposity and weight loss on blood macrophage chemoattractant protein-1 (MCP-1) and interferon-gamma (INF-gamma), both of which are important components of the immune response to infectious agents. At baseline, stimulated MCP-1 and IFN-gamma productions were 93.6% and 88.8% lower, respectively, in obese compared with normal weight subjects. However, weight loss normalized the ability of stimulated blood mononuclear cells to produce MCP-1 and IFN-gamma. Moreover, Margolis and associates329 recently reported that, in postmenopausal women, there was a graded association between the white blood cell count and the incidence of four types of cancer (breast, colorectal, endometrial, lung), as well as a higher risk of cancer mortality. Overweight and obese adults also have increased plasma C-reactive protein levels, indicating a state of low-grade inflammation.330


				2. Non-Alcoholic Fatty Liver Disease


				The term “non-alcoholic steatohepatitis (NASH)” was coined in 1980 to describe “the pathological and clinical features of non-alcoholic disease of the liver associated with the pathological features most commonly seen in alcoholic liver disease itself.”331 Non-alcoholic fatty liver disease ((NAFLD), the current recommended term, has increased markedly since 1980. The epidemic of NAFLD in the U.S. and other Western countries is truly staggering. Indeed, NAFLD is probably the most common hepatic pathological disorder. Thus, in concert with the marked increase in overweight/obesity, NAFLD is commonly diagnosed in patients referred for evaluation of abnormal liver function tests (e.g., increased alanine aminotransferase, gamma-glutamyltransferase, etc). Unfortunately, the increasing prevalence of obesity in children and adolescents is also associated with NAFLD.332-334


				NAFLD, which is very common in obese persons with and without diabetes, has been referred to as “another disease of affluence.”335 As a result, it could become one of the most common causes of end-stage liver failure since it progresses from benign fatty changes (steatosis) to fatty changes with inflammation (steatohepatitis), cirrhosis, portal hypertension, and hepatocellular carcinoma.336 Although this disorder is generally asymptomatic early in its’ course, some people complain of tiredness and abdominal discomfort, probably due to hepatomegaly, which occurs in about 75% of cases.


				3. Physical Disability, Reproductive Abnormalities


				Other diseases/disorders associated with obesity include dyslipidemia and physical disability (i.e., difficulty walking one-fourth mile, walking up 10 steps, lifting 10 pounds, stooping, eating, dressing).337 In addition, polycystic ovary syndrome,338 anovulatory infertility,339,340 and erectile dysfunction341 have also been associated with obesity.


				Chapter Summary


				Because of the rapid increase in obesity in both adults and children in many world countries, it is appropriately referred to as a pandemic. As expected, there has been a significant increase in the prevalence of numerous diseases/disorders, including coronary heart and cerebrovascular diseases, various cancers, type 2 diabetes, hypertension, osteoarthritis, dementia, and others (Table 6-1). As a result, researchers estimated that there were 112,000 obesity-attributable deaths in the U.S. in 2000;342 2.9 million worldwide deaths were attributable to diabetes in the same year (about 5% of all deaths).343 Thus, life expectancy is significantly shortened and the quality of life decreased in those who are overweight/obese. Moreover, the steady rise in life expectancy over the past 200 years may soon end due to the rising incidence of obesity.344,345 Although high caloric diets and sedentary lifestyles are well established risk factors, the role of genetics, sleep deprivation, environmental chemicals, and stress are less clearly understood. In any event, unless this obesity pandemic is significantly reversed, morbidity and mortality will increase and the average life expectancy will most likely decrease. As emphasized by Manson et al,346 it is time for a “call to action” for physicians and other health care professionals to become more active in curbing this dangerous pandemic.
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 Chapter 7. 

 Poor Nutrition and Associated Diseases


				Introduction


				Over the past 100 years, the average American life expectancy has increased from about 47 years to slightly over 77 years (Chapter 1). However, relatively healthy Americans who are currently aged 75 years may expect to live to an average of 86.5 years.1 Moreover, since the rise in life expectancy over the past century has been linear, with no indication of an imminent decline, the average life expectancy of some populations might reach 100 years by the year 2100.2 Nevertheless, since the average age at chronic disease onset has not increased proportionately, the typical American currently aged 75 years will probably experience only four more years of active health followed by seven or more years of disability.1


				Successful aging involves the interaction between genes, the environment, and lifestyle choices, especially physical activity, weight control, and nutrition. In the Western world, the elderly are the largest segment of the population at risk for poor nutrition. Yet, general knowledge of the daily dietary needs for the maintenance of good nutrition is woefully inadequate.3 Moreover, it is commonly believed that malnutrition refers only to energy and protein undernutrition. However, the well-accepted definition is significantly wider in scope and includes (1) undernutrition due to insufficient food intake; (2) overnutrition due to excess caloric intake; (3) deficiencies of specific nutrients (vitamins, minerals); and (4) dietary imbalance due to disproportionate food intake. As a result, nutrition has a major role in maintaining health and slowing the progression of numerous diseases, and thereby decreasing disability and increasing life expectancy (Table 7.1). 


				 

				
					
						
								
								Table 7.1 Nutrition-Associated Diseases/Disorders


							
						

						
								
								Nutritional Problem

							
								
								Diseases/Clinical Disorders

							
						

						
								
								Caloric (energy) deficit


							
								
								Marasmus, increased morbidity/mortality, others

							
						

						
								
								Protein deficit


							
								
								Impaired immune function (lymphopenia, anergy increaased mortality, dementia, others

							
						

						
								
								Excess caloric intake

							
								
								Obesity, type 2 diabetes, various cancers, hypertension, accelerated aging, coronary heart disease, cerebrovascular disease, depression, suicide

							
						

						
								
								Deficient vitamins A, C, D, E, carotenoids, flavonoids


							
								
								Various cancers, cardiovascular disease, cerebrovascular disease, impaired immune function, cararact, macular degeneration, neurodegenerative disorders, osteoporosis

							
						

						
								
								Deficient folic acid, vitamins B6, B12

							
								
								Anemia, dementia, cardiovascular disease, neural tube defects

							
						

						
								
								Deficient trace metals (Zn, Mg, Se, Cu, etc)


							
								
								Impaired immune function, various cancers, cardiovascular/cerebrovascular diseases, osteoporosis

							
						

						
								
								Low fiber intake


							
								
								Cardiovascular/cerebrovascular diseases, colon cancer, diverticulitis, constipation


							
						

					
				

				 

				Indeed, nutrition has a significant role in primary prevention (keeping people free of disease), secondary prevention (keeping those already at risk for lowest disease progression), and tertiary prevention (treating those already diseased to mitigate disease progression and prevent further morbidity). The ultimate goal is, of course, primary prevention which is the key to maintaining the lowest disease risk throughout life. Nevertheless, it is never too late to improve one’s health. Healthy older persons can preserve and even improve their health by several means. Even if past nutritional and other lifestyle practices were not optimal, much can be done to reduce the risk of chronic disease and disability in future years. The challenge, however, is to recognize and address the significant changes in body composition that occur as one ages (i.e., increased body fat, decreased lean muscle mass).


				

Dietary Guidelines

				Excessive caloric and fat intake and vitamin/mineral deficiencies are common, not only in the elderly, but in young adults, adolescents and children. In 1994, the Food Guide Pyramid (Figure 7.1) was recommended as a guide for a nutritious diet for Americans.4

				[image: missing image file]

				Figure 7.1 The Food Guide Pyramid4

				Here, the recommended daily adult servings were as follows: (1) bread, cereal, rice, and pasta group, six to eleven servings; (2) fruit group, two to four servings; (3) vegetable group, three to five servings; (4) meat, poultry, fish, dry beans, eggs, and nuts group, two to three servings; (5) milk, yogurt and cheese group, two to three servings; and (6) fats, oils and sweets group should be used sparingly. The servings size for each group is listed in Table 7.2. 


				 

				 

				 

				
					
						
								
								Table 7.2. Single Food Group Serving Sizes


							
						

						
								
								Group 1


							
						

						
								
								1 slice bread


							
						

						
								
								1/2 bagel or English muffin

							
						

						
								
								1 ounce ready-to-eat cereal

							
						

						
								
								1/2 cup cooked rice or pasta

							
						

						
								
								Group 2


							
						

						
								
								medium-sized apple, orange, banana

							
						

						
								
								3/4 cup 100% fruit juice

							
						

						
								
								1/2 cup chopped, cooked, canned fruit

							
						

						
								
								Group 3


							
						

						
								
								1 cup raw leafy vegetables

							
						

						
								
								3/4 cup vegetable juice


							
						

						
								
								1 cup cooked, chopped or raw vegetables, beans or peas

							
						

						
								
								Group 4


							
						

						
								
								2-3 ounces cooked meat, poultry, fish

							
						

						
								
								1/2 cup tuna


							
						

						
								
								1 cup cooked beans or peas


							
						

						
								
								2 eggs

							
						

						
								
								Group 5


							
						

						
								
								2 ounces processed cheese


							
						

						
								
								1 cup milk or yogurt


							
						

						
								
								11/2 ounces natural cheese


							
						

						
								
								2 cups cottage cheese


							
						

					
				

				 

				However, depending on a person’s body characteristics, metabolic rate, and level of physical activity, the specific number beyond the minimum varies. Moreover, although these guides show the food groups, they do not emphasize the low-fat foods within the groups.5 Thus, if a person eats six to eleven bread servings, he/she may consume as much energy from added butter or margarine fat placed on the bread as from the bread carbohydrate. The guides also do not make it clear that food containing predominately unsaturated fats should replace those rich in saturated and trans fats.


				Since the high intake of refined carbohydrates (e.g., white bread, white rice) have recently been shown to negatively affect insulin and glucose levels, a recent upgraded pyramid has been recommended that includes monounsaturated and polyunsaturated fats which reduce the risk of heart disease (Figure 7.2).6


				

[image: missing image file]

				Figure 7.2 Modified Food Pyramid (after Willett and Stampfer)6

				For individuals aged 70 years and older, Russell et al7 proposed a narrower food pyramid (Figure 7.3) since the elderly generally require fewer calories than younger adults. development of new nutrition health promotion progress and guidelines for optimal nutrition, disease prevention strategies and food products, as well as the production of evidence-based reports for health care policy makers.”

				In this regard, a recent Canadian study compared the dietary intake of 407 elderly men and women (mean age, 85.2 + 7.7 years) living in 11 long-term care facilities with the Estimated Average Requirement (EAR) set as part of the Dietary Reference Intake (DRI) for older adults.9 The results showed that, although their body mass index was essentiall normal (BMI 23.8 + 5.7 kg/m2), 29.5% had inadequate protein intake, 38% had excess cholesterol intake, and more than 50% had suboptimal intakes of calcium, magnesium, zinc, and vitamins E, B6, and folate. Moreover, more than 15% had suboptimal intakes of vitamins A and C, niacin, and copper.



				More recently, the American Heart Association’s Nutrition Committee published the following dietary guidelines to prevent/delay coronary heart disease.10


				[image: missing image file]

				Figure 7.3 Food Pyramid for the Elderly (after Russell et al7)

				1. Establish a healthy eating pattern including foods from all major food groups (i.e., fruits, vegetables, grains, fat-free and low fat dairy products, fish, legumes, poultry, lean meats).


				2. Maintain a healthy body weight by matching caloric intake with overall energy needs. Thus, limit foods with high caloric density and/or low nutritional quality (e.g., high sugar content). In addition, maintain a level of physical activity that achieves fitness and balances energy intake with energy expenditure.


				3. Maintain a desirable blood cholesterol and lipoprotein profile by limiting the intake of foods with a high content of saturated fatty acids and cholesterol. Emphasis should be on the use of grains, unsaturated fatty acids from vegetables, fish, nuts, and legumes.


				

4. Maintain a desirable blood pressure by limiting the intake of sodium chloride (less than six grams/day); limit alcohol consumption (maximum of one drink/day for women; two drinks/day for men); and maintain a healthy body weight and dietary pattern (emphasize fruits, vegetables, low-fat/fat free diet).

				Nutrition-Associated Diseases and Clinical Disorders


				As noted in Table 7.1, numerous diseases and clinical disorders, and therefore decreased life expectancy, are associated with poor nutrition. Indeed, healthy aging involves the interaction between genes, the environment, and lifestyle choices such as diet. Unfortunately, the world-wide nutrition transition involves a shift from traditional grain-based diets to dietary patterns with increased sugars, fats, and variety. As a result, chronic diseases/disorders such as obesity, coronary heart disease, cerebrovascular disease, type 2 diabetes, hypertension, osteoporosis, and several forms of cancer are becoming significantly more prominent.


				A. Specific Diets and Disease Prevention


				A diet rich in vegetables and fruits reduces the risk for various chronic diseases.11 Moreover, since fruits and vegetables have few calories relative to volume, adequate consumption can be very beneficial for weight management.12 The health objectives of Healthy People 2010 include increasing the intake of at least two daily servings of fruits and vegetables to 75% of persons greater than 2 years of age and increasing it to 50% of those who eat at least three servings each day.11 Unfortunately, recent data from the Behavioral Risk Factor Surveillance System indicated that only 32.6% of American adults consumed fruit two or more times per day and 27.2% consumed vegetables three or more times per day.


				The Mediterranean diet (MedDiet) is a lifestyle dietary change that has been shown to decrease chronic diseases and increase life expectancy. Indeed, the average life expectancy has long been known to decrease progressively from the European Mediterranean countries north to Scandinavia. In contrast to American and the northern European diets, the key elements of the MedDiet are whole grains, fruits, vegetables, fish, olive oil (ie, unsaturated fats), and decreased red meat, butter, and cream. Moderate wine consumption is usually included. Interest in the MedDiet was first noted from the results in the Seven Countries Study13 which found that the mortality rate from coronary heart disease in southern Europe was two- to three-fold lower than in northern Europe and the U.S. Since then, numerous studies have shown that the traditional MedDiet is associated with a decreased incidence of both coronary heart disease and cancer, as well as an increased life expectancy. Several examples will be cited.


				In 1995, a randomized prospective prevention trial in 615 patients recovering from a myocardial infarction in which the Cretan MedDiet was compared with the prescribed diet of the American Heart Association.14 After a mean follow-up of 27 months, recurrent myocardial infarction, all cardiovascular events, and cardiac and total deaths were decreased by more than 70% in the Cretan MedDiet group compared with those on the commonly recommended diet. Others15 analyzed mortality data from Albania and found a paradox of high life expectancy in this very low income country. The authors concluded that their increased life expectancy was due to a diet low in total energy, dairy and meat products, but high in fruits, vegetables, and complex carbohydrates.


				Several recent studies confirm the importance of the MedDiet in prolonging a healthy lifespan. For example, the HALE project study of 1,507 apparently healthy men and 832 women, aged 70 to 90 years in 11 European countries, were followed from 1988 to 2000.16 Adherence to the MedDiet was associated with a hazard ratio of 0.78 for all-causes mortality. Similar hazard ratios were reported for mortality from coronary heart disease and cancer (hazard ratios were controlled for age, sex, years of education, body mass index, others). Overall, “adherance to a Mediterranean diet and healthful lifestyle is associated with a more than 50% lower rate of all-cause and cause-specific mortality.” Similarly, a recent study in a U.S. population showed that conformity with the Mediterranean dietary pattern decreased the risk of death from all-causes, cardiovascular disease, and cancer.17 More specifically, this large study consisted of 214,284 men and 166,072 women in the National Institute of Health-AARP Diet and Health Study. In men, the multivariate hazard ratios comparing high to low conformity for all-causes, cardiovascular disease, and cancer mortality were 0.79, 0.78, and 0.83, respectively. In women, decreased risks ranged from 12% for cancer mortality to 20% for all-causes mortality. Other recent studies confirm the health benefits of the MedDiet.18-21 Indeed, a meta-analysis of eight prospective cohort studies involving 514,816 men and women showed that adherence to the MedDiet was associated with a decrease in all-causes mortality (9%), cardiovascular disease (9%), cancer (6%), and Parkinson’s and Alzheimer’s diseases (13%).22 Numerous studies have also demonstrated that a fiber-rich whole grain, fruit and vegetable diet significantly decreases the incidence of coronary heart disease, ischemic stroke, and cause-specific mortality in both men and women.23-31


				Since epidemiologic studies suggest that the MedDiet may reduce the risk of developiing the metabolic syndrome, Salas-Salvado et al32 compared the one-year effect of two behavioral interventions to implement the MedDiet (MedDiet plus virgin olive oil; MedDiet plus mixed nuts) compared with a low fat control diet. After one year, the prevalence of the MedDiet plus olive oil and MedDiet plus nuts were reduced by 6.7% and 13.7% respectively, compared with the control diet. After adjustment for sex, age, baseline obesity, and weight changes, the odds ratios for reversion of the metabolic syndrome were 1.3 and 1.7 for the MedDiet plus olive oil and MedDiet plus nuts respectively, compared with the control group.


				

Recent studies have also shown that adherance to the MedDiet is associated with a lower risk for Alzheimer disease (AD; number 7 cause of death). Scarmeas et al33 studied 2,258 community-based nondemented individuals who were prospectively evaluated every 1.5 years. Their findings showed that compared with subjects in the lowest MedDiet tertile, those in the middle MedDiet tertile had an odds ratio of 0.47 and those in the highest tertile an odds ratio of 0.32. More recently, these researchers reported that higher adherance to the MedDiet was associated with a reduced risk of mild cognitive impairment (MCI) with a reduced risk of MCI conversion to AD.34 These researchers also reported that both higher MedDiet adherence and higher physical activity were independently associated with a reduced risk for AD.35 In addition, several recent studies have shown that individuals who drank 3-5 cups of caffeinated coffee each day from midlife have a lower risk of dementia and AD later in life.36-38 Moreover, moderate caffeine administration protects/restores cognitive function and suppresses brain amyloid-beta production in AD transgenic mice.39 Increased prediagnosis levels of total cholesterol, low density lipoprotein cholesterol and a history of diabetes are also associated with a more rapid decline in patients with incident Alzheimer’s disease.40

				Since few studies had examined the long-term effects of habitual diet on risks of incident coronary heart disease and mortality, Brunner et al41 prospectively analyzed the relation of dietary patterns and incident chronic heart disease and mortality during 15 years of follow-up. Cluster analysis of 7,731 men and women, mean age of 50 years at baseline, identified the following four dietary patterns: unhealthy (white bread, processed meat, fries, and full-cream milk); sweet (white bread, biscuits, cakes, processed meat, and high fat dairy products); Mediterranean-like (fruit, vegetables, rice, pasta, and wine); and healthy (fruit, vegetables, whole-grain bread, low fat dairy, and little alcohol). Compared with the unhealthy pattern, the healthy pattern significantly reduced the risk of coronary death and nonfatal myocardial infarction (hazard ratios 0.71 and 0.74, respectively after adjustment for several major risk factors).


				Another example of the positive effects of a specific diet is the DASH (Dietary Approaches to Stop Hypertension) diet. This diet calls for eating foods low in saturated and total fats along with increasing the consumption of fruits and vegetables. In 1997, Appel et al42 found that when hypertensive patients followed the DASH diet, the systolic blood pressure decreased by 11.4 mm Hg and diastolic pressure decreased by 5.5 mm Hg on average. Since then, numerous studies have confirmed the blood-pressure lowering effect of the DASH diet. Moreover, a recent Swedish study of 36,019 women aged 48 to 83 years at baseline without heart failure were followed for seven years.43 Women in the top quartile of the DASH diet score had a 37% lower heart failure rate after adjustment for various confounders (e.g., age, physical activity, education status, cigarette smoking, hormonal use, hypertension, etc.). A 24-year follow-up study comprised of 88,517 female nurses also showed that adherance to a DASH-style diet decreased the risk of both fatal and nonfatal myocardial infarction, as well as stroke.44 Unfortunately, as with the Mediterranean and related diets, few hypertensive patients follow it.45 A literature review of the DASH diet and its effect on blood pressure was recently published.46


				B. Total Caloric and Protein Deficits


				The elderly represent the largest population segment at risk for malnutrition and dehydration, not only in the United States, but world-wide. For example, 33% of nursing home residents in Denmark were reportedly undernourished.47 Indeed, nutritional deficiency increases with advancing age.48 Although nutritional deficits are often labeled “biologic,” they are “pathologic” since they affect overall well-being, cognition, hospitalization outcomes, and the course of various medical disorders. Unfortunately, the signs of malnutrition in the elderly are often masked by medical conditions such as chronic disease, infections, mental or functional changes.


				Lowenstein49 suggested that 1500 kcal/day as the minimum daily energy intake for the elderly, whereas Weir50 recommended 1800 kcal/day “particularly for those with selective protein rejection.” However, about 16% of Americans aged 65 years and older ingest fewer than 1000 kcal/day, a level incompatible with an adequate intake of proteins, vitamins and minerals, resulting in depleted muscle mass and fat stores (marasmus-like syndrome).51 To evaluate the prevalence of hunger in older adults, Nelson and associates52 studied an equal number of elderly persons in an urban county medical clinic and hospital. Their results showed the following: 12% did not have enough food; 13% had not eaten for an entire day; and 14% were going hungry because they couldn’t afford food. Although 40% received food stamps the previous year, about half of them recently experienced either a reduction or complete loss of food stamps. Those whose food stamps were reduced or eliminated were more likely to not have enough food (18%), not eating for a whole day (20%), going hungry but not eating (20%), and decreasing meal size or skipping meals (33%).


				Wendland et al53 suggested an “iatrogenic component” in institutionalized seniors in a geriatric teaching facility. Here, they analyzed the nutrient intake and delivery data for 21 days. Their findings showed that even if the diets were unrestricted, lactose-free, and completely consumed (about 2000 kcal/day), they failed to supply sufficient amounts of vitamins and minerals needed to meet the recommended intakes “making these deficiencies iatrogenic in nature.” Moreover, as the caloric intake decreased to that often found (i.e., 1000-1500 kcal/day), the frequency and severity of nutrient deficiencies increased. Others reported that about 60% of the elderly in long-term care facilities were malnourished.54 Similarly, Saletti et al55 found that 33% of elderly Swedish individuals living in assisted accomodations and 71% in nursing homes were malnourished. It was also reported that about 40% of older patients were malnourished (body mass index < 20 kg/m2) at the time of hospital admission.56,57

				Unfortunately, nutritional problems are also not uncommon among seniors in most communities. Indeed, approximately 85% of elderly individuals living in their urban homes were found to have one or more chronic disorders that could be improved with proper nutrition.58 The specific reasons for undernutrition in the elderly are complex and multifactorial. They include, among others, various diseases/disorders, social isolation, depression, relative immobility, malabsorption, loss of smell and taste, chewing difficulties, medications, and financial problems (Table 7.3).59-62


				 

				
					
						
								
								Table 7.3 Causes of Elderly Malnutrition59-62


							
						

						
								
								Alcoholism

							
						

						
								
								Anorexia


							
						

						
								
								Chewing problems (dentures, toothless)

							
						

						
								
								Decreased social activity

							
						

						
								
								Food preparation difficulties

							
						

						
								
								Malabsorption


							
						

						
								
								Medical diseases (cancer, heart disease, diabetes, others)

							
						

						
								
								Medications (digoxin, psychotropic drugs, etc)


							
						

						
								
								Neurological/Psychological factors (decreased cognition, dementia, depression, etc)

							
						

						
								
								Physical inactivity


							
						

						
								
								Physiological disorders (atrophic gastritis, constipation, loss of taste or smell)

							
						

						
								
								Relative poverty


							
						

						
								
								Unapppealing foods (low salt, low fat)


							
						

					
				

				 

				In addition to total caloric deficiency, numerous studies have shown that protein-energy undernutrition is a very common problem in older subjects. Indeed, several studies indicated that 30% to 55% of hospitalized patients were protein undernourished.63 Others reported that approximately 60% of elderly patients were protein-energy undernourished at the time of hospital admission or developed serious nutritional deficits prior to discharge.64,65 The minimum daily recommended allowance for protein intake is shown in Table 7.4.66


				 

				
					
						
								
								Table 7.4 Minimum Daily Allowance of Dietary Protein (g/day)66


							
						

						
								
								Age (years)

							
								
								Males

							
								
								Females


							
						

						
								
								11-14

							
								
								45.0

							
								
								46.0


							
						

						
				

				



								
								15-18

							
								
								59.0

							
								
								44.0

							
						

						
								
								19-50

							
								
								60.0

							
								
								46.0


							
						

						
								
								50+

							
								
								63.0

							
								
								50.0


							
						

					 

				The Institute of Medicine recently determined that for adults 18 years and older, the protein requirement is 0.8 grams per kg body weight per day.67


				A major medical problem of prolonged protein and micronutrient deficiency is impairment of the immune system, which threatens survival. For example, Potter et al68 reported that malnourished hospitalized patients are significantly more likely to develop sepsis which significantly increased their length of hospital stay (sepsis is the 10th leading cause of death). More recently, Lesourd69 emphasized that elderly people with protein energy malnutrition had “decreased immune functions, for all aspects of immunity, i.e. T-cell, B-cell subsets and functions and innate immunity, are strongly related to protein nutritional status.”


				Sullivan and co-workers70 referred to several studies that reported the following: (1) protein-energy undernutrition was often not diagnosed during hospitalization, nor was the risk of further nutritional deficiency recognized; (2) elderly hospitalized patients commonly subsisted on low food intake for days; and (3) even when nutritional deficiencies were recognized, adequate nutrition support was uncommon. To better understand this problem, they prospectively studied protein-energy undernutrition in elderly hospitalized patients.70 Their results showed the following: (1) 21% had an average daily nutrient intake less than 50% of their maintenance requirement; (2) although illness severity, length of stay, and admission serum albumin and prealbumin levels were not different from other patients, they were significantly lower upon discharge; and (3) their rates of in-hospital and 90-day post-hospital mortality rates were higher. Protein-energy undernutrition is also a strong independent risk factor for mortality within one year of hospital discharge.71


				In an attempt to determine the extent to which patients with objective signs of protein energy undernutrition had been diagnosed with this disorder, 121 non-critically ill patients aged 70 years and older were studied.72 Here, nine patients had weight/height ratios below 60% of normal, 16 patients between 60% and 70% of normal, and 41patients between 70% and 90% of normal. Of these 66 patients, 24 were recognized as being undernourished on admission, but only five received nutritional support while in the hospital and none were diagnosed as being malnourished on discharge. Nevertheless, there is considerable evidence that nutritional supplementation to undernourished older people in hospitals and long-term care facilities can decrease complications and hospitalizations, as well as mortality.73


				As with total calorie undernutrition, protein-calorie deficiency is not limited to hospitalized patients. Indeed, in an early literature review the prevalence of protein-energy undernutrition was 30% to 60% in nursing homes; the annual mortality rate varied from 10% to 40%.74 The subject of undernutrition in the elderly was recently reviewed.75


				C. Aging


				The free radical theory of aging is discussed in Chapter 4. In addition to aging, more than 100 diseases/disorders have been linked to oxidative stress. The major diseases/disorders that have been associated directly or indirectly with reactive oxygen species (ROS) are listed in Table 7.5.76


				 

				
					
						
								
								Table 7.5 Major Diseases/Disorders Associated with ROS76

							
						

						
								
								Aging


							
						

						
								
								Cancer (various types)

							
						

						
								
								Cataracts and macular degeneration

							
						

						
								
								Cerebrovascular disease

							
						

						
								
								Chronic granulomatous disease

							
						

						
								
								Coronary heart disease

							
						

						
								
								Diabetes mellitus

							
						

						
								
								Immune system deficiencies

							
						

						
								
								Ischemia/reperfusion injury

							
						

						
								
								Kidney diseases/disorders

							
						

						
								
								Liver diseases/disorders

							
						

						
								
								Radiation injury


							
						

						
								
								Respiratory diseases (e.g., emphysema, respiratory distress syndrome, etc.)


							
						

						
								
								Skin diseases (UV light)


							
						

						
								
								Toxic states (xenobiotics, metal toxicity)


							
						

						
								
								Other diseases/disorders


							
						

					
				

				

 

				Interest in the role of mitochondria in aging has greatly increased in recent years. This focus on mitochondria is primarily based on the free radical theory of aging which theorizes that oxidative damage plays a key role in degenerative senescence. Here, leakage of the superoxide anion radical (02-.) and hydrogen peroxide (H202) from the mitochondrial electron transport chain are of major interest due to the correlation between metabolic rate (“rate of living”) and lifespan. Indeed, it has long been recognized that mitochondrial function declines with age, presumably due to mitochondrial DNA deletions which increase with age.

				Mitochondrial oxidative decay is accelerated by various micronutrient deficiences. For example, inhibition of the pathway for heme biosynthesis in mitochondria results in a deficit of heme-a which is present only in Complex IV of the transport chain. Thus, nutrition deficiences which appear to cause DNA damage, neural decay, and aging include iron, zinc, and various vitamins (e.g., biotin, pantothenic acid).77 Moreover, feeding old rats with acetylcarnitine (ALC) and lipoic acid, a mitochondrial antioxidant, for several weeks “restores mitochondrial function; lowers oxidants, neuron RNA oxidation and mutagenic aldehydres; and increases rat ambulatory activity and cognition….”78 In addition, a meta-analysis of 21 double-blind, placebo-controlled prospective clinical trials of three to 12-months duration on the efficacy of ALC in mild cognitive impairment and early Alzheimer’s disease concluded that, compared with placebo, ALC had a significant beneficial response.79 Delaying the mitochondrial decay of aging with various micronutrients was recently reviewed.80


				D. Coronary Heart Disease and Ischemic Stroke


				Atherosclerosis is the major cause of coronary heart disease (CHD) and cerebrovascular disease (CVD). Although the incidence of CHD has progressively decreased since the 1960s, it still remains the leading cause of death in the U.S. and other industrialized nations; CVD is the third leading cause of death. Together, they closely approach the total of the other eight major causes of death in the U.S.


				The INTERHEART study, a standardized case-control study of factors associated with the first occurrence of an acute myocardial infarction in 52 world countries, compared 15,152 cases with 14,820 controls with no history of heart disease.81 The nine evaluated risk factors were all modifiable and included smoking, history of hypertension and diabetes mellitus, waist-to-hip ratio, dietary patterns, physical activity, alcohol consumption, the ratio of apolipoprotein B to apo-A1 (roughly corresponds to LDL, HDL cholesterol ratio), and psychosocial factors. These risk factors collectively accounted for 90% of the risk of a first acute myocardial infarction in men and 94% in women. After adjustment for age, sex, and the nine risk factors, the risk of acute myocardial infarction for those with all nine risk factors, compared with those with no risk factors, was considerably higher (odds ratio, 129.20). When the highest versus the lowest tertile was compared, the odds ratio was dramatically higher (333.7). Importantly, eight of the nine risk factors are strongly influenced and modifiable by diet. The following two recent studies demonstrate the importance of dietary patterns in reducing the mortality risk from cardiovascular disease, and all-causes mortality.


				In a prospective 18-year study of 72,113 women free of cardiovascular disease, stroke, diabetes mellitus or cancer, two major dietary patterns were identified: high prudent pattern (high intake of fruits, vegetables, legumes, fish, poultry, whole grains) and high Western pattern (high intake of red meat, processed meat, refined grains, french fries, sweets).82 The findings showed the following: the prudent diet was associated with a 28% lower risk of cardiovascular mortality and a 17% lower risk of all-causes mortality (highest quintile compared with lowest quintile). The Western diet was associated with a higher risk of cardiovascular mortality (22%), cancer (16%), and all-causes mortality (21%).


				In a world-wide (52 countries) case-control study, the authors identified three major dietary patterns: Western (high in fried foods, salty snacks, eggs, and meat); Oriental (high intake of tofu, soy, and other sauces); and prudent (high in fruit and vegetables).83 The findings showed the following: an inverse ratio existed between the prudent diet and acute myocardial infarction (AMI) with higher levels being protective (compared with first quartile, odds ratios, 0.78 for second quartile, 0.66 for third quartile, and 0.70 for fourth quartile); the Western pattern showed a U-shaped association with AMI (compared with first quartile, the odds ratios for the second quartile was 0.87, but 1.12 for the third quartile and 1.35 for the fourth quartile); and no relationship between the Oriental diet and AMI. Thus, an unhealthy dietary intake increases the global risk of AMI and “accounts for approximately 30% of the population-attributable risk.”


				With respect to the U.S. diet, which is high in salt, a recent study projected that by reducing dietary salt by 3 grams/day (1,200 mg of sodium/day) would reduce the annual number of new cases of coronary heart disease by 60,000 to 120,000, stroke by 32,000 to 66,000, myocardial infarction by 54,000 to 99,000, and annual deaths from any cause by 44,000 to 92,000.84 This intervention could also save 194,000 to 392,000 quality-adjusted life-years and 10 to 24 billion dollars in annual health care costs.


				Dietary Fiber


				Numerous studies over the past two decades have clearly shown that diets rich in fiber (vegetable, fruit, whole grain) reduce the risk of coronary heart disease (CHD) and ischemic stroke. In 1986, 43,757 U.S. male health professionals, aged 40 to 75 years and free of CHD and diabetes at baseline, were followed for six years.23 The age-adjusted relative risk of total myocardial infarction was 0.59 among men in the highest quintile of total dietary fiber intake compared with men in the lowest quartile. However, the relative risk was 0.45 for fatal myocardial infarction. In a 12-year follow-up study, Liu et al27 prospectively evaluated the relation between vegetable intake and CHD among 27,071 male physicians (Physicians’ Health Study) aged 40 to 84 years at baseline. After adjusting for age, randomized treatment, body mass index, smoking, alcohol intake, physical activity, history of diabetes, hypertension and increased cholesterol level, and use of multivitamins, those who consumed at least 2.5 servings/day of vegetables had a relative risk of 0.77 compared with those who consumed less than one serving/day.

				More recently, this research group prospectively evaluated the association between whole- and refined-grain breakfast cereal intakes and total and CHD-specific mortality in 86,190 U.S. male physicians.29 Compared with men who rarely or never consumed whole-grain cereal, those in the highest category of whole-grain cereal intake (> 1 serving/day) had a multivariate relative risk of total and CHD-specific mortality of 0.83 and 0.80, respectively. Importantly, total and refined-grain breakfast cereal intakes were not significantly associated with either total or CHD-specific mortality.


				Similar findings have also been reported in women. In 1984, 75,521 women aged 38 to 63 years at baseline were followed for 10 years.24 After adjustments for age, smoking, body mass index, postmenopausal hormone use, alcohol intake, multivitamin and vitamin E use, aspirin use, physical activity and types of fat intake, the relative quintile risks of CHD were 1.0 (reference), 0.92, 0.93, 0.83, and 0.75, respectively. The inverse relation between whole-grain intake and CHD risk was even stronger in the subgroup of never smokers (relative risk, 0.49 for extreme quintiles). Similarly, 39,876 female health professionals with no history of CHD or cancer at baseline were followed for 5 years.25 Here, for increasing quintiles of total fruit and vegetable intake, the corresponding relative risks of CHD were 1.0 (reference), 0.78, 0.72, 0.68, and 0.68. After excluding participants with a self-reported history of diabetes, hypertension, or high cholesterol at baseline, the multivariate-adjusted relative risk was 0.45 when extreme quintiles were compared.


				More recently, this group of women were assessed for dietary fiber intake and incidence of nonfatal myocardial infarction, stroke, coronary angioplasty, coronary artery bypass graft, or death due to CHD.28 After adjustment for age and randomized treatment status, a significant inverse association was found between CHD risk and dietary fiber intake. Thus, comparing the highest quintile of fiber intake with the lowest intake, the relative risks were 0.65 for total CHD and 0.46 for myocardial infarction. Additional adjustments for CHD risk factors reduced the relative risks to 0.79 for total CHD and 0.68 for myocardial infarction.


				Others studied dietary fiber intake and risk of CHD in 3,588 men and women aged 65 years and older (mean age, 72 years) and free of known CHD at baseline for a mean of 8.6 years.30 After adjustment for age, sex, education, diabetes, ever smoking, pack years of smoking, physical activity, alcohol intake, fruit and vegetable fiber consumption, cereal fiber was inversely associated with incident CHD (21% lower risk in highest quintile intake compared with lowest quintile intake). Higher cereal fiber intake was also associated with lower risk of total stroke and ischemic stroke and a trend toward a lower risk of death. Moreover, a prospective cohort of 75,521 women aged 38 to 63 years at baseline, without a previous diagnosis of CHD, diabetes or stroke, was studied for 12 years.26 The results showed that a higher intake of whole grain foods was associated with a significantly lower risk of ischemic stroke, independent of known CHD risk factors.


				More recently, an average follow-up study of 19 years showed that a “higher intake of dietary fiber, particularly water-soluble fiber, reduces the risk of CHD.”85 Moreover, a high intake of whole grain breakfast cereals is associated with a significantly lower risk of heart failure, the leading cause of hospitalization among the American elderly population.86


				Antioxidants


				The widely accepted oxidative theory of atherosclerosis emphasizes that oxidative modification of low-density lipoprotein (LDL) is a key event in atheroslcerosis.87 Major support for this hypothesis includes the following: oxidized LDL can support foam cell formation in vitro; atherosclerotic lesions are substantially oxidized; oxidized LDL has several potentially proatherogenic activities; and various structurally unrelated antioxidants inhibit atherosclerosis in laboratory animals.88 Additional support for this theory includes the production of reactive nitrogen and oxygen species by vascular cells, as well as oxidative changes that contribute to coronary artery disease (i.e., plaque disruption, endothelial dysfunction). Although the oxidative modification theory is still a theory, available data strongly suggests a healthful role played by some antioxidative dietary components. Thus, diets enriched in micronutrients, including some vitamins, polyphenols, and essential fatty acids help maintain antioxidant status and stress response enzymes, which otherwise decrease with age.


				a) Vitamins (B, C, D, E)


				Over the past decade, numerous studies have evaluated the potential cardioprotective role of B vitamins, especially pyridoxine, cobalamin, and folic acid. Ot these, particular attention has been paid to folic acid owing to its ability to lower serum homocysteine levels, which are associated with a higher incidence of CHD due to the noxious effects of hyperhomocysteinemia on the endothelium and enhanced prothrombotic activity.89 Hyperhomocysteinemia has also been suggested to exacerbate vascular oxidative stress and its clinical sequelae.90 However, folic acid administration lowers plasma homocysteine levels and improves endothelial function.91 In addition, low vitamin B6 (pyridoxine) plasma levels have been associated with increased inflammation.92,93 Since inflammation is involved in the onset and exacerbation of atherosclerosis,94 adequate B6 intake presumably contributes to cardioprotection in older adults.

				It should also be noted that recent randomized clinical trials, possibly underpowered, showed no reduction in coronary heart disease after supplemental vitamin B6.95 In any event, the results of an ongoing randomized trial of antioxidant vitamins in health professional women, aged 42 years and older, was recently reported.96 After 7.3 years of treatment and follow-up, a combination pill of folic acid and vitamins B6 and B12 “did not reduce a combined endpoint of total cardiovascular events among high-risk women despite significant homocysteine lowering.” Thus, it has been suggested that hyperhomocysteinemia may be merely an indicator of an unhealthy lifestyle and low vitamin status, rather than a true predictor of CHD.95


				A meta-analysis of 36 studies found a strong direct correlation between age and plasma vitamin C (ascorbic acid) levels in four subgroups: “adult”, aged 15-65 years; “elderly”, aged 60-96 years; “nonsmokers”, and “smokers”.97 The results confirmed that vitamin C requirements are significantly higher in the elderly and smokers than younger adults and nonsmokers. With respect to smokers, vitamin C is a potent water soluble free radical scavenger which helps to neutralize the extensive production of free radicals in cigarette smokers. The reason for the lower vitamin C levels in the elderly is possibly due to a reduced cellular uptake of vitamin C.98 This study, which investigated the age-related decline in liver vitamin C level in rats, found that vitamin C levels were 68% lower in hepatocytes from old compared with young rats. Moreover, the sodium-dependent vitamin C transporter protein was largely responsible for ascorbic acid transport declines since the levels of this protein were significnatly less in the hepatocytes from old versus young male rats. This mechanism may also explain the lower vitamin C levels in older humans.


				In a 20-year English follow-up study of people aged 65 years and older with no history or symptoms of stroke, the relative risk for those in the highest third of vitamin C intake and plasma levels was 0.5 compared with those in the lowest third intake and plasma levels.99 Another 9 to 12 year study of U.S. men and women aged 60 years and older found that high intake and plasma levels of vitamin C and frequent vegetable consumption was protective against both early total mortality and mortality from heart disease.100 Other studies showed that increased vitamin C status improved endothelial vasomotor relaxation,101 and in elderly men improved cardiovascular baroreflex sensitivity102 and restored proper flow-mediated vasodilatation.103


				Increased vitamin C intake has also been shown to ameliorate endothelial dysfunction and hypertension in the elderly with increased arterial stiffness. Thus, Taddei et al104 reported that in patients with essential hypertension, vitamin C significantly improved impaired endothelial vasodilatation. As such, their findings “support the hypothesis that nitric oxide inactivation by oxygen free radicals contributes to endothelial dysfunction in essential hypertension.” The role of vitamins, including vitamin C, and thiol compounds in preserving the biological activity of endothelium-derived nitric oxide was reviewed.105


				The major sources of vitamin E are vegetable oils, nuts, whole grains and green leafy vegetables. Epidemiological, as well as animal and human observational studies have been inconsistent as to whether vitamin E lowers the risk of atherosclerosis and CHD. In an early large cross-cultural European population study, which differed six-fold in age-specific CHD, Gey at al106 reported an inverse relationship between mortality from CHD and plasma vitamin E levels. These findings were in agreement with two subsequent American studies, one involving 38,910 male physicians107 and the other 87,245 female nurses.108 In the male physician study, for those who consumed 100 IU of vitamin E per day, the multivariate relative risk for coronary heart disease was 0.63 compared with those who consumed no vitamin E supplements. These results were similar to the ongoing female nurse’s study in which the risk of major coronary heart disease was 40% lower in those who took 100 IU of vitamin E per day compared with women who did not take supplemental vitamin E. Several other studies in the 1990s also supported the supplemental intake of vitamin E to decrease the risk of coronary heart disease.109-113


				However, subsequent randomized controlled trials of vitamin C and E supplements have been ambiguous or contradictory. Rapola et al114 studied a group of male smokers, aged 50 to 69 years with a previous history of myocardial infarction, who were enrolled in the alpha-tocopherol (vitamin E) beta-carotene Cancer Prevention Study. In this randomized, double-blind controlled study, the participants received dietary supplements of alpha-tocopherol, beta-carotene, both, or placebo. The findings showed that the major cardiac events were not decreased with either supplement. In fact, the risk of fatal CHD increased in the group that received either beta-carotene or the combination of beta-carotene and alpha-tocopherol. Moreover, there was a non-significant trend of increased deaths in the vitamin E group. Similarly, the Heart Protection Study Collaborative Group115 randomly allocated 20,536 English adults, aged 40 to 80 years at baseline with coronary disease, occlusive arterial disease, or diabetes to receive antioxidant supplementation (vitamins E, C, beta-carotene) or matching placebo. Although the supplements appeared to be safe, there were no “significant reductions in the 5-year mortality from, or incidence of, any type of vascular disease……”

				In the 1993-2004 Women’s Health Study, 39,876 healthy women aged 45 years and older and randomly assigned to receive vitamin E or placebo were followed for an average of 10 years.116 The data indicated that 600 IU of vitamin E, taken every other day, provided no overall benefit for major coronary heart disease mortality. In addition, the authors of a recent randomized, double-blind placebo-controlled 10-year trial of vitamins C and E involving U.S. male physicians aged 50 years and older (Physicians’ Health Study II; PHS II) concluded that “neither vitamin E nor vitamin C supplementation reduced the risk of major cardiovascular events.”117 Moreover, recent studies suggested that long-term vitamin E supplementation (> 400 IU/day) may increase the risk of heart failure118 and all-causes mortality.119 To complicate this matter, subsequent studies found that vitamins E and C use were unrelated to mortality120 or other negative effects in persons at high risk for cardiovascular disease.121


				Increasing evidence suggests that more vigorous clinical trial designs are necessary to effectively evaluate antioxidant vitamin utility and that a multifaceted antioxidant approach to atherosclerosis may yield the most accurate and reliable information. Thus, “clinical trials of vitamin E and cardiovascular diseases may be fatally flawed.”122 Indeed, with respect to the recent PHS II, Roberts et al123 noted the following flaws: (a) vitamin E doses greater than 400 IU every other day are needed to suppress elevated oxidative stress in humans; (b) RRR-alpha-tocopherol has twice the bioavailability of synthetic vitamin E tested in the PHS II study; (c) oxidative stress was not measured; (d) plasma concentrations of vitamins C and E were not measured to assess baseline status and protocol compliance; (e) compliance was assessed by self-reports; and (f) there was a “healthy enrollee effect” (i.e., those enrolled had a lower cardiovascular disease death risk compared with nonenrollees). Thus, the enrollees consisted of a group of men who would most likely not benefit from taking antioxidant vitamins.


				A recent report estimated that 50% to 60% of older people (about one billion) worldwide are vitamin D deficient,124 leaving them vulnerable to bone problems, heart disease, autoimmune disorders, and infections. Indeed, vitamin D boosts the innate immune system resulting in increased phagocytic activity and decreased inflammation by stimulating the production of cathelicidin, an antimicrobial protein. Moreover, a subsequent study indicated that vitamin D insufficiency was present in about 75% of adolescent and adult Americans; 97% of non-Hispanic blacks and 90% of Mexican-Americans had vitamin D insufficiency.125 In addition, Kumar et al126 measured serum 25-hydroxyvitamin D [25(OH)D] in a national representative sample of U.S. children and found that 9% of the pediatric population, representing 7.6 million children and adolescents, were 25 (OH)D deficient and 61%, representing 50.8 million children and adolescents, were 25(OH)D insufficient.


				Early studies reported that hospitalized patients with ischemic heart disease with angina pectorus127 and myocardial infarction128 had significantly lower plasma levels of 25(OH)D than in the control groups. Moreover, in a large prospective male study (Healthy Professionals Follow-up Study) that controlled for known factors associated with coronary heart disease, low 25(OH)D levels were associated with an increased risk of myocardial infarction in a graded manner.129 At this same time, others reported that low blood levels of 25(OH)D and 1,25-dihydroxyvitamin D were independently associated with all-causes and cardiovascular mortality.130 Similarly, Melamed and associates131 tested the association of low 25(OH)D levels with all-cause, cancer, and cardiovascular disease mortality in 13,331 adults 20 years and older (Third National Health and Nutrition Examination Survey; NHANES III). Vitamin D levels were collected from 1988 through 1994 and the participants were followed for mortality through 2000. In cross-sectional multivariate analyses, increasing age, female sex, non-white race/ethnicity, diabetes, current smoking, and higher body mass index were all independently associated with higher 25(OH)D deficiency; higher physical activity and vitamin supplementation were inversely associated with mortality. After a median of 8.7 years follow-up, compared with the highest quartile, the lowest quartile of 25(OH)D levels was independently associated with a 26% increased rate of all-causes mortality.


				Since a role for vitamin D deficiency in Parkinson disease (PD) has been reported, Evatt et al132 compared the prevalence of vitamin D deficiency in a cohort of patients with PD, Alzheimer disease (AD), and normal controls. Their findings showed the following: 55% of patients with PD were vitamin D deficient compared with 41% of patients with AD and 36% of the controls. Thus, there is a possible role of vitamin D insufficiency in PD.


				b) Polyphenols


				As noted prevously, diets rich in plant foods (Mediterranean, DASH, etc) lower the risk of both cardiovascular and cerebrovascular diseases. Whether this positive effect is the result of antioxidants present in plant foods or other factors is currently unclear. In addition to various vitamins, plant foods are rich in numerous other antioxidants including polyphenolics which include several classes of compounds that share a common chemical structure (i.e., benzene derivatives with one or more hydroxyl groups). These compounds are further subclassified into six flavonoid groups; flavonols, flavones, isoflavones, flavanones, anthocyanidins, and flavanols ( including catechins and proanthocyanidins). Other polyphenol classes are the phenolic acids, stilbenes, and lignans. The major fruits and vegetables that are rich in various polyphenols include red/purple grapes, olives, legumes (soybeans, peanuts, beans, peas), cruciferous plants (cabbage, broccoli), whole grains, onions, green tea, and chocolate. Unfortunately, methodological limitations prevent the accurate assessment of polyphenol intake,133 which is apparently due to the lack of standards, their interaction with the matrix, and cross reactivity with various reagents. Moreover, the rate of polyphenol absorption varies significantly.

				In addition to their antioxidant properties, polyphenols possess important enzyme-modulating properties. Thus, some polyphenols inhibit cyclooxygenases (COX),134 including COX-2135 and 5-lipoxygenase.136 As such, they may inhibit platelet aggregation and inflammatory processes and thereby decrease the risk of coronary heart disease. Other polyphenol enzyme-modulating activities include their potential to inhibit inducible nitric oxide synthase (iNOS),137 which would decrease the consequences of enhanced inflammation. In this regard, Folts138 not only reported that red wine and purple grape juice enhances platelet and endothelial production of the vasodilator nitric oxide, but inhibits platelet activity. Others139,140 later reported that purple grape juice inhibits platelet aggregation and suppresses platelet-mediated thrombosis, thereby decreasing the risk of negative cardiovascular events.


				Hertog et al141 quantified the concentration of certain flavonoids, including quercetin, in various foods, assessed the total flavonoid intake by Dutch men aged 65 to 84 years, and followed them for five years. After adjustment for age, BMI, smoking, serum total and HDL cholesterol, blood pressure, physical activity, dietary vitamin and fiber intake, the risk of CHD was significantly less in those with the highest flavonoid intake. In a subsequent 10-year follow-up of the Zutphen Elderly Study, these authors reported that the relative risk of a coronary event among men in the highest tertile compared with the lowest tertile of flavonoid intake was 0.47.142 In agreement with these studies, Knekt and co-workers143 studied 5,133 Finnish men and women aged 30 to 69 years and free of heart disease at baseline (1967-1972). After 20 or more years of follow-up (1992), and adjustments for age, smoking, serum cholesterol levels, blood pressure and BMI, those with a low flavonoid intake had a significantly higher risk of total and coronary mortality than those with a high flavonoid intake.


				In a later meta-analysis of 13 studies involving 200,418 persons, the relative risk of cardiovascular disease was 0.68 for wine drinkers compared with non-drinkers.144 More specifically, there was a significant inverse association between cardiovascular risk and a daily red wine intake up to 150 ml. However, the incidence of cardiovascular disease began to rise when wine intake exceeded 150 ml/day (J-shaped curve).


				Several studies have shown an inverse association between coffee consumption and cardiovascular disease. An 18-year follow-up study of 41,736 men and 86,214 women with no history of coronary heart disease at baseline showed a moderate inverse association between coffee intake and cardiovascular mortality, independent of caffeine intake.145 In the Iowa Women’s Health Study involving 41,836 postmenopausal women aged 55-69 at baseline and followed for 15 years, the hazard ratio of death attributed to cardiovascular disease was 0.76 for consumption of 1-3 cups/day.146 Moreover, a recent Swedish study showed an inverse association between coffee consumption and subsequent postinfarction mortality.147 Others reported that diabetic Finnish coffee drinkers also had a reduced risk of total and CHD mortality.148 More specifically, coffee consumption is inversely associated with inflammatory markers and endothelial dysfunction.149


				Green tea consumption is also associated with a reduced mortality risk due to cardiovascular disease and all-causes mortality.150 Moreover, cocoa intake in elderly men has been associated with decreased risk of hypertension, coronary heart disease, and all-causes mortality.151 The cardiovascular effects of cocoa was recently reviewed.152 In addition, chocolate consumption reportedly has “a strong inverse association with cardiac mortality” amongst those with established coronary heart disease.153


				Resveratrol (3,5,4’-trihydroxystilbene) is a specific polyphenol that is rich in red wine, berries, cocoa products, green tea and peanuts. It has long been suspected to have cardioprotective effects. Indeed, atherosclerosis is reversible and involves the removal of trapped cholesterol-filled foam cells (macrophages) from the arterial intima. Park et al154 recently showed that these lipid-laden macrophages are trapped by interaction with oxidized low-density lipoprotein and can be remobilized by dynamic exposure to key antioxidants such as resveratrol. The beneficial effects of resveratrol on atherosclerosis was recently reviewed.155 Heiss et al156 also recently reviewed the clinical trials that demonstrated improvement of endothelial dysfunction, the pathophysiologic principle involved in the initiation and progression of atherosclerosis, in subjects with cardiovascular risk factors after consumption of flavanol-rich foods. Resveratrol has also been shown to extend the lifespan of some invertebrates and improve the health and survival of mice on a high calorie diet.157 Studies have also shown that resveratrol mimics some of the effects of caloric restriction in mice,158-160 but without extending lifespan when started midlife.161 Thus, resveratrol has a range of anti-aging properties.



				

C. Polyunsaturated Fatty Acids

				Long-chain polyunsaturated fatty acids (PUFA), especially the omega-3 (n-3) series, are essential dietary compounds. An early study indicated that the average annual, age-adjusted death rate from cardiovascular disease among Alaska Natives was significantly lower than non-native Alaskans because of their high dietary intake of fish, which are rich in omega-3 fatty acids (relative risk, 0.67).162 In a subsequent study, Newman et al163 evaluated the extent of coronary artery and aortic atherosclerotic lesions in Alaska Natives and non-natives. Their findings showed that although the extent of fatty streaks and raised atheromatous plaques increased with age in both groups, the prevalence of these lesions in Native Alaskans was consistently and significantly lower than in non-natives.


				Two subsequent studies added further evidence that increased n-3 fatty acid intake significantly lessons the risk of coronary heart disease (CHD) in both men and women. In the first study,164 dietary intake and follow-up data from the Nurses’ Health Study (84,688 female nurses aged 34 to 59 years at baseline) showed that after adjustment for the usual confounding factors, the relative risks for CHD were 0.79 for fish consumption 1-3 times/month, 0.71 for 2-4 times/week and 0.66 for five or more times/week. The Physicians Health Study compared the risk of sudden cardiac death with blood levels of n-3 fatty acids.165 The results showed that blood levels of n-3 fatty acids were “strongly associated with reduced risk of sudden death among men without evidence of prior cardiovascular disease.” To further appreciate the dietary importance of fish and omega-3 fatty acid intake in preventing coronary heart disease, Hu and associates166 prospectively studied the association between fish and omega-3 fatty acids intake in female nurses with type 2 diabetes. Their findings showed that a higher consumption of fish and long-chain omega-3 fatty acids resulted in a significant decrease in coronary heart disease incidence and lower mortality.


				Eicosapentaenoic (EPA, 20:5n-3) and docosahexaenoic (DHA, 22:6n-3) acids have been associated with a lower incidence of coronary heart disease and sudden cardiac death by their antiarrhythmic effect.167 Indeed, several clincial trials have shown that eating fatty fish twice/week or taking 500 mg or more of EPA plus DHA each day improves the prognosis following myocardial infarction.168-170 The Lyon Diet Heart Study171 also showed a significant decrease in death following myocardial infarction in patients allocated to a diet rich in alpha-linolenic acid (18:3n-3). An improvement in endothelial function after an alpha-linolenic acid-rich diet supplemented with walnuts has also been reported.172 Others173 noted that consumption of tuna or other baked or broiled, but not fried, fish was correlated with a lower incidence of atrial fibrillation in adults aged 65 years and older. After a recent review of this topic, the authors concluded that “consumption of fish and its components should be promoted on a global scale especially in the case of subjects with cardiovascular problems.”174


				Studies have also shown that diets rich in fish are associated with a significantly reduced risk of ischemic stroke in both men and women. For example, in a 12-year Health Professional Follow-up Study, the relative risk for men who ate fish one to three times per month, compared with men who ate fish less than once per month, was 0.57.175 Similarly, a 14-year prospective study of women (Nurses’ Health Study) showed that increased consumption of fish and omega-3 PUFA led to a significantly decreased risk of thrombotic cerebral infarction.176 Moreover, the risk of cerebral infarction was inversely associated with the frequency of fish consumption.


				The mechanism(s) whereby n-3 fatty acids decrease the risk of CHD and ischemic stroke is poorly understood. Goodnight177 suggested four possible pathways: (1) a reduction of platelet vascular interactions with thrombosis; (2) an inhibitory effect on atherogenesis; (3) a damping of the vascular response to injury; and (4) a reduction in the rate of sudden cardiac death by decreasing ventricular arrhythmias.


				Since improving diet is a critical component of the American Heart Association’s strategy for cardiovascular disease risk reduction, their recommendations were updated in 2006.178 In addition to improving lifestyle (weight control, physically active, avoiding tobacco products), people should consume a diet rich in fruit, vegetables, whole grain and other high fiber foods. In addition, we should consume fish at least twice/week, limit cholesterol, saturated and trans fats, and eat low fat dairy products.


				D. Cancer


				Cancer is the second leading cause of death in the United States and other industrialized nations. In 2008, the estimated number of cancer cases and deaths in the U.S. was 1,437,180 and 565,650, respectively.179 The average annual cancer incidence rates per 100,000 persons for all cancer sites for the major racial/ethnic groups in 2002 were as follows: blacks, 445.3; whites, 401.4; Asian/Pacific Islanders, 283.4; Hispanics, 270.0; and American Indians/Native Alaskans, 202.7.180


				Cancer is largely a preventable disease since about one-third of cancer deaths are due to tobacco use and another third to excess body weight, physical inactivity, and poor nutrition. Indeed, in their 1981 landmark study, Doll and Peto estimated that 35% of cancer deaths in the United States could be attributed to dietary factors.181 In this regard, the American Cancer Society Guidelines on nutrition and physical activity for cancer prevention was recently published.182 Although numerous studies have suggested that an adequate intake of antioxidants (e.g., vitamins C, E, carotenoids and polyphenolic compounds) and trace metals (e.g., zinc, selenium) may significantly reduce the risk of various malignancies, a recent Women’s Health Initiative study found that “multivitamin use has little or no influence on the risk of common cancers….”183 However, since the exact etiology of many cancers is poorly understood, unexplained inconsistencies in various studies are to be expected, not only with respect to lifestyle differences, but in men and women. The major malignant diseases associated with nutritional deficiencies are presented in Table 7.6.
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				Lung and Bronchus


				Worldwide, carcinoma of the lung had the highest incidence and mortality rates of all malignancies in 1997.184 Although lung/bronchus cancer is the third most common malignancy after breast and prostate in the U.S., it is the most common cause of cancer deaths in both men and women.179 In this 2008 report, there were 215,020 estimated cases (114,690 men; 100,330 women) and 161,840 deaths (90,810 men; 71,030 women).


				Early studies concluded that diets high in fruits and vegetables decrease the risk of lung cancer.185,186 Knekt et al187 studied 10,000 Finnish men and women over a 20-year period in which there were 1,000 incident cancer cases of which 151 were lung cancers. Although there was a modest inverse association between the incidence of all cancers and dietary flavonoids (relative risk 0.80, highest versus lowest quartile), the association was mainly a result of the decreased incidence of lung cancer (relative risk 0.54, highest versus lowest quartile). Importantly, the protective effect of flavonoids persisted after adjustment for smoking, total energy and vitamins C, E and beta-carotene intake. This association was particularly strong in persons under aged 50 years and in non-smokers with relative risks of 0.33 and 0.13, respectively. However, the association between lung cancer and fruits and vegetables intake in a later prospective study involving 77,283 women (Nurses’ Health Study) and 47,725 men (Health Professional Follow-up Study) showed mixed results.188 In this study, total dietary fruit and vegetable intake was associated with a modestly lower risk of lung cancer among women but not men (relative risk 0.79, highest versus lowest quartile of intake). However, among never smokers, increased fruit and vegetable consumption was associated with a significantly lower cancer risk in both men and women. A recent literature review also found a significantly lower risk of lung cancer with higher consumption of fruits.189


				The association between micronutrient consumption and lung cancer has also been mixed. In 1994, Mayne et al190 reported that beta-carotene-rich raw fruits and vegetables, as well as vitamin E supplements, significantly reduced lung cancer risk in non-smoking men and women. However, another 1994 study indicated that supplementation with vitamin E and beta-carotene did not reduce the risk of lung cancer in male smokers.191 Interestingly, a subsequent report192 indicated that beta-carotene neither increased nor decreased the risk of lung cancer while others193 suggested that beta-carotene and vitamin A supplementation may increase the risk of lung cancer in smokers and workers exposed to asbestos. In agreement with this latter report, the Alpha-Tocopherol Beta-Carotene Cancer Prevention (ATBC) Study Group reported that beta-carotene supplementation increased the risk of lung cancer in men, especially among smokers.194 However, others reported that increased vitamin E levels were associated with a lower risk of lung cancer.195 This decreased cancer risk was even stronger in younger people and among those with a shorter time exposure to cigarette smoke.


				Breast Cancer


				Breast cancer is the most common cancer among U.S. women and is second only to lung cancer as a cause of cancer deaths in women. In 2008, there were an estimated 184,450 new cases (182,460 women; 1,990 men) and 40,930 deaths (40,480 women; 450 men).179


				Dietary Fiber


				Although some preclinical and observational studies suggest an inverse association between dietary fat intake and breast cancer, others have shown no relationship.196-199 Since the hypothesis that a low-fat dietary pattern reduces the risk of breast cancer, but had never been tested in a controlled intervention trial, Prentice et al200 conducted a randomized, controlled primary prevention trial at 40 U.S. health centers from 1993 to 2005. The results showed that reduction in fat intake to 20% of total energy calories had a very small effect on cancer risk among postmenopausal women. Others carried out a randomized, prospective, multicenter clinical trial to test the effect of reduced fat intake in women with resected, early-stage breast cancer receiving conventional treatment.201 After about 7 years (1994-2000), compared with the control group, the hazard ratio of relapse events in the reduced fat intake group was 0.76. Thus, “reducing dietary fat intake with modest influence on body weight, may improve relapse-free survival of breast cancer patients receiving conventional cancer management.” However, in a similar controlled trial of women previously treated for early stage breast cancer, a diet high in fruit, vegetables, and fiber and low in fat “did not reduce additional breast cancer events or mortality during a 7.3-year follow-up period.”202

				Vitamins, Fruits/Vegetables


				Various experimental studies in laboratory animals have supported a role for some micronutrients as found in fruits and vegetables in reducing the risk of breast cancer. Since oxidative free radical damage to DNA is considered to be an important contributor to cancer development in some organs, vitamins C and E may play a role in decreasing the risk of breast cancer. Thus, an experimental study indicated that vitamin E (alpha-tocopherol), but not vitamin C, inhibits the proliferation of breast epithelial cells and therefore may reduce the risk of breast cancer.203 However, a role for vitamin E in breast cancer prevention in both animal experiments and human epidemiologic and clinical studies have been inconsistent.204 Hunter et al205 carried out an 8-year prospective study of 89,484 women aged 34 to 69 years and free of cancer at baseline. After evaluation of the intake of vitamins A, C and E from foods and supplements, the results showed that increased vitamin intake did not decrease the risk of breast cancer. Other recent studies also showed no association between breast cancer risk and multivitamin supplement use206 or plasma levels of folate, vitamin B-6 and vitamin B-12.207,208


				Analysis of eight prospective studies also indicated that fruit and vegetable consumption did not significantly reduce the risk of this common malignancy.209 Others, however, reported that premenopausal women who ate five or more daily servings of fruit and vegetables had a modestly lower risk of breast cancer compared with premenopausal women who consumed less than two daily servings (relative risk, 0.77).210 Interestingly, a recent prospective Nurses’ Health Study with 85,967 women showed an inverse association between caffeine-containing coffee and breast cancer risk among postmenopausal women.211


				Since animal studies suggest the potential anticarcinogenic effects of vitamin D and calcium, Lin and associates212 prospectively evaluated the association between total calcium and vitamin D intake and breast cancer incidence among premenopausal and postmenopausal women aged 45 years and older (Women’s Health Study). After an average 10-year follow-up, higher intakes of both calcium and vitamin D were moderately associated with a lower risk of premenopausal breast cancer (hazard ratios for highest versus lowest quintile, calcium 0.61, vitamin D 0.65). However, increased intakes of both nutrients were not associated with a decreased breast cancer risk in postmenopausal women.


				Red Meat


				Since high intakes of red and processed meats may increase the risk of mortality, Sinha and associates213 carried out a cohort populaton study of 500,000 men and women aged 50 to 71 years at baseline. After a 10-year follow-up period, there were 47,976 male deaths and 23,276 female deaths. After comparing the highest with the lowest quintile of red and processed meat intakes in both sexes, the authors concluded that “red and processed meat intakes were associated with modest increases in total mortality, cancer mortality, and cardiovascular disease mortality.” Indeed, epidemiologic and cohort studies214,215 found that high meat consumption was associated with an increased risk of breast cancer. More recently, Cho et al216 assessed the intake of red meats (beef, pork, lamb) and breast cancer risk among premenopausal women aged 26 to 46 years in the Nurses’ Health Study II. After 12 years of follow-up of 90,659 premenopausal women, greater red meat intake was strongly associated with an increased risk of estrogen and progesterone receptor positive breast cancer.


				Although the mechanism for this association is not fully understood, some studies have suggested that heterocyclic amines, which are mutagenic agents, have been identified in well-cooked meats and fish.217,218 To test the possibility that well-done meats may increase the risk of breast cancer, Zheng et al219 conducted a case-controlled study among 41,836 women (Iowa Women’s Health Study). Their results showed a dose-response association between “doneness” levels of meat consumed and breast cancer risk. The odds ratios for very well-done meat versus rare or medium-done meat was 1.54 for hamburger, 2.21 for beef steak, and 1.64 for bacon. For women who consistently ate these three very well done meats, the risk was 4.62 times greater than for women who consumed rare or medium-done meats.


				


Folic Acid and Alcohol

				Increased alcohol consumption moderately increases the risk of breast cancer.220-222 Zhang and associates223 hypothesized that higher folate intake might reduce the risk of breast cancer, especially in women with greater alcohol intake. To evaluate this possibility, they prospectively followed 88,818 women (Nurses’ Health Study) for 16 years. The results showed that for total folate intake of 600 or more ug/day, compared with 150-299 ug/day, the relative risk for breast cancer was 0.55. Moreover, current use of a multivitamin supplement compared with never supplement use was also associated with lower breast cancer risk among women who daily consumed 15 or more grams of alcohol (relative risk, 0.74).


				Prostate Cancer


				Prostate cancer is the most common cancer among American men, and the third leading cause of cancer death. In 2008, there was an estimated 186,320 new cases and 28,660 deaths.179 As with breast cancer, there is a remarkable variation in prostate cancer incidence and mortality across ethnic and geographic groups suggesting that lifestyle differences, including diet, are important.


				Vitamins/Micronutrients


				Carotenoids comprise a large group of natural pigments that, along with flavonoids, provide considerable color to the environment (fall leaves, colored vegetables, flowers, etc.). Some dietary carotenoids, such as beta-carotene, serve as an important source of vitamin A, although most, including lycopene, are devoid of previtamin A activity.


				Interest in lycopene, a potent antioxident which is rich in tomatoes, has increased considerably due to its potential role in decreasing the risk of various cancers, including prostate cancer. An early study of Adventist men suggested that high tomato intake was associated with a decreased risk of prostate cancer.224 One year later, Hsing et al225 reported that men with serum lycopene levels in the highest quartile had a 50% lower risk of prostate cancer than men in the lowest quartile. Moreover, a subsequent large nested case-control study of healthy men at baseline (Physicians’ Health Study) reported similar results.226 More recently, the Health Professional Follow-up Study involving 47,365 men over a 12-year period, confirmed the inverse association between prostate cancer and frequent tomato or lycopene intake (relative risk, 0.84 for high versus low quintiles).227 In addition to these American studies, a Greek study also found that both cooked and raw tomato intake were inversely associated with the risk of prostate cancer.228 Although the mechanisms whereby lycopene acts is not completely understood, preclinical studies suggest that it inhibits prostatic IGF-1 signaling, IL-6 expression, androgen signaling, and induction of oxidative defense genes.229


				Various other micronutrients have also been inversely associated with prostate cancer, although the results have been mixed and often varied with lifestyle. The Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study230 of Finnish male smokers reported that participants randomly supplemented with 50 mg of alpha-tocopherol each day had a significant 32% reduction in the incidence of prostate cancer and a 41% reduction in death from prostate cancer compared to the non-supplemented group. In a subsequent post-intervention follow-up assessment, the ATBC Study Group confirmed that participants receiving alpha-tocopherol supplements had a reduced risk of prostate cancer.231 Woodson et al195 evaluated the association of both alpha- and gamma-tocopherol with prostate cancer in a nested case-control study of smokers. They found that the risk of prostate cancer decreased with increasing serum and toenail concentrations of alpha-tocopherol (odds ratio of highest versus lowest quintile, 0.65). The inverse correlation between gamma-tocopherol and prostate cancer in the highest quintile had a five-fold risk reduction compared with those in the lowest quintile.

				However, a recent randomized, double-blind placebo-controlled trial (Physicians’ Health Study II) over a 10-year period found that “neither vitamin E or C supplementation reduced the risk of prostate or total cancer.”232 Similarly, a prospective analysis of data from 29,361 men in the screening arm of the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial also reported no overall association between dietary or supplemental intake of vitamin E and prostate cancer risk.233 However, as with some of the previously noted studies, current smokers or who had quit smoking within the past 10 years and were supplemented with vitamin E had a statistically significant 71% reduction in risk of advanced prostate cancer compared with those who did not take supplemental vitamin E. Moreover, beta-carotene supplementation in men with low beta-carotene dietary intakes was also associated with a reduced risk of prostate cancer.


				Although it is unclear how cigarette smoking may modify the association between vitamin E intake and prostate cancer risk, it has been hypothesized that carcinogens in cigarette smoke may induce mutations in oncogenes or in tumor suppressor genes involved in prostate cancer progression and aggressiveness.234 Cigarette smoke may also increase testosterone and dihydrotestosterone levels.


				With respect to vitamin D, Yin and associates evaluated ten longitudinal studies on the association between serum 25-hydroxyvitamin D [25(OH)D] and prostate cancer (PC).235 They concluded that “serum 25(OH)D is not associated with PC incidence.”


				Selenium and Calcium


				Selenium, an essential trace metal, is a cofactor for the antioxidant enzyme glutathione peroxidase (GPx) that may protect DNA from oxidative damage. Although toxic in high doses, moderate supplementation has been shown to decrease the risk of various chemically-induced cancers in laboratory animals. Inadequate intake has also been associated with various cancers in humans, including prostate cancer. An early study by Willett et al236 reported a significant inverse association between serum selenium levels and gastrointestinal and prostate cancers. A later case control study from the Baltimore Longitudinal Study of Aging also found that low plasma selenium levels are associated with a four- to five-fold increased risk of prostate cancer.237


				In a placebo-controlled, double-blind cancer trial,238 the administration of 200 ug of selenium/day was inversely associated with the incidence of prostate and colorectal cancers. The Health Professionals’ Follow-up Study also showed that higher selenium intakes significantly reduced the risk of prostate cancer.239 In addition, a subsequent prospective Physicians’ Health Study over a 13 year period showed an inverse correlation between selenium plasma levels at baseline and prostate cancer.240 However, in spite of these studies showing that selenium deficiency increases the risk of prostate cancer, a large randomized, placebo-controlled trial with a follow-up of 7-12 years found that oral selenium supplementation (200 ug/day) “did not prevent prostate cancer in this population of relatively healthy men.”241


				As to the mechanism whereby selenium may decrease the risk of prostate cancer, Gasparian and associates242 presented data suggesting that selenium may target the nuclear factor-kappa B activation pathway and thereby increase sensitization of prostate cancer cells to apoptosis. This study is in agreement with an earlier basic study showing that vitamin E and other antioxidants inhibit human prostate cancer cell growth through apoptosis.243


				Since an association between high dietary calcium intake and prostate cancer had been suggested, Swedish researchers carried out the largest study between prediagnostic serum calcium levels and the risk of prostate cancer.244 In this 30-year prospective cohort study of 22,391 healthy men at baseline, 1,539 incident cases of prostate cancer occurred. The researchers concluded that “the data suggest that high serum levels of calcium in young overweight men may be a marker for a decreased risk of developing prostate cancer.” Moreover, vitamin D deficiency also increases the risk of prostate cancer.245


				Dietary Fat and Total Energy Consumption


				The role of dietary fat and total energy consumption as risk factors for prostate cancer have been somewhat mixed. In a population-based case-control study of prostate cancer among blacks (very high risk), whites (high risk) and orientals (low risk), the authors concluded that there was a causal role for saturated fat in prostate cancer, but only a weak association for monounsaturated fat and no association with polyunsaturated fat or total energy.246 However, there was a postive trend for prostate cancer risk in a Swedish case-control study of total food consumption.247 Thus, the odds ratio was 2.22 for men whose total food consumption was “somewhat more” and 3.89 for those whose consumption was “much more” than men in general. Although there was an increased trend for body weight (Chapter 6), total food consumption and body mass index were independent risk factors.


				

Colorectal Cancer

				Colon cancer is the third most common cancer in American men and women and the second-leading cause of cancer-related deaths. In 2008, there was an estimated 108,070 cases of colon cancer in the United States (53,760 men; 54,310 women).179 Rectal cancer accounted for about 40,740 cases (23,490 men; 17,250 women). Together these cancers led to an estimated 49,960 deaths (24,260 men; 25,700 women). Risk factors other than inheritance (10%-15% of cases) include overweight/obesity, physical inactivity, alcohol consumption, and high fat, low fiber diets. Other possible modifiable risk factors include adequate folic acid and antioxidant micronutrients intake, and decreasing red meat consumption, among others.


				Dietary Fiber


				In 1971 Burkitt first proposed that a high fiber diet may lower the risk of colorectal cancer.248 Most of the subsequent early epidemiologic reports were from case-control studies. Potter reviewed 17 studies before 1996 and found that 11 showed an inverse association between dietary fiber intake and colon cancer.249 Howe et al250 reviewed 13 early case-control studies from several countries; the combined data showed a strong inverse relationship between dietary fiber intake and colorectal cancer. More specifically, a five-year population-based case-control study in men and women aged 30 to 60 years indicated that a high dietary fiber intake was associated with progressively lower relative risks for colon cancer (odds ratio 1.0, 0.9, 0.8 and 0.6 across quartiles of fiber intake in men; 1.0, 0.9, 0.5, and 0.5 for women).251 In a later Italian study, the odds ratios for colorectal cancer, comparing the fourth and first quintiles (i.e., 80th and 20th percentiles), were 0.68 for total fiber, 0.67 for soluble fiber, 0.71 for total insoluble fiber and 0.67 for cellulose.252 When the fiber sources were classified, the odds ratios were 0.75 for vegetable fiber and 0.85 for fruit fiber. More recently, Terry et al253 reported that total fruit and vegetable consumption was also inversely associated with colorectal cancer in Swedish women. Thus, for those who consumed less than 1.5 servings of fruit and vegetables each day, the relative risk for colorectal cancer was 1.65 compared with women who consumed 2.5 servings/day.


				Other more recent studies, however, have not shown an inverse relationship between dietary fiber and colorectal cancer. For example, in a prospective study of 88,767 women 34 to 59 years of age at baseline, Fuchs et al254 found no association between dietary fiber and colorectal cancer risk. The following year Michels and co-workers255 published data from both the Nurses’ Health Study (88,764 women) and Health Professionals’ Follow-up Study (47,325 men). The authors concluded that frequent consumption of fruits and vegetables “does not appear to confer protection from colon or rectal cancer.” The inconsistencies in these fiber intake studies is perplexing and poorly understood. Perhaps, as noted in a study of German vegetarians256 with a reduced overall mortality and incidence of colon cancer who have a relatively high intake of fruits and vegetables, individuals with a high fiber intake may simply be more health conscious and have a more healthy overall lifestyle than those whose fiber intake is low.


				Red Meats


				Increased consumption of red and processed meat, as well as fat, has also been associated with colorectal cancer in many, albeit not all, epidemiological studies. An early study examined the relative effects of fat, meat, fiber and vegetable intake in 47,949 male health professionals aged 40 to 75 years free of cancer at baseline.257 The results indicated that total fat, saturated fat and animal fat intake were not risk factors for colon cancer. However, colon cancer risk was directly associated with red meat intake (relative risk, 1.71). Indeed, the relative risk for colon cancer among men who ate pork, beef, or lamb five or more times per week was 3.57 compared with men who consumed these meats less than once per month. Moreover, Wu et al258 reported that humans who preferred well-cooked red meat and had higher frequencies of frying, barbecuing, broiling, or often used red meat drippings had significantly higher colon cancer rates than those less inclined to these characteristics.


				To further evaluate the association between red meat intake and colon cancer, Chao et al259 recently published information from a cohort of 148,610 adults aged 50 to 74 years residing in 21 states who provided meat consumption information in 1982 and again in 1992/1993. After adjusting for age and energy intakes, their findings showed that higher processed meat intake in 1992/1993 was associated with an increased risk of colon cancer. However, after further adjusting for cigarette smoking and body mass index, there was no association between meat consumption and colon cancer. Nevertheless, when long-term consumption was considered, those in the highest consumption tertile compared with the lowest tertile in both 1982 and 1992/1993, had a higher risk of distal colon cancer with processed meat (relative risk, 1.50) and ratio of red meat to fish and poultry (relative risk, 1.53). Moreover, high red meat consumption reported in 1992/1993 was also associated with an increased risk of rectal cancer (relative risk, 1.71).


				

Vitamin D and Calcium

				Since the hypothesis that vitamin D reduces the risk of several cancers, including colorectal carcinoma, numerous supportive studies have been reported. Moreover, calcium also appears to have colorectal antineoplastic effects. To assess whether vitamin D and calcium are inter-related or independent factors, Grau and associates260 studied the effects of calcium and vitamin D supplementation on colon adenoma recurrence in a multi-center, placebo-controlled randomized clinical trial. Their results showed that among subjects with baseline 25-hydroxyvitamin D [25(OH)D] levels at or below the median (29.1 ng/mL), calcium supplementation was not associated with adenoma recurrence. However, among those with levels above the median, calcium supplementation was associated with a reduced risk (relative risk, 0,71). Serum 25(OH)D levels were associated with a reduced risk only among those receiving calcium supplements. The authors concluded that calcium supplementation and vitamin D act primarily together, not separately, to reduce the risk of colorectal adenoma recurrence. In a recent follow-up study of prolonged calcium supplementation on the risk of colorectal adenoma, these researchers concluded that “the protective effect of calcium supplementation on risk of colorectal adenoma recurrence extends up to 5 years after cessation of active treatment, even in the absence of continued supplementation.”261 Others262 recently reported that both total calcium and vitamin D intake were modestly associated with a reduced risk of distal colorectal adenoma, but more strongly associated with decreased risk of distal colon adenoma in women (relative risk, 0.67). A meta-analysis of 17 epidemiological studies concluded that “both circulating 25(OH)D and vitamin D intake were inversely associated with colorectal adenoma incidence and recurrent adenomas.”263


				Since some early studies indicated that a low intake of vitamin D did not protect against colorectal cancer, Gorham et al264 evaluated five studies of serum 25(OH)D in association with colon cancer risk. The meta-analysis indicated that a 50% lower risk of colorectal cancer (CRC) was associated with a serum 25(OH)D level > 33 ng/mL compared with < 12 ng/mL. Thus, the daily oral intake of 1,000-2,000 IU/day of vitamin D(3) “could reduce the incidence of colorectal cancer with minimal risk.” Similarly, a more recent meta-analysis of eight original articles “support the suggestions that serum 25(OH)D is inversely related to CRC risk”265 Indeed, as noted by Holick,266 “women who are vitamin D deficient have a 253% increased risk for developing colorectal cancer, and women who ingested 1,500 mg/d calcium and 1,100 IU/d vitamin D3 for 4 years reduced risk for developing cancer by > 60.” Moreover, three Harvard cohort studies, including the Nurses’ Health Study, Health Professinals’ Follow-up Study, and the Physicians’ Health Study all strongly support an increased association between vitamin D intake and colorectal cancers and adenomas.267 A recent Japanese study also found that “a low level of plasma 25(OH)D may increase the risk of rectal cancer.”268 Others reported an inverse relationship between serum 25(OH)D levels and colorectal cancer mortality among Americans.269 More recently, Jenab et al270 examined the level of circulating 25(OH)D in a cohort of more than 520,000 participants in 10 western European populations in which 1,248 later developed colorectal cancer. The authors concluded that “this large observational study indicate a strong inverse association between levels of pre-diagnostic 25-(OH)D concentration and risk for colorectal cancer…”


				Since the association between dairy food and calcium intakes and a lowered risk of various cancers have been somewhat inconsistent, Park et al271 identified 36,965 and 16,605 cancer cases in men and women, respectively (NIH-AARP Diet and Health Study). Their findings suggested that although calcium intake is especially associated with a lower risk of colorectal cancer, it is also associated with a lower risk of total cancer and other cancers of the digestive system. Nevertheless, it should be noted that in contrast to these studies, the authors of a large randomized, double-blind, placebo-controlled trial concluded that “daily supplementation of calcium and vitamin D for seven years had no effect on the incidence of colorectal cancer among postmenopausal women.”272


				Folic Acid, Methionine and Vitamin B6


				In an early large clinical study of American male professionals aged 40 to 75 years and free of cancer at baseline, alcohol intake was directly related to colon cancer risk.273 For those who consumed two or more daily alcoholic drinks, the relative risk was 2.07 compared with men whose alcohol intake was less than 0.25 drinks per day. Moreover, combinations of high alcohol intake and low methionine and folic acid intakes increased the relative risk to 3.30 for total colon cancer. When the researchers compared high-methyl diets (i.e., folic acid, methionine) with low-methyl diets in high alcohol users, the relative risk for distal colon cancer was 7.44 in those with low-methyl diets. Indeed, there was no increased colon cancer risk for those with a high intake of folic acid and methionine and two or more daily alcohol drinks. Similarly, the NHANES 1 epidemiologic follow-up study of 14,407 subjects with 20 years of follow-up found a significant association between folate intake and reduced colon cancer risk among men and non-drinkers.274


				Others reported that increased folate and methionine intake, regular use of multivitamins containing folate, and avoidance of moderate to heavy alcohol intake decreases the excess risk of colon cancer in those with a family history of this malignancy.275 Moreover, a Nurses’ Health Study involving 88,756 women free of cancer at baseline found that after controlling for confounding factors, folic acid intake of 400 ug/day, compared with less than 200 ug/day, resulted in an overall relative risk of 0.69.276 However, the reduced cancer risk was evident only after four years of supplementation but continued to decrease with time. Thus, the relative risk was 0.83 for five to nine years, 0.90 for ten to 14 years and 0.25 for 15 or more years.

				Although a subsequent 2002 review of epidemiologic studies of folate and colorectal cancer concluded that “maintaining adequate folate levels may be important in lowering the risk of colorectal cancer,”277 animal studies indicated that “exceptionally high supplemental folate levels and folate intervention after microscopic foci are established in the colorectal mucosa promote, rather than suppress, colorectal carcinogenesis.”278 Moreover, a recent Norwegian study concluded that folic acid plus vitamin B12 treatment increased cancer outcomes and all-causes mortality in patients with ischemic heart disease.279 Others reported that folic acid intake of 1.0 mg/day did not reduce the risk of colorectal adenoma.280 Nevertheless, as noted by Drake and Colditz,281 the folate intake in the Norwegian trial was 800 ug/day among the ischemic heart disease patients, which is significantly greater than the U.S. fortification and well within the safe limits. Moreover, a recent prospective observational study within two very large U.S. cohorts (Nurses’ Health Study; Health Professionals’ Follow-up Study) found that higher plasma folate levels “were not associated with an increased risk of colorectal cancer-specific or overall mortality.”282 Indeed, compared with those in the lowest quintile of plasma folate, those in the highest quintile had a hazard ratio for colorectal cancer-specific mortality of 0.42 and overallmortality of 0.46.


				Since increasing evidence suggests that vitamin B6, a coenzyme involved in about 100 enzymatic reactions, may reduce the risk of colorectal cancer, Larsson et al283 conducted a meta-analysis of nine prospective studies on vitamin B6 intake and four prospective studies on blood pyridoxal 5’-phosphate (PLP; the active form of vitamin B6) with colorectal cancer risk. After omitting one study among the vitamin B6 intake studies, the pooled relative risks for vitamin B6 intake and blood PLP levels were 0.80 and 0.52, respectively. Thus, “vitamin B6 intake and blood PLP levels were inversely associated with the risk of colorectal cancer….”


				Non-steroidal Anti-Inflammatory Drugs


				Several studies suggest that aspirin and other non-steroidal anti-inflammatory drugs (NSAIDS) may decrease the risk of colorectal cancer. For example, the Cancer Prevention Study II, which involved 662,424 participants between 1982 and 1988, reported that the relative risks for fatal colon cancer among individuals who used aspirin 16 or more times per month were 0.60 for men and 0.58 for women compared with those who infrequently used aspirin. 284 Similarly, in the Health Professional Follow-up Study, the relative risk for colorectal cancer was 0.68 when aspirin use was more than two times per week when reported on a single questionaire.285 However, the relative risk was 0.35 when regular aspirin use was reported on three or more questionaires.


				The Nurses’ Health Study found that regular aspirin use (i.e., two or more times/week) had a relative risk of 0.62 for colon cancer compared with those who took aspirin less frequently.286 Indeed, an early review (1996) of case-controlled clinical trials found a 40% to 50% risk reduction for colonic adenomas and carcinomas among those who regularly took aspirin.287 More recently (2007), Flossman et al288 reported the effect of aspirin in two large English randomized trials lasting more than 20 years (British Doctors Aspirin Trial; UK-TIA Aspirin Trial). The results showed that the intake of 300 mg or more of aspirin a day for about five years is effective in preventing colorectal cancer. In addition, data from two separate randomized clinical trials (Colon Polyp Preventon Study; Aspirin/Folate Polyp Prevention Study) suggest that intake of calcium and aspirin/nonsteroidal anti-inflammatory drugs “may act synergistically to lower the risk of advanced colorectal neoplastic polyps.”289


				Coffee and Tea


				A modest inverse association between coffee consumption and risk of colon cancer has been reported in several early case-control studies.290 More recently, Lee et al291 prospectively examined this association in a large population-based cohort study of Japanese men and women. Their findings showed a significant inverse association between coffee consumption and risk of invasive colon cancer in women, but not in men. Thus, compared with women who rarely consumed coffee, those who regularly consumed three or more cups per day had a relative risk of 0.44. However, there was no association between coffee and rectal cancer. However, others in Japan reported that coffee consumption is not associated with the incidence of colorectal cancer in men or women.292 Similarly, two prospective population-based cohort studies in Sweden (Swedish Mammography Cohort; Cohort of Swedish Men) “do not support the hypothesis that coffee consumption lowers the risk of colorectal cancer.”293


				Although experimental animal studies have generally supported tea as being protective against colon cancer, human studies have generally shown no association. Indeed, a recent review found no overall association between tea and either rectal or colon cancer in seven cohort studies or 12 case-control studies.290


				

 

				Fish/n-3 Polyunsaturated Fatty Acids

				Laboratory and animal studies have suggested that fish intake, the major source of long-chain n-3 fatty acids, is protective against colorectal cancer. However, since human studies have been somewhat inconsistent in this regard, Hall and associates294 examined the association between fish and n-3 fatty acid intake and colorectal cancer in men (Physicians’ Health Study). After 22 years of follow-up, 500 men had developed colorectal cancer. Both fish and n-3 fatty acid intake were inversely associated with colorectal cancer risk (relative risks, 0.63 and 0.74 for highest versus lowest quartile intake, respectively).


				Stomach and Esophagus


				Stomach cancer was the leading cause of cancer-related deaths in most countries, including the United States, before 1930. Since then there has been a very significant steady decline in gastric cancer throughout the world, especially in Western countries. Although the reasons for this dramatic decline are not fully understood, decreased consumption of salt-preserved food, increased dietary intake of fruits and vegetables, and the availability of refrigeration are significant factors. Also important was the recognition that the microorganism, Helicobacter pylori, is a strong risk factor for gastric cancer.295,296


				Although the incidence of gastric cancer has significantly fallen in most industrialized countries, in 2001 it remained the most common cancer in both men and women in Japan where it accounted for about 18% of all cancer-related deaths (52.6 deaths/100,000 men and 27.5 deaths/100,000 women compared with 6.3/100,00 men and 4.2/100,000 women in the U.S.).297 In 2008, the estimated number of stomach cancer cases in the U.S. was 21,500 (13,190 men; 8,310 women) with 10,880 deaths (6,450 men; 4,430 women).180


				Although the overall incidence of stomach cancer continues to decrease in most parts of the world, the incidence of cancer in the lower esophagus and gastric cardia have recently increased in the United States and several European countries, possibly due to increased gastric reflux due to the increased incidence of adominal obesity.298 Esophageal cancer is significantly less frequent, but considerably more lethal than gastric cancer (96% mortality rate). In 2008, there was an estimated 16,450 cases in the U.S. (12,970 men; 3,500 women) and 14,280 deaths (11,250 men; 3,030 women).180


				 

				 

				Dietary Fiber


				Case-control studies of esohageal and gastric cardia cancers showed that increased dietary fiber intake significantly lowered the incidence of both cancers.299,300 In a more recent population-based case-control study, Terry et al301 found a strong dose-dependent inverse association between total dietary fiber and risk of gastric cardia adenocarcinoma, of which cereal fiber was the most important. Here, the odds ratio among those in the highest quartile of cereal fiber intake compared with the lowest quartile was 0.3. Although a high cereal fiber intake was also significantly associated with a decreased risk of esophageal adenocarcinoma, a linear dose-risk trend was not observed. There was also no association between cereal fiber intake and esohageal squamous cell carcinoma.


				Fruits and Vegetables


				Although prospective studies have been somewhat inconsistent, most case-control studies have shown that frequent fruit and vegetable consumption decrease the risk of stomach cancer. In a prospective cohort study, McCullough et al302 evaluated the role of fruits and vegetables in 1.2 million American men and women over a 14-year follow-up period (Cancer Prevention Study II). After controlling for various confounding factors, their findings showed that a high intake of plant foods was associated with a modest risk reduction of stomach cancer in men but not women. Others, however, reported an inverse association between esophageal adenocarcinoma and dietary intakes of citrus fruits and juices, vegetables, dairy products, fish and dark bread in both women and men.303 As with colorectal cancer, diets high in red meats may increase the risk of distal stomach cancer.


				Micronutrients


				Since the incidence rates of esophageal and gastric cardia adenocarcinomas have been rising, Mayne et al304 examined the intake of various micronutrients for four subtypes of esophageal and gastric cancers (gastric cardia, non-cardia gastric, esophageal adenocarcinoma and esophageal squamous cell carcinoma) in a population-based case-control study in three states (Connecticut, New Jersey, western Washington). The results indicated that fiber, beta-carotene, folate, and vitamins C and B6 were all inversely associated with the risk of all four cancer types. Thus, diets rich in plant-based foods that contain these nutrients were associated with a reduced risk of both gastric and esophageal cancers.


				Esophageal and gastric cardia cancers are unusually common in Linxian, China where there is persistently low dietary intakes of various micronutrients. To evaluate the possibility that micronutrient supplements might lower the incidence of these cancers, Blot and associates305 followed 29,584 adults aged 40 to 69 years over a 5-year period (1986-1991). The results showed that those who received daily supplementation of beta-carotene, vitamin E and selenium had significantly lower overall cancer rates; this was particularly true for stomach cancer. In a follow-up study, these researchers found a highly significant inverse association between serum selenium levels and the incidence of both esophageal and gastric cardia cancers.306

				Although laboratory experiments and some human case-control studies suggest that the consumption of green tea, which is rich in polyphenolic antioxidants, may decrease the risk of gastric cancer, others have shown no effect. For example, in a review of ten studies that evaluated this association, six suggested an inverse association while three reported a positive association.307 Although the most comprehensive of these studies support an inverse association between green tea and gastric cancer, a later Japanese study involving 26,311 men and women in northern Japan found no association between green tea consumption and stomach cancer.308 Since green tea has been shown to be protective in various other malignant tumors, perhaps more carefully controlled studies are needed.


				Pancreas


				Pancreatic cancer is the fourth leading cause of cancer-related deaths in the United States. In 2008, there were an estimated 37,680 cases (18,770 men; 18,910 women) and 34,290 deaths (17,500 men; 16,790 women).180 Substantial evidence indicates that tobacco smoking, type 2 diabetes, and impaired glucose tolerance increase the risk for pancreatic cancer.309 Indeed, the marked increase in age-adjusted mortality among African Americans and Japanese during the past 100 years suggests that pancreatic cancer is preventable to a significant degree.310


				Micronutrients


				A cohort study involving 27,101 healthy male smokers aged 50 to 69 years at baseline examined the association between various micronutrients and pancreatic cancer.311 After 13 years of follow-up, the adjusted hazard ratio between pancreatic cancer and dietary folate was 0.52 for the highest versus the lowest quintile. No significant association was noted between dietary methionine, vitamins B6 and B12. The researchers also reported that cigarette smoking significantly increased the risk for pancreatic cancer (hazard ratio 1.82 for highest versus lowest quintile of cigarettes smoked per day).


				Green Tea, Fruits, Vegetables, Red Meat


				In a literature review, an inverse association between green tea consumption and pancreatic cancer was present in two of three studies.307 The largest of these studies found that although the risk of pancreatic cancer was inversely associated with green tea consumption in both men and women, the association was particularly strong for women. Some studies also suggest that higher consumption of red and processed meats are associated with an increased pancreatic cancer risk, and that increased fruit and vegetable intake is associated with a reduced risk.312


				Miscellaneous Malignancies


				Although the association between nutrition and other malignancies have been studied, the number is relatively low.


				Kidney and Renal Pelvis


				Worldwide, renal cell carcinoma accounts for about 2% of all cancers. However, the incidence of this tumor has increased over the past several decades in western Europe, North America, and Scandinavia. In 2008, there were an estimated 54,390 cases of kidney and renal pelvis cancers in the United States (33,130 men; 21,260 women) with 13,010 deaths (8,100 men; 4,910 women).180 This increase in renal cell carcinoma in the U.S. has been about 3% per year with the highest rate among African Americans.313 Suggested etiologic factors for this malignancy include cigarette smoking, occupational hazards (e.g., asbestos, aromatic hydrocarbons, organic solvents), high intake of fried meats, hypertension and obesity, the latter especially in women.314 Indeed, in 2002 the International Agency for Research on Cancer concluded that there is sufficient evidence for excessive weight as a cause of renal cell cancer.315


				Although several studies have suggested that increased consumption of fruits and vegetables may reduce the incidence of renal cell carcinoma, the evidence is not as strong as for other malignancies. Importantly, a recent review found no evidence that coffee, decaffeinated coffee, or tea consumption was associated with renal cell carcinoma.316


				Urinary Bladder


				Bladder cancer is the fourth leading cancer in American men. In 2008, there were an estimated 68,810 cases (51,230 men; 17,500 women) and 14,100 deaths (9,950 men; 4,150 women).180 Although the causes of bladder cancer are not well understood, it appears to be related, at least in part, to direct contact of the bladder lining cells with urinary carcinogens. Studies in laboratory animals have shown that increased urination frequency lowers the concentration of potential carcinogens. To evaluate the possible association between toxic waste products and bladder cancer in humans, Michaud et al317 studied 47,909 men over a ten year period (Health Professional Follow-up Study). Their findings indicated that total daily fluid intake was inversely associated with bladder cancer risk. Thus, the relative risk for those who drank 2,591 mL or more each day was 0.51 compared with men who drank 1,290 mL or less. Moreover, the consumption of water was more effective than drinking other fluids (relative risk 0.49 versus 0.63). In the review of green tea consumption and cancer risk, an inverse association with bladder cancer was reported in two of three studies.309

				Endometrium


				Endometrial cancer is the most common female reproductive cancer in the United States, ranking fourth among all female cancers in age-adjusted incidence. There were an estimated 40,100 cases and 7,470 deaths in 2008.180 There is strong evidence of a relationship between endometrical cancer and obesity.315 In postmenopausal women, the increased risk has been attributed to the higher concentration of circulating bioavailable estrogen created from the conversion of aldostenedione to estrone in adipose tissue. Although red meat, saturated fat, and animal fat may increase the risk of endometrial cancer, vegetable and fiber intakes may decrease the risk.318


				Ovary


				Ovarian cancer is the second most common gynecologic cancer. In 2008, there were 21,650 estimated cases in the United States and 15,520 deaths.180 Although the etiology of ovarian cancer is not well understood, possible risk factors include increasing age, genetics, obesity, physical inactivity, and hormones. Several studies also suggest that nutrition may be an important risk factor.


				Dietary Fats


				In an early study, Cramer et al319 reported that women with a high dietary intake of animal fat and low intake of vegetable fat had a significantly increased risk of ovarian cancer. In agreement with this study, a meta-analysis of eight observational studies indicated that diets rich in total fat, saturated and animal fat were all independently associated with an increased incidence of ovarian cancer (relative risks 1.24, 1.20, and 1.70, respectively).320 However, recent studies have been inconsistent. For example, epidemiologic data from the Nurses’ Health Study found “no evidence of a positive association between intake of any type of fat and ovarian cancer risk, even after adjustment of fat subtypes for one another.”321 Conversely, the Women’s Health Initiative Dietary Modification Randomized Controlled Trial involving 48,835 postmenopausal women reported that after 4.1 years of a low fat diet, the hazard ratio was 0.60 compared with the control group.322 The association with milk/dairy products and galactose metabolism and ovarian cancer has also shown inconsistent results.323,324


				Fruits and Vegetables


				In contrast to most other cancers, the risk of ovarian cancer is apparently unaffected by diets rich in fruits and vegetables. In the European Investigation into Cancer and Nutrition (EPIC) study involving a large cohort of European women, total fruit, total vegetables, or total fruit and vegetables were unrelated to ovarian cancer risk.325 Moreover, in the Pooling Project of Diet and Cancer Cohorts, which is a combined study from 12 cohort studies, there was no association of risk with total fruits, total vegetables, total vegetables and fruits, or other botanically defined subgroup.326


				Micronutrients


				Several studies have suggested that increased consumption of antioxidant micronutrients (i.e., vitamins C, E, beta-carotene) decrease the risk for ovarian cancer. A multivariate analysis showed that the odds ratios for the highest supplemented intake of vitamins C and E were 0.4 and 0.33, respectively, compared with non-supplemented controls.327 Bidoli et al328 also reported an inverse association between ovarian cancer and vitamin E (odds ratio, 0.6), and calcium (odds ratio, 0.7) intakes for the highest compared with the lowest quintiles. When vitamin E and calcium intakes were combined, the odds ratio for subjects in the highest versus the lowest tertile of both nutrients was 0.4. Others recently reported that increased green tea consumption, which is rich in polyphenolic antioxidants, is inversely associated with ovarian cancer.329


				Hematologic Malignancies


				Several hematologic malignancies, including non-Hodgkin’s lymphoma and other hematologic neoplasms (lymphoid, myeloid) have been associated with nutritional factors.


				

Dietary Fat

				In 2008, there were an estimated 66,120 cases of non-Hodgkin’s lymphoma (35,450 men; 30,670 women) and 19,160 deaths (9,790 men; 9,370 women).180 The incidence of non-Hodgkin’s lymphoma is increased in immunocompromised persons. In an early study, dietary fat, particularly n-6 polyunsaturatef fatty acids, was shown to suppress the immune system.330 In addition, fat intake not exceeding 25% of total energy, primarily due to reduced saturated fat, was shown to improve the immune status in women.331 Moreover, in a large cohort study of postmenopausal women, the risk of non-Hodgkin’s lymphoma was significantly increased with higher intakes of total animal fat, saturated and monounsaturated fat, but not polyunsaturated fat.332


				To further evaluate the association between dietary fat and non-Hodgkin’s lymphoma, Zhang et al333 studied 88,410 women (Nurses’ Health Study) over a 14-year period during which time they identified 199 cases of non-Hodgkin’s lymphoma. The relative risk was 1.4 for the highest compared with the lowest quintile of saturated fat intake. In addition, the relative risk for the consumption of beef, pork, or lamb at least once daily, compared with less than once per week, was 2.2. A higher intake of trans fatty acids (e.g., margarine) was also associated with an increased risk.


				Fruits and Vegetables


				Zhang and associates334 later studied the association between non-Hodgkin’s lymphoma and dietary intake of fruits and vegetables in the same female cohort (Nurses’ Health Study). Their findings showed that a higher intake of these foods was associated with a significantly lower risk of non-Hodgkin’s lymphoma. Thus, the relative risk was 0.62 for women who consumed six or more daily servings compared with those who consumed three or less servings per day. When fruits and vegetables were examined separately, vegetable consumption was more effective in reducing the risk; cruciferous vegetables were particulary effective in reducing the risk.


				Green Tea


				Although biologic studies have reported that green tea constituents have anti-tumor effects on hematologic malignancies, the effects in humans have been uncertain. To evaluate this possible association, Naganuma and associates335 followed 41,761 Japanese adults (19,749 men; 22,012 women) aged 40 to 79 years, without a history of cancer at baseline, over a nine year period beginning in 1995. During this time, there were 157 hematologic malignancies (119 lymphoid neoplasms; 36 myeloid neoplasms). The findings showed that the risk for hematologic malignancies was inversely associated with the amount of green tea consumption. Compared with those who consumed less than one cup of tea per day, the hazard ratio for those who consumed five or more cups per day was 0.58. The risk estimates were 0.52 and 0.76 for lymphoid and myeloid neoplasms, respectively. This inverse association was consistent across sex and body mass index strata.


				E. Immune System


				Since it was widely recognized that a loss of immune function occurred with increasing age, the immune theory of aging was proposed (Chapter 3). Indeed, there is considerable evidence to support the role of the immune system in human aging. Older people are more prone to various infectious diseases, primary amyloidosis, autoimmune phenomena, chronic lymphoproliferative disorders, myelomatosis, and several forms of cancer. Nevertheless, the immune system in some elderly people is as efficient as in the young.336 In addition, a major problem with the immune theory of aging is to identify the changes which are primary (i.e., due to aging per se) from those which are secondary (i.e., poor nutrition, physical inactivity, obesity, etc.). For example, in a study that compared the immune response of healthy elderly people (mean age 80 years) with different nutritional status with healthy young adults (mean age 25 years), the authors concluded that “the influences of aging and undernutrition in humans are cumulative and suggest that some changes in the immune response that have been attributed to aging may, in fact, be related to nutrition and not aging.”337


				Caloric Restriction


				Since McCay et al338 first reported that caloric restriction in young rats significantly increased their longevity, numerous studies with various laboratory animals have shown that lifespan can be significantly prolonged by decreasing total food consumption, but assuring that essential micronutrients are adequate. Indeed, the lifespan of various laboratory animals can be increased by 30-50% by reducing their total calorie intake to 60% of the amount normally consumed ad libitum.339 Observations over a decade or more suggest that the same holds for non-human primates.340 Moreover, caloric restriction increases resistance from various sources including oxidative stress, protection of mitochonrial membranes, resistance to various carcinogens and irradiation, and exercise-induced stress.341 Caloric restriction and aging are discussed in more detail in Chapter 2.


				

 

				Dietary Protein

				Inadequate protein consumption, which is very common in the elderly, impairs various host defenses including atrophy of lymphoid tissues, decreased circulating lymphocytes, anergy to skin tests, and increased susceptibility to various microorganisms (e.g., myobacteria, Salmonella, Listeria).342 Protein undernutrition is also associated with both increased and decreased cytokine release (e.g., IL-6 and IL-2, respectively) and lower antibody response to vaccines.343 These individuals are commonly hypoalbuminemic and some are mildly anemic. Moreover, inadequate protein consumption also impairs various complement system components, mucosal secretory IgA antibodies, antibody affinity, and the ability of phagocytes to kill ingested bacteria and fungi.344


				Micronutrients


				Cell membrane-dependent functions are modified by fluidity and physical state, both of which are dependent on the fatty acid profile of the bilipid membrane. These unsaturated fatty acids are readily modified by various reactive oxygen species (ROS). An increase in ROS, which occurs with aging and numerous diseases, is presumed to negatively affect cell membrane functions, including cell-mediated immune reactions. However, various micronutrients, including antioxidants, have been shown to improve and/or prevent the loss of age-associated immune function.


				In an early randomized control study of healthy older persons, supplementation with vitamins A, C and E led to the following responses: (1) increased the total number of circulating T-cells; (2) increased the number of helper cells (CD4+); (3) increased helper cell to cytotoxic cell ratio (CD4+ to CD8+); and (4) increased lymphocyte response to phytohemagglutinins.345 In a related study, Chandra randomly assigned a group of healthy elderly people to receive a multivitamin/trace-element supplement or placebo.346 Their nutrient status and several immunologic variables were assessed at baseline and after six and 12 months. Compared with the placebo group, the supplemented group showed the following: (1) increased T-cell subsets; (2) increased natural killer cells; (3) increased killer cell activity; (4) increased serum IL-2 levels; and (5) improved antibody response to an antigenic stimulus. The supplemented group also had significantly fewer infectious sick days during the year.


				In a more recent randomized, double-blind, placebo-controlled trial of two community dwelling groups, one with type 2 diabetes and one without diabetes, the participants received either a multivitamin/mineral supplement or placebo.347 Compared with the supplemented groups, both groups receiving placebo had significantly more infectious illnesses during the follow-up year (73% versus 43%). Infection-related absenteeism was also higher in the placebo groups (57% versus 21%). Among the diabetic participants receiving placebo, 93% had an infection during the year compared with 17% for the supplemented diabetic group.


				The intake of vitamin E, a potent lipid-soluble antioxidant, is a common deficiency, especially in the elderly. Although low vitamin E levels lead to unstable immune cell membranes, which result in an increased production of immunosuppressors (e.g., prostaglandins), supplementation reportedly corrects the problem.348 In a placebo-controlled, double-blind study of healthy people 60 years and older, vitamin E supplementation resulted in the following improvements compared with the placebo group: (1) increased plasma and mononuclear cell vitamin E levels; (2) increased postivie antigen response to delayed-type hypersensitivity skin tests; (3) increased IL-2 production; (4) increased mitogenic response to concanavalin A; (5) decreased synthesis of prostaglandin (PGE-2); and (6) decreased plasma lipoperoxy levels.349 In a follow-up randomized, placebo-controlled, double-blind study of healthy persons 65 years and older, these researchers assigned the volunteers to a placebo group or to groups receiving 30, 200, or 800 mg/day of vitamin E.350 After 235 days, those receiving 200 mg/day, compared with the placebo group, had a 65% increase in delayed-type hypersensitivity skin response (DTH), a six-fold increase in antibody titer to hepatitis B, and a significant increase in antibody response to tetanus vaccine. The 60 mg/day group had a 41% increaase in DTH and a three-fold increase in hepatitis B antibody titer, while those receiving 800 mg/day increased their DTH by 49% and antibody titer by 1.5-fold. Optimal vitamin E supplementation was also reported to significantly improve blood clearance of E. coli in cases of bacteremia.351 It should be noted, however, that a study involving well-nourished persons 60 years and older found that neither a daily multivitamin/mineral supplement nor 200 mg/day of vitamin E had a favorable effect on the incidence or severity of acute respiratory tract infections.352


				Vitamin C (ascorbic acid), a water-soluble antioxidant, regenerates vitamin E in cell membranes and maintains low density lipoprotein (LDL) particle integrity.353,354 Vitamin C is also important in neutrophil functions, which possibly accounts for its high concentration in circulating leukocytes. Plasma and leukocyte vitamin C concentrations rapidly decline during infections and stress. Vitamin C levels also commonly decline in the elderly.355 As noted in this recent literature review, numerous randomized controlled intervention trials with vitamin C intakes of up to 1.0 gram per day indicate that an adequate intake of vitamin C ameliorates symptoms and shortens the duration of respiratory tract infections including the common cold. Moreover, vitamin C reduces the incidence and improves the outcome of pneumonia (number 8 cause of death), malaria, and diarrheal infections.


				Numerous experimental animal studies have shown that carotenoids modulate host defense systems. For example, beta-carotene supplementation increased the (1) total numbers of circulating mononuclear cells; (2) number of helper T-cells; (3) natural killer cell cytotoxicity; and (4) tumor necrosis factor alpha and IL-1.356 In humans, Alexander et al357 reported that beta-carotene supplementation increases both total lymphocytes and percent of T-helper cells without affecting the percentage of T-cell subsets. Others evaluated the effects of beta-carotene on photosuppression of the immune response induced by ultraviolet light.358 Those who were supplemented with beta-carotene showed no significant change in delayed-type hypersensitivity (DTH) response to ultraviolet light while the placebo group experienced a significant decrease in DTH response.

				Vitamin A, an effective treatment for xerophthalmia, a common visual disorder in underdeveloped countries, was recently noted to be somewhat effective against accompaning infectious diseases. This raised the possibility that vitamin A may have some influence on the immune system. To test this possibility, Semba et al359 conducted a randomized placebo-controlled double-blind clinical trial among 55 Indonesian children aged three to six years. Thirty children had xerophthalmia and 25 did not. Those with xerophthalmia had lower CD4/CD8 ratios, lower proportions of CD4 naive T-cells, and higher levels of CD8 and CD45RO cells than those without xerophthalmia. However, compared with the placebo group, five weeks of vitamin A supplementation resulted in higher CD4/CD8 ratios, higher levels of CD4 naive T-cells, and lower proportions of CD8 and CD45RO T-cells.


				Zinc (Zn) and selenium (Se) have also been shown to have a positive effect on the immune system. Indeed, Zn deficiency is associated with lymphoid atrophy, decreased thymic hormone activity, decreased dermal delayed-hypersensitivity response and delayed homograft rejection.360 Zn is an essential trace element and serves as a co-factor for about 200 enzymes, including the cytoplasmic antioxidant copper-zinc superoxide dismutase (Cu-Zn SOD). Plasma Cu-Zn SOD activity correlates inversely with age,361 and plasma Zn levels are commonly decreased in the elderly. For example, in 260 institutionalized patients age 60 to 101, 49% had Zn intakes below two-thirds of the daily recommended dietary allowance (RDA).362 Others363 reported that 67% of men and 81% of women ages 60 to 89 years had zinc intakes less than two-thirds of the RDA.


				Zinc supplementation stimulates both B- and T-cell activity. Indeed, supplementation of men and women aged 70 years and older with oral ZnS04, compared with the non-supplemented control group, showed the following: (1) increased number of circulating T-cells; (2) improved delayed-hypersensitivity response; (3) increased antibody response to tetanus vaccine; and (4) improved lymphocyte mitogen responsiveness.364 Moreover, Fortes and co-workers365 reported that Zn supplementation in a healthy group of elderly people significantly increased the levels of both BD4+DR+ and cytotoxic T-cells.


				Cells with a rapid turnover rate, especially those of the immune and gastrointestinal systems, are particularly vulnerable to the adverse effects of Zn deficiency. As a result, Zn deficiency contributes significantly to diarrheal illnesses, which in turn contribute to growth retardation and premature death.366 However, Zn supplementation in children with acute diarrhea reduces the severity and duration of the diarrhea, as well as pneumonia.366-368 Zn supplementation has also been reported to improve T cell-mediated responses, which are critical for host protection against parasitic diseases.369


				Selenium is also an essential trace element, being a cofactor for several enzymes, including glutathione peroxidase (GPx), an essential antioxidant enzyme. Se levels and GPx activity are commonly decreased in the serum of the elderly.370 In a mouse model of coxsackie virus B3 (CVB3)-induced myocarditis, Se-deficient mice were more susceptible to the virus than the Se-supplemented mice.371 This researcher also reported that a normally benign strain of CVB became virulent in Se-deficient mice, suggesting that oxidative stress may be an important factor. Se, vitamin E or their combination, reportedly depresses both natural killer cell activity and T cell-mediated cytotoxicity.372 Se deficiency in mice has also been shown to produce a decreased lymphocyte response to concanavalin A.373 The importance of Se for a healthy immune system in humans, as well as other critical health roles, was recently reviewed.374 Thus, in addition to dietary Se being important for a healthy immune response, “there is also evidence that Se has a protective effect against some forms of cancer; that it may enhance male fertility; decrease cardiovascular disease mortality; and regulate the inflammatory mediators in asthma.”


				F. Type 2 Diabetes Mellitus


				Type 2 diabetes mellitus (non-insulin-dependent diabetes mellitus; NIDDM) is rapidly increasing throughout the world. It is estimated that the number of diabetics will double from 143 million to almost 300 million between 1997 and 2025.375 The estimated prevalence of total diabetes in 1999-2002 was 9.3% of the U.S. population (19.3 million cases in 2002; 31% undiagnosed).376 An additional 26% were estimated to have impaired fasting glucose levels (54 million people). Furthermore, the prevalence of diabetes is now projected to rise significantly higher than previously estimated. Thus, the total projected number of diabetics in the U.S. will be 25.4 million in 2011, 32.6 million in 2021, and 37.7 million in 2031.377 Although type 2 diabetes is currently the sixth leading cause of death in the U.S., it is significantly higher since it is an important risk factor for coronary heart disease, cerebrovascular disease, hypertension and kidney failure. Indeed, using data from the Framingham Heart Study, Franco et al378 reported that diabetic men and women 50 years and older lived on average 7.5 and 8.2 years less than nondiabetics of the same age and sex. Moreover, the differences in life expectancy free of cardiovascular disease were 7.8 and 8.4 years, respectively.

				Most cases of type 2 diabetes are preventable. A report from the Nurses’ Health Study involving 84,941 women over a 16-year period found that 91% of the cases were lifestyle-related and therefore, preventable.379 The major risk factor was overweight/obesity, although physical inactivity, poor nutrition and smoking were also independent risk factors. A recent literature review also reported that the most important risk factors were adiposity, high dietary intake of saturated and trans fatty acids, and physicalinactivity.380 In this study, Mann concluded that reduced saturated fatty acids and lifestyle changes “aimed at lowering rates of obesity are the changes most likely to reduce the epidemic.” van Dam et al381 also reported that total and saturated fat intake increased the risk of type 2 diabetes in men (Health Professionals Follow-up Study). In addition, they reported that “frequent consumption of processed meats may increase the risk of type 2 diabetes.”


				


A recent report from the Nurses’ Health Study suggested that high nut and peanut butter consumption may lower the risk of type 2 diabetes in women.382 However, since nuts are rich in unsaturated fat and other nutrients but high in calories, the authors recommended regular nut consumption as a replacement for refined grain products or red and processed meats in order to avoid excess caloric intake. To evaluate the association between whole grain and refined grains and risk of type 2 diabetes, Liu et al383 prospectively studied a cohort of 75,521 women aged 38 to 63 years at baseline. After a ten-year follow-up period, the age and energy-adjusted relative risks were 0.53 for whole grain, 1.31 for refined grain, and 1.57 for the ratio of refined to whole grain intake. Others384 evaluated the possibility that isocaloric replacement of refined rice with whole grains and other plant products might decrease insulin demand and lipid peroxidation in persons with coronary heart disease (CHD). After 16 weeks, serum glucose and insulin levels decreased in the whole grain group by 24% and 14%, respectively. Moreover, whole grains and legume powder consumption in non-diabetic patients with CHD significantly decreased their fasting glucose and insulin levels.

				The prevalence of diabetes is relatively low among individuals following vegetarian and plant-based diets; clinical trials have also shown that these diets improve glycemic control.385 In a recent study of persons with type 2 diabetes, the participants were assigned to a low-fat vegetarian (vegan) diet or a diet following the American Diabetes Association (ADA) guidelines (reduced calorie and carbohydrate intake).386 The results showed the following: 43% of the vegan group and 26% of the ADA group reduced diabetes medications; hemoglobin A1c decreased 0.96 points in the vegan group and 0.56 points in the ADA group; and body weight decreased 6.5 kg in the vegan group and 3.1 kg in the ADA group. Although both diets improved glycemic control, the improvements were greater with the low-fat vegan diet.


				Studies have consistently found that low magnesium consumption is also associated with an increased risk of type 2 diabetes; the incidence reportedly varies from 25% to 39%.387,388 In addition, decreased magnesium levels were reported to be a “strong independent predictor of incident type 2 diabetes” in white individuals389 and in a sample of young non-diabetic African American adults, dietary magnesium intake was inversely associated with insulin resistance.390


				In recent years, evidence has accumulated that frequent consumption of coffee may reduce the risk of type 2 diabetes. For example, a recent report involving 41,934 men (Health Professionals’ Study) and 84,276 women (Nurses’ Health Study) found an inverse association between coffee intake and type 2 diabetes after adjustment for important risk factors (i.e., age, body mass index, others).391 Although less effective than regular coffee, decaffeinated coffee also lowered the risk of diabetes. In addition, van Dam et al392 also reported that “moderate consumption of both caffeinated and decaffeinated coffee may lower risk of type 2 diabetes in younger and middle-aged women.” Importantly, three literature reviews all concluded that long-term coffee consumption decreases the risk of type 2 diabetes.393-395


				G. Hypertension


				Hypertension, a very common disorder in the United States and other developed countries, is a major risk factor for heart disease, stroke, and kidney failure. Results from the Third National Health and Nutrition Examination Survey found that 24% of US adults (about 43 million) were hypertensive, while only 47% had an optimal blood pressure.396 A significantly higher percent were hypertensive in adults aged 50 years and older and a significantly lower proportion had an optimal blood pressure.


				In addition to obesity and physical inactivity, observational epidemiologic studies have repeatedly found that increased sodium intake is an important risk factor. Randomized controlled clinical trials have also demonstrated that reduced sodium intake leads to blood pressure lowering in both hypertensive and normotensive persons. In a meta-analysis of 56 randomized clinical trials, the mean decrease in systolic and diastolic blood pressure for a 100 mmol/day reduction in urinary sodium excretion, a measure of sodium intake, was only 3.7 mm Hg and 0.9 mm Hg, respectively.397 However, blood pressure reduction was significantly greater in older hypertensive people.


				

In the Dietary Approaches to Stop Hypertension (DASH) study, individuals with systolic blood pressure less than 160 mm Hg and diastolic blood pressure of 80 to 95 mm Hg were fed a three-week control diet low in fruits, vegetables and dairy products with a fat content typical of an average American diet.398 The participants randomly received either the control diet, a diet rich in fruits and vegetables, or a “combination” diet rich in fruits, vegetables and dairly products low in saturated and total fat (DASH diet). Sodium intake and body weight were kept at constant levels. Among those with hypertension, the combination diet reduced systolic and diastolic blood pressures by 11.4 mm Hg and 5.5 mm Hg more respectively, than the control diet. In a later study, Sacks et al399 randomly assigned persons with and without hypertension to a typical American diet (control diet) or the DASH diet. As in the previous study,398 the DASH diet significantly lowered the systolic and diastolic blood pressures. Compared with the control diet with high sodium intake (3.5 g/day), the DASH diet with a low sodium intake (1.2 g/day) led to a mean systolic blood pressure of 7.1 mm Hg lower in persons without hypertension and 11.5 mm Hg lower in those who were hypertensive. The negative sodium effects were noted in all persons (whites, African Americans, other racial/ethnic groups, men and women).

				Numerous studies have reported that potassium supplementation is effective in lowering blood pressure. However, since only about half of these studies were randomized controlled trials and most were too small for definitive results, Whelton and associates400 carried out a meta-analysis of 33 randomized control trials involving 2,609 persons. They concluded that the results “support the premise that low potassium intake may play an important role in the genesis of high blood pressure.” A more recent study found that a daily potassium intake of less than 2.4 g/day significantly increased the risk of stroke (relative risk, 1.5).401 Among those on diuretics, the relative risk was 2.5 in those with a serum potassium level below 4.1 mEq/L.


				Two recent reports involving spontaneously hypertensive rats indicated that the antioxidant vitamins C and E reduce oxidative stress, improve vascular function and structure, and prevent progression of hypertension.402,403 These findings also appear to apply to humans. In a randomized double-blind placebo-controlled study, vitamin C supplementation (500 mg/day) for 30 days reduced the systolic blood pressure of hypertensive patients by 9% (mean reduction, 13 mm Hg).404 More recently, Kurl and associates405 conducted a 10.4-year prospective population-based cohort study of randomly selected men aged 42 to 60 years with no history of stroke at baseline. Their results showed that men with the lowest plasma vitamin C levels (< 28.4 umol/L) had a 2.4-fold risk of any stroke (ischemic or hemorrhagic) compared with those with the highest vitamin C levels (> 64.96 umol/L). Hypertensive and overweight men with the lowest plasma levels had a 2.6- and 2.7-fold risk for any stroke after adjustments for age and other known risk factors. The possible role of antioxidants in the treatment and prevention of hypertension was recently reviewed.406


				H. Alzheimer’s Disease


				Alzheimer’s disease (AD) is the most common age-associated neurodegenerative disorder; it affects more than 15 million people world-wide and is the seventh leading cause of death in the U.S. (72,914 deaths in 2006).407 AD is characterized by loss of memory, language, and other cognitive abilities. AD may also be characterized by emotional, behavioral, interpersonal and social deterioration. The incidence increases from about 0.5% per year at age 65 years to 8% per year at age 85 years.408,409 If mild cases are included, the prevalence may reach 10.3% in white populations aged 65 years and older,410 a figure that is possibly higher in Hispanic and black populations.411 In addition, AD may coexist with ischemic dementia, the second most common cause of age-associated dementia.412 In addition to increasing age, other AD risk factors include history of head injury, cigarette smoking, diabetes mellitus, Down syndrome, the APOE e4 allele, and poor nutrition.


				Micronutrients


				Although the cause of AD is poorly understood, there is considerable evidence that oxidative stress is an important contributor. Support for oxidative stress in AD includes the following: the brain (1) has high energy requirements; (2) has a high oxygen consumption rate; (3) is rich in peroxidizable fatty acids; (4) is rich in transition metals which may increase the production of the potent hydroxyl free radical; and (5) has a relative deficit in antioxidative defenses. As such, a variety of studies suggest that nutrition is an important factor in AD pathogenesis.


				In an early case-controlled study, serum levels of beta-carotene and vitamins A and E were significantly reduced in Alzheimer’s disease.413 Since then, several studies have shown that increased intake of various vitamin antioxidants appear to delay the onset of AD. In an early double-blind placebo-controlled multi-center randomized trial, patients with AD of moderate severity received a monoamine oxidase inhibitor (selegiline), vitamin E, both selegiline and vitamin E or placebo.414 The results showed that both selegiline and vitamin E significantly slowed the disease process. A more recent study found that high dietary intake of vitamins C and E decreased the risk of AD.415 At about this same time, Morris et al416 measured the cognitive effects by four tests (East Boston Memory Test) which tests immediate and delayed recall. The results showed that vitamin E intake, whether from foods or supplements, was associated with less cognitive decline with age. However, there was “little evidence of association with vitamin C or carotene intake.” Conversely, a recent study of cognitive function found that increasing quartiles of vitamin C alone and combined with vitamin E, were associated with higher average baseline scores as measured by the Modified Mini-Mental State examination.417 As a result of these and other studies, the American Academy of Neurology recommends 1,000 IU of vitamin E twice daily for patients with AD.418 Other dietary antioxidants, especially the polyphenols which are rich in brightly colored fruits and vegetables, may also slow the progress of AD.419-421

				Folic acid, which has been shown to lower the level of homocysteine, a risk factor for atherosclerosis, was evaluated as possibly being associated with AD (Framingham Study).422 Here, 1,092 men and women, mean age 76 years at baseline, were followed for eight years. The results indicated that those with a plasma homocysteine level of 14.0 umol/L or more had almost twice the risk of AD compared with those whose level was less than 14.0 umol/L. More recently, in an evaluation of 192 incident AD cases, the highest quartile of total folate intake was associated with a lower risk of AD after adjustment for various confounding factors (hazard ratio, 0.5).423 Others, however, concluded that high dose vitamin B supplementation, including folate, “does not slow cognitive decline in individuals with mild to moderate AD.”424


				Dietary Fats


				In a recent study, elderly persons free of dementia at baseline were followed for a mean of four years.425 Here, persons in the highest quartile of caloric intake had a significant increased risk for AD compared with those in the lowest quartile (hazard ratio, 1.5). For those with the APOE e4 allele, the hazard ratio for the highest quartile of caloric and fat intake, compared with those in the lowest quartile, was 2.3 and 2.3, respectively.


				Since an epidemiologic study suggested that a high intake of total and saturated fat and cholesterol may increase the risk of dementia,426 Morris and associates427 studied 815 community residents, aged 65 years and older and unaffected by AD at baseline, for a mean of 3.9 years. Their findings suggested that increased consumption of saturated and trans-unsaturated fat was associated with an increased risk of AD, whereas intakes of n-6 polyunsaturated and monounsaturated fat were inversely associated with AD. In this multivariate analysis that was adjusted for age, sex, race, education level, and apolipoprotein E status (i.e., APOE e4 allele), those in the upper quintile of saturated fat intake were 2.2 times more at risk of incident AD compared with those in the lowest quintile. The risk of AD was also increased in persons with a high intake of trans-fatty acids. These researchers also evaluated the association of fish and n-3 polunsaturated fatty acid consumption and risk of AD.428 In this 7-year prospective study, participants who consumed fish at least once each week had a 60% lower risk of AD than those who rarely or never ate fish (relative risk, 0.4). Increased total intake of n-3 polyunsatured fatty acids was also associated with a reduced AD risk.


				Mediterranean Diet and Alzheimer’s Disease


				Since converging evidence has shown that the Mediterranean diet decreases the risk of coronary heart disease, several forms of cancer and all-causes mortality, Scarmeas and co-workers429 studied the association between the Mediterranean diet and risk for AD. Their findings showed that for subjects in the highest Mediterranean diet tertile, the hazard ratio for AD was 0.60 compared with those in the lowest tertile. Two subsequent reports by these investigators showed similar results.430,431


				Anti-inflammatory Drugs, Caffeine and Green Tea


				A review of 17 epidemiologic studies showed an inverse association between the use of non-steroidal anti-inflammatory drugs (NSAIDS) and AD.432 Clinical studies have also shown that NSAIDS slow the cognitive decline in patients with AD.433,434 In a more recent study, Broe et al435 examined the association between NSAIDS dosage and AD progression. Their findings confirmed the inverse relation between NSAIDS, including aspirin, and AD. A more recent prospective population-based cohort study of people 55 years and older, who were free of dementia at baseline, were followed for an average of 6.8 years.436 The relative risk of AD for short-, intermediate-, and long-term NSAIDS use was 0.95, 0.83 and 0.20, respectively.


				Since several experimental models had shown that chronically administered low doses of caffeine had neuroprotective effects, Maia and De Mendonca437 carried out a case-control study of AD patients and compared them with a cognitively normal group matched for age and sex. Their results showed that long-term caffeine intake was inversely associated with AD (odds ratio, 0.40). As noted previously in this chapter, several recent studies have also shown that individuals who drank 3-5 cups of caffeinated coffee each day from midlife have a lower risk of dementia and AD later in life.36-38 Moreover, moderate caffeine administration protects/restores cognitive function and suppresses brain amyloid-beta production in AD transgenic mice.39


				Green tea also contains strong bioactive compounds that act on the central nervous system.438,439 As such, prolonged consumption of green tea, which is rich in antioxidant polyphenols, protects proteins and lipids from oxidation and prevents lipofuscin deposition in rat hippocampal formation and thereby improves spatial memory during aging.440 A literature review of the effects of nutrition on cognitive decline with aging was recently published.441

				I. All-Causes Mortality


				Rather than focusing entirely on a specific cause of death, many studies examined all-causes mortality. Several examples with be presented. Vitamin C, a critical micronutrient, has an important role in many biological processes including hemostasis, collagen and hormone synthesis, free radical scavenging, and protection of cellular membranes which affects the risk for various diseases. In a 1992 report, Enstrom et al442 studied the association between vitamin C intake and mortality in a cohort of 11,348 non-institutionalized adults ages 25 to 74 years for an average of ten years. Their results showed a strong inverse correlation between all-causes of death and increasing vitamin C intake in males, but only a weak inverse relation for women (standard mortality ratios 0.65 and 0.90, respectively). More recently, others prospectively studied the association between ascorbic acid plasma levels and subsequent all-causes mortality, ischemic heart disease and cancer in 19,496 men and women aged 45 to 79 years.443 Their findings showed a significant inverse association between plasma ascorbic acid levels and all-causes mortality, ischemic heart disease, and cardiovascular disease in both men and women, but decreased cancer mortality only in men.


				Since relatively few studies addressed the health effects of dietary patterns comprising interdependent dietary factors, Kant and co-workers444 prospectively studied a cohort of 43,254 women, mean age 61 years, with a median follow-up of 5.6 years. Compared with women in the lowest quartile of the Recommended Food Score (i.e., sum of the recommended number of foods including fruits, vegetables, whole grains, low-fat dairy products, lean meats and poultry), the relative risks for all-causes mortality were 0.82, 0.71, and 0.69 for quartiles 2, 3, and 4, respectively.


				To further evaluate the relation between diet and all-causes mortality, ischemic heart disease and cancer, Fraser445 summarized the results of a cohort study of 34,192 Seventh-day Adventists, most of whom did not smoke or drink alcoholic beverages, and generally ate meat products less than once per week or not at all. The multivariate analysis showed the following: (1) a significant association was present between beef consumption and fatal heart disease in men who ate beef three or more times per week; (2) a significant protective effect existed between nut consumption and fatal and non-fatal ischemic heart disease in both men and women; (3) a reduced risk of ischemic heart disease in those preferring whole grain to white bread; (4) colon and prostate cancers were significantly more common in non-vegetarians; (5) frequent beef consumers had a higher risk for bladder cancer; (6) legume intake was inversely associated with the risk of colon and pancreatic cancers; and (7) higher consumption of all fruit and dried fruit decreased the risk of lung, prostate and pancreatic cancers. Moreover, vegetarian Adventists had lower risks for diabetes, hypertension and arthritis.


				J. Vitamin D Deficiency and Associated Diseases


				For many decades following its discovery, vitamin D deficiency was thought to be related only to the development of rickets, which led to the fortification of foods with vitamin D and recommended increased sun exposure. Today, however, it is recognized that rickets is only the tip of the vitamin D-deficiency iceberg. Indeed, knowledge that vitamin D’s functions have broadened such that the “sunshine vitamin” does far more than build bones (Table 7.7). In addition to the brief inclusion of vitamin D deficiency in previous areas, vitamin D deficiency is more completely discussed in the following sections.


				 

				
					
						
								
								Table 7.7 Vitamin D Deficiency-Associated Diseases/Disorders
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				1. Vitamin D Deficiency


				Vitamin D deficiency is surprisingly common in healthy infants, children and adults. As noted by Gordon et al,446 recent studies have shown an increase in vitamin D deficiency and rickets among infants and children in several American states, Canada, China and Europe. To determine the prevalence of vitamin D deficiency in the U.S., this latter group evaluated healthy infants and toddlers who were seen for a routine health visit.445 The serum results showed that the prevalence of vitamin D deficiency (< 20 ng/mL; < 50 nmol/L) was 12.1%; an additional 40% had levels below an accepted optimal level (< 30 ng/mL; < 75 nmol/L). There was also an inverse correlation between serum 25-hydroxyvitamin D [25(OH) D] and parathyroid hormone levels. In a more recent study of U.S. children aged 1 to 11 years, the authors concuded that “millions of children may have suboptimal levels of 25(OH) D, especially non-Hispanic black and Hispanic children.”447 In an earlier study, Gordon et al448 measured serum levels of 25(OH) D and parathyroid hormone in a healthy group of adolescents. Here, 24.1% were vitamin D deficient (< 15 ng/mL; < 37.5 nmol/L); 42% had levels < 20 ng/mL. A literature review of hypovitaminosis D among American adolescents was recently published.449

				In an early study, Gloth and associates450 evaluated the association of hypovitaminosis D in homebound elderly persons. The authors concluded that “despite a relatively high degree of vitamin supplementation in the United States, homebound elderly persons are likely to suffer from vitamin D deficiency.” Others also reported that vitamn D deficiency is a common problem in older community dwelling women, especially those who are somewhat disabled.451


				The current daily vitamin D recommendations are reportedly 200 IU/day from birth through age 50 years, 400 IU/day for those aged 51-70 years, and 600 IU/day for those over 70 years.452 However, it is clear from numerous clinical studies that this is significantly insufficient to maintain adequate serum levels of 25(OH) D. Indeed, a review of vitamin D insufficiency in North America indicated that the current recommendations for dietary intake of vitamin D “are too low and that a higher adequate intake should be recommended.”453 For example, randomized trials using the currently recommended daily adult intake of 400 IU of vitamin D per day have shown no significant decrease in fracture risk.454 However, 700-800 IU of vitamin D per day significantly reduces fracture risk. This daily vitamin D intake would approach the desirable 25(OH) D serum level to 30 ng/mL (> 75 nmol/L).454,455


				2. Fractures/Osteoporosis


				Since the efficacy of vitamin D and calcium supplementation for preventing hip and other fractures in healthy postmenopausal women is equivocal, Jackson et al456 studied 36,282 postmenopausal women, aged 50 to 79 years (Women’s Health Initiative). The participants were randomly assigned to receive 1,000 mg of calcium carbonate and 400 IU of vitamin D3 daily or placebo. After a follow-up period of seven years, supplementation resulted in a significant improvement in hip bone density, but there was no reduction in hip fracture. However, a meta-analysis of 29 randomized trials involving people 50 years and older found a 12% reduced risk in fractures of all types when given calcium and vitamin D.457 The authors recommended minimum doses of 1,200 mg of calcium and 800 IU of vitamin D each day as the best therapeutic effect for the prevention of osteoporosis. Moreover, a recent meta-analysis of 12 double-blind randomized controlled trials for nonvertebral fractures (n = 42,279) and 8 randomized controlled trials for hip fractures (n = 40,886) compared oral vitamin D with or without calcium, with calcium alone, or placebo.458 The researchers concluded that “nonvertebral fracture prevention with vitamin D is dose dependent, and a higher dose should reduce fractures by at least 20% for individuals aged 65 years and older.”


				3. Cardiovascular Disease


				Vitamin D receptors are present in numerous body tissues including vascular smooth muscle, endothelium and cardiomyocytes. Since prior evidence suggests that vitamin D deficiency may adversely affect the cardiovascular system, and data from longitudinal studies are lacking, Wang et al459 studied 1,739 white men and women, mean age 59 years, without prior cardiovascular disease. After 5.4 years of follow-up, the authors concluded that vitamin D deficiency, defined as a serum level of 25-hydroxyvitamin D [25(OH) D] below 15 ng/mL, is associated with incident cardiovascular disease. Two more recent studies indicated that hypovitaminosis D was associated with various cardiometablic factors in U.S. children and young adults. Thus, in a nationally representative sample aged 1 to 24 years, 25(OH)D deficiency was associated with elevated parathyroid hormone levels, higher systolic blood pressure, and lower serum levels of calcium and high-density lipoprotein cholesterol.460 Similarly, a cross-sectional analysis of 3,577 U.S. nonpregnant adolescents without diabetes, the odds ratios for those in the lowest (< 15 ng/dL) levels of 25(OH) D compared with the highest quintile (> 26 ng/dL) for hypertension, fasting hyperglycemia, low high-density lipoprotein cholesterol and metabolic syndrome were 2.36, 2.54, 1.54 and 3.88, respectively.461


				4. Cancer


				Recent studies indicate potentially important roles for vitamin D in cancer prevention, survival and treatment. In a recent Health Professionals Follow-up Study report involving 47,800 men, the researchers evaluated multiple determinants of vitamin D exposure in relation to cancer risk (dietary and supplemental vitamin D, skin pigmentation, adiposity, geographic location, and leisure-time physical activity to estimate sunlight exposure) from 1986 to 2000.462 The results indicated that an increase in estimated 25(OH) D levels equivalent to 1,500 IU of vitamin D intake/day was associated with a 17% reduction in total cancer incidence, 29% reduction in total cancer mortality, and 43% and 45% incidence and mortality reduction from digestive system cancers. For example, this research group conducted prospective studies in cohorts of men ages 40 to 75 years as of 1986 (Health Professionals Follow-up Study) and women ages 38 to 65 years as of 1984 (Nurses’ Health Study).463 Compared with persons in the lowest category of total vitamin D intake (< 150 IU/day), the relative risks for pancreatic cancer were 0.78 for 150 to 299 IU/day, 0.57 for 300 to 449 IU/day, 0.56 for 450 to 599 IU/day, and 0.59 for 600 or more IU/day. The results also suggested that the associations may be stronger in men than women.


				

Vitamin D has also been shown to be important in colorectal tumors. Thus, good vitamin D status at the time of diagnosis and treatment appears to improve survival in patients with colorectal cancer.464 As noted in this literature review, darker-skinned persons who produce less vitamin D may also be at a higher risk for digestive system cancers. Moreover, a recent prospective study examined the association between prediagnosis 25(OH) D levels in mortality among women and men (Nurses’ Health Study; Health Professionals’ Follow-up Study) who were diagnosed with colorectal cancer from 1991 to 2002.465 Among those with colorectal cancer, “higher prediagnosis plasma 25(OH) D levels were associated with a significant improvement in overall survival.” In another study, both vitamin D intake and circulating levels of 25(OH) D were inversely associated with the incidence and recurrence of colorectal adenoma.466

				Most studies evaluating the association between vitamin D intake and breast cancer have also shown a positive effect. In a case-control Italian study, intake of at least 143 IU of vitamin D had a protective effect against breast cancer.467 This inverse association was consistent across strata of menopausal status. Similarly, a German case-control study found a significant inverse association between breast cancer risk in premenopausal women and serum 25(OH) D concentrations.468 Thus, compared with the lowest category (< 30 nmol/L), the odds ratios for the upper categories (30-45 nmol/L, 45-60 nmol/L, and > 60 nmol/L) were 0.68, 0.59, and 0.45, respectively. Others examined the association between vitamin D intake at specific ages and combined estrogen-receptor (ER) and progesterone-receptor (PR) defined breast cancers.469 The authors concluded that “this study suggests that vitamn D is associated with a reduced risk of breast cancer regardless of ER/PR status of the tumor.” Moreover, a study of Harvard cohort studies (Nurses Health Study; Physicians’ Health Study; Health Professionals Follow-up Study) of circulating 25(OH) D levels, dietary and supplementary vitamin D intake, and of predicted 25(OH) D levels strongly support an inverse association with colorectal, breast and pancreatic cancers.268 However, it should be noted that the authors of a prospective study of postmenopausal women “did not observe an inverse association between circulating 25(OH) D or 1,25(OH)(2)D and breast cancer risk…..”470


				Since there is a north-south gradient of age-adjusted ovarian cancer mortality rates in the U.S., the highest rates being in the Northeast and lowest rates in the South to Southwest, Garland et al471 studied the possible role of ultraviolet B irradiance in the prevention of ovarian cancer in 175 countries. Their findings showed that age-adjusted ovarian cancer incidence rates were generally highest in countries at the highest latitudes. After multivariate analyses, solar ultraviolet B irradiance, and therefore vitamin D level, was inversely associated with incidence rates of ovarian cancer.


				In a later study, this research group reported that lower levels of solar ultraviolet B irradiance “were independently associated with higher incidence rates of lung cancer in 111 countries.”472 Similarly, Zhou and associates473 investigated the associations of summertime surgery and vitamin D intake with recurrence-free survival and overall survival in 456 patients with early-stage non-small cell lung cancer. The results suggested that the joint effects of surgery season and recent vitamin D intake were associated with the survival of patients with early-stage non-small cell lung cancer. In a subsequent study, these researchers investigated the association between circulating 25(OH) D levels and overall survival and recurrence-free survival in patients with early stage non-small cell lung cancer.474 After a median 72 months of follow-up time, the adjusted hazard rato was 0.74 for the highest versus the lowest quartile of 25(OH) D levels. For tumor stage stratification, the adjusted hazard ratio was 0.45 among stage IB-!!B patients. In addition, the combined high 25(OH) D levels and high vitamin D intake were associated with a better survival than the combined low 25(OH) D and low vitamin D intake (adjusted hazard ratio, 0.64).


				In contrast to most of these studies, a prospective case-control study of 749 patients with incident prostate cancer, who were diagnosed 1-8 years after serum measurements of 25(OH) D levels, did not support a role for vitamin D in preventing prostate cancer.475 Instead, the authors concluded that “higher circulating 25(OH) D concentrations may be associated with increased risk of aggressive disease.” Nevertheless, a review of 63 observational studies of vitamin D status in relation to cancer risk, including 13 of breast, 26 of prostate, 30 of colon, and 7 of ovarian cancer suggests that efforts to improve vitamin D status, whether by increased sunlight exposure or vitamin D supplementation, “could reduce cancer incidence and mortality at low cost with few or no adverse effects.”476


				5. Cognition


				Since vitamin D deficiency is more common in older adults, and more prevalent among individuals with darker pigmented skin, Wilkins et al477 cross sectionally studied vitamin D status, cognitive performance, physical performance, and bone mineral density in 60 older adults (30 African Americans and 30 European Americans). The results indicated that vitamin D deficiency was significantly more common in the African Americans and was associated with worse cognitive performance and lower hip bone mineral density.


				

6. Parkinson’s Disease

				Since a role for vitamn D deficiency in Parkinson’s disease (PD) was suggested,478 Evatt and associates479 randomly evaluated PD patients from their clinical research database as to their level of serum 25(OH) D. The study results showed that significantly more patients with PD (55%) had insufficient vitamin D than did a group of unrelated patients with Alzheimer’s disease (AD; 41%) or the group of healthy controls (36%). Thus, the mean 25(OH) D serum concentration was significantly lower than in the control or AD cohorts (31.9 ng/mL vs 34.8 ng/mL and 37.0 ng/mL, respectively).


				7. Multiple Sclerosis


				Vitamin D, an important immune system regulator, has been associated with several autoimmune diseases including multiple sclerosis (MS), inflammatory bowel disease, rheumatoid arthritis, and insulin-dependent diabetes mellitus.480,481 A highly significant feature of the global distribution of MS is its low incidence in the tropics, but a multifold increase with increasing latitudes from the equator in both hemispheres.482


				Although several studies had shown that persons with MS tended to have low levels of vitamin D, there were no prospective studies. Therefore, Munger and associates483 examined the vitamin D intake and risk of MS in two large women cohorts: the Nurses’ Health Study (NHS; 1980-2000) and Nurses’ Health Study II (NHS II; 1991-2001). Their results showed that the age-adjusted relative risk for MS of women in the highest quintile of total vitamin D intake at baseline, compared with those in the lowest intake, was 0.67. Moreover, vitamin D intake from supplements was also inversely associated with MS risk. The relative risk for women whose intake was 400 or more IU/day was 0.59 compared with those with no supplemental intake. In another large prospective nested case-control study among white U.S. military personnel, the risk of MS decreased significantly with increasing serum levels of 25(OH) D (odds ratio 0.59 for 50 nmol/L increase).484 Thus, among white men and women, the risk of MS decreased by 41% for every increase of 20 ng/mL in 25(OH) D above 24 ng/mL (60 nmol/L). Although blacks and Hispanics had lower 25(OH) D levels than whites, no significant associations between MS risk and vitamin levels were found.


				8. Total Mortality


				The above studies, among others, suggest that low vitamin D status is related with higher mortality rates and therefore, decreased life expectancy. To investigate this relationship, Autier and Gandini485 identified 18 independent randomized controlled trials where the mean daily vitamin D intake was 528 IU (range 300 to 2000 IU). In nine trials, there was a 1.4- to 5.2-fold difference in serum 25(OH) D levels between the intervention and control groups. The authors concluded that “intake of ordinary doses of vitamin D supplements seems to be associated with decreases in total mortality rates.” The association between vitamin D and various diseases/disorders was recently reviewed.486,487


				Chapter Summary


				Good nutrition is essential for a long, productive and healthy life since it decreases the risk for numerous chronic diseases, including heart disease, cerebrovascular disease, various forms of cancer, diabetes, hypertension, and possibly Alzheimer’s disease, among others. Vitamin and mineral supplements are also important, especially in the elderly where poor nutrition is very common. Other significant nutritional problems in all ages are the excessive intake of red and processed meats, total fats and saturated and trans fatty acids. Conversely, increased intake of the omega-3 (n-3) fatty acids, which are rich in fish and some vegetable oils, are very important. In order to improve our diets, it is critical that more national and local effort be expended, especially by health professionals, in educating people of all ages as to the importance of nutrition to improve their health, prevent various chronic diseases/disorders, and thereby increase life expectancy, improve the quality of life, and help control the rapidly rising medical costs.
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 Chapter 8. 

 Substance Abuse: Associated Morbidity/Mortality


				Introduction


				In addition to poor nutrition, obesity and physical inactivity, smoking, excessive alcohol intake, prescription and illicit drug use, and herbal products are associated with the major causes of morbidity and mortality in the United States and many other countries (Table 8.1). 


				 

				
					
						
								
								Table 8.1 Commonly Abused Substances


							
						

						
								
								Alcohol

							
								
								Herbal Products


							
						

						
								
								Drugs (Prescription/Illicit)

							
								
								Tobacco


							
						

					
				

				 

				However, avoidance of, or at least modest use of these substances, would substantially reduce morbidity and mortality and thereby increase life expectancy, as well as the quality of life. Since most clinical diseases, disorders and injuries are multifactorial, it is often difficult to identify the relative contribution of the various factors. Moreover, since the causes of death usually refer to the major pathophysiologic conditions identified at the time of death, as opposed to their root causes, they result from a combination of both external and inborn factors. In 2005, the ten leading causes of death in the U.S. were reportedly heart disease (652,091), cancer (559,312); cerebrovascular disease (143,579); chronic respiratory diseases (130,933); unintentional accidents (117,809); diabetes mellitus (75,119); Alzheimer’s disease (71,599); influenza/pneumonia (63,001); kidney diseases (43,901); and septicemia (34,136).1 These major causes of death are very similar, albeit not identical, to those reported in 1990.2


				In a seminal 1993 article, McGinnis and Foege3 described the major modifiable factors that contributed to death in the U.S. in 1990 and referred to them as the “actual causes of death.” More recently, Mokdad et al4 identified the “actual causes of death” in the U.S. in 2000 as follows: tobacco use (435,000); poor diet and physical inactivity (400,000); alcohol consumption (85,000); microbiologic agents (75,000); toxic agents (55,000); motor vehicle crashes (43,000); incidents involving fire arms (29,000); sexual behaviors (20,000); and illicit drug use (17,000). However, the third actual cause of death may be adverse drug reactions, even when prescribed and taken properly (2,216,000 adverse reactions, 106,000 deaths in 1998).5 Indeed, about 50% of all deaths are currently attributable to specific external factors. The association between the commonly abused risk factors and various diseases, disorders, and mortality is presented in the following sections of this chapter.


				Tobacco Use: Diseases, Disorders, and Mortality


				Tobacco use is the leading cause of preventable diseases and premature death in the U.S. and many other countries. The Center for Disease Control (CDC) reported that cigarette smoking resulted in an estimated 443,000 premature deaths, 5.1 million years of potential life lost annually in the U.S. during 2000 to 2004, and $193 billion in direct health care expenditures and productivity losses each year.6 Thus, tobacco use causes more deaths each year than alcohol use, car crashes, suicide, acquired immunodeficiency syndrome (AIDS), homicide, and illegal drug use combined.3,6 More specifically, smoking is the primary causal factor for about 30% of all cancer deaths, for almost 80% of deaths from chronic obstructive pulmonary disease, and for early cardiovascular disease and deaths.7


				Globally, it was estimated that in the year 2000, there were 4.83 million premature deaths attributable to smoking; 2.41 million in developing countries and 2.42 million in industrialized countries.8 About 3.84 million smoking-related deaths were in men. The major causes of death were cardiovascular disease (1.69 million), chronic obstructive lung disease (0.97 million), and lung cancer (0.85 million). In 2009, at least 1.3 billion people were tobacco users resulting in about 5.3 million premature deaths each year.9 Unfortunately, smoking continues to increase markedly in underdeveloped countries due to aggressive marketing from tobacco companies, a delay in implementing antismoking regulations, and because the public perception of the risks of smoking remains low.10 As a result, an estimated 10 million people will die in 2030 due to smoking.

				In 2007, approximately 43.4 million U.S. adults were current smokers (19.8%),11 a level significantly lower than in 2004 to 2006.12 However, the prevalence of smoking was estimated at 42% four decades ago.13 Unfortunately, smoking is increasingly concentrated in the lower socioeconomic groups and among those with mental illness. Indeed, individuals with chronic mental illness die an average of 25 years earlier, a large percentage of which are lost due to smoking.14


				Non-daily (intermittent) and social smoking (smoking primarily in social situations) are becoming more prevalent and represent about one-fourth of current tobacco users.15 However, one study found that 42% of intermittent smokers classified themselves as nonsmokers.16 Indeed, longitudinal studies have shown that many non-daily smokers sustain the habit for one to two years, if not indefinitely.17 Although there is little empirical evidence of the health impact specifically of non-daily and social smoking, studies summarized in the 2004 U.S. Surgeon General’s report on the health consequences of smoking indicates that even low levels of exposure increase the risks for coronary heart disease, lung and gastrointestinal cancers, lower respiratory tract infections, cataracts, compromised reproductive health, and osteoporosis.18


				The prevalence of current cigarette use among U.S. high school students increased from 27.5% in 1991 to 34.4% in 1997; it then decreased to 21.9% in 2003 and remained stable from 2003 to 2007.19 Nevertheless, data from the Global Youth Tobacco Survey suggests that the previously estimated doubling of world-wide smoking deaths (five million/year to approximately 10 million/year by 2020) might have been underestimated due in large part to the increase in smoking among young girls compared with adult women.20 Women smokers of reproductive age also risk adverse pregnancy outcomes.21 They also expose their children to second-hand smoke and modeling behavior that increases the likelihood that their children will become smokers. Indeed, a recent study indicated that the risk of developing an acute cardiac syndrome or chronic lifetime coronary events from secondhand smoke “is at least 30%”.22


				During 2000-2004, the overall average annual smoking attributable mortality rates per 100,000 population were lowest in Utah (138.3), Hawaii (167.6), and Minnesota (215.1); the highest mortality rates were in Kentucky (370.6), West Virginia (344.3), and Nevada (343.7).23 In 2008, the prevalence of adult current cigarette smoking was lowest in Utah (9.2%), California (14.0%), and New Jersey (14.8%); it was highest in West Virginia (26.6%), Indiana (26.1%) and Kentucky (25.5%).24 Although the goal of Healthy People 2010, the U.S. Department of Health and Human Services‘ health promotion and disease prevention initiative, was to reduce the smoking prevalence to 12% by the end of the decade, it is now apparent that this goal will not be attained. The major diseases/disorders resulting from tobacco use are listed in Table 8.2.


				 

				
					
						
								
								Table 8.2 Diseases/Disorders Associated with Tobacco Use
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								Osteoporosis/bone fractures


							
						

						
								
								Cancer (multiple)

							
								
								Pancreatitis


							
						

						
								
								Cataract and macular degeneration

							
								
								Physiologic function

							
						

						
								
								Coronary heart disease

							
								
								Pregnancy-associated disorders

							
						

						
								
								Cerebrovascular disease

							
								
								Psychological changes

							
						

						
								
								Decreased physical activity

							
								
								Thyroid dysfunction

							
						

						
								
								Lung diseases

							
								
								Type 2 diabetes mellitus

							
						

						
								
								Multiple sclerosis


							
								
							
						

					
				

				 

				Smoking cessation reduces the risk of tobacco-related diseases/disorders, increases life expectancy and the quality of life even after the age of 65 years or after the onset of a smoking-related disease.25 However, since the rate of mortality risk reduction after quitting compared with continuing to smoke is uncertain, Kenfield et al26 assessed this association in a prospective 22-year study of 104,519 women (Nurses’ Health Study). Their results showed that compared with never smokers, current smokers had a significantly increased risk of total mortality (hazard ratio, 2.81). Moreover, significant trends were noted for earlier age at smoking initiation for total mortality and mortality from both respiratory disease and smoking-related cancer. Thus, approximately 64% of deaths among current smokers and 28% of deaths among former smokers were due to cigarette smoking. Importantly, the excess risk for all-causes mortality decreased to the level of never smokers 20 years after quitting.


				Approximatlety 50% of regular smokers in the U.S. die prematurely of a tobacco-related disease.27 Of course, increased mortality associated with smoking is not limited to the U.S. An important mortality study of British male physicians over a 40-year period found that about 50% of those who smoked died of causes secondary to smoking.28 In a later study of the British male physicians, these researchers reported that the excess mortality associated with smoking was primarily due to vascular, neoplastic, and respiratory diseases.29 Those who smoked only cigarettes, and continued to smoke, died on average ten years younger than lifelong non-smokers. Smoking cessation at age 60, 50, 40, or 30 years gained approximately 3, 6, 9, or 10 years of life expectancy. Moreover, in a nationally representative sample of 1.1 million homes in India (5% female, 37% male controls aged 30-65 years were smokers), smoking was associated with increased all-causes risk ratio for death among both women and men (risk ratio, 2.0 and 1.7, respectively).30 An early report from China indicated that since 61% of Chinese males over age 15 years were smokers, two million Chinese males will die each year from smoking by the year 2025.31 In addition, the smoking prevalence among the general population is approximately 54% for men and 14.5% for women in Japan.32

				Since smoking is more common among men of lower social class, education and income, Jha et al33 studied male mortality rates among men aged 35-69 years in three different social strata in four countries during the 1990s. The highest and lowest social strata were based on neighborhood income (highest vs lowest quintile) in urban Canada, completed years of education (more vs less than 12 years) in Poland and the U.S., and highest and lowest social strata (professional vs unskilled manual) in England and Wales. The results showed an approximate two-fold difference between the highest and lowest social strata in overall risk of dying (England and Wales, 21% vs 43%, U.S., 20% vs 37%, Canada 21% vs 34%, Poland 26% vs 50%). More than 50% of the mortality difference between the highest and lowest social strata involved risk differences of death due to smoking (England and Wales, 4% vs 19%, U.S. 4% vs 15%, Canada 6% vs 13%, and Poland 5% vs 22%). Thus, most of the significant social inequalities in adult male mortality were due to smoking. More recently, the extent of the person-to-person spread of smoking behavior and the extent to which connected groups of people quit together was studied.34 The findings showed that smoking cessation by a spouse decreased a person’s chances of smoking by 67%; a sibling by 25%; a friend by 36%; and a co-worker employed in a small firm by 34%. Moreover, friends with more education influenced another more than those with less education.


				In addition to the numerous smoking-associated diseases/disorders listed in Table 8.2, tobacco smoking has been associated with an increased risk of some infectious diseases. For example, 17,699 Taiwanese smokers aged 12 or more years were followed from 2001 to 2004.35 During this time, current smoking was associated with a significant increased risk of active tuberculosis (odds ratio, 1.94). The association was significantly higher in persons under the age of 65 years (odds ratio, 3.04) compared with persons over the age of 65 (odds ratio, 0.70). There were also significant dose-response relations for the number of cigarettes smoked per day, years of smoking, and pack-years. Cigarette smoking also appears to confer a significant increased mortality risk in HIV-positive, compared with HIV-negative persons.36,37 Co-morbid diseases were also significantly increased according to smoking status and pack-years.


				Since smoking cessation usually requires more than just willpower, it is perhaps best regarded as a chronic disease that requires long-term management strategy (only about 20% of those wanting to stop smoking seek professional help). The major obstacle to quitting is the addictive nature of nicotine, which causes tolerance and physical dependence. Thus, a withdrawal syndrome consisting of irritability, anger, restlessness, impatience, anxiety, insomnia, increased appetite and depression is common.38 The major diseases and disorders associated with smoking are presented below.


				Smoking and Aging


				Aging is a very complex multifactorial process associated with an increased risk of various diseases and disorders (e.g., atherosclerosis, cancer, macular degeneration, osteoporosis, Alzheimer disease, decreased immune function, among others). As previously noted, the major theories of aging are genetic, immune, hormonal, and free radical (Chapters 3, 4). The free radical theory is of major importance with respect to smoking,39 since a single puff on a cigarette produces an estimated one trillion free radicals.40


				To evaluate the effect of smoking on life expectancy, Taylor et al41 determined the life extension obtained by smoking cessation at various ages among 877,243 persons (Cancer Prevention Study II). Their findings showed that life expectancy among smokers who quit at age 35 years exceeded those who continued to smoke by 6.9 to 8.5 years for men and 6.1 to 7.7 years for women. Those who quit smoking at younger ages experienced greater life extension. Furthermore, men who stopped smoking at age 65 years gained 1.4-2.0 years of life and women gained 2.7-3.7 additional years. In addition, to verify that a healthy lifestyle favors longevity and how much smoking is incompatible with extreme longevity, Tafaro et al42 studied the prevalence of smokers and total smoking exposure in 157 Roman centenarians (mean age, 101.59). Of these, 83.8% never smoked, 13.5% were former smokers, and 2.7% were current smokers. The authors concluded that “smoking is for all but some exceptional subjects, incompatible with successful aging and compromises life expectancy even in extreme longevity.”


				The effect of physical activity and smoking on active and disabled life expectancy was studied in the Established Population for Epidemiologic Studies of the Elderly (EPESE).43 Here, population-based samples of persons aged 65 years and older withhout disability at baseline were followed for disability and mortality over six annual follow-ups. Compared with smokers, men and women who never smoked survived 1.6 to 3.9 and 1.6 to 3.6 years longer, respectively, depending on the level of physical activity. Moreover, for physical activity from low to moderate to high, the increased life expectancy in both smokers (9.5, 10.5, 12.0 years in men; 11.1, 12.6, 15.3 years in women) and non-smokers (11.0, 14.4, 16.3 years in men; 12.7, 16.2, and 18.4 years in women) at baseline age of 65 years. This study also found that higher physical activity in both smokers and non-smokers was associated with fewer years of disability.


				

Skin wrinkling is a characteristic sign of aging. However, smoking has long been recognized to be an important risk factor for premature skin wrinkling. Indeed, after elimination of common confounding variables including age, sex and sun exposure, the prevalence of skin wrinkling is independently associated with pack-years of smoking.44 In this study, those who smoked 50 or more pack-years were 4.7 times more likely to have increased skin wrinkling than non-smokers. Moreover, when both cigarette smoking and excessive sun exposure were present, the risk for excessive wrinkling was marked (prevalence ratio, 12.0). A later literature review of this topic, entitled “Does cigarette smoking make you ugly and old?”, confirmed the strong association between smoking and skin aging.45 Unfortunately, current smokers are relatively unaware of this association. Other aging factors associated with smoking include graying and loss of hair, and decreased levels of smell and taste.46,47 In addition, several dental disorders including periodontal disease, halitosis, tooth staining, stomatitis nicotina, and gingival bleeding are also associated with smoking.48

				Smoking and Cancer


				In 2008, 1,437,180 new cancer cases and 565,650 deaths from cancer were projected to occur in the U.S.1 However, the overall cancer death rates in 2004 compared with 1990 in men and 1991 in women decreased by 18.4% and 10.5% respectively, resulting in the avoidance of more than 500,000 cancer deaths during this time. Cancer mortality rates have also been falling in the United Kingdom since 1990.49 There is convincing evidence that smoking is a major risk factor for numerous cancers (Table 8.3).


				 

				
					
						
								
								Table 8.3. Tobacco-Associated Cancers
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				1. Respiratory Tract and Oral Cavity Cancers


				In 1950, Wynder and Graham50 published their landmark article linking smoking and lung cancer mortality rate for men in the U.S. At this time, there had been a four-fold increase in lung cancer over the previous three decades. During 1999-2004, a total of 1,095,305 lung and bronchial cancer cases were diagnosed in the U.S. (69.4 per 100,000 persons).51 Incidence rates were considerably higher in men compared with women (89.6 versus 54.7, respectively). The incidence rates among men in 2004 were highest in the South region (97.9) and lowest in the West (66.0), whereas among women the rates were similar in the South, Midwest, and Northeast (55.3-56.4) but lowest in the West (48.1). With respect to women, lung cancer incidence and/or death rates increased from 1975 to 2005 in 18 states, 16 of which are in the South or Midwest.52 Moreover, in the year 2000, there were an estimated 1.42 million world-wide cancer deaths, 21% of which were attributed to smoking.53 Lung cancer accounted for 60% of the deaths attributed to smoking and 20% of the aerodigestive tract cancers.


				Unfortunately, lung cancer incidence continues to increase in some countries. For example, in a hospital-based case control study of Czech women, cigarette smoking was clearly the most important factor associated with the increased risk of lung cancer.54 Thus, an increased risk was found among both current smokers (odds ratio, 11.20) and ex-smokers (odds ratio, 10.02). The authors referred to the increase in lung cancer among Czech women as an “on-going epidemic.” In a recent Chinese study where the three major causes of death are chronic obstructive pulmonary disease (COPD), lung cancer and tuberculosis, the authors noted that “if smoking and solid-fuel use remain at current levels between 2003 and 2033, 65 million deaths from COPD and 18 million deaths from lung cancer are predicted…….”55 In a recent meta-analysis of 216 observational studies on cigarette smoking and cancer from 1961 to 2003, the relative risks for lung, laryngeal and pharyngeal cancers were 8.96, 6.98 and 6.76, respectively.56 Importantly, lung cancer death rates stabilized from 1977 to 1992 and decreased in men since 1992 and in women since 1993. Thus, primarily because of anti-smoking interventions, the significantly fewer lung cancer deaths that have occurred in Massachusetts are attributable to decreased tobacco use.57


				During 1999-2002, there were 67,618 cases of laryngeal cancer in the U.S. (incidence rates/100,000 persons were 7.6 in men and 1.6 in women).51 As with lung cancer, the incidence rate among men was highest in the South (8.4) and lowest in the West (4.8); among wmen, the rates were similar in the South, Midwest, and Northeast regions (1.6-1.7) and lowest in the West (1.1).


				In 2002, there were an estimated 28,900 cases and 7,400 deaths due to oral cavity cancers (i.e., tongue, mouth, lip, salivary gland, pharynx).58 An estimated 93% of these malignancies in men and 61% in women are associated with smoking.59 Moreover, the greatest risk for oral cavity cancers occurs in smokers who regularly consume alcoholic beverages.59 This combination reportedly accounts for about 75% of all oral and pharyngeal cancers.


				

2. Esophagus and Stomach Cancers

				There were 78,561 cases of esophageal cancer in the U.S. during 1999-2004 (incidence rates/100,000 were 8.6 for men and 2.1 for women).51 About 80% of these cases have been attributed to smoking.59 As with oral cancers, the combination of smoking and regular alcohol consumption further increases the risk of this malignancy.60 More recently, compared with non-smokers, current smokers were found to have an increased risk for esophageal squamous cell carcinoma (hazard ratio, 9.27), esohageal adenocarcinoma (hazard ratio, 3.70), gastric cardia (hazard ratio, 2.86), and noncardia (hazard ratio, 2.04) carcinomas.61 Similarly, a recent study of 336,381 Swedish construction workers found that compared with never tobacco users, smokers had increased risks for adenocarcinoma (relative risk, 2.3) and squamous cell carcinoma (relative risk, 5.2) of the esophagus, as well as carcinomas of the gastric cardia (relative risk, 2.1) and noncardia (relative risk, 1.3).62


				Recent Oriental studies have also found that cigarette smoking increases the risk of gastric cancer. In a Korean study, there was a significant dose-response association between the duration of smoking and the risk of gastric cancer among male smokers, compared with non-smokers.63 Thus, for men who smoked for 20-39 years, the relative risk was 2.09; the relative risk was 3.13 for those who smoked 40 or more years. In a meta-analysis of ten cohort studies and 16 case-control studies of Japanese men and women, the relative risks of gastric cancer for current smokers, compared with non-smokers, were 1.56, 1.79, and 1.22 for the total population, men and women, respectively.64


				As noted above for oral and esophageal cancer, the combination of smoking and regular alcohol intake also futher increases the risk of gastric cancer.65,66 Moreover, although Helicobacter pylori infection increases the risk of gastric cancer, the risk is further increased among infected persons who also smoke.67 The authors of a recent meta-analysis of 42 cohort studies concluded that “our study provides solid evidence to classify smoking as the most important behavioral risk factor for gastric cancer.”68


				3. Pancreatic Cancer


				Pancreatic cancer is extremely lethal; the death rate is about 98%. During 1999-2004, there were 176,409 cases of pancreatic cancer in the U.S. (incidence rates, 12.8 and 9.8 among men and women, respectively).51 Increasing age and cigarette smoking are the most consistent risk factors. Of these, smoking accounts for about 25% of all cases.69 Other less important risk factors include diabetes mellitus (9%), family history of pancreatic cancer (5%), and heavy alcohol consumption (3%).70


				With respect to cigarette smoking, an early population-based, case-control study (1986 to 1989) involving people in Georgia, Michigan, and New Jersey found that cigarette smokers had a 70% increased risk compared with non-smokers.71 Although there was also a significant positive increased cancer trend with increasing smoking duration, those who stopped smoking for ten years or more had a 30% risk reduction compared with current smokers. Since then, numerous studies have confirmed that cigarette smoking is a major risk factor for pancreatic carcinoma.


				In a nested case-controlled study of male smokers (Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study), there was a significant increased risk with increased cigarette exposure (i.e., number of packs smoked per day times the number of years smoked); the odds ratio was 2.13 for the highest compared with the lowest quartile.72 Others studied the association between active cigarette smoking and pancreatic cancer using a prospective cohort design with cohorts from 1963 to 1978 (n = 45,749) and 1975 to 1994 (n = 48,172).73 Current active smoking was associated with a two-fold increased risk of pancreatic cancer in both cohorts. However, exposure to household passive smoke among never smokers was not associated with pancreatic cancer.


				Similar findings between cigarette smoking and pancreatic cancer were also reported in Japan and Korea. In a large prospective cohort study involving 110,792 Japanese men and women, the relative risks for current smokers compared with non-smokers were 1.6 in men and 1.7 in women.74 The relative risk was 3.3 for men who smoked 40 or more cigarettes per day. Similarly, cigarette smoking and pancreatic cancer risk was examined in a 10-year prospective cohort study of 446,407 Korean men.75 Here, the relative risk of developing pancreatic cancer among current smokers was 1.7 compared with non-smokers. The relative risk increased with both duration and amount of smoking.


				In a recent meta-analysis of 82 published studies containing information about the association between smoking and pancreatic cancer, the overall risk for current and former smokers was 1.74 and 1.2, respectively.76 Thus, smoking cigarettes resulted in a 75% increase in the risk of pancreatic cancer compared with non-smokers. The risk for current and former pipe and/or cigar smokers was 1.47 and 1.29, respectively. Importantly, studies suggest that diets rich in folic acid77 and flavonoids78 decrease the risk of pancreatic cancer in men. A recent study also showed that green tea, which is rich in polyphenolic antioxidants, might also reduce the cancer risk in smokers.79


				4. Colorectal and Anal Cancers


				Colorectal cancer, the world’s third most common malignancy, currently causes more than 500,000 annual deaths worldwide.80 In the U.S., an estimated 50,000 deaths from colorectal cancer occurred in 2008.1 Since early epidemiologic studies of men consistently demonstrated a positive association between smoking and risk of colorectal adenomas, but had not consistently shown an association between smoking and colorectal cancer, Giovannucci et al studied 47,935 U.S. males (Health Professionals Follow-up Study).81 Their findings showed that for smokers of 20 or more years, the relative risks for small and large adenomas were 2.96 and 2.38, respectively. For men who smoked for 35 years or more, the relative risk for colorectal cancer was 1.94. At this same time, these researchers studied 118,334 women (Nurses’ Health Study) and reported that the relative risks for women who smoked 20 or more years were 1.45 and 1.31 for small and large colorectal adenomas, respectively.82 Among women who smoked for at least 35-39 years, the relative risk for colorectal cancer was 1.47. However, for women who smoked for 40-44 years and more than 45 years, the relative risks were 1.63 and 2.00, respectively.

				At this same time, Heineman and associates83 prospectively evaluated a cohort of 248,046 U.S. veterans for a period of 26 years. Their findings showed that both colon and rectal cancers significantly increased with pack years of smoking, earlier age at first use, and the number of cigarettes smoked. Overall, tobacco use accounted for 16% of colon cancer and 22% of rectal cancer deaths. In addition, in a population-based case-controlled study conducted in northern California, Minnesota and Utah, there was a 50% increase in colon cancer risk from smoking a pack of cigarettes per day among both men and women.84 The younger a person was when he or she began smoking, the greater the risk. Unfortunately, those who stopped smoking for more than 10 years still remained at an increased risk for colon cancer. However, neither cigar nor pipe smoking was associated with an increased colon cancer risk.


				To provide a quantitative risk estimate of the association between cigarette smoking and adenomatous polyps, Botteri et al85 recently analyzed 42 independent observational studies. Here, the risk estimates for current, former, and ever smokers compared with never smokers were 2.14, 1.47 and 1.82, respectively. The association was stronger for high-risk adenomas than for low-risk adenomas. This research group also recently performed a meta-analysis of observational studies between smoking and both incidence (106 studies) and mortality (17 studies) of colorectal cancer.86 Although there was a statistically significant dose-relationship between smoking and colorectal cancer incidence, this association was significant only after 30 years of smoking. For colorectal cancer mortality, the pooled risk estimate for ever versus never smokers was 1.25. Moreover, for both incidence and mortality, the association was stronger for rectal cancer than for colon cancer.


				Anal cancer, a relatively rare tumor, has been rising over the past 2-3 decades.87 Multiple risk factors including smoking, human papillomavirus infection, anoreceptive intercourse, immunosuppression, and possibly HIV infection have been identified. In 2002, there were an estimated 3,900 cases of anal cancer in the U.S (1,700 men, 2,200 women) and 500 deaths (about 200 men, 300 women).88 Case-controlled studies have consistently shown that smoking is a significant risk factor for anal cancer, independent of sexual practices.89-92 Smoking has also been associated with the recurrence of anal cancer.93


				5. Kidney and Urinary Bladder Cancers


				From 1999 to 2004, there were 210,331 cases (13.3 per 100,000 persons) of kidney and renal pelvis cancers in the U.S.51 The incidence rates were almost twice as high among men as among women (18.1 vs 9.4, respectively). The rates among both men and women peaked at 70-79 years of age. Renal cell cancer accounts for about 2% of all worldwide cancers. In contrast with most world countries, the frequency of kidney cancer has been increasing in Europe and North America (about 3% per year in the U.S.).94 In addition to genetics, several other potential risk factors for renal cell carcinoma have been reported including smoking, obesity, hypertension, drugs, and occupational exposure to various toxic substances (e.g., asbestos, organic solvents).95,96 Numerous early studies reported a direct association between renal cell cancer and cigarette smoking.97 In a more recent population-based case-control study in Iowa, cigarette smoking was associated with an increased of kidney cancer in both men and women (odds ratios 1.8 and 1.2 in men and women, respectively).98 Others assessed the role of smoking and environmental tobacco smoke on renal cell carcinoma in Florida and Georgia.99 Compared with never smokers, the odds ratio for persons who smoked 20 or more pack years was 1.35. Never-smokers with renal cell cancer were more likely to report home environmental tobacco smoke exposure of 20 or more years, compared with those who were never exposed to home environmental tobacco smoke (odds ratio, 2.18).


				There were 342,515 cases of urinary bladder cancer (21.7 per 100,000 persons) in the U.S. from 1999-2004.51 As with the kidney and renal pelvis, incidence rates were significantly higher among men than among women (38.2 vs 9.7, respectively). The rates peaked among both sexes aged 80 years and older (321.7 and 74.5, respectively). Multiple studies have shown that cigarette smoking is responsible for about 50% of bladder cancer cases in developed countries.100,101 Moreover, environmental tobacco smoke is a significant risk factor for bladder cancer in women who are lifelong nonusers of tobacco products.102 Other potential risk factors for bladder cancer include heavy consumption of phenacetin-containing analgesics, arsenic, urinary tract infections and occupation exposure to various organic chemical agents. Interestingly, in a recent study to detect early bladder cancer using a urinary dipstick test for hematuria among subjects with a history of heavy smoking (40 or more pack years), 3.3% had bladder cancer.103

				6. Uterine Cervical Cancer


				There were 72,878 cervical cancer cases (8.9 per 100,000 women) in the U.S. during 1999-2004.51 The highest rates of cervical cancer were in women aged 40-49 years (15.6). The major risk factors for cervical cancer are sexual factors and transmitted infections. More specifically, human papillomavirus (HPV) is a well established risk factor. However, in 1977 Winkelstein first theorized that cigarette smoking is also an important risk factor for cervical cancer.104 Since then, numerous studies have confirmed that cigarette smoking is a significant risk factor for cervical cancer. Thus, in an early study Slattery et al105 reported that after adjustment for age, education level, church attendance and sexaul activity, the risk for cervical cancer among current smokers was 3.42; the risk for having smoked for five or more pack years was 2.81. In addition, the adjusted risk estimate associated with passive smoke exposure for three or more hours per day was 2.96. Others suggested that cigarette smoking accounted for approximately 30% of cervical cancers.97,106


				Since there is a strong correlation between smoking and exposure to oncogenic HPVs, it is difficult to separate the role of smoking in cervical carcinogenesis. To help clarify this problem, blood samples from more than one million subjects (1973-2003) were evaluated along with serum samples from 588 women with cervical cancer and 2,861 matched controls.107 The samples were analyzed for cotinine, a biomarker for tobacco exposure, along with antibodies to HPV, herpes simplex virus, and Chlamydia trachomatis. The authors concluded that the study “confirms that smoking is an independent risk factor” for squamous cell cervical cancer in women infected with HPV. With respect to the type of cervical cancer in a meta-analysis of 23 international epidemiologic studies, the relative risk for current smokers compared with never smokers was 1.95 for squamous cell carcinoma; there was no increased risk for the less common adenocarcinoma.108


				Studies from Taiwan,109 Japan110 and Korea111 also showed that smoking is an important risk factor for cervical cancer. Moreover, the authors of a Danish study concluded that “smoking is associated with an increased risk of developing high-grade squamous intraepithelial lesions in women who are infected with oncogenic human papillomavirus.”112 Smoking also increases the mortality rate in women with cervical cancer.113,114


				7. Leukemia, Other Hematolymphopoietic Disorders


				In 2002, there were approximately 30,800 cases of leukemia in the U.S. resulting in 21,700 deaths; there were 10,800 cases of acute myeloid leukemia and 7,400 deaths. Although the causes of the various forms of leukemia remain largely unknown, studies over the past several decades suggest that certain forms of adult leukemia may be associated with smoking. Indeed, a meta-analysis of seven prospective and eight case-control studies from 1970 to 1992 indicated that about 14% of all leukemia cases may be associated with smoking (17% of myeloid; 14% of acute non-lymphocytic).115 In two of these studies, 20% to 30% were attributed to smoking in both men and women.116,117 In their 1992 review of smoking and disease, Newcome and Carbone97 cited several prospective and retrospective studies suggesting that the increased risk of lymphoid leukemia among smokers was two-fold; the risk for acute myeloid leukemia was increased three-fold.


				Several more recent studies also support the association of cigarette smoking with an increased risk of acute myeloid leukemia (AML).118-120 However, since AML is a heterogeneous disease with distinct subtypes, Pogoda and associates121 studied the association between smoking and adult subtype, as classified by the French-American-British (FAB) criteria. Their findings showed a mild overall risk for AML (odds ratio, 1.2) but a more significant risk for subtype M2 (odds ratio, 2.3). A significant dose-response was also associated with total years smoked, number of cigarettes per day, and product filter status (i.e., filtered versus non-filtered).


				Cigarette smoking may also be a risk factor for myelodysplastic syndromes (i.e., abnormal maturation of erythrocytes, platelets and granulocytes) resulting in anemia, thrombocytopenia, or pancytopenia. For example, smoking was shown to be associated with an increased risk for primary myelodysplastic syndrome (MDS) and chromosome 7 abnormalities (odds ratio, 5.0), refractory anemia (odds ratio, 2.5), and refractory anemia with ringed sideroblasts (odds ratio, 3.2).122 In a recent case-control study, Bjork et al123 reported that “each pack-year of smoking increased the risk of MDS with 1.3%, corresponding to an estimated excess risk of 71% for 40 pack-years.”


				Cigarette smoking may also be an important risk factor for hematolymphopoietic malignancies. For example, Stagnaro et al124 reported a consistent positivie smoking association for follicular non-Hodgkins lymphoma (odds ratio, 1.8), but a less significant risk for non-Hodgkins lymphoma (odds ratio, 1.2). The increased risk for follicular lymphoma was stronger in women than men (odds ratio, 2.3 and 1.3, respectively). There was no clear association between Hodgkins disease or multiple myeloma in this study. Others “found little evidence of an association between cigarette smoking and non-Hodgkin’s lymphoma risk overall.”125 These researchers also noted that increased risks of follicular lymphoma in female smokers and of T-cell lymphoma in male smokers “were suggested.”


				

Childhood leukemia, the most common malignancy among children, accounts for about 30% of all cancer cases in children younger than the age of 15 years.126 The known risk factors, which include age, sex, race and exposure to ionizing radiation, accounts for only about 10% of the childhood leukemia cases. With respect to parental smoking and childhood leukemia, the studies have been inconsistent. The results of a case-control study of childhood leukemia (Northern California Childhood Leukemia Study) showed that paternal preconception smoking was significantly associated with an increased risk for AML (odds ratio, 3.84); an increased risk for acute lymphocytic leukemia (ALL) was suggestive for paternal preconception smoking (odds ratio, 1.32).127 However, maternal smoking was not associated with an increased risk for either ALL or AML. Moreover, the results of a recent French study “supports the hypothesis that only paternal smoking, and not maternal alcohol consumption or cigarette smoking, plays a role in childhood hematopoietic malignancies.”128 Others, however, found no association between either maternal or paternal smoking and childhood acute leukemia.129

				Tobacco Smoke and Atherosclerosis

				1, Cardiovascular Diseases


				Tobacco smoke damages vascular endothelium, a primary antecedent to atherosclereosis.130,131 Moreover, smoking has negative effects on coronary artery vaso-occlusive factors including platelet aggregation, vasomotor reactivity and a prothrombotic state.132 An association between smoking and coronary heart disease was first reported by English et al133 at the Mayo Clinic in 1940. Since then, studies have consistently shown that cigarette smoking increases the risk for cardiovascular disease, acute myocardial infarction, cerebrovascular disease and ischemic stroke, peripheral vascular disease and aortic aneurysm.134 Smoking and cardiovascular mortality is now a global problem. In the year 2000, there were an estimated 1.62 million cardiovascular deaths in the world, 11% of which were attributed to smoking.135 Of these, 960,000 occurred in industrialized countries where ischemic heart disease accounted for 54% of smoking-attributable cardiovascular mortality followed by 25% of cerebrovascular mortality.


				Although coronary heart disease (CHD) has long been considered “a man’s disease”, it is now apparent that it is also the major cause of death in women. Indeed, following menopause the prevalence of CHD parallels that of men. Women may also be more likely to die after a myocardial infarction than men.136 Moreover, a dose-response association between current smoking status and risk for coronary heart disease (CHD) in women with type 2 diabetes was reported.137 Compared with never smokers, the relative risks for CHD were 1.21, 1.66 and 2.68 for past smokers, current smokers (1 to 14 cigarettes per day) and current smokers of 15 or more cigarettes per day, respectively. Importantly, diabetic women who stopped smoking significantly reduced their risk of CHD. Studies have also shown that passive smoking increases the risk of CHD.138-140


				Smoking has also been associated with various other cardiovascular diseases. Thus, the offspring of mothers who smoked during pregnancy had significnatly thicker common carotid artery intima-media thickness than the offspring of non-smoking mothers.141 This association was strongest when both parents smoked (linear trend). Cigarette smoking is also an important risk factor for abdominal aortic aneurysm in women.142 In addition, the results of a prospective population-based Rotterdam Study showed that both current and former smoking is associated with an increased risk of atrial fibrillation.143


				


2. Ischemic and hemorrhage stroke

				As with cardiovascular disease, cigarette smoking is an independent risk factor for stroke. However, early studies varied considerably on the strength of this association. As noted by Robbins and associates,144 the relative risk of stroke among current smokers ranged from 0.90 to 4.2. To further evaluate this association, these researchers examined the association between cigarette smoking and risk of stroke in 22,071 men aged 40 to 84 years at entry over an average of 9.7 years (Physicians’ Health Study). Their results showed risks relative to never smokers of 1.20, 2.02, and 2.51 for former smokers, current smokers of less than 20 cigarettes per day and current smokers of more than 20 cigarettes per day, respectively.


				Silent cerebral infarctions were first noted as part of the evaluation of patients with transient ischemic attacks (TIA). In their evaluation of the association between cigarette smoking and TIAs, Howard et al145 noted an incidence of 11% in the general population aged 50 to 70 years. Here, cigarette smoking had an ordered association with the presence of silent infarctions. Compared with non-smokers not exposed to environmental smoke, the odds ratios were 1.06, 1.16 and 1.88 for non-smokers regularly exposed to environmental smoke, past smokers and current smokers, respectively. Importantly, as with coronary heart disease, smoke cessation is associated with a significant reduction in the risk of ischemic stroke, especially in those who smoke fewer than 20 cigarettes each day.146 However, switching from cigarettes to pipe or cigar smoking conferred little benefit.


				Although these and other studies have confirmed a significant increased risk of ischemic stroke in smokers, the association between smoking and intracerebral hemorrhage has been less clear. However, a recent Physicians’ Health Study categorized smokers into four groups: never, past, current smokers of less than 20 cigarettes per day, and current smokers of more than 20 cigarettes per day.147 The results showed the following: never and past smokers had equal rates for both subarachnoid and intracerebral hemorrhage; current smokers of less than 20 cigarettes per day had a relative risks of 1.65, 1.60 and 1.75 for total hemorrhage stroke, intracerebral hemorrhage and subarachnoid hemorrhage, respectively; and current smokers of more than 20 cigarettes per day had a relative risk of 2.36 for total hemorrhagic stroke, 2.06 for intracerebral hemorrhage and 3.22 for subarachnoid hemorrhage.


				Smoking and Type 2 Diabetes Mellitus


				Although some early observational studies found a dose-response association between smoking and incidence of diabetes,148,149 others have not.150 More recently, Houston and associates151 carried out a prospective study with 15 years of follow-up of young American men and women to assess active and passive smoking with the development of glucose intolerance. Their results showed a graded association between smoking and the development of glucose intolerance as follows: smokers, 21.8%; never smokers with passive smoke exposure, 17.2%; previous smokers, 14.4%; and never smokers with no passive smoke exposure, 11.5%. In addition, a recent systematic review and meta-analysis of 25 prospective cohort studies from 1966 to 2007 indicated a pooled relative risk of 1.44 for type 2 diabetes for smokers compared with non-smokers.152 The risk of type 2 diabetes was greater for those who smoked 20 or more cigarettes per day (relative risk, 1.61) than for those who smoked less than 20 cigarettes per day (relative risk, 1.29) or former smokers (relative risk, 1.23). Thus, using the results from this study, along with the latest U.S. statistics of current and former smoking prevalence153 and the population attributable risk formula,154 an estimated 12% of all U.S. persons with type 2 diabetes may be attributable to smoking.155


				Smoking: Fractures and Joint Disorders


				Osteoporosis is not just a woman’s disease. Rather, osteoporosis is a very significant threat to aging bone in men as well as women. In addition to increasing age, physical inactivity, low body weight (body mass index less than 24 kg/m2) and menopausal state, smoking is an independent risk factor for osteoporosis.156,157


				

A recent study of the association between smoking and hip fracture risk in postmeno-pausal women found an increased risk of hip fracture in both former smokers (odds ratio, 2.27) and current smokers (odds ratio, 3.72).158 Moreover, not only do 30% of hip fractures occur in men, but the mortality rate is twice that of women during the first year after fracture.156 Smoking is also a significant risk factor for hip fracture occurring at a younger age.159

				Smoking also increases the operative failure rate for non-union of the scaphoid bone.160 The operative success rate in this study was 82.4% in non-smokers but only 40% among smokers. In addition, since smoking delays the healing process and increases morbidity associated with common musculoskeletal disorders, including long bone fractures, El-Zawawy et al161 studied the smoking effect on a murine model of tibial fracture. Their results showed that the chrondogenic phase of tibial fracture healing was significantly delayed in mice exposed to tobacco smoke.


				Smoking, Cognitive Decline and Dementia


				Various risk factors have been associated with cognitive decline and dementia including advancing age, cerebral atherosclerosis, hypertension in midlife, increased body mass index, and smoking. Since early studies of the association between smoking and cognitive impairment were inconsistent, primarily due to their evaluation of older people, a more recent cross-section study of smoking and cognition was carried out with middle-aged individuals.162 The results showed reduced psychomotor speed and cognitive flexibility among current smokers compared with never smokers. Moreover, a recent multiple regression study found that smoking in men and women aged 43 to 53 years was associated with a faster decline in verbal memory and slowed visual search speed.163 These negative effects were primarily associated with those who smoked 20 or more cigarettes per day.


				Since early studies relating to smoking and risk of dementia were also inconsistent, Reitz et al164 carried out a large prospective population-based cohort study to evaluate whether smoking and pack years of smoking are associated with an increased risk of dementia in persons 55 years and older at baseline (Rotterdam Study). After a mean follow-up of 7.1 years, current smoking at baseline was associated with an increased risk of both dementia (hazard ratio, 1.47) and Alzheimer’s disease (hazard ratio, 1.56), the number seven cause of death in the U.S. The increased risk was restricted to individuals without the APOEepsilon4 allele. Similarly, a recent prospective case-control study involving 6,343 Japanese men and women aged 35-85 years was conducted to examine the association between cigarette smoking and risk of disabling dementia.165 The results showed the multivariable odds ratios for current versus never smokers were 2.3 for total dementia, 2.6 for dementia with a history of stroke, and 2.2 for dementia without stroke. There was also a dose-response relationship between the years of smoking and the risk of total dementia.


				A recent systematic literature review of persons aged 65 years and older “found a significantly increased risk of Alzheimer’s disease with current smoking and a likely, but not significantly increased risk of vascular dementia, dementia unspecified, and cognitive decline.”166 In addition, the results of a meta-analysis of 19 prospective studies showed that current smokers at baseline had relative risks of 1.79 for incident Alzheimer’s disease, 1.78 for incident vascular dementia, and 1.27 for any dementia compared with never smokers.167 Compared with former smokers, current smokers at baseline also showed an increased risk of Alzheimer’s disease and an increased decline in cognitive abilities.


				With respect to Alzheimer’s disease and smoking, Almeida and associates168 studied a group of older people who smoke to evaluate whether they have decreased gray matter density in brain regions associated with incipient Alzheimer’s disease. Using voxel-based morphometry and statistical parametric mapping of T1-weight magnetic resonance images, they noted that smokers had decreased gray matter density in the posterior cingulum and bilateral precuneus, right thalamus, and bilateral frontal cortex compared with never smokers.


				Smoking and Chronic Obstructive Pulmonary Disease


				Chronic obstructive pulmnonary disease (COPD), a heterogeneous group of slowly progressive diseases characterized by airflow obstruction (e.g., emphysema, chronic bronchitis), was responsible for approximately 5% of deaths (126,005) in the U.S. in 2005, an increase of 8% from 116,494 deaths in 2000.169 Indeed, from 1980 to 2000, the COPD death rate among U.S. women 25 years of age and older increased from 20.1 to 56.7 per 100,000 population and from 73.0 to 82.6 per 100,000 population for men 25 years and older. In 2002, the National Health and Nutrition Examination Survey (NHANES III) estimated that 24 million American adults had evidence of impaired lung function, suggesting that COPD is significantly underdiagnosed.170


				Cigarette smoking is the most important risk factor for CPOD. As noted by Rennard,171 smoking activates inflammatory mechanisms that damage lung tissue. In response to the injury, repair mechanisms are activated but are also negatively affected by smoking. The severity and extent of emphysema in heavy smokers (> 30 pack years) with normal chest radiographs using high-resolution CT(HRCT) was recently reported.172 In this study, 55% of the participants had significant emphysema by HRCT. Fourteen percent of the asymptomatic subjects had severe emphysema compared with 64% that were symptomatic. Thus, a significnat percentage of asymptomatic and undiagnosed smokers have emphysema.

				Workplace exposures to vapors, gas, dust or fumes (VGDF) significantly increase the risk of COPD in smokers. The results of a recent multivariate analysis to control for age, sex, race and smoking history showed that VGDF was associated with an increased risk of COPD (odds ratio, 2.11).173 However, exposure to both smoking and occupational factors markedly increased the risk of COPD (odds ratio, 14.1). Similarly, since COPD is one of the top three leading causes of death in China (others are lung cancer and tuberculosis), Lin et al174 carried out a meta-analysis of large epidemiological Chinese studies. Their findings showed that if smoking and solid-fuel use remain at current levels, 65 million deaths from COPD will occur between 2003 and 2033. However, “complete gradual cessation of smoking and solid-fuel use by 2033 could avoid 26 million deaths from COPD……..” The results of a recent Danish study also support the conclusion that even in severe COPD, smoking cessation slows the rate of lung functional decline and improves survival compared with continued smoking.175


				It should also be noted that secondhand smoke has a negative effect on lung function. For example, Flouris et al176 carried out a randomized single-blind crossover study on non-smoking adults after a one-hour secondhand smoke exposure at bar/restaurant levels. The results showed significant decrements on lung function and a marked increase in serum and urine cytokines (cotinine, IL-4, IL-5, IL-6, TNF alpha, IFN gamma). Although most of the smoke-induced lung effects were absent after 60 minutes, the inflammatory cytokines were elevated for at least three hours after the smoke exposure.


				Smoking and Miscellanceous Diseases/Disorders


				An increased risk for a wide variety of other diseases/disorders has also been associated with smoking including cataract/macular degeneration, pulmonary embolism, invasive pneumoccal disease, multiple sclerosis and impaired thyroid hormone function.


				1. Cataract/Macular Degeneration


				Early studies showed that cigarette smoking is an independent risk factor for age-related cataract in both men and women.177-180 For example, a prospective study in men (Physicians’ Health Study) based on five years of follow-up showed that current smokers of 20 or more cigarettes per day had a two-fold increased risk of cataract compared with never smokers.179 At this same time, a prospective cohort study of female nurses showed a relative risk of 1.63 for senile cataracts among those who smoked at least 65 pack-years compared with nonsmokers. The Physicians’ Health Study was later extended to 13 years of follow-up and focussed on smoking cessation and cataract.181 Compared with current smokers, the relative risks of cataract in past smokers who quit smoking less than ten years, ten to less than 20 years, and 20 or more years before were 0.79, 0.77, and 0.74, respectively. The relative risk for never smokers was 0.69.


				Age-related macular degeneration (AMD) was responsible for about 1.7 million cases of visual impairment in the U.S. in 1993.182 In addition to increasing age and smoking, other possible risk factors include race, ethnicity, and the environment. With respect to smoking, the results of a large prospective cohort study of American male physicians showed that current smokers had an increased relative risk for AMD of 2.46 compared with never smokers. For past smokers, the relative risk was 1.30. Similarly, a prospective cohort study of female nurses with a 12 year follow-up found that those who smoked 25 or more cigarettes per day had a relative risk for AMD of 2.4 compared with never smokers.183 For past smokers of 25 or more cigarettes per day, the relative risk for AMD was 2.0. More recently, the association between cigarette smoking and AMD was demonstrated in the Blue Mountains Eye Study.184 This study also found that current smokers developed AMD at a significantly earlier age than past or never smokers (current smokers, 67 years; past smokers, 73 years; never smokers, 77 years).


				2. Pneumococcal Disease


				Invasive pneumococcal disease is an illness in which Streptococcus pneumoniae is present in a normally sterile site (e.g., blood, cerebrospinal fluid, lungs). The incidence of pneumococcal disease is particularly common in the very young and elderly. However, smokers account for approximately 50% of otherwise healthy adults with this infection.185,186 To better understand the effect of various risk factors, Nuorti and associates187 carried out a population-based case-control study to evaluate the importance of cigarette smoking and other possible risk factors. After adjustment for various confounders (i.e., age, sex, black race, chronic illness, low education level), their results showed that invasive pneumococcal disease was associated with both active cigarette smoking (odds ratio, 4.1) and passive smoking among nonsmokers (odds ratio, 2.5). There were also dose-response relations for the current number of cigarettes smoked per day, pack-years of smoking, and time since quitting.


				3. Pulmonary Embolism


				The major known risk factors for pulmonary embolism include antecedent cancer, surgery, trauma, and immobilization. To evaluate the possible effect of smoking on pulmonary embolism, Goldhaber et al188 prospectively investigated other possible risk factors in 112,822 women (Nurses’ Health Study) aged 30 to 55 years who were free of coronary heart disease and cancer at baseline. In a multivariate analysis, their findings showed that cigarette smoking, obesity and hypertension were all independent predictors of pulmonary embolism. The relative risks for obesity, hypertension, those who smoked 25 to 34 cigarettes per day and those who smoked 35 or more cigarettes per day were 2.9, 1.9, 1.9 and 3.3, respectively.

				4. Pancreatitis


				Both recurrent acute pancreatitis (RAP) and chronic pancreatitis (CP) have been associated with cigarette smoking. More specifically, a recent prospective North American Pancreatitis Study 2, which included 20 U.S. centers involving 540 patients with CP, 460 patients with RAP and 695 controls, indicated that cigarette smoking was an independent dose-dependent risk factor for both CP and RAP.189


				5. Multiple Sclerosis


				Although environmental factors are thought to be important in the development of multiple sclerosis (MS), very few have been positively identified. However, epidemiological studies have suggested that cigarette smoking is associated with some autoimmune disorders (e.g., systemic lupus erythematosus, rheumatoid arthritis), although they have been inconsistent in associating cigarette smoke with MS. Nevertheless, a report from both the Nurses’ Health Study and Nurses’ Health Study II involving 121,700 women aged 30 to 55 years at baseline in 1976 and 116,671 women aged 25 to 42 at baseline in 1989, showed that cigarette smoke may be an important risk factor.190 Compared with never smokers, the relative risk of MS among current smokers was 1.6; for past smokers the relative risk was 1.2. Moreover, the relative incidence rate increased with increased smoking. The authors concluded that “these results suggest that smoking may increase the risk of developing MS.”


				Alcohol Intake: Associated Diseases/Disorders


				Alcohol, the most commonly abused drug throughout the world, is the third leading preventable cause of death in the U.S. (85,000 deaths in 2000).191,192 Alcohol-abuse disorders include depression, anxiety, insomnia, suicide and drug-abuse, among others. Indeed, long-term heavy drinking may also shorten the onset of heart disease, stroke, liver cirrhosis and various cancers. It may also cause temporary cognitive impairment, peripheral neuropathy, gastrointestinal problems and fetal alcohol syndrome.


				Alcohol is regularly consumed by about 50% of American adults and an estimated 15-20 million are alcoholics. Unfortunately, older alcoholics are too often not identified by their physicians. Rather, the signs of alcohol abuse, including incontinence, dementia, seizures and falls may be mistakenly attributed to aging. As reported in an early study, 20% to 40% of adults admitted to general hospitals had alcohol-related problems.193 In this study of older people, alcohol-related hospitalizations were as frequent as those due to myocardial infarction. In 2000, alcoholism claimed an estimated 85,000 American lives,4 which was about 15,000 less than in 1994.194


				Alcohol consumption in the U.S. from 1984 to 1995 differed among whites, blacks and Hispanics.195 Heavy drinking among white males decreased from 20% to 12%, but remained stable among black (15% on both dates) and Hispanic men (17% and 18%). Frequent heavy drinking also decreased among white women (5% to 2%), but remained stable among black (5% on both dates) and Hispanic women (2% and 3%).


				The age at which alcohol use begins is an important indicator of the future chances of becoming a chronic abuser. The results of a study involving 27,616 current and former alcohol drinkers found that the rates of lifetime dependence decreased from more than 40% among persons who started drinking at aged 14 years and younger to about 10% among those who started drinking at 20 years and older.196 Moreover, lifetime abuse declined from about 11% among those who began alcohol use at 16 years and younger to approximately 4% among those whose onset of use was at 20 years and older. Young et al197 also studied the age of drinking onset and adverse childhood experiences among 41,482 men ages 18 to 20 years who were entering the U.S. Marine Corps. Of these, 14.8% were identified as risky drinkers, 45.1% were nonrisky drinkers and 40.2% were nondrinkers. Among the drinkers, early initiation of alcohol use was strongly associated with risky drinking (5.5-fold risk for age of onset 13 years and younger).


				Binge drinking, defined as having five or more alcoholic drinks on at least one occasion during the preceding month, was responsible for 43,731 (54.9%) of the estimated 79,646 alcohol-related deaths in the United States each year during 2001-2005.198 Between 1993 and 2001, there were approximately 1.2 to 1.5 billion binge-drinking episodes among U.S. adults; from 1995 to 2001, binge drinking episodes per person increased by 35%.199 In 2005, it was estimated that binge drinking among U.S. adults by state/territory ranged from 8.3% (Utah) to 22.1% (Wisconsin).200 At risk for heavy drinking is defined as an average of two or more drinks per day during the preceding month for men and more than one drink per day during the preceding month for women. In 2005, the prevalence of U.S. adults who were at risk for heavy drinking ranged from 2.7% (Kentucky) to 7.5% (Wisconsin).


				

Underage drinking contributes to the three leading causes of death in the U.S. (unintentional injury, homicide, suicide) among persons aged 12 to 20 years. Most of these adverse risks are the result from acute intoxication resulting from binge drinking. In their study of alcohol use among high school students, Miller et al201 reported that 44.9% of the students drank alcohol during the past 30 days (28.8% binge drank). Binge drinking was similar among boys and girls. Those who binge drank were more likely to have poor school performances and involved in various health risk behaviors (e.g., sexually active, smokers, victim of dating violence, attempted suicide, illicit drug use).

				To evaluate the drinking patterns of alcohol-impaired (AI) drivers, Flowers et al 202 analyzed the association between alcohol consumption and driving episodes. Alcohol consumption was divided into four categories: binge/heavy, binge/nonheavy, nonbinge/heavy, and nonbinge/nonheavy. Their results showed the following: 84% of AI drivers were binge drinkers; 88% of AI driving episodes involved binge drinkers; binge/nonheavy drinkers accounted for the highest percentage of AI drivers (49.4%); and binge/heavy drinkers acounted for the most AI driving episodes (51.3%).


				Numerous diseases/disorders are associated with chronic alcohol intake including all-causes mortality, malnutrition, cardiovascular disease, stroke, various cancers, liver diseases, injuries, suicide, psychiatric disorders, dementia and cognitive dysfunction, among others (Table 8.4).


				 

				
					
						
								
								Table 8.4 Alcohol-Associated Diseases/Disorders
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				A. All-Causes Mortality


				Although modest alcohol intake is associated with increased life expectancy, primarily due to decreased coronary heart disease (CHD) and ischemic stroke, excess consumption increases mortality from accidents, violence, suicide, liver diseases and some cancers. Moreover, compared with nondrinkers, initially normal weight middle-aged and older women who consumed a light to moderate amount of alcohol during a 12.9 year follow-up period gained less weight and had a lower risk of becoming overweight or obese.203 Indeed, studies have consistently shown that the reationship between mortality and quantity of alcohol intake follow a U- or J-shaped curve. For example, a prospective study of 7,234 women and 6,051 men aged 30 to 79 years at baseline and followed for 10-12 years showed a U-shaped curve with the nadir at one to six alcoholic beverages per week (i.e., one bottle of beer, glass of wine, measure of spirits).204 Whereas abstainers had a relative risk of 1.37, those drinking more than 70 drinks per week had a relative mortality risk of 2.29. Among the drinkers, the mortality risk was significant only when the intake was more than 42 drinks per week.


				Similarly, a 13-year study of British physicians showed a U-shaped relation between all-causes mortality and the average amount of alcohol intake; those drinking 8-14 units per week had the lowest risks.205 The causes of death were grouped into three categories: “alcohol augmented” (6% of all deaths: cirrhosis, liver and other cancers), ischemic heart disease (33%), and other causes. There was a significantly lower death rate among regular drinkers than non-drinkers. Among regular drinkers the all-causes death rate progressively increased in those who consumed more than 21 units per week. However, in a 21 year follow-up study of 5,766 Scottish men aged 35-64 at baseline, the risk for all-causes mortality was similar for non-drinkers and men drinking up to 14 units per week.206 The mortality risk then showed a graded association with alcohol intake compared with non-drinkers (15-21 units/week, 1.34; 22-34 units/week, 1.49; and more than 35 units/week, 1.74). More recently, Baglietto et al207 evaluated the alcohol intake of 36,984 men and women for an average follow-up of 10.5 years. For both men and women the mortality curves were J-shaped (nadir at 9-12 g/day) for alcohol intake (upper protective dose, 42-76 g/day). Whereas wine consumption was associated with a relative lower mortality rate, beer was associated with an increased risk for men, but not for women. The authors concluded, as with other studies, the results “suggest that drinking pattern is an independent risk factor for all-cause mortality.”


				B. Cancer


				Although ethanol has generally not been shown to induce cancer in experimental animals, excessive alcohol consumption has been associated with several cancers in humans including breast, liver, oral cavity, esophagus, colon, rectum, larynx and pancreas. In 2002, Boffetta et al208 estimated that there were 389,100 worldwide cases of cancer attributable to alcohol consumption, which represents 3.6% of all cancers (5.2% in men, 1.7% in women). Although the mechanism(s) whereby alcohol may induce cancer is not well understood, alcohol stimulates the production of reactive oxygen species (e.g., hydroxyl radicals) and products of lipid peroxidation,209 which may be important in some cancers. Acetaldehyde, the first and most toxic metabolite of alcohol metabolism, may also be a contributing factor.210

				1. Breast Cancer


				The major risk factors for breast cancer are age, genetics, estrogen metabolism, cigarette smoking, and increased alcohol consumption. Although more thn 50 epidemiologic studies prior to 1994 examined the association between alcohol intake and breast cancer, the relationship remained somewhat controversial.211 However, most studies showed that increased alcohol intake is an important risk factor regardless of beverage type. For example, a large 1959 prospective study involved 581,321 women who were followed for 12 years.212 After adjustment for various breast cancer risk factors, the risks for women who drank five and six or more drinks each day were significantly higher than those of nondrinkers. In addition, a prospective cohort study of the relation between alcohol intake and breast cancer in middle-aged women (Nurses’ Health Study) indicated that there was an increased risk of breast cancer among women consuming as little as 3 to 9 drinks per week.213 Moreover, a recent pooled analysis of six prospective studies in Canada, Sweden, the Netherlands and the U.S., which involved 322,647 women, showed a linear increase in breast cancer incidence with the amount of alcohol intake.214


				As noted by Hamajima et al,215 alcohol and tobacco consumption are closely correlated and published studies on their association with breast cancer have not always identified their individual effects. To better identify their individual association with breast cancer risk, the researchers carried out a meta-analysis from 53 studies involving 58,515 women with invasive breast cancer and 95,067 controls. Compared with women who drank no alcohol, the relative risk of breast cancer was 1.32 for an intake of 35-44 grams of alcohol per day and 1.46 for 45 or more grams per day. For each additional daily intake of 10 grams, the relative risk increased by 7.1%. Importantly, “the results for alcohol and for tobacco did not vary substantially across studies, study designs, or according to 15 personal characteristics of the women.” Their results suggest that about 4% of breast cancers are attributable to alcohol.


				Importantly, an adequate dietary intake of folate may decrease the breast cancer risk in women who consume an average of 40 or more grams of alcohol each day.216 In this study of 537 cases of invasive breast cancer, the hazard ratio for cancer in women who consumed an average of 40 grams or more of alcohol per day at baseline was 1.41 compared with lifetime abstainers. The estimated hazard ratio of an alcohol consumption of 40 or more grams was 2.0 for women with folate intake of 200 mug/day but 0.77 for those whose daily intake was 400 mug/day.


				2. Colorectal Cancers


				Since high fat diets increase the risk of colon cancer and high fiber diets decrease the risk, Meyer and White217 assessed the relation between nutrients and the incidence of colon cancer in a case-control population-based study involving 424 colon cancer cases and 414 controls. Their findings showed that alcohol intake was strongly associated with colon cancer in both men and women. Thus, for alcohol intakes of 0, less than 10, 10-29 and 30 or more grams of ethanol per day, the odds ratios were 1.0, 1.9, 1.7 and 2.6 for men and 1.0, 1.3, 1.8 and 2.5 for women. However, a high fiber diet significantly lowered the risk of colon cancer in both sexes. Recent studies in Europe218,219 and Japan220 also showed an association between alcohol consumption and risk of colon and rectal cancers.


				In an early study, combinations of high alcohol intake and low methionine and folate intakes yielded marked associations for both total colon cancer and cancer of the distal colon (relative risks, 3.30 and 7.44, respectively).221 A more recent study examined the association between daily multivitamin use and colon cancer among 806,397 men and women (Cancer Prevention Study II).222 After multivariate adjustment, multivitamin use containing folic acid slightly decreased colon cancer mortality (rate ratio, 0.89). However, consistent with other studies, the association was stronger among those who consumed two or more alcoholic drinks per day (rate ratio, 0.71). A Polish study also found that alcohol consumption was not only a significant risk factor for colon cancer, but the risk increased with increasing alcohol intake.223 However, the risk was even greater among alcohol consumers with a deficient intake of retinol, carotene, and vitamins C and E (odds ratio, 6.79).


				3. Liver Cancer


				About 90% of liver cancers are hepatocellular carcinomas, of which 60% to 80% arise in cirrhotic livers. Hepatocellular carcinoma is a very common worldwide malignancy, but is relatively uncommon in North America and Europe. Although most cases of liver cancer are associated with hepatitis B infections, other etiologic factors are hepatitis C infection, hemochromatosis, alpha-1-antitrypsin deficiency and chronic alcoholism.



				

In a recent German study of 118 consecutive hepatocellular carcinoma cases, age at presentation, alcohol consumption, serologic hepatitis viral markers, and fibrosis were evaluated.224 The male to female ratio was 4:1 and the mean age was 61.8 years. Alcohol abuse was the most important risk factor (49.2% of cases; hepatitis C, 17.8%). The researchers concluded that chronic alcohol abuse is the leading cause of hepatocellular carcinoma in Germany. Chronic alcohol consumption is also an important risk factor for liver cancer in other European countries (Hungary, Spain, France, Italy, Greece, Austria)225 and Japan.226

				4. Oropharyngeal, Esophageal, and Gastric Cancers


				Several early epidemiological studies reported a significant association between alcohol consumption and cancers of the upper digestive tract. For example, in a prospective study of 6,701 American men of Japanese ancestry living in Hawaii who developed esophageal and laryngeal cancers consumed significantly more alcoholic beverages (mainly beer) compared with cancer-free controls.227 Those who developed oropharyngeal and esophageal cancers also consumed more wine and spirits. The relative risk for these malignancies was markedly increased among those who were both smokers and heavy alcohol consumers (relative risk, 17.3), compared with non-smokers and modest alcohol consumers. The cancer risk was also significantly increased among non-smoking heavy drinkers (relative risk, 8.6). Similarly, in a case-control population-based study of esophageal cancer in China, the risk was increased among both smokers and alcohol consumers.228 For current male alcohol consumers, the odds ratio was 1.4 with excess risk mainly among heavy drinkers. The odds ratios for smoking were 2.1 and 1.6 for men and women, respectively. However, the odds ratios for the combined effect of heavy alcohol intake and cigarette smoking were 12.0 for men who drank 750 grams of ethanol per week and smoked more than one pack of cigarettes per day.


				The association between upper digestive tract cancer and different types of alcoholic drinks (i.e., beer, wine, spirits) also reportedly varies. For example, compared with non-drinkers, the relative risk was 3.0 in a population-based Danish study involving 15,117 men and 13,063 women who drank 7-21 beers or spirits per week but no wine, whereas those with the same alcohol intake but with wine intake of 30% or more had a risk of 0.5.229 The relative risk was 5.2 for those who drank more than 21 beer or spirits per week but no wine, whereas those who drank the same amount, but included wine, had a relative risk of 1.7. Thus, possibly due to the presence of resveratrol (potent antioxidant) in red wine, a moderate intake appears not to increase the risk of upper digestive tract cancers. Similarly, the prevalence of esophageal cancer differs in France depending on the geographic area. To evaluate this variance, Launoy et al230 studied 208 men with esophageal cancer and compared them with 399 controls. Their results showed that the link between esophageal cancer and alcohol intake varied significantly according to the type of alcoholic beverage; aniseed aperitifs, hot spirits (e.g., Calvados) and beer had the greatest risk. After adjusting for all other alcoholic beverages, hot Calvados accounted for approximately 50% of esophageal cancer cases in Northwest France.


				As noted by Freedman and associates,231 the rates of esophageal adenocarcinoma and gastric cardia adenocarcinoma have increased while the rates of gastric noncardia adenocarcinoma and esophageal squamous cell carcinoma (ESCC) have decreased. To investigate the association between these cancers and alcohol and tobacco, they prospectively studied these cancers in 474,606 Americans. For drinkers of more than three alcoholic beverages per day, the hazard ratio was 4.93 for ESCC, but there was no increased risk for gastric or esophageal adenocarcinomas. Independent of alcohol, smokers had a significant increased risk for all four cancers.


				A recent review of this subject indicated that about 75% of upper aerodigestive cancers are caused by alcohol intake and tobacco use.232 With respect to alcohol, the authors noted that “consumption amount is the strongest alcohol-related determinant of risk whereas the pattern of alcohol-related risk with duration is inconsistent.” As with other reports, the combined exposure to tobacco and alcohol has a multiplicative effect on aerodigestive cancers. With respect to alcohol consumption and gastric cancer, the authors of a literature review of 11 cohort studies and 11 case-control studies in Japan concluded that “epidemiologic evidence for an association between alcohol drinking and gastric cancer remains insufficient due to the methodological quality of studies……..”233


				5. Kidney and Urinary Bladder Cancers


				Worldwide, renal cell carcinoma is a relatively uncommon malignancy. However, in contrast with most other cancers, kidney cancer has steadily increased over the past 10-15 years. The major risk factors for this malignancy are genetics, cigarette smoking, obesity and hypertension. Although most early studies showed no association between kidney cancer and alcohol intake, more recent studies indicate that modest alcohol consumption correlates inversely with renal cell cancer. For example, a large international, multicenter case-control study showed that alcohol consumption at least once per week significantly decreased the risk of kidney cancer in women (odds ratio, 0.60), although there was no association in men.234 Moreover, in a population-based case-control study, Parker and associates235 studied 261 men and 145 women with renal cell carcinoma and compared them with 1,598 men and 837 women without kidney cancer. Again, the results showed a significant decrease in women who consumed three or more servings of alcohol per week compared with never drinkers (odds ratio, 0.5). As before, there was no association between alcohol intake and renal cell carcinoma in men. However, several more recent studies found that moderate alcohol consumtion is associated with a decreased risk of renal cell cancer in both men and women.236-238

				Since the association between urinary bladder cancer and alcohol intake is controversial, 10,125 Framingham Heart Study participants were assessed to evaluate the possible association between alcohol intake and bladder cancer.239 During a mean follow-up of 27.3 years, there was no significant association between bladder cancer and alcohol consumption. Moreover, the authors of a recent review of the association between alcohol intake and bladder cancer concluded that “Epidemiological data on alcohol drinking and bladder cancer are suggestive of no association, although findings were not always consistent.”240


				6. Miscellaneous Cancers


				Alcohol has been hypothesized to promote various other cancers including ovarian, endometrial, prostatic, pulmonary and pancreatic. Nevertheless, recent studies have shown little or no support for alcohol causation of cancers of the ovary,241 endometrium,242 lung,243,244 prostate245 and probably pancreas.246


				C. Liver, Gallbladder and Pancreatic Diseases


				Excess alcohol consumption is a major cause of liver diseases worldwide. Indeed, chronic alcoholism and alcohol-related diseases affect more than 10 million Americans; after heart diseases and cancer, it represents the third largest health problem in the U.S.247 The quantity of alcohol intake required to produce clinically significant liver disease varies with age, sex, race and body size. Thus, some reports show an increased risk of alcoholic cirrhosis with 40-60 grams of ethanol per day in males and 20 grams per day in women. Other studies suggest that 80 grams or more per day are required (i.e., eight 12-ounces of beer, one liter of wine, or a half-pint of 80-proof whiskey). Since the 1950s, hepatic cirrhosis mortality rates have been significantly higher for black than for white men and women. However, Hispanic men, especially those of Mexican ancestry born outside the U.S., have had the highest mortality rates followed by black and white non-Hispanic men, Hispanic women, black and white non-Hispanic women.


				Liver cirrhosis was the tenth leading cause of death in the U.S. in 1997248 Although chronic excess alcohol intake has long been known as a major risk factor for liver cirrhosis, Liu et al249 prospectively studied the separate and joint effects of alcohol and smoking on the incidence of liver cirrhosis and gallbladder disease in 1,290,413 United Kingdom women. After a mean follow-up of 6.1 years, the relative risk for cirrhosis was 4.32 for women who drank 15 or more units per week compared with those who drank 1-2 units per week; the relative risk for gallbladder disease was 0.59. In addition, the effects of alcohol and smoking were more than multiplicative for cirrhosis, but not gallbladder disease. For cirrhosis, alcohol and smoking not only separately increase the risk of hepatic cirrhosis, but their joint effects “are particularly hazardous.” Moreover, alcohol consumption and cigarette smoking were recently shown to be independently associated with an increased risk for both recurrent acute and chronic pancreatitis.189

				Since the epidemiology of acute alcoholic pancreatitis (AP), chronic alcoholic pancreatitis (CP), acute alcoholic hepatitis (AH), and chronic alcoholic hepatitis and cirrhosis (CH) alone, or in combination, is not well described, Yang and co-workers250 analyzed these diseases between 1988 and 2004 in different ethnic groups and sexes in the U.S. Their findings showed the following: higher male to female ratios for AH and CH but less for AP and CP; markedly higher frequency of AP and CP among blacks than among whites, Hispanics, Asians and American Indians. Although the overall case fatality steadily decreased in all categories, CH remained the highest with similar racial distributions. Although AP was the most common diagnosis at discharge among alcohol-associated hepatic or pancreatic diseases, CH had the highest case fatality rate and male to female ratio. Interestingly, coffee intake appears to contain an ingrediant “that protects against cirrhosis, especially alcoholic cirrhosis.”251


				D. Heart Diseases/Disorders


				Early studies indicated that mild-to-moderate alcohol consumption (1-2 alcoholic drinks/day) is protective against coronary heart disease.252 Others subsequently noted that regular moderate alcohol consumption in the year prior to an acute myocardial infarction is associated with a significant decrease in mortality in both women and men.253 Similarly, in a prospective cohort study of 89,299 American men (Physicians’ Health Study) aged 40 to 84 years at baseline, association with coronary heart disease (CHD) mortality was inverse or L-shaped with risk reductions in the highest category of two or more drinks per day (relative risk, 0.76).254 Moreover, in a prospective Physicians’ Health Study, men who consumed light-to-moderate amounts of alcohol (2 to 6 drinks per week) “had a significantly reduced risk of sudden cardiac death compared with rare or never drinkers.”255 In addition, moderate alcohol consumption reportedly decreases the risk of heart failure in older persons.256


				Others recently studied whether alcohol consumption was inversely associated with the risk of CHD in men who have favorable lifestyle behaviors (Health Professionals Follow-up Study).257 During 16 years of follow-up, and compared with abstention, the hazard ratios for myocardial infarction (MI) were 0.98 for alcohol intake of 0.1-4.9 grams/day, 0.59 for alcohol intake of 5.0-14.9 grams/day, 0.38 for alcohol intake of 15.0-29.9 grams/day and 0.86 for alcohol intake of 30.0 or more grams/day. Thus, even in men at low risk for MI on the basis of low body weight, physical activity, smoking and diet, “moderate alcohol intake is associated with lower risk for MI.”


				

Since there is considerable evidence that increased plasma levels of inflammatory markers (e.g., C-reactive protein, interleukin-6) predict the onset of cardiovascular events and mortality, Maraldi et al258 investigated the relationship of alcohol consumption with cardiac events and evaluated whether this association is mediated or modified by inflammatory markers. The authors concluded that “light to moderate alcohol consumption was associated with significantly lower rates of cardiac events and longer survival, independent of its anti-inflammatory effect.”

				Although moderate alcohol consumption decreases the risk of cardiovascular disease, excessive intake increases the risk of systemic hypertension,259 atrial fibrillation,260 and cardiomyopathy.261 Interestingly, alcohol-associated cardiomyopathy was recognized over 100 years ago when Bollinger261 noted in 1884 that “with excessive habitual use of beer, one has to take into account the direct effect of alcohol on the heart.” Since 1960, the circumstantial evidence for an association between cardiomyopathy and chronic alcohol abuse has been strong and includes autopsy studies showing that a high percentage of chronic alcoholics have cardiomyopathy.262 Indeed, chronic excessive alcohol consumption is the leading cause of non-ischemic, dilated cardiomyopathy among both men and women in the U.S.263 As noted in this literature review, alcoholics who consume 90 or more grams of alcohol per day (7-8 drinks/day) for five or more years are at risk of developing asymptomatic cardiomyopathy; those who continue to consume alcohol at this level increase their risk of heart failure. Moreover, women develop alcoholic cardiomyopathy as frequently as men even though they usually consume significantly less alcohol.264,265


				


E. Cerebrovascular Disease, Stroke, Hemorrhage

				Cerebrovascular disease, a major cause of disability, is the third leading cause of death in the U.S.1 Moreover, about 30% of ischemic stroke survivors are permanently disabled and 20% require institutional care.266 The major risk factors for stroke are hypertension, diabetes mellitus, myocardial infarction and smoking.267 As with coronary heart disease, studies have generally reported a U- or J-shaped association between alcohol consumption and stroke.


				Two studies in 1999 found that moderate alcohol intake significantly decreases the risk of ischemic stroke. Thus, in a population-based case-control study of a multi-ethnic population, Sacco et al268 reported that moderate alcohol intake is significantly protective for ischemic stroke. After controlling for heart disease, hypertension, diabetes, body mass index, current smoking and education level, the odds ratio was 0.51 for those consuming up to two drinks per day, compared with never drinkers. This protective effect was present in males and females, younger and older persons, and in whites, blacks, and Hispanics. However, the odds ratio for stroke was 2.96 for those who consumed seven or more drinks per day. Similarly, a prospective Physicians’ Health Study followed 22,071 men aged 40 to 84 years for an average of 12.2 years.269 After controlling for the common stroke risk factors, the relative risks were 0.78, 0.75, 0.83 and 0.80, respectively for those who averaged less than one drink per week, 2-4 drinks per week, 5-6 drinks per week and more than 7 drinks per week, compared with those who consumed less than one drink per week. Although neither of these two studies differentiated ischemic from hemorrhagic stroke, an earlier report of stroke in heavy drinkers suggested that most of these were likely hemorrhagic.262 Indeed, a recent large Japanese study found that for men drinking 46.0 or more grams of ethanol per day was associated with an increased mortality from total, hemorrhagic and ischemic strokes.270 The relative hazard ratios were 1.48 for total stroke, 1.67 for hemorrhagic stroke and 1.35 for ischemic stroke.


				In addition to American studies, the association between alcohol consumption and stroke has recently been studied in several other countries. In a prospective cohort study, 45,449 Swedish women, aged 30-50 years at baseline and free of stroke, were followed for an average of 11 years.271 During this time there were 170 incident stroke cases, of which 111 were ischemic and 47 were hemorrhagic. Compared with alcohol abstainers, the relative risk of stroke was 0.70 among women consuming less than 20 grams of alcohol per week, 0.5 for 20-69.9 grams per week, but 0.7 for those who consumed 70 or more grams per week. Moreover, in contrast to mild to moderate alcohol consumption, heavy alcohol intake increases the stroke risk as recently reported in Chinese men272 and Danish men and women.273 In addition, to evaluate the association of binge drinking with stroke, Sundell and associates274 carried out a prospective cohort study of Finnish men and women aged 25 to 64 years at baseline. Their findings showed that binge drinking is an independent risk factor for total and ischemic strokes. Thus, compared with non-binge drinkers, the hazard ratio for total stroke among binge drinkers was 1.85; the risk for ischemic stroke was 1.99.


				In an early case-control study of 73 cases of cerebral hematoma, the most important risk factor was chronic alcoholism.275 As expected, hypertension and liver disease were other significant risk factors, both of which are common in chronic alcoholics. Furthermore, chronic alcoholics with liver disease often have a bleeding disorder which may be an additional causal factor in spontaneous intracerebral hemorrhage.276 A recent meta-analysis of 35 cohort studies published between 1966 and 2002 showed the following:277 (1) compared with abstainers, for consumption of 60 or more grams of alcohol per day, the relative risks for total stroke, ischemic stroke, and hemorrhagic stroke were 1.64, 1.69 and 2.18, respectively; (2) for consumption of less than 12 grams of alcohol per day, the relative risks were 0.83 and 0.80 for total stroke and ischemic stroke, respectively; and (3) for consumptioon of 12-24 grams of alcohol per day, the relative risk was 0.72 for ischemic stroke.

				F. Dementia


				The term “dementia” refers to a clinical syndrome of acquired intellectual disturbances produced by brain dysfunction. Dementia may result from a variety of disorders, including vascular (e.g., multi-infarct dementia), degenerative (e.g., Alzheimer’s disease) and traumatic (e.g., head injury). Most, albeit not all, observational studies have suggested that moderate levels of alcohol consumption may be associated with improved cognition and a reduced risk of cognitive decline and dementia. However, chronic alcoholism may be a possible cause of dementia (Wernicke-Korsakoff’s syndrome), perhaps through associated nutritional deficiencies.


				Espeland et al278 studied the association between alcohol intake and cognition involving community-dwelling women aged 65-79 years for an average of 4.1 years (Women’s Health Initiative Memory Study). Their finding showed that for consumption of one or more alcoholic drinks per day, the odds ratio for cognition decline was 0.40 compared with abstainers. Similarly, a nested case-control prospective population-based cohort study of 373 cases of incident dementia and 373 controls in persons 65 years and older showed that compared with abstention, the odds for dementia among those whose weekly alcohol consumption was less than one drink, 1-6 drinks, 7-13 drinks and 14 or more drinks were 0.65, 0.46, 0.69 and 1.22, respectively.279


				Similar findings were found in the Rotterdam Study of 7,983 individuals aged 55 years and older.280 After an average follow-up of 6.0 years, there were 197 cases of dementia (146 Alzheimer’s disease, 29 vascular dementia and 22 other dementias). Light-to-moderate alcohol consumption (1-3 drinks/day) was significantly associated with a lower risk of any dementia (hazard ratio, 0.58) and vascular dementia (hazard ratio, 0.29). The authors also noted that “the effect seems to be unchanged by the source of alcohol.” In addition, Huang and associates281 reported that compared with nondrinkers, light to moderate alcohol intake was significantly associated with a decreased risk of both incident dementia and Alzheimer’s disease (relative risk, 0.50).


				A population-based prospective French study found that, compared with non-drinkers, the odds ratio for those drinking 3-4 standard glasses of wine per day (250-500 ml) was 0.18 for incident dementia and 0.25 for Alzheimer’s disease.282 After adjusting for various confounders (age, sex, education, occupation, baseline cognition), the odds ratios were 0.19 and 0.28, respectively. More recently Truelsen et al283 reported their findings from a case-control nested in a cohort study (Copenhagen City Heart Study) among persons aged 65 years and older. After 15 years of follow-up, monthly and weekly intake of wine was significantly associated with a decreased risk of dementia. However, for beer and spirits, only monthly beer intake was significantly associated with an increased risk of dementia.


				The results of a U.S. study of the association between alcohol intake and risk of Alzheimer’s disease (AD) involving community-dwelling persons aged 65 years and older was also recently reported.284 After adjusting for various confounders, including other alcoholic beverages, “only intake of up to three daily servings of wine was associated with a lower risk of AD” (hazard ratio, 0.55). To further evaluate the association between different alcoholic beverages and dementia, Mehlig and co-workers285 followed 1,462 Swedish women aged 38-60 years for 34 years. Their results showed that wine was protective for dementia (hazard ratio, 0.60); the association was strongest among women who consumed wine only (hazard ratio, 0.30). However, consumption of spirits at baseline was associated with a “slightly increased risk of dementia” (hazard ratio, 1.5).


				The results of a recent meta-analysis of 23 studies (20 epidemiological cohort, 3 retrospective matched case-control nested in a cohort) suggested that small amounts of alcohol may be protective against dementia (risk ratio 0.63) and Alzheimer’s disease (risk ratio 0.89).286 However, the authors concluded that “because of the heterogeneity in the data, these findings should be interpreted with caution.” From the various studies reported here, it well may be that this heterogeneity may be due to the positive effects of red wine (rich in antioxidants) compared with beer and spirits.


				G. Suicide


				Suicidal ideation is significantly increased in certain sociodemographic groups. For example, a study of 85,955 individuals 18 years and older compared the prevalence of suicidal ideation and suicide attempts in the U.S. in 1991-1992 and 2001-2002.287 During these two time periods, lifetime suicide attempts were unchanged. The groups highest at risk for suicide attempts were 18- to 24-year-old white and black women, 25- to 44-year-old white women, and 45- to 64-year-old Native American men. In a more recent study of alcohol-associated suicides in 17 states (National Violent Death Reporting System), alcohol intoxication was present in 24% of the suicide decedents.288 The highest percentage occurred among American Indians/Alaska Natives (37%), followed by Hispanics (29%) and persons aged 20-49 years (28%).


				

During 2001-2005, an estimated 5,800 annual alcohol-attributable deaths and 189,667 years of potential life loss were associated with excessive alcohol use.289 In a sample of 18,352 current alcohol drinkers aged 18 years and older, Grant and Hasin290 reported that for men and women with recent suicidal ideation, depression and alcohol dependence were major risk factors. Unemployment and a family history of alcoholism also increase the risk of suicidal ideation in men, but not women. Since suicide is the number 11 cause of death in the U.S.,1 urgent action is needed in order to decrease the prevalence of suicide attempts.

				H. Maternal Alcohol Use and Fetal Alcohol Syndrome


				Prenatal alcohol abuse is one of the leading causes of birth defects, mental retardation and neurodevelopmental disorders in the U.S.291 Although alcohol consumption from 1991 to 1999 by non-pregnant women of child-bearing age increased slightly, alcohol intake by pregnant women increased significantly.292 Others reported that from 1995 to 1999, alcohol consumption (at least one drink) during pregnancy declined although 12.8% of pregnant women still consumed alcohol during pregnancy.293 Alcohol consumption was also greater in unmarried and older pregnant women. More recently (2001-2005), of the 329,975 women aged 18-44 years surveyed, 13,820 (4.2%) were currently pregnant.294 Of these, 17.7% of those aged 35-44 years reported any alcohol use compared with 8.6% of pregnant women aged 18-24 years. More pregnant women with some college education (11.2%), or a college degree or more (14.4%), consumed alcohol more often than pregnant women with a high school diploma or less (8.5%). Moreover, employed pregnant women consumed alcohol more often than unemployed pregnant women (13.7% versus 8.3%, respectively).


				Seizures may be present in children with fetal alcohol syndrome, but since it was not known whether binge drinking during pregnancy by non-alcoholic women increase the risk of seizure disorders, Sun et al295 studied 80,526 children for up to eight years (Danish National Birth Cohort). Their findings showed that only those who were exposed at 11-16 gestational weeks had an increased risk of seizure disorders (3.15-fold increased risk of neonatal seizures; 1.81-fold increased risk of epilepsy). Moreover, adolescents with histories of prenatal alcohol syndrome were found to have a significant increased risk of impairment in their ability to solve problems in everyday life, even in the absence of mental retardation.296 Unfortunately, binge drinking (i.e., five or more drinks on a single occasion) and frequent drinking (i.e., seven or more drinks/week or five or more drinks on any one occasion) have not decreased during pregnancy and remain significantly higher than the 2010 Healthy People objectives.293


				Fetal alcohol syndrome due to excessive alcohol intake, first described in 1973,297 is one of the major causes of preventable birth defects and developmental disabilities.298 This syndrome is characterized by a combination of growth deficiency, central nervous system dysfunction and facial dysmorphology. In addition, children born with fetal alcohol syndrome have an increased risk of serious opthalmologic defects.299 The prevalence of the various complications varies from 0.2 to 1.0 per 1,000 live births due to study variations, as well as among racial/ethnic populations. In a Center for Disease Control (CDC) study of four states (Alaska, Arizona, Colorado, New York), the prevalence rates varied from 0.3 to 1.5 per 1,000 live births.300 The prevalence was highest in black and American Indian/Alaska native populations. Moreover, this report suggested that the number of infants adversely affected by pregnancy-associated alcohol consumption is probably underestimated. Recommendations of the National Task Force on fetal alcohol syndrome and other alcohol-related effects have been published.301


				In addition to the potential negative effects on children from excessive maternal alcohol intake, women giving birth to children with fetal alcohol syndrome may also have an increased risk of early mortality.302 In this study, African American women who drank more than one ounce of absolute alcohol per week during pregnancy were compared with abstaining women. After 17 to 23 years of follow-up, the mortality rate for the controls was 3.5%. However, for those who stopped drinking during pregnacy it was 12.7%, and 12.5% for those who continued drinking throughout pregnancy. Thus, the mortalty rate for alcohol drinkers was 2.7 times higher than the abstainers.


				I. Alcohol and Accident-Related Injuries/Fatalities


				Alcohol abuse is a major cause of automobile accidents and crash fatalities. For example, there were 17,448 alcohol-related U.S. traffic deaths in 2001.303 Moreover, the relative risk of death in a motor vehicle accident steadily increases with increasing blood alcohol levels in every age and gender group. Indeed, the major causes of death in a prospective Norwegian study of 40,000 males born in 1932-1933 and followed until 1991 were cardiovascular diseases, cancers and accidents, respectively.304 However, the relative risks of death for alcohol abusers from accidents, cardiovascular diseases and malignancies were 3.2, 2.4 and 1.8, respectively. As expected, the risk of a fatal accident increased with increasing blood alcohol levels. Thus, Zador305 reported that for each 0.02% in blood alcohol concentration (BAC), the risk of a fatal crash doubled regardless of age and sex. For BACs in the 0.05-0.09% range, the likelihood of an automobile crash was about nine-fold higher than with a negative BAC.


				

Motor vehicle crashes are the leading cause of death among persons aged 16 to 24 years in the U.S. Not only is alcohol-impaired driving the highest among persons aged 21 to 24 years,306 the percentage of alcohol-related accidents is also the highest for this age group.307 However, persons younger than 21 years are more likely to be involved in fatal accidents than older drivers and their risk of a fatal crash increases more sharply at all levels of alcohol intake. Indeed, young drivers with a BAC of 0.05-0.09% are at a significantly higher risk than older drivers.308 Moreover, in this study with BACs of 0.15 or greater, the risk of a car crash was 300 to 600 times the risk at zero BAC. In a later study, these researchers reported that for a blood alcohol level of 0.08-0.10%, the relative risk of a fatal single-vehicle accident injury varied between 11.4 (driver aged 35 years and older) and 51.9 (male drivers aged 16-20 years).309 In short, these and other studies clearly indicate that drivers with blood alcohol levels less than 0.10% are at a significantly increased risk to themselves and others.

				Alcohol intake and increased accidents are not confined to the U.S. For example, the results of a recent population-based case-control study in New Zealand showed that drinking alcohol before driving was strongly associated with injury crashes.310 The odds ratio for two or more 12-gram alcohol drinks in the preceding six hours, compared with none, was 7.9; for BAC of 3-50 mg/100 mL compared with less than 3 mg/100 was 3.2; and for BAC greater than 50 mg/100 mL, the odds ratio was 23. Thus, approximately 30% of car crash injuries were attributable to alcohol. Moreover, one third of European Union inhabitants will be hospitalized during their life with more than 45,000 annual deaths due to a traffic accident, a major cause of which is alcohol and/or illicit drugs or medication.311 With respect to illicit drugs, cannabis (marijuana) abuse with or without alcohol is of major concern since about three million Europeans use cannibis daily and 80% of them drive a motor vehicle after its use. Similarly, after controlling for various confounders (i.e., age, gender, ethnicity, education level, time of day), habitual marijuana use in New Zealand is also significantly associated with car crash injury (odds ratio, 9.5).312


				Serious cycling accidents are also associated with alcohol drinking.313 Compared with sober cyclists, intoxicated cyclists were significantly more likely to sustain injuries at night, on weekends, and on their way to and from a party, restaurant or pub. Since they were also less likely to use helmits, they experienced more serious face and head injuries.


				Over-the-Counter, Prescription, and Illicit Drugs


				Prescription medications have significantly increased over the past several decades, some of which are due to inappropriate prescribing.314 Moreover, both over-the-counter medications315 and dietary supplements316 have also increased during this time. Since current information regarding their use in older persons is limited, Qato et al317 studied 3,005 community-residing persons aged 57 to 85 years. Their findings showed the following: 81% used at least one prescription medication; 42% used at least one over-the-counter medication; 49% used a dietary supplement; and 29% currently used at least five prescription medications. Among the users of prescription medications, 46% also used over-the-counter medications and 52% used dietary supplements. The researchers concluded that about 4% of older individuals are at risk of a major drug-drug interaction.


				The abuse of over-the-counter, prescription, and illicit drugs is a widely recognized and serious world-wide problem. Indeed, adverse drug reactions are a major public concern with death as the ultimate adverse outcome. An estimated 4.7% of the world population aged 15 to 64 years (184 million people) annually consume an illicit drug.318 Heroin use alone is reportedly responsible for the epidemic number of new cases of HIV/AIDS, viral hepatitis, and drug addicted newborn infants each year. Other negative drug abuse effects include acquired immunodeficiency syndrome and tuberculosis.


				As a consequence of drug addiction, there is a significant number of world-wide drug-related deaths. For example, in 2007 there were 2,640 deaths from drug poisoning in English men and women, of which morphine and heroin were the major drugs.319 However, one of the sharpest increases in deaths involved methadone. Drug-related deaths were also recently reported in Denmark,320 Jordan,321 and Italy.322 Unfortunately, drug addiction is not limited to adults. In a recent pediatric postmortem study of 640 drug-tested cases, 38% were positive for at least one compound.323 Illicit drugs accounted for 26% of the cases and were responsible for 47 deaths. Wilcox recently reviewed the epidemiological evidence linking drug use and suicidal behaviors among adolescents.324


				In addition to HIV/AIDS, prescription and illicit drug abuse has been associated with a wide variety of other human diseases and disorders (e.g., ischemic heart disease, chemical hepatitis and cirrhosis, acute and chronic kidney disease, others). Studies have also shown a significant link between both prescription and illicit drug use and psychopathology. In a longitudinal study of subjects at mean ages of 14, 16, 22 and 27 years, tobacco use was significantly associated with alcohol dependence and substance abuse by age 27 years.325 Moreover, early alcohol, marijuana and other illicit drug use predicted a later depressive disorder even after controlling for other variables (i.e., age, sex, parental education and income, etc). Drug abuse is also an important vector for the transmission of several major infectious diseases [e.g., acquired immunodeficiency syndrome (AIDS), hepatitis, tuberculosis].


				

A. Over-The-Counter Drugs

				Several recent reports have shown that acetaminophen (paracetamol) overdose increases the risk of acute liver failure. Indeed, acetaminophen overdoses are reportedly the number one cause of acute liver failure in the U.S., accounting for 50% of all causes of acute liver failure with a mortality rate of 30%.326 As reported by Lee,327 acetaminophen overdose “is the leading cause of calls to the Poison Control Centers (> 100,000/year) and accounts for more than 56,000 emergency room visits, 2,600 hospitalizations, and an estimated 458 deaths due to acute liver failure each year.” Acetaminophen-related cases of acute liver failure and deaths were also reported in Sweden328 and Scotland.329


				B. Prescription Drugs


				With respect to the marked increase in prescription drug use over the past several decades, there is widespread concern regarding adverse reactions resulting in increased morbidity and mortality. Indeed, poisoning deaths nearly doubled from about 20,000 to 37,000 during 1999-2006, largely because of overdose deaths involving prescription opioid pain killers.330 Early studies indicated that the elderly are primarily involved in increased prescription drug use and may have higher adverse reaction rates.331,332 For example, an early British multicenter study found that 15.3% of the elderly who were taking prescribed drugs and admitted to geriatric departments suffered an adverse reaction.333 Moreover, 84% of the adverse reactions were an important factor in their hospital admission. Although epidemiological studies have shown that adverse drug events are an important cause of complications during medical treatment, a leading cause of hospitalizations, and frequent cause of death, medication errors are underreported.334 The major adverse reactions were due to hypotensives, anti-Parkinsonian drugs, psychotropics and diruretics.


				Later studies also indicated that adverse prescription drug reactions are common in older community-dwelling persons. Using explicit criteria developed by 13 U.S. and Canadian geriatric experts, 23.5% (i.e., 6.64 million people) received at least one of the 20 contraindicated drugs and 20.4% received two or more contraindicated drugs.335 Others reported that 21.3% of community-dwelling elderly Americans received at least one of 33 potentially harmful medications.336 The authors concluded that “overall inappropriate medication use in elderly patients remains a serious problem.” In a more recent prospective study of 661 outpatients, 162 (25%) had an adverse drug reaction.337 Of these, 24 (13%) were serious, 51 (28%) were ameliorable, and 20 (11%) were preventable. Of the ameliorable events, 32 (63%) were due to physician failure to respond to medication-related symptoms and 19 (37%) to patient failure to inform their physician of the problems. The most frequently involved drug classes were selective serotonin-reuptake inhibitions (10%), beta-blockers (9%), angiotensin-converting enyzme inhibitors (8%), and non-steroidal anti-inflammatory drugs (8%). Overdose deaths involving prescription opioids during 2004-2007 were also recently evaluated.338 During this period, 1,668 persons died from prescription opioid-related overdoses (6.4 deaths per 100,000 per year). Of these, 58.9% were males; the highest percentage of deaths (34.4%) were aged 45-54 years, and 45.4% were enrolled in Medicaid. The age-adjusted death rate was 30.8 per 100,000 in the Medicaid-enrolled population, compared with 4.0 per 100,000 in the non-Medicaid population (age-adjusted relative risk, 5.7). Methadone, oxycodone, and hydrocodone were involved in 64.0%, 22.9%, and 13.9% of deaths, respectively.


				Prescription errors are also a very important health problem. From 1993 to 1998, U.S. fatalities from acknowledged prescription errors increased by 243% (2,876 to 9,856).339 Indeed, serious adverse drug reactions and death are not uncommon even when drugs are prescribed and administered properly. In a meta-analysis of 39 prospective studies from U.S. hospitals, the incidence of serious adverse drug reactions in hospitalized patients was 6.7%; fatal events occurred in 0.32%.340 Thus, the estimated number of serious adverse reactions was 2,216,000 and the estimated number of deaths was 106,000. Although not listed as a major cause of death,341 adverse drug reactions were actually the fifth leading cause of death in the U.S. at that time. Nevertheless, a significant number of adverse drug reactions are preventable. In a large elderly cohort during a 12-month period, 1,523 adverse drug events occurred, of which 27.6% were preventable.342 Of these, 38% were serious, life-threatening or fatal and 42.2% were preventable. Cardiovascular drugs (24.5%), diuretics (22.1%), nonopioid analgesics (15.4%), hypoglycemics (10.9%), and anticoagulants (10.2%) were the most common categories associated with preventable negative reactions.


				Opium, the concrete juice of the poppy Papaver somniferum, contains morphine, codeine, thebaine, narcotine and various other alkaloids. These opioids (narcotic analgesics) are primarily prescribed for pain relief. Unfortunately, long-term opioid therapy for chronic non-cancer pain is becoming increasingly common. Indeed, prescription drug use and abuse is a very serious and rapidly growing problem resulting in a significant increase in hospital admissions and deaths, which are often due to opioids. In this regard, the number of fatal opioid drug poisonings between 1999 and 2006 more than tripled (about 4,000 to 13,400).343 More specifically, between 1999 and 2002, oxycodone prescriptions increased 50% to 29 million in 2002, fentanyl prescriptions increased 150% to 4.6 million, and morphine prescriptions increased 60% to 3.8 million.344 Unfortunately, this increase in legitimate use of these medications was paralleled by a rise in abuse of these drugs, with a 91.2% increase in deaths due to opioid poisoning between 1999 and 2002.345 In a subsequent study, these researchers sought to determine how the increase in drug poisoning mortality varied by degree of urbanization in six U.S. urban-rural areas between 1999 and 2004.346 During this time, drug poisoning mortality rates increased 62%; metropolitan county rates rose 51% while nonmetropolitan rates rose 159%. The authors concluded that “prescription drugs have replaced heroin and cocaine as the leading drugs involved in fatal drug overdoses in all urban-rural categories.” Hence, fatal drug overdoses “are no longer a predominantly urban phenonemon.”

				In a recent government CDC report, there were 5,921 deaths in 1999 and 10,829 deaths in 2005 due to accidental opioid overdoses.347 The effect of this pharmacoepidemic is most pronounced in rural states, including West Virginia which experienced the nation’s largest increase in drug overdose mortality rates during 1999-2004.348 In this report, opioid analgesics were the major drugs. Accidental prescription drug overdose is also a serious problem. In New Mexico, which reportedly has the highest rate of drug-induced mortality in the U.S., 1,906 unintentional drug overdose deaths occurred from 1994 to 2003.349 During this time, the rate of unintentional prescription drug overdose death increased by 179%. Of the 765 deaths caused by prescription drugs, 77.1% were caused by opioid painkillers. It should also be noted that compared with lower doses, 50 or more mg/day of opioids for chronic non-cancer pain were reported to be associated with twice the increase in bone fracture risk in persons 60 years and older.350


				Epidemiological studies have shown that chronic back pain is a common worldwide problem.351,352 Several studies have shown that opioid analgesics are helpful for managing acute and cancer-related pain, among others including anxiety and depression.353 Since approximately one-third of Americans are affected with chronic pain, they account for about 21% of annual emergency department visits and 25% of missed workdays. Unfortunately, 15-23% of individuals with chronic pain who regularly take prescription opioid analgesics suffer from substance abuse.354 The major prescription opioid drugs for these disorders are listed in Table 8.5. In addition, overdoses are responsible for more deaths than illegal drugs such as cocaine and heroin.352 Moreover, oxycodone, hydrocodone and methadone abuse continues to increase.


				 

				
					
						
								
								Table 8.5. Analgesic Prescription Opioids
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				The Florida Medical Examiner’s office reported that oxycodone, hydrocodone, methadone and benzodiazepine caused 112, 61, 133 and 150 deaths, respectively, during the first six months of 2002.355


				These drugs are also responsible for fatal poisoning in other countries. Steentoft et al356 medicolegally examined fatal poisonings among drug addicts in Denmark, Finland, Iceland, Norway and Sweden in 2002. The fatal overdoses (number/100,000 inhabitants) were 8.44, 5.43, 3.6, 2.73, and 2.56 for Norway, Denmark, Iceland, Finland and Sweden, respectively. Morphine/heroin was the single most frequent intoxicant varying from 10% of cases in Finland to 22% in Norway, while methadone was the main intoxicant in 41% of the Danish overdose cases, 15% of Norwegian cases and 4% of Swedish cases. In a more recent Swedish forensic study of 10,273 dead victims, 7% (743) were drug abusers.357 On average, 3.8 legal or illegal substances were identified per victim, of which ethanol (43%) and morphine (35%) were the most common.

				C. Illicit Drugs


				Cognitive deficits associated with the chronic abuse of marijuana, opiates and stimulants have important clinical and theoretical significance. These deficits are due to changes in the cortical, subcortical and neuromodulatory mechanisms that underpin cognition. The most commonly used illicit drugs in the United States are listed in Table 8.6.


				 

				
					
						
								
								Table 8.6. Commonly Used Illicit Drugs
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				Cocaine


				Cocaine is an alkaloid extracted from the leaf of the Erythroxylon coca bush in South America. There are two forms, the hydrochloride salt and the “free base”. Since cocaine hydrochloride can be take orally, intranasally or intravenously, it is commonly referred to as “chewing, “snorting” and “mainlining”, respectively. The free base is heat stable and melts at 98oC, which allows it to be smoked. As such, it is commnly referred to as “crack cocaine” because of the popping sound it makes when heated.

				Cocaine is the most powerful central nervous system stimulant found in nature. It’s use increased 82% between 1994 and 1998 (514,000 to 934,000 users).358 In 1999, an estimated 25 million Americans had used cocaine at least once, 3.7 million had used it within the past two years and 1.5 million were current users. Indeed, about 30% of all drug-related emergency department visits were attributed to cocaine.359


				Cocaine-associated cardiovascular events include accelerated atherosclerosis, angina pectorus, myocardial infarction, cardiomyopathy, myocarditis, cardiac arrhythmias, hypertension, and endocarditis.360 Since Coleman et al361 first reported an association between cocaine use and myocardial ischemia and infarction, numerous studies have verified this relationship. For example, a retrospective cohort study of 29 U.S. hospital centers from 1987 to 1993 identified 130 patients with cocaine-associated myocardial infarction.362 In a later Florida Medical Examiner’s report of 579 cardiac deaths in which cocaine use was present, 180 (31%) were attributed to cocaine.347


				Cocaine use has also been associated with other clinical disorders. Although ischemic liver damage is a common complication of heart failure, it may also occur due to hypotension associated with cocaine-induced cardiac events.363 In addition, decreased cerebrovascular blood flow has been reported in cocaine abusers.364 Thus, compared with the control group, hypoperfusion, presumably due to vasospasm, occurred in the cocaine abusers. Cocaine abuse has also been associated with acute aortic dissection.365 In this report, Hsue and associates reviewed 38 hospital records of acute aortic dissection that occurred between 1981 and 2001. Of these, 14 (37%) were associated with cocaine use. Cocaine use during pregnancy is also a significant public health problem in U.S. urban areas and among women of low socioeconomic status.366 As a result, “cocaine exposed children had significant cognitive deficits and a doubling of the rate of development delay during the first two years of life.”


				Smoking crack cocaine is very addictive and since it introduces a high concentration of cocaine into the blood stream, it is particularly dangerous. Nevertheless, a recent trend of increasing use of cocaine/crack cocaine was noted in the United Kingdom between 1990 and 2004.367 A total of 1,022 cocaine/crack cocaine deaths were identified with cocaine/crack cocaine being the only drug in 36% of cases. In addition, the number of cocaine/crack cocaine deaths correlated positively with the number of crack cocaine offenders and seizures. This progressive increase in cocaine/crack cocaine abuse was associated with increasing drug availability and decreasing cocaine costs. Others studied the mortality rate among crack cocaine users in Brazil over a 5-year follow-up period.368 Of the located abusers, 23 (18.5%) had died and homicide was the most common cause of death. Although the expected mortality rate was 3.28 per 1,000, the abusers mortality rate was 24.92 per 1,000.


				HIV infection is prevalent among substance abusers. In a recent prospective 30-month longitudinal study in Florida, the viral load was significantly higher in crack cocaine users than in non-users, independent of highly active antiviral therapy.369 In addition, persistent female crack cocaine abusers are more than three times as likely as non-users to die from AIDS-related causes.370


				Current therapies for cocaine addiction use behavioral approaches such as cognitive behavioral therapy. Unfortunately, these are unable to offer patients relief from the intense cravings and neurological alterations that accompany chronic cocaine use and may contribute to relapse. However, several recent experimental treatments have demonstrated promise in helping curtail cocaine use in cocaine-addicted humans.371-373


				Cannabis


				Cannabis (marijuana) is the world’s most widely cultivated and consumed illicit drug.374 More than 60 dibenzpyrene compounds (cannabinoids) have been identified in extracts of the hemp plant, Cannabis sativa. However, only one form of tetrahydrocannibinol is both active and present in significant amounts.


				More than seven million Americans reportedly use cannabis weekly or more often.375 In addition, 42.7% of American high school students in 2001 had used marijuana during their lifetime (males, 46.5%; females, 38.4%), and 23.9% of students had used marijuana one or more times during the 30 days preceding the survey.376 A recent study prospectively estimated the incidence rates of marijuana use from late childhood to adolescence, the important risk factors, and examined the degree to which influences change as the youth age.377 The results showed that the population incidence rates of marijuana use increased from 1.30% to 16.29% from age 11 to 16 years and then leveled off. A sharp increase occurred during ages 13 to 15 years. Among the major risk factors, alcohol and/or tobacco and marijuana offers were the most important factors across ages and age cohorts. Moreover, both parental and peer infuence varied as the youth aged. With respect to peer influence, a recent study involving 93,297 students aged 15 years from many different countries and regions found that the more frequently adolescents join their friends in the evenings, the more likely they used cannabis.378 This link was consistent for boys and girls. Thus, “going out less frequently in the evenings with friends, adolescents had fewer opportunities to obtain and use cannabis.”


				

Deaths from motor vehicle accidents related to alcohol use is a world-wide problem. However, the risks of driving under the influence of marijuana for some populations may exceed that of alcohol abuse. For example, in a recent New Zealand study of young adults, ages 21-25 years, the risk of accidents while driving under the influence of marijuana was significantly greater than driving under the influence of alcohol.379 In a separate study, these researchers also found that increasing marijuana use in late adolescence and early adulthood was related to “poorer educational outcomes, lower income, greater welfare dependence, and unemployment and lower relationship and life satisfaction.”380

				Marijuana use has also been reported as a risk factor for a variety of diseases/disorders including cognitive function,375 schizophrenia,381 cardiovascular events,382,383 and immune responses.384,385


				Ecstasy


				The term “ecstasy” is defined as “a state or feeling of overpowering joy; rapture” (Webster’s New World Dictionary). The drug ecstasy (3,4-dimethylenedioxymeth-amphetamine; MDMA) gained national attention when it became the drug of choice at club parties (“raves”). However, ecstasy use may cause various side effects including headache, chills, eye twitching, blurred vision and nausea. High doses may also cause dehydration, hyperthermia and seizures.


				Ecstasy is the third most used illicit drug in the U.S., after marijuana and amphetamines. However, it is the most common illicit drug used by adolescents in Taiwan.386 Although ecstasy use by these adolescents progressively increased until 2004, there was a significant decline from 2004 to 2006. A national survey of over 14,000 college students at 119 American colleges found that the prevalence of ecstasy use increased from 2.8% in 1997 to 4.7% in 1999.387 A smaller sample from ten colleges indicated that this increase continued in the year 2000. Those who used ecstasy were more likely to smoke cigarettes and marijuana, engage in alcohol binge drinking, have multiple sex partners, and spend less time studying and more time socializing.


				Ecstasy was commonly used between 1914 and the mid-1980s as an appetite suppressant, at which time it was associated with damage to neurons that use serotonin and dopamine.388 In this study, primates were given three doses to simulate the dosage humans take during all-night “raves”. When examined a few weeks later, the researchers observed “profound dopaminergic neurotoxicity, in addition to less pronounced serotonergic neurotoxicity.” Ecstasy has also been associated with psychiatric symptoms that persisted after drug cessation. After reviewing ten years of psychiatric case studies, the authors concluded that “recurring symptoms strongly suggest a causal relationship between the drug and neuropsychiatric manifestations.”389


				Ecstasy apparently has a toxic effect on serotonergic axons in the thalamus.390 In addition, the recent findings of de Win et al391 “suggest sustained effects of ecstasy on brain microvasculature, white matter maturation and possibly axonal damage due to low dosages of ecstasy.” The results of a recent study suggest that oxidative stress plays an important role in ecstasy-induced neurotoxicity.392


				A wide variety of other disorders/diseases have also been associated with ecstasy. As noted by Gowing et al,393 it is the unpredictability of the mortality and substantial morbidity risks that makes the health consequences of ecstasy use significant. In this literature review, hyperthermia and hyponatremia were the most significant acute adverse effects, whereas neurotoxicity was the most important long-term effect. Other reported serious adverse effects include subarachnoid hemorrhage,394 hepatic toxicity,395,396 and death.396,397 Ecstasy has also been associated with victims of motor vehicle accidents.396,398


				Heroin (Diacetylmorphine)


				Heroin is an opiate with effects similar to morphine. As a central nervous system analgesic, it reduces a person’s reaction to pain; produces euphoria, lethargy and sleep; reduces anxiety; and depresses respiration and the cough reflex. Since it produces less nausea but more euphoria than morphine, its use has long been abused. Indeed, over the past 10-15 years there has been a significant increase in heroin abuse. For example, the number of American heroin users increased from an estimated 600,000 in the early 1990s to 980,000 in 2001.399 This increase in heroin use resulted in a significant increase in the incidence of fatal and non-fatal heroin overdose in several countries.


				In 1993, there were 3,805 heroin-associated deaths in the U.S; in 1999 there were 4,820 heroin-related deaths, and 16,646 non-fatal heroin overdose cases.400 In 1997 to 1998, dependent heroin users in Australia was estmated to be 74,000 (6.9/1000 persons).401 This is the same estimate as in Britain (7.0/1000 persons) and in the European Union (3.0-8.0/1000 persons). About 2% of those who inject heroin die each year, which is 6 to 20 times the rate in peer controls who do not use drugs.402


				Reports from the United Nations also indicated a steady increase in heroin use in a number of African countries including South Africa, which has one of the highest HIV infection prevalence rates in the world.403 In this study, 24% of 239 heroin users in Cape Town had injected heroin in the past 30 days and 89% had shared a needle at least once during that period. Unfortunately, heroin use may still be increasing in this country.



				

As reported by Smyth et al,404 premature mortality is common in long-term heroin addicts. In this 33-year cohort study of 581 male heroin addicts, the average number of years of potential life lost (YPLL) before age 65 was 18 years. Of the total YPLL for the cohort, 22.3% was due to heroin overdose, 14.0% due to chronic liver disease, and 10.2% to accidents. These numbers are significantly higher than that of the U.S. population. Moreover, compared with African American addicts, premature mortality was higher in Caucasians and Hispanics. Heroin use has also been associated with several clinical diseases including HIV/AIDS, hepatitis B and C, tuberculosis, and Clostridium novyi infection.405-409

				Amphetamine and Methamphetamine


				Amphetamine and methamphetamine abuse are common in the U.S. and other countries. Methamphetamine, a highly addictive central nervous stimulant that can cause neurotoxicity, paranoia, psychosis, depression, violence and death, is an increasingly serious problem in the U.S. Pathologically, chronic methamphetamine use can damage dopamine and serotonin axons, decrease the amount of gray matter accompanied by white matter hypertrophy, and cause microgliosis in various brain areas.410 Most American methamphetamine users are white males aged 18 to 25 years, although the highest usage rates are in native Hawaiians, persons of more than one race, Native Americans, and homosexual men.411


				A 2002 Center for Disease Control (CDC) report indicated that 9.8% of American high school students had used methamphetamine during their lifetime.412 At this same time, Gibson et al413 reported the results of their study of methamphetamine use in California’s Central Valley. In contrast to Seattle and San Francisco, methamphetamine users were mainly heterosexual and of mixed racial/ethnic heritage. At least 75% began their drug use while in their teens; over 25% were 15 years or younger.


				In New Zealand, National Drug Surveys of people aged 15 to 45 years were conducted in 1998 and 2001.414 The findings showed that from 1998 to 2001, amphetamine and methamphetamine use increased from 2.98% to 5.0%. As a result, these stimulants moved from the third most popular illicit drug in 1998 to the second most popular drug in 2001. Similarly, the availability and use of methamphetamine has also increased since 1998 in Sidney, Australia.415 Here, the Illicit Drug Reporting System reported the emergence of three different forms of “potent” methamphetamine; methamphetamine powder (“speed”), crystalline methamphetamine (“ice”, “shavu”, “crystal meth”) and base methamphetamine (”base”). Thus, methamphetamine “has contributed to a substantial number of deaths in Australia.”416 Cardiovascular pathology was detected in 54% of 371 cases and cerebrovascular pathology was present in 20% of cases.


				Since methamphetamine enhances libido, especially if injected, the users typically have more sexual partners and are more likely to be HIV infected. In a study of California prison inmates, 32% of whom used methamphetamine prior to incarceration, showed a “dramatically higher” sex-related HIV/AIDS risk than non-methamphetamine abusers.417 Similar findings were reported with incarcerations of injecting drug users in Bangkok, Thailand.418 Compared with non-user controls, the independent risk factors for HIV infection were regular methamphetamine injection before detention (odds ratio, 3.3), sharing needles in the holding cell (odds ratio, 1.9), being tatooed while in prison (odds ratio, 2.1), and borrowing needles after prison release (odds ratio, 2.5). A history of drug injection also significantly increased the risk of HIV in African American heterosexual men (amphetamine odds ratio, 4.3; methamphetamine odds ratio, 2.9),419 and in Filipino Americans in San Francisco.420


				Steroids


				Numerous testosterone derivatives have been synthesized since its discovery in 1935. The research goals are to prolong its in vivo biological activity, producing orally active androgens, and developing anabolic-androgenic steroids (AAS) that are more anabolic and less androgenic than testosterone. Unfortunately, the use of AAS to enhance physical appearance, as well as physical and psychological capacities, has significantly increased over the past several decades in both adolescents and adults.


				Adolescent use of AAS in the U.S. has been particularly common in males in order to improve their physical appearance and athletic performance. Many of them use AAS in combination with alcohol and psychotropic drugs. Lange et al358 reported that about 5% of U.S. high school students had used illegal steroids. Their study showed that males were significantly more likely to use steroids than females (6.0% versus 3.9%) and whites were more likely to use steroids than blacks (5.3% versus 3.2%).


				Norwegian researchers evaluated the use of AAS in adolescents in three perspectives; performance enhancement in sports competition, body image and eating concerns, and AAS-use related to a cluster of problem behaviors.421 Their data suggested that AAS use is primarily another type of problem behavior (i.e., marijuana use and aggressive conduct) and is only secondarily associated with disordered eating and power sports participation. Others evaluated the risk profile of AAS use in 2,700 Swedish adolescents as to the importance of social, personality and health factors.422 Their findings showed that immigrant status, low to average self-esteem, low to average perceived school achievement, and use of prescription sedatives/tranquilizers were significantly associated with AAS use (study controlled for truancy, strength training, alcohol intake). Thus, AAS user characteristics “include social, personality and health aspects,” in addition to strength training and multiple drug use.


				

High AAS intake has been associated with various behavioral characteristics including increased aggression and violence. For example, a recent report found that men who began AAS with intentions of increasing their muscle mass and strength were frequently involved in criminal activities, including violent offenses.423 Others, however, questioned whether AAS use causes aggression or whether aggressive individuals are more attracted to AAS.424 Although this study reported that 60% of AAS users indicated that AAS increased their aggressiveness, the authors noted that increased aggression “appeared more related to irritability and bad temper than acts of physical violence.”

				C. Unintentional Poisonings


				The number of unintentional poisoning deaths in the United States increased from 12,186 in 1999 to 20,950 in 2004.425 Indeed, as a cause of death, poisonings were second only to motor vehicle crashes in 2004. Most of these poisoning deaths were attributed to drugs, most of which resulted from abuse of illicit and prescription drugs.426 Since recent studies suggest that the unintentional injury mortality rate may be increasing for the first time in the U.S. since 1979, these latter researchers examined the unintentional injury mortality trends by sex, race, mechanism and age group. Their findings showed that from 1992 to 2002, mortality increased 11.0% (males, 6.5%; females, 18.5%). The mortality rate declined among African Americans and other races but increased 16.5% among whites. During this 10-year period, fall rates increased 39.5% and poisoning rates increased 121.3%. The results raised the question as to whether these increases have one or more risk factors (i.e., increased use of alcohol and prescription drugs).


				Since there was a significant mortality increase in unintentional poisonings during the 1980s and 1990s, CDC researchers analyzed the most current data from the National Vital Statistics System.425 Their findings showed that poisoning mortality rates increased each year from 1999 to 2004 (62.5% increase during this period). The largest increases occurred in women (103.0%), whites (75.8%), persons living in the southern United States (113.6%), and persons aged 15-24 years (113.3%). Drug poisoning death rates increased 68.3%; mortality poisoning rates increased 1.3% for other substances.


				Herbal Products


				“Alternative”, “complementary”, and “unconventional” medical therapies are extensively used in the U.S. and many other countries. The use of one or more of the 16 alternative therapies increased from 33.8% in 1990 to 42.1% in 1997 and the probability of users visiting an alternative medicine practitioner increased from 36.3% to 46.3%.427 As a result, there were about 427 million visits to alternative medicine practitioners in 1990 and 629 million in 1997. These numbers significantly exceeded the total visits to all American primary care physicians during these time periods (about 357 million and 385 million, respectively). The most popular therapies were herbal products, massage, chiropractic, acupuncture, megavitamins, self-help groups, folk remedies, energy healing and homeopathy.


				The use of herbal products has become almost mainstream. Indeed, interest in dietary supplements “has exploded into a US $15 billion a year industry….”428 For example, in a study of adults entering an emergency department, 56% admitted that they had tried alternative therapies and 87% believed that they were effective.429 Of these, 24% had used herbal products. However, 71% had not informed their physician that they had tried alternative therapies. Moreover, herbal products have often been given to children.430 In this report, the mean age was 5.3 years (range 3 weeks to 18 years); 45% of the parents reported giving their child an herbal product. The most common therapies were aloe plant (44%), echinacea (33%), and sweet oil (25%). The most commonly used herbal products and their perceived health benefits are listed as their commonly used names in Table 8.7.


				 

				
					
						
								
								Table 8.7 Herbal Products: Perceived Health Benefits


							
						

						
								
								Aloe

							
								
								Wound healing, burns, psoriasis, constipation


							
						

						
								
								Chapparal

							
								
								Retard aging, acne, prevent various diseases


							
						

						
								
								Echinacea

							
								
								Treat/prevent colds and respiratory tract infections


							
						

						
								
								Ephedra

							
								
								Athletic enhancer, asthma, decongestant, stimulant


							
						

						
								
								Garlic

							
								
								Hypercholesterolemia, hypertension, cancer prevention


							
						

						
								
								Ginger

							
								
								Prevent motion and morning sickness, nausea


							
						

						
								
								Ginkgo

							
								
								Dementia, memory loss, claudication, circulatory disorders


							
						

						
								
								Ginseng

							
								
								Health promotion, sexual function, increase energy


							
						

						
								
								Kava

							
								
								Relieve anxiety and stress, sedative


							
						

						
								
								Saw palmetto

							
								
								Benign prostatic hypertrophy


							
						

						
								
								Silymarin

							
								
								Liver diseases/disorders


							
						

						
								
								St. John’s wort

							
								
								Depression, insomnia


							
						

						
								
								Valerian

							
								
								Insomnia, anxiety


							
						

					
				

				 

				Less commonly used herbal products include germander, cat’s claw, comfrey, danshen, dong quai and senna, among others. Unfortunately, “natural” means “safe” to many people despite considerable evidence to the contrary, since the overuse or wrongful use of herbal products can result in a variety of disorders, including death.


				

In contrast to pharmaceuticals, herbal products are not standardized. As such, they commonly contain substances of uncertain biological activity and there is little reliable information as to the safety of drug interactions or medical efficacy of many of these products. Moreover, since herbal products are classified as “dietary supplements” under the Dietary Supplement Health and Education Act of 1994, they are treated as foods, not drugs. In addition, herbal product labels must indicate that they do not “diagnose, treat, cure or prevent any disease.” Nevertheless, some herbal products merit close attention since their use is widespread and includes settings where polypharmacy is common. Unfortunately, most practicing physicians have limited knowledge of herbal remedies or their effects. The major products in this area include saw palmetto, St. John’s wort, Ginkgo biloba, echinacea, germander, and ginseng. The major herbal toxic effects are summarized in Table 8.8.

				 

				
					
						
								
								Table 8.8 Herbal Products: Potential Adverse Effects


							
						

						
								
								Allergic responses


							
								
								Aloe, cat’s claw, echinacea, garlic

							
						

						
								
								Cardiovascular

							
								
								Ephedra

							
						

						
								
								Coagulation


							
								
								Feverfew, ginger, garlic, ginkgo

							
						

						
								
								Dermatologic


							
								
								Garlic, kava, St. John’s wort

							
						

						
								
								Kidney


							
								
								Chaparral, ephedra, cat’s claw, aristolochic acid

							
						

						
								
								Liver


							
								
								Chaparral, comprey, echinacea, ephedra, germander, kava, valerian, Hydrocut

							
						

						
								
								Neurologic


							
								
								Ephedra, ginkgo, kava, St. John’s wort

							
						

						
								
								Psychologic


							
								
								St. John’s wort

							
						

						
								
								Transplant rejection


							
								
								St. John’s wort


							
						

					
				

				 

				It is of interest that ginkgo biloba is widely marketed and used with the hope of preventing, improving, or delaying cognitive impairment assosicated with aging. Nevertheless, a large randomized controlled, double-blind, placebo-controlled dementia prevention trial found that 120 mg taken twice daily was not effective in reducing the incidence of Alzheimer dementia or overall dementia.431 More recently, Snitz et al432 carried out a randomized, double-blind placebo-controlled clinical trial of 3,069 U.S. partricipants aged 72 to 96 years. After a median follow-up of 6.1 years, the use of 120 mg of ginkgo biloba taken twice daily “did not result in less cognitive decline in older adults with normal cognition or with mild cognitive impairment.”


				Hepatotoxicity is one example of the potential negative effects of herbal products. Over the past several years, numerous published reports have associated various herbal products with hepatotoxicity, the symptoms of which are indistinguishable from viral hepatitis.433 These researchers noted that fulminant toxic hepatitis causing death or requiring liver transplantation have been reported. Others reviewed recent studies regarding known and emerging herbal hepatotoxins including kava, Gol-Zhee, and pyrrolizidine alkaloids, among others.434 Moreover, the possible negative effects of herbal interactions with cardiovascular drugs was recently reviewed.435


				In 2001, the FDA received about 500 reports of adverse effects related to dietary supplements, while the U.S. poison-control centers received 19,468 reports.436 However, these numbers probably represent less than 1% of the adverse events caused by dietary supplements, including herbal products. Unfortunately, only a fraction of the reported cases are carefully investigated. The major shortcomings of the surveillance system of adverse effects associated with these supplements were recently published.437


				Because of the potentially serious medical effects related to herbal products, several countries (e.g., Australia, France, Germany, Sweden) implemented strategies for liscensing these supplements. Since this is also a very important need in the U.S., Marcus and Grollman438 emphasized that because of the increasing number of reports of “adverse effects and deaths associated with botanical health products, the distribution and widespread role of adulterated products, and the marked increase in misleading promotional claims on the Internet demand prompt action to protect the public health.”


				Chapter Summary


				Numerous diseases and disorders are associated with tobacco use, chronic excessive intake of alcohol, drugs (prescription, illicit, over-the-counter), and various herbal products. Indeed, about 50% of all deaths in the U.S. are currently attributable to these and other external factors (e.g., overweight/obesity, physical inactivity, poor nutrition, high dietary salt and low dietary omega-3 fatty acid intake).439 As a result, the average life expectancy, as well as the quality of life, are significantly reduced while the medical costs are exorbitantly high.
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 Chapter 9. 

 Miscellaneous Factors Affecting Morbidity/Mortality


				Introduction


				In addition to the numerous factors presented in the previous chapters that increase morbidity and mortality, other important factors include psychological problems (stress, depression), violent deaths (suicide, homicide), motor vehicle accidents, the environment and occupation (air pollution, ultraviolet light, toxic metals/solvents, food and water supply), and parasitic and infectious diseases (Table 9.1).
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				Psychological Factors


				Psychological stress occurs when a person perceives that environmental demands tax or exceed one’s adaptive capacity. Stressful events are generally thought to influence the pathogenesis of disease by causing negative affective states (anxiety, depression), which then exert direct effects on biological processes or behavioral patterns that influence the risk of disease.


				Stress-Associated Coronary Heart Disease


				Chronic stressful events have been associated with various diseases including coronary heart disease (CHD), stroke, and HIV/AIDS. For example, it has been shown in many,1-5 albeit not all,6-8 studies that job strain increases the risk of a coronary heart disease event. Moreover, in a meta-analysis of 14 prospective studies involving 83,014 employees, the gender- and age-adjusted relative ratio of CHD for high versus low job strain was 1.43.9 However, after adjustment for other risk factors and possible mediators, the ratio decreased to 1.16. In addition, a prospective study of 972 men and women aged 35 to 59 years, who returned to work following a first MI, was shown to be at an increased risk of a recurrent CHD problem.10


				Similarly, Li et al11 conducted a prospective follow-up study to evaluate if a child’s death, a major parent stressor, increases the risk of myocardial infarction (MI) in parents. Over a 16-year period, 19,361 parents who lost a child, compared with 295,540 parents matched for family structure, were studied. The results showed that “the death of a child was associated with an increased risk of MI in bereaved parents.” Moreover, a dose-response association of adverse childhood experiences to ischemic heart disease in adulthood was also reported.12 In a literature review of this topic, the researchers noted five key variables as possible psychosocial risk factors for CHD: acute and chronic stress; hostility; depression; social support; and socioeconomic status.13


				Importantly, Rozanski and associates14 noted that new technologies and research from animal models have shown that acute stress “triggers myocardial ischemia, promotes arrhythmogenesis, stimulates platelet function, and increases blood viscosity through hemoconcentration.” In addition, acute stress causes vasoconstriction in the presence of atherogenesis in persons with CHD.


				Stress and HIV/AIDS


				Some HIV-positive individuals remain asymptomatic for extended periods of time and respond positively to medical treatment. Others, however, rapidly progress to AIDS onset and develop various complications and opportunistic infections, some of which may be secondary to stress. For example, Leserman and associates15 studied 96 HIV-infected gay men for nine years. Here, a higher average stressful life and a lower average social support predicted a more rapid progression to AIDS (increased AIDS risk by 50%). Higher anger scores and CD8 T-cells were also associated with a more rapid progression to AIDS. Stress is also a significant predictor of recurrent genital herpes in women with HIV.16

				An experimental study with rheusus macaques was carried out to test the hypothesis that psychosocial stressors contribute to the variation in the cause of AIDS.17 The authors noted that the study results fully support the human studies wherein exposure to social stressors results in decreased survival.


				Depression and Coronary Heart Disease


				Stressful events have been associated with major depressive disorders, as well as to depression. As reported by Monroe and Simons,18 during the three to six months preceding the onset of depression, 50% to 80% of depressed persons experience a major life event compared with 20% to 30% of non-depressed persons. Others reported that 20% to 30% of individuals who experience major stressful events become depressed.19 Thus, depression is a major pubic health problem in the United States and is responsible for an enormous economic burden, loss of productivity, and decreased quality of life, as well as increased mortality.


				Various studies have shown that depression is an important risk factor for coronary heart disease. For example, in a study involving 188 males, the risk of ischemic heart disease was three times higher among those with depression than among those without depression (odds ratio, 3.09).20 This association remained when smoking status, diabetes, hypertension and the underprivileged area score were included. However, depression was not an important risk factor for ischemic heart disease in women. Similarly, in a prospective study of 1,190 male medical students (The Precursors Study), clinical depression was also an independent risk factor for coronary heart disease.21 Moreover, in a Canadian study that evaluated the association between depression and the risk of sudden cardiac death after an acute MI, the authors concluded that there was “a role of both depressive symptomatology and social factors in influencing mortality risk after MI.”22


				In a cohort study of 2,847 men and women aged 55 to 85 years at baseline, depression significantly increased the risk of cardiac mortality in persons with and without cardiac disease.23 This increased mortality risk was more than twice that in those with major depression compared with those with minor depression. Moreover, depression and anxiety reportedly predict an increased risk for major adverse cardiac events (cardiac death, MI, cardiac arrest) in patients with stable coronary artery disease.24 Unfortunately, following an acute MI, depressed individuals are less likely to follow recommended behavior and lifestyle changes intended to reduce the risk of a possibe subsequent cardiac event.25


				Since the association between depressive symptoms and mortality in the elderly has been somewhat contradictory, Schulz et al26 examined the relation between baseline depressive symptoms and 6-year all-causes mortality in 5,201 men and women aged 65 years and older. Their findings showed that “high levels of depressive symptoms are an independent risk factor for mortality in community-residing older adults,” possibly related to motivational depletion. Depression is also frequently associated with suicide, the 11th cause of death in the United States.


				Depression and Stroke


				Although higher depression scores estimated by the Center for Epidemiological Studies Depression Scale were associated with an increased risk of stroke in the elderly, the association was not statistically significant after adjustment for known risk factors.27 However, a subsequent study showed that persons with five or more depressive symptoms had higher stroke mortality than those with fewer symptoms.28 Moreover, an Australian study also showed that depressive symptoms predict an increased risk of stroke in persons aged 60 years and older.29 Likewise, Ohira et al30 prospectively studied a large group of Japanese men and women aged 40 to 78 years for 10 years. Their findings also showed that depressive symptoms predict an increased risk of stroke, especially ischemic stroke.


				Others prospectively studied psychological distress in 2,201 men aged 45 to 59 years to evaluate the incidence of nonfatal and fatal ischemic stroke and transient ischemic attack (TIA).31 Their results showed that 22% of the men suffered from psychological distress, of which there were 130 incident strokes (17 fatal; 113 nonfatal). Compared with men without psychological stress, the relative risk of an incident stroke was 1.47, while the relative risk for fatal stroke was 3.36; for nonfatal stroke it was 1.25. The researchers concluded that “psychological distress is a predictor of fatal ischemic stroke but not of nonfatal ischemic stroke or TIA.”


				

 

				Violence

				In 2005, an estimated 50,000 persons died as a result of violence-related injuries in the United States (the latest figures available in 2008).32 The majority of violent deaths were suicides followed by homicides and deaths involving legal intervention (e.g., a suspect is killed by law enforcement officer in line of duty), violent deaths of undetermined intent, and unintentional firearm deaths. Suicide was the second leading cause of death for persons aged 25-34 years and the third leading cause of death for those aged 10-24 years. Similarly, homicide was the second leading cause of death for individuals aged 15-24 years, the third leading cause of death among those aged 25-34 years, and the fourth for persons aged 1-14 years.


				Suicide


				Suicide is defined as a death resulting from the use of force against oneself in which this force was intentional. It does not include deaths caused by chronic or acute substance abuse without the intent to die. Suicide, a major cause of mortality world-wide, is the 11th most common cause of death in the United States (Chapter 1). However, suicide was the second leading cause of death among Americans aged 40 years and younger in 2005.


				In 2003-2004, the age-adjusted suicide rate in seven states collecting data (Alaska, Maryland, Massachusetts, New Jersey, Oregon, South Carolina, Virginia) was just over nine per 100,000 population.33 The overall highest suicide rates were among persons aged 35 years and older (12.6/100,000 population for persons aged 35-64 years; 12.1/1000,000 for those 65 years and over). The highest suicide rate was among males aged 65 years and over (28.9/1000,000); for women, the highest suicide rate was in the 25-64 year age group (6.9/100,000). In order of decreasing magnitude, the causes of suicide were depression, intimate partner conflict, physical health problem, history of prior suicide attempt, and alcohol dependence.


				With respect to alcohol dependence in the U.S., an estimated annual 79,646 alcohol-attributable deaths (AAD) and 2.3 million years of potential life lost (YPLL) were attributed to excessive alcohol use during 2001-2004.34 Of these, an estimated 5,800 AAD and 189,667 YPLL were associated annually with suicide. Data collected for the period 2005-2006 indicated that about 24% of suicide decedents had blood alcohol levels above the legal limit (0.08 g/dL).35 The highest percentage occurred among American Indian/Alaska Natives (37%) followed by Hispanics (29%) and persons aged 20-49 years (28%).


				In CDC’s National Violent Death Reporting System regarding violent deaths from 16 U.S. states (16NVDRS) in 2005, the overall suicide rate was 11.5 per 100,000 population.32 The rate for males was about four times that of females (18.4 and 4.8/100,000 population, respectively). The highest suicide rates by age group occurred among persons aged 75-84 years and those aged 45-54 years (17.0 and 16.9/100,000, respectively). Males, aged 35-64 years, accounted for about 50% of the suicide deaths; children, aged 10-14 years, had the lowest suicide rate among all age groups (1.5/100,000 population).


				As reported by Bridge et al,36 there was a steady decline in the suicide rate among American youth in the decade before 2003-2004, at which time it increased 18%. To determine whether this increase continued, they evaluated the data from 2004 to 2005 (the latest data available). Their findings showed that, although the rate decreased by 5.3%, the rate still significantly exceeded the expected rates based on the 1996-2003 trend. Hence, the excess suicide mortality rate in 2004-2005 “was not a single-year anomaly.”


				Homicide


				Homicide is defined as a death resulting from the use of force or power, actual or threatened, against another person, group or community when evidence indicates that the use of force was intentional. The age-adjusted homicide rate for the data obtained for the seven states in 2003 and 2004 was 5.6 and 5.1 per 100,000 population, respectively. For the seven states in 2003, the highest age rate (12.4/100,000 population) was among victims aged 15-24 years.32 In 2004, the homicide rate for men was 3.3 times higher than for women (8.3 and 2.5/100,000, respectively). The total number of homicides in 2004 was 3,758. In the order of decreasing magnitude, the circumstances were precipitated by another crime, intimate partner conflict, drug involvement, argument over property/money, brawl and gang-related.


				With respect to the 16 states study in 2005, there were 4,483 homicide incidents.32 The homicide rate was 6.1 per 100,000 population, the majority of which had never been married (54.7%) and less than 25% were married at the time of their deaths. As in the 2003 seven states study, the rate for males was about 3.7 times that of females. Blacks accounted for the majority of homicide deaths (50.6%; 19.4 deaths/100,000 population) followed by American Indians/Alaskan Natives (9.9/100,000) and Hispanics (8.2/100,000). Age-specific homicide rates were highest among persons aged 20-24 years (15.9/100,000 population).


				In this latter report, firearms were used in the majority of suicide deaths (51.5%) followed by hanging/strangulation/asphyxiation (19.7%) and poisoning (16.8%). In males, firearms were used in 57.3% of cases, whereas in women they were used in 30.3% of cases [poisons were most common in women (36.0%)].


				

Motor Vehicle Accidents

				Although road fatalities have continued to fall over the past several decades, motor vehicle accidents continue to be a major cause of injury and death in every state and region of the United States. In 2005, the most recent year that motor vehicle-related data was available in 2009, there were 45,520 deaths.37 From 1999-2005, the average annual death rate ranged from 7.9 per 100,000 population in Massachusetts to 31.9 in Mississippi. Among regions, the mortality rate ranged from 9.8 per 100,000 population in the Northeast to 19.5 in the South. Although the South accounted for only 36% of the national population during this study period, it accounted for 46% of the deaths.


				As might be expected, the mortality rate for men was more than twice that for women (21.7/100,000 and 9.4/100,000, respectively). Moreover, the mortality rate for Alaska Native/American Indians (27.2/100,000) was nearly double the rate for whites (15.7) and blacks (15.2). For persons aged 15-24, the death rate (26.8/100,000) was 74% higher than the overall rate (15.4/100,000). Although the death rate remained flat from 1999-2005 among the 15-24 year age group, it increased by 8% among persons aged 45-64 years and by 4% among persons aged 25-44 years. However, the annual rate decreased by 18% among persons 14 years and younger and by 15% among those 75 years and older.


				Motor vehicle accidents are the leading cause of death for U.S. teenagers, accounting for about 40% of fatalities.38 In this report of 2,420 fatal motor vehicle crashes, 158 fatalities were “novice” drivers (i.e., aged 16 years). This group was more likely to have been speeding [odds ratio (OR) 1.87]; driving recklessly (OR 4.78); charged with a traffic violation (OR 3.08); in a single vehicle (OR 1.84), rollover (OR 1.36) or run-off-the-road (OR 1.54) crash; and carrying two (OR 4.52) or more (OR 4.07) passengers. Moreover, 48% did not use the safety belt. Thus, “novice drivers bear considerable responsibility for their fatal crashes.” Although young male drivers surpass young females in the number of fatal crashes, unfavorable trends are now linked to crash fatalities in young females.39 Compared with people of normal body weight, obesity also increases the risk of serious and fatal injury in motor vehicle crashes.40,41


				Unfortunately, motor vehicle drivers are increasingly using electronic devices, such as calling/sending messages from cell phones (texting), watching video, and searching the Intenet, while driving.42 In 2009, 5,870 individuals died (16% of all fatalities) and an estimated 515,000 were injured in police-reported crashes due to driver distraction. Moreover, compared with other activities that draw a driver’s attention from the highway, texting had the highest odds ratio of a serious vehicular accident, which is about 23 times higher than nontexting drivers. Indeed, young drivers who text spend up to 400% more time with their eyes off the road than drivers who do not text.


				Of course, traffic fatalities commonly occur worldwide. For example, road traffic accidents result in more than 3,000 deaths each year in the United Kingdom.43 Of these, over 65% involved excessive speed, excess alcohol intake, and failure to wear a seat belt.


				Occupational Injuries


				Although occupational injuries contribute significantly to morbidity and mortality, they are commonly under-recognized. Nevertheless, exposure to work-place hazardous materials may cause or aggravate diseases as diverse and common as dermatitis, asthma, cancer, and tuberculosis.44 During the 1990s, the yearly estimates of the number of occupation-related diseases ranged from 125,000 to 350,000, as well as 5.3 million work-related injuries.45 These occupation-related disorders occur in both industry and agriculture as underrecognized endemic diseases and sporadic epidemics. As recently reported, 49,000 annual deaths were attributed to work-related diseases.46 In 2007, approximately four million private-sector workers had a nonfatal occupational illness or injury.47 Moreover, an estimated 3.4 million workers were treated in emergency departments and about 80,000 were hospitalized in 2004.


				With respect to agriculture, Leigh and associates48 estimated that there were 841 agricultural work-related deaths and 512,539 non-fatal injuries in 1992. During 1992-2006, 423 heat-related deaths among crop workers were reported.49 With respect to specific argiculture-associated diseases, McLean and associates50 reported increased odds ratios (OR) primarily for chronic lymphocytic leukemia in agricultural sectors as follows: horticulture/fruit growing (2.62), plant nurseries (7.51), and vegetable growing (3.14). The ORs were greater in women (4.71, 7.75 and 7.98, respectively). Others reported that patients with chronic obstructive pulmonary disease (COPD) “commonly have a history of agricultural exposure that may contribute to the development of COPD.”51


				Relatively unknown work-related fatalities are also associated with operations involving tree care.47 Preliminary data from 1992-2007 indicated a total of 1,285 workers died while performing tree care and maintenance. The most common causes of death were being struck by or against an object (42%), falls to a lower level (34%), and electrocutions (14%). An estimated 57% of the decedents worked for companies with ten or fewer employees. Another work-related mortality involves commercial fishermen.52 Commmercial fishing was one of the most dangerous occupations in the United States during 2000-2006 at which time the average annual fatality rate was 115 deaths per 100,000 fishermen (average rate among all U.S. workers was 4.0/100,000). Moreover, oil and gas extraction activity, a growing U.S. industry, was associated with an annual fatality rate of 30.5 per 100,000 workers (404 fatalities during 2003-2006).53

				Although there were an estimated 6,500 job-related deaths and 13.2 million non-fatal injuries in the United States in 1992,54 the Bureau of Labor Statistics reported a total of 5,702 work-related fatal injuries in 2005.55 Compared with 1992, this represents an 8% decline in the number of deaths and a 23% decline in the fatality rate (4.0 compared with 5.2 per 100,000 workers). However, the greatest number of job-related diseases are heart attacks, asbestosis, silicosis and stroke.56 The occupations contributing the most heart attack deaths are truck drivers, managers, janitors, supervisors, firefighters and laborers.


				With respect to the nonfatal occupational injuries referred to above, Leigh et al57 estimated that the U.S. Bureau of Labor Statistics “missed between 33% and 69% of all injuries.” The authors concluded that some were “due to the excluded categories of government workers and the self-employed, as well as some due to underreporting.”


				Environmental Factors


				Toxic environmental agents include numerous chemicals and pollutants in the workplace, food, water supply and atmosphere, as well as solar radiation. Since these toxic agents can lead to numerous human illnesses, they are important causes of disability and death. These illnesses include, among many others, skin cancer from excess sun exposure, leukemia in persons exposed to aromatic hydrocarbons (e.g., benzene), asthma and chronic bronchitis due to organic dust exposure, lung cancer, pulmonary fibrosis and mesothelioma in persons exposed to asbestos, kidney failure and hypertension due to long-time lead exposure, and impairment of reproductive function in persons exposed to various organic solvents and pesticides.


				Air Pollution


				In 1952, stagnant weather conditions resulted in a rapid increase in the concentration of air pollutants in London, UK.58 As a result, more than three times the number of people died than expected (estimated excess death toll exceeded 4,000). The concentrations of sulfur dioxide and smoke were several thousand micrograms per cubic meter. Extreme air pollution in Belgium and Pennsylvania were reportedly similar.59,60 However, in a subsequent re-analysis of the 1952 London data that included long-term events, the estimated number of additional deaths was 12,000.61 Although steps were taken to significantly reduce air pollution in industrialized nations after 1952, prospective epidemiologic studies showed that mortality increased for more than a decade among people living in communities with increased concentrations of fine particulate air pollution.62,63


				Air pollution in cities is still linked to increased rates of morbidity and mortality in both developed and developing countries. Indeed, deaths from air pollution have been ranked as one of the top ten causes of disability by the World Health Organization (WHO). In 1995, WHO estimated that 460,000 avoidable deaths occur yearly as a result of particulate matter, primarily from outdoor urban exposures.64 Later, however, WHO and the World Resources Institute estimated that approximately 700,000 air pollution-associated deaths occur annually and about eight million world-wide avoidable deaths will occur by the year 2020.65


				Particulates


				Particulate air pollution refers to a mixture of solid particles that vary in size, composition, and origen. Since only very small particles can be inhaled deep into the lungs, the U.S.health standards for ambient air quality are based on the mass concentration of “inhalable particles”, which refers to those with an aerodynamic diameter of less than 10 um (particulate matter; PM10). Fine particulate air pollution includes particles with an aerobynamic diameter of 2.5 um or less (PM2.5). These latter particles are significantly more toxic than the larger particles since they can be breathed more deeply into the lungs.


				Research studies have clearly shown that particulate air pollution is linked to myocardial ischemia and infarction, ventricular arrhythmia, heart failure exacerbation, and stroke.66-70 An excellent example is a study by Pope et al71 in which they evaluated data collected from the Cancer Prevention II study. They found that long-term air pollution exposures were most strongly associated with mortality attributable to ischemic heart disease, heart failure, dysrhythmias and cardiac arrest. Their suggested mechanisms included pulmonary and systemic inflammation, accelerated atherosclerosis, and altered cardiac autonomic function. More recently, Miller and associates72 studied 65,893 postmenopausal women without previous cardiovascular disease in 36 U.S. metropolitan areas from 1994 to 1998 (median follow-up of six years). Their findings showed that each increase of 10 ug per cubic meter exposure to particulate matter of less than 2.5 um in aerodynamic diameter was associated with a 24% increase in the risk of a cardiovascular event and a 76% increase in the risk of death from cardiovascular disease.


				Long-term fine particulate air pollution is also associated with all-causes, lung cancer and cardiopulmonary mortality.73 In this extensive Cancer Prevention II study, each 10-microgram/m3 elevation of fine particulate air pollution was associated with approximately 4%, 6%, and 8% increased risk of all-causes, cardiopulmonary, and lung cancer mortality, respectively. In addition, long-term exposure to fine particulates also significantly increases the risk of deep vein thrombosis.74 However, no significant associations were found between coarse particulates (i.e., greater than 2.5 um) and hospital admissions for cardiovascuar and respiratory diseases.75 Importantly, the authors of a recent study concluded that epidemiologic studies understate the strength of the associations between air pollution and acute cardiovascular events and stroke.76

				With respect to fine particulate air pollution and life expectancy, Pope and associates77 evaluated life expectancy, socioeconomic status, and demographic characteristics in 211 counties in 51 U.S. metropollitan areas with matching fine particulate air pollution during the late 1970s/early 1980s and late 1990s/early 2000s. Their results showed that a decrease of 10 ug per cubic meter of fine particulate matter was associated with an estimated increase in mean life expectancy of 0.61 year. The finding was comparable with previous predictions of reductions in life expectancy of 1.11 years in the Netherlands,78 1.37 years in Finland,79 and 0.80 years in Canada.80 


				Motorized Traffic Pollution


				Exposure to air pollution from traffic is also associated with adverse cardiovascular events. In a double-blind, randomized cross-over study, men with a prior myocardial infarction were exposed to dilute diesel exhaust (300 ug/m3) or filtered air in two separate one hour sessions.81 After evaluation of the results, the authors concluded that “brief exposure to dilute diesel exhaust promotes myocardial ischemia and inhibits endogenous fibrinolytic capacity in men with stable coronary heart disease.”


				Both air pollution and local exposure to freeway traffic also have adverse long-term effects on lung function in young people. In the first of two studies, Gauderman et al82 annually evaluated lung function in 1,759 children (average age 10 years) in southern California. After eight years, the results indicated that the current levels of air pollution had chronic negative effects on lung development. In a subsequent eight-year study involving 3,677 children (mean age 10 years), these researchers found that exposure to freeway traffic also has adverse effects on children’s lung development, which was independent of regional air quality.83


				Others estimated the impact of total and traffic-related air pollution on public health in Switzerland, France and Austria.84 Total air pollution caused more than 40,000 deaths per year (6% of total mortality). About half of these deaths were attributed to motorized traffic, as well as more than 25,000 new cases of chronic bronchitis in adults, 290,000 bronchitis episodes in children, and more than 500,000 asthma attacks. A recent study also showed that exposure to traffic-related air pollution was associated with increased all-causes and circulatory mortality in Toronto, Canada.85 Similarly, a random sample of 5,000 people in the Netherlands (age 55-69 years) was followed from 1986 to 1994.86 The relative risk for cardiopulmonary mortality associated with living near a major road was 1.95. Non-cardiopulmonary and non-lung cancer deaths were unrelated to air pollution.


				Ozone


				The sun’s ultraviolet radiation is absorbed in the stratosphere (10-30 miles above the earth) by molecular oxygen (O2), which is dissociated into ground-state oxygen atoms which, in the presence of air, reacts with O2 to form ozone (O3).87 In the stratosphere, O3 protects against harmful ultraviolet radiation. However, man-made chemicals deplete the O3 layer such that more ultraviolet rays reach the earth’s surface and thereby increases the incidence of skin cancer and cataracts. In the troposphere (10-18 Km altitude), an excess of O3 is formed by O2 reacting with various air pollutants (e.g., automobile exhausts, organic solvents, industrial emissions). Ozone, a potent oxidant, can then react with a variety of biomolecules, especially proteins containing thiol (-SH) and amino (-NH2) groups, as well as the double bonds in unsaturated fatty acids and phospholipids.


				Although the results from early studies (e.g., short-term studies, statistically insignificant, limited data) have been inconsistent in the association between O3 and mortality, a later large study indicated that O3 was significantly associated with cardiopulmonary death, but not from ischemic cardiac disease.88 More recently, in an extensive study of 448,850 subjects with 118,777 deaths, Jerrett et al89 also found a significant increase in the risk of respiratory but not cardiovascular deaths.


				Carbon Monoxide


				Carbon monoxide (CO) is a colorless, odorless, and tasteless toxic gas produced by incomplete combustion in fuel-burning devices, including motor vehicles, portable generators, and gas-powered furnaces.90 Unfortunately, individuals with CO poisoning often overlook the symptoms (e.g., headache, dizziness, nausea, confusion) which may lead to death. In a study of 56,133 death certificates collected from 1979 to 1988, the causes of death contained codes implicating CO as a contributing factor in suicides (25,889), homicides (210), severe burns or house fires (15,523), and unintentional (11,547).91 Unintentional deaths decreased by 63 deaths per year from 1,513 in 1979 to 878 in 1988.


				From 2001 to 2003, there were an estimated 15,000 emergency department CO visits and 500 unintentional deaths in the U. S. each year.90 During 1999-2004, the time of the latest available information, CO poisoning was a contributing cause of death in 16,447 cases in the U.S.92 For this period, 439 persons died annually from unintentional non-fire-related CO poisoning (range: 400 in 1999 to 473 in 2003). Death rates were highest in adults aged 65 years and older and for men. Age-adjusted death rates were highest for non-Hispanic blacks and whites (6-year average annual rate per one million persons, 1.64 and 1.54, respectively).

				In a retrospective study to review demographic characteristics and drugs detected in CO-related deaths, the data were compiled into three groups according to an Ohio county coroner’s diagnosis as to the manner of death: accident, suicide, and homicide. There were 122 cases: 84 (69%) accidental, 31 (25%) suicide, and 7 (6%) homicide.93 Ethanol was detected in 28% of deaths (34) and therapeutic and/or abused drugs were detected in 41% of cases. Illicit drugs (cocaine/metabolites; THC/metabolites) were detected in 11% of cases; the other drugs were therapeutic medications. The most common therapeutic drugs were antidepressants and antihisaminics in suicides and pain medications and antihistaminics in accidents.


				Although deaths from CO poisoning decreased significantly in the U.S. from 1968 to 1998, Hampson94 reported that neither rates from poison control centers nor hyperbaric oxygen treatment changed significantly from 1992 to 2002. Thus, “the total burden (fatal and nonfatal) may not have significantly changed.”


				Asbestos


				Asbestos is a generic term for a group of six naturally occurring fibrous minerals, the basic unit of which is the silicate combined with various amounts of iron, magnesium, calcium, aluminum, and sodium.95 Asbestos fibers may result from mining, milling and weathering of asbestos-bearing rock. They may also come from the manufacture, wear and disposal of asbestos-containing products. As such, they are ubiquitous in the environment. Although asbestos has been banned in the U.S. since the 1970s, it is still used in construction materials. In 2006, approximately 2,200 metric tons of asbestos was still used in certain products manufactured domestically in the U.S.96 In addition, building insulation materials stockpiled before the ban remain in many homes and commercial buildings. As a result, the asbestos industry has shifted from manufacture to stripping and removal work. In this regard, Frost et al97 studied 31,302 stripping/removal workers in the Great Britain Asbestos Survey. The results showed that deaths were elevated for all-causes, all cancers including lung cancer and mesothelioma, and circulatory disease.


				In the early 1900s, it became evident that occupational exposure to asbestos causes asbestosis, a fibrotic lung disease.98 In the 1950s and 1960s, epidemiologic studies showed that occupational asbestos exposure also causes lung cancer and mesothelioma, a problem that still persists.99 For example, in a recent study of 924 consecutive cases of lung cancer without a history of occupational asbestos exposure in Italy, histologic asbestosis was demonstrated in 56 cases (“definately asbestos-related”).100 In five additional cases, asbestos particles were not microscopically demonstrated although there was pulmonary fibrosis and an increased concentration of asbestos fibers/gram dry weight. Extrapolation of their estimates on a national level suggested that about 2,000 cases of asbestos-related lung cancer occur in Italy each year, although only 281 cases were reported from all occupational causes in the years 1990-1995. A similar recent study of 584 male asbestos plant workers in China was reported.101 During the 30-year follow-up, 203 died (34.8%) of which cancer accounted for 37.4%. Among those with asbestosis, the odds ratios (OR) for lung cancer and nonmalignant respiratory diseases were 3.72 and 2.73, respectively.


				A follow-up study of 5,770 North Carolina asbestos textile workers revealed that 2,583 deaths were from all-causes and 277 from lung cancer.102 Mortality from all-causes, all cancers and lung cancer were significantly greater than expected; the Standardized Mortality Ratios were 1.45, 1.34, and 1.95 for all-causes, all cancers and lung cancer, respectively. In addition to lung cancer and mesothelioma, using data from the Great Britain Asbestos Survey, Harding and associates103 reported a significantly increased risk for cancers of the stomach, peritoneum and pleura. Moreover, a CDC report regarding malignant mesothelioma indicated that there were a total of 18,068 deaths in the U.S. that increased yearly from 1999 to 2005 (2,482 to 2,704, respectively).104


				CDC researchers also recently analyzed the annual underlying cause-of-death due to asbestos exposure from 1968-2005.105 The results indicated that the annual years of potential life lost (YPLL) before age 65 years attributed to asbestos increased 64% from an average of 146.0 YPLL per year during 1968-1972 to 239.56 YPLL per year during 2001-2005, for an overall total of 7,267 YPLL (mean per decedent: 6.2) over the entire period. As concluded in a 2009 report, there is “a clear association between asbestos consumption and deaths from asbestosis and indicates that asbestosis deaths are not expected to decrease sharply in the next 10-15 years.”106 Thus, the world-wide association between asbestos exposure and lung cancer, mesothelioma, and pulmonary fibrosis is significantly higher than reported.


				Trace Metals


				All body fluids and tissues contain low concentrations of various trace elements. Although the daily intake of many of these elements is necessary for optimal health, increased exposure may interfere with biologic activity leading to increased morbidity and mortality. Varying intake levels of the following 16 elements are considered essential for optimal health:107 arsenic, chromium, cobalt, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel, selenium, silicon, tin, vanadium and zinc. Nevertheless, the concentrations required for optimal health vary markedly. Unfortunately, many people become exposed to excessive levels, at which time some of these elements become poisons. In a study of 2,000 people aged 5 to 85 years, the most common elements present in toxic amounts were aluminum, arsenic, cadmium, lead, and mercury (Table 9.2).108
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				Aluminum


				The average daily intake of aluminum (Al), one of the world’s most abundent metals, ranges from 2-15 mg. However, only a very small amount of ingested Al is normally absorbed. As a result, Al poisoning is relatively uncommon. However, long-term Al exposure at primary Al smelter plants is a potentially significant problem. In addition to Al smelter workers, increased exposure may occur in persons receiving some buffered medications, are on dialysis, or receiving intravenous fluids. Other common sources that may lead to increased Al intake are Al cookware, coffee makers, beer and soft drink cans, baking powder, antacids, buffered aspirin, tea, bleached flour, pancake and cake mixes, non-dairy creamers, nasal sprays, food coloring, cigarette filters, and Kaopectate.109 Those at greatest risk are diabetics, dialysis patients, those who have undergone parathyroidectomy or transplant surgery, are iron deficient, and children.110


				In a long-term study of 2,264 male non-office workers (1942-2000) at a primary Al smelter in Sweden, there was a significant excess mortality risk due to chronic obstructive lung disease, mental disorders, and digestive tract diseases among the short-term workers (i.e., less than 10 years).111 An elevated risk of cancers of the lung, central nervous system, and esophagus was also noted. The highest lung cancer risk occurred among those employed for ten or more years. Others studied 4,396 Australian males who had worked in a pre-bake Al smelter for at least three months.112 This study found an increased risk for mesothelioma and kidney cancer, but not for lung or bladder cancers or death from respiratory disease. As noted by these researchers, the lack of excess risk for these latter diseases “may be related to the different level and pattern of exposure….” between the pre-bake and other smelters. Moreover, the workers in this latter study were not followed as long as those in the Swedish study.


				Since an inverse association between workplace status and risk of heart disease, hypertension, and injury is well established, Clougherty et al113 examined whether hourly status itself increases the risk of hypertension compared with salaried groups. After they examined data for 14,999 Al manufacturing employees in 11 U.S. plants, and adjusting for several possible confounders, hourly status was associated with a significantly increased risk of hypertension for hourly compared with salaried employees.


				In an early study, Perl and Brody109 used scanning electron microscopy and x-ray spectrometry to study autopsied brain tissue from cases of senile dementia (“Alzheimer’s type”) and elderly controls. They demonstrated foci of Al within the nuclear region of many neurons containing neurofibrillary tangles in both groups, suggesting that Al may have a role in Alzheimer’s disease. Since then, several studies have shown that exposure to high levels of Al leads to neurofibrillary degeneration and that Al levels are increased in degenerating neurons in Alzheimer’s disease. For example, in a recent 15-year follow-up clinical study (1988-2003), the authors examined the association between Al and silica exposure from drinking water and the risk of cognitive decline, dementia, and Alzheimer’s disease among 1,925 elderly persons who were free of dementia at baseline.114 Their findings indicated that a high daily intake of Al in drinking water was significantly associated with an increased risk of dementia and there “may be a risk factor for Alzheimer’s disease.” Recent animal studies have also added important information in this complex area. Ribes et al115 evaluated the association between low oral dose of Al on special learning and neurogenesis in a young transgenic mouse model of Alzheimer’s disease. Their findings showed that low Al doses impaired learning and memory in wild mice and increased the total number of proliferating cells in the hypocampal dentate gyrus. Others assessed the learning capacity of young and aged rats using the Y-image test for cognitive function.116 After 90 days of AlCl3 treatment, ultrastructural studies of the frontal cortex of the Al-exposed rats showed that the changes were more pronounced in the aged-treated rats in terms of the presence of spongioform lipofuscin, vacuolization, and lysosomal degradation compared with the normal saline-treated controls. Changes in synaptic morphology and decreased number of synapses were also detected in the frontal cortex of the Al-treated aged rats. The authors concluded that Al “may be responsible for the development of age related disorders, such as Alzheimer’s disease.” Nevertheless, because of the complexity of this association, the possible role of Al in Alzheimer’s disease remains controversial. Two reviews regarding the possible association of Al toxicity and Alzheimer’s disease were recently published.117,118

				Arsenic


				Arsenic (As) has been used for centuries, both as a medicine and a poison. Hippocrates and Galen recommended arsenic sulfide to treat peptic ulcers. Arsenic was later commonly used to treat headache, fevers, and syphilis. During the first 50 years of the 20th century, As was widely used in medicine, as well as for pest control. However, most recent attention has focused on its possible use as a terrorism agent (e.g., Lewisite, arsine gas). Increased awareness of exposure from decks and playground equipment constructed from timber treated with chromated copper arsenate and the lowering of arsenic levels in drinking water have also received considerable attention.


				Persons currently at risk for As poisoning are employees in those industries that produce or use As-containing compounds, those whose water supply contains increased levels, and those living near sources of increased ambient air levels. Moreover, As may be released into the environment as a by-product in the mining and smelting of lead, copper and zinc.119 It is also released into the atmosphere when coal and fuel oils are burned. Moreover, As is used in pesticides, herbicides, wood preservatives, batteries, rat poisons and as growth promoters in poultry and livestock. Indeed, significant As contamination has been reported in China, Taiwan, Vietnam, Cambodia, Pakistan, Nepal, Mongolia, Chile and India.119 Over 4,000 villages in India and Bangladesh are exposed to increased As levels and 20% or more of these populations have symptoms of As poisoning.


				Increased arsenic intake is a probable risk factor for several cancers. For example, in a study of 687 basal cell and 284 squamous cell carcinomas of the skin, the odds ratios for skin squamous and basal cell carcinomas were 2.07 and 1.44 for individuals whose toenail As levels were above the 97th percentile, compared with those whose levels were at or below the median level.120 Researchers in Finland measured the As levels in drilled water wells and evaluated the possible association of As exposure and the risk of kidney and bladder cancers.121 Although none of the exposure indicators (i.e., As concentration in wells, daily and cumulative doses) were associated with an increased risk of kidney cancer, bladder cancer was significantly associated with As levels, as well as the daily dose during the third and ninth years prior to cancer diagnosis. Similarly, Nieder et al122 evaluated the association between early and advanced bladder cancer diagnosed between 1998 and 2002 in various areas (clusters) in Florida. The results showed that persons living in 25 cluster areas had an increased bladder cancer rate compared with other areas; advanced bladder cancer was associated with living in close proximetry to drinking water wells known to be contminated with As.


				In China (Inner Mongolia), mortality from heart disease, cancer, and all-causes was also shown to be associated with long-term well-water exposure.123 In addition, in a prospective long-term study of 20,000 men and women in Bangladesh, low-to-moderate levels of As exposure was associated with an increased risk of pre-malignant skin lesions, hypertension, neurological dysfunctions, and all-causes and chronic disease mortality.124


				Lead


				The association between lead (Pb) exposure and disease was recognized by Greek physicians over 2000 years ago. Although Pb sources have changed significanly since then, and exposure is largely preventable, poisoning remains among the most studied health problems and is among the most common environmental illnesses among children. Indeed, chronic Pb exposure continues to be a problem even though the accepted blood levels have decreased from 60 ug/dL in 1950 to 10 ug/dL in 2000.125 In addition to being a health risk factor, lead poisoning is also extremely expensive, the recently estimated annual total cost in the U.S. being $43.4 billion.126


				In 1990, an estimated 17% of American children (3-4 million) were at risk for Pb poisoning,127 and in 2001 Campbell108 reported that 3% of 2,000 persons aged five to 85 years had increased blood Pb levels. Although the U.S. Centers for Disease Control (CDC) reported that 4.4% of children aged one to five years had increased blood Pb levels (> 10 ug/dL) during 1991-1994, the percentage had decreased to 2.2% in 2003.128 Nevertheless, as reported by Marsden,129 “current evidence suggests that there is no threshold blood level at which lead has no adverse effect on health.” Moreover, regular testing of water for Pb levels remains critical. For example, during 2001-2003 when lead in water was high compared with the year 2000 when the level was low, the incidence of elevated blood Pb levels for young children in Washington, DC increased more than four times .130 The risk of Pb exposure also varied markedly in different neighborhoods. Comparing the year 2003 with 2000, the incidence of blood levels of 10 or more ug/dL increased 2.4 times in high risk neighborhoods, but decreased in low-risk neighborhoods. Children who live in older homes that often contain Pb-based paints and Pb-contaminated dust are also at a significantly increased risk of Pb exposure. As with other toxic contaminants, those living in inner cities are particularly vulnerable to Pb exposure. Nevertheless, no racial or subgroup of children is free from the adverse effects of Pb.


				

The signs and symptoms of acute Pb poisoning include abdomnal pain, cognitive deficits, peripheral neuropathy, arthralgias, decreased libido and anemia. Chronic Pb exposure may also lead to serious medical problems. Since Pb is a neurotoxin that accumulates in bone with a half-life of 25-30 years, Khalil et al131 evaluated the association of Pb bioworkers and cognitive function in a cohort of exposed and non-exposed workers over a 22-year period. In the exposed workers, bone lead levels predicted lower current cognitive performance and cognitive decline over the study period. Moreover, in the Pb-exposed workers 55 years and older, higher bone Pb levels predicted poorer cognitive scores. There was no association between bone Pb levels and short-term exposure. Several recent reports also showed that blood levels of 10 ug/dL or below in children may lead to serious conditions. For example, Canfield et al132 measured blood Pb levels in children aged 6, 12, 18, 24, 36, 48 and 60 months and tested their intellectual abilities at three and five years. The authors noted that blood Pb levels “even those below 10 ug per deciliter, are inversely associated with children’s IQ scores at three and five years of age….” Increased Pb exposure also appears to be related to aggressive and violent behavior. For example, in an extensive cross-sectional ecological study from all (i.e., 3111) counties in the contiguous American 48 states, the homicide incidence rate ratio was 4.12 for the highest air lead level compared with the lowest level.133

				Although it had been well documented that high doses of Pb result in nephropathy, Kim et al134 examined whether low lead exposure is also associated with impaired renal function. In this retrospective long-term cohort study of 459 men in the Boston area, the researchers concluded that the results “suggest an acceleration of age-related impairment of renal function in association with long-term low-level lead exposure.” Over the past 2-3 decades, several studies have also suggested that low levels of Pb exposure among adults may increase their risk of hypertension.135-137 More recently, a cross-sectional sample of 2,165 women aged 40 to 55 years was followed for six years.138 The findings showed that a change of blood lead levels from the lowest quartile (0.5-1.6 ug/dL) to the highest quartile (4.0-31.1 ug/dL) was associated with a significant increase in both systolic and diastolic blood pressures. Those in the highest quartile had increased risks of both systolic (> 140 mm Hg) hypertension (odds ratio, 1.5) and diastolic (> 90 mg Hg) hypertension (odds ratio, 3.4). This association was even stronger in postmenopausal women.


				Of course, increased Pb exposure and associated medical disorders is worldwide. Although Chinese children’s blood Pb levels have decreased since leaded gasoline was banned in 2000, a recent study showed that these children still have blood Pb levels higher than in other developed countries.139 Although Chinese regulatory limits on Pb in paints have been in place for many years, a recent study indicated that Pb-based paints are still very common in new paints available for housing and in existing residential paints.140 Thus, 29 of 58 new paint samples (50%) had lead content equal to or exceeding 6000 ppm; 14 (24%) were equal to or exceeding 5,000 ppm (one sample contained 153,000 ppm). Increased blood Pb levels are also commonly present in some rural and urban areas in Bangladesh,141 as well as in Hispanic children in the U.S.142


				Mercury


				For centuries, mercury (Hg) was used for both medicinal purposes and as a poison. Today, it is primarily used in various commercial areas. However, Hg and the organometallic compounds formed from it are among the most toxic of substances in the global environment. In 1973, more than 500 deaths occurred in Iraq and more than 600 additional people were hospitalized after eating bread prepared from wheat treated with a Hg-containing fungicide.143 A decade later, mass poisoning occurred in Japan due to fish contamination after Hg compounds were dumped into the ocean. Approximately 80% of the Hg in fish is in the form of methylmercury, which is significantly more toxic than elemental or inorganic Hg. As a result of these and other negative events, attention currently focuses on the poisonous effects of mercury-contaminated seafood, use in dental amalgams, vaccine administrations, and in some folk remedies.144 Unfortunately, the results of a recent report concerning the Irish healthcare system indicated the following: Hg spills occurred in 30% of healthcare settings; no training was provided in handling Hg equipment or in the management of Hg spills; and only 10% of health services had Hg clean-up kits.145 Similar conditions presumably exist in many other countries.


				Environmental Hg primarily comes from natural sources such as soil erosion and degassing of the earth’s crust, fossil fuel combustion, waste incineration, Hg spills and smelting processes.107,146 Since elemental Hg is a liquid, it readily vaporizes at room temperature and enters the body through the lungs. Whereas less than 3% is absorbed through the skin, 70-80% enters through the lungs.146 If ingested, less than 0.1% is absorbed from the gastrointestinal tract. Since Hg is lipid soluble, it not only readily passes into the lungs, but also into the placenta and the central nervous system.


				Methylmercury is a potent neurotoxin and once incorporated into the body it readily penetrates the blood-brain barrier and causes damage to the central nervous system, particularly in fetuses. Emerging evidence now suggests that some autism spectrum disorders may result from a combination of genetic/biochemical susceptibility such as a reduced ability to excrete Hg, as well as exposure to Hg at critical developmental periods.147 Increased methylmercury blood levels also negatively affects cognitive functions in adults.148 In this study, total Hg and methylmercury were measured in 240 adult residents in Taiwan who lived near a deserted chloralkali plant. Using the Cognitive Abilities Screening Instrument and the Mini-Mental State Examination, they found that higher abnormality rates for remote memory, mental manipulation and orientation were significantly increased in those with high methylmercury blood levels compared with those with low levels. The authors concluded that long-term consumption of methylmercury-contaminated fish and seafood by those living near the contaminated area “may have persistent effects in their cognitive function.” An increased prevalence of late cognitive effects in dental personnel exposed to metallic Hg has also been reported.149 In this Norwegain study of 608 female dental assistants and 425 female controls, the relative risk was 1.6 for those with three or more frequent symptoms (i.e., neurology, psychosomatics, memory, concentration, mood, sleep disturbances, fatigue) and 2.0 for those having five or more symptoms as frequently.

				Exposure to methylmercury in seafood may also increase the risks of decreased height and weight, as well as neurobehavioral dysfunction in breast-fed infants. For example, Grandjean et al150 reported that doubling of the cord blood Hg concentration was associated with a decrease in both height and weight at 18 months of age in breast-fed infants. In another study, these researchers reported that maternal Hg exposure during pregnancy was associated with neuropsychological deficits at age seven years,151 a finding that supported earlier studies.152-154 Furthermore, after adjusting for the positive effects of fish/seafood consumption during pregnancy, increased cord blood Hg levels were also found to be associated with reductions in the psychomotor scores at 36 and 48 months of age.155


				Because of the wide range of Hg blood levels in healthy populations, their interpretation is somewhat complicated. However, for populations consuming moderate amounts of seafood, blood levels are generally 5.0 ug/L or less, a value well below the U.S. Environmental Protection Agency’s recommended upper level of 5.8 ug/L, which is considered benign. However, in a recent study of 1,250 children aged one to five years and 2,314 women aged 16 to 49 years, Schober et al156 reported that the blood Hg levels were about three-fold higher in the women than in the children. In women who ate three or more fish servings in the previous 30 days, the blood Hg levels were four times higher than in those who consumed no fish during this time. Moreover, 8% of the women had Hg blood levels greater than 5.8 ug/L.


				Since Hg exposure is a risk factor for neurodevelopmental toxicity, Diez and associates157 assessed its exposure in 218 preschool Spanish children and newborns by measuing total and methylmercury hair levels (mean total Hg, 0.94 ug/g of hair in preschool children; 1.68 ug/g in newborns). Regardless of the group, the direct association between Hg levels and fish consumption was present. In children, the mean total Hg level among those who consumed fish four or more times per week was about three times higher than those who rarely consumed fish. The researchers concluded “that levels of mercury in Spain are among the highest in the non-exposed populations probably because of the relatively high fish consumption.” The National Health and Nutrition Examination Survey (NHANES) 1999-2000 data also showed that among frequent fish consumers, geometric mean hair Hg levels were 3-fold higher for women and 2-fold higher for children compared with non-consumers.158


				Because of the wide range of Hg exposure in the Amazon region (mainly deforestation, reservoirs), increased exposure takes place through inhalation and fish consumption.159 In this literature review, the authors noted that dietary Hg intake (1-2 ug/kg/day) is significantly higher in this region than the World Health Organization recommendation of 0.23 ug/kg/day. As a result, the association between Hg exposure and neurobehavioral deficits, as well as clinical signs, has been reported in several Amazonian countries. There was also evidence of cytogenetic damage, immune alterations and cardiovascular toxicity.


				In addition to seafood intake, Hg in thimerosal, which is present in many vaccines and flu shots, reportedly contributes significantly to autism, attention deficit disorder, mental retardation and even death in children.160 Decomposition of thimerosal can produce other toxic Hg compounds including methylethylmercury and diethylmercury. Others noted that thimerosal in vaccines, routinely given to infants in the U.S. by six months of age, may increase the risk of Kawasaki’s Disease.161 Increased mercury exposure may also be associated with kidney dysfunction162 and various endocrine disorders.163


				Increased Hg levels have been reported as a possible risk factor for coronary heart disease and myocardial infarction. In an early prospective cohort study of Finnish men, fish consumption and Hg levels in hair were both positively associated with coronary heart disease and myocardial infarction.164 The results of a more recent case-control study involving eight European countries and Israel indicated that toenail Hg levels were directly associated with an increased risk of myocardial infarction.165 Thus, “high mercury content may diminish the cardioprotective effect of fish intake.” However, in the same journal issue, the authors concluded from their nested case-control study that although toenail Hg levels significantly correlated with fish consumption, their “findings do not support an association between total mercury exposure and the risk of coronary heart disease, but a weak relation cannot be ruled out.”166 Increased Hg exposure may also increase the risk of liver cancer (inorganic Hg)167 and leukemia (methylmercury).168,169

				As a result of the relatively common exposures to Hg and the associated diseases/disorders, the economic consequences are considerable. For example, using the national blood Hg prevalence data from the Centers for Disease Control and Prevention, between 316,588 and 637,233 U.S. children each year have cord blood levels greater than 5.8 ug/L, the level associated with loss of IQ which persists over their entire lifetime.170 The cost of lost productivity, the major cost of methylmercury toxicity, is about 8.7 billion dollars per year (US$ in the year 2000), of which about 1.3 billion dollars is due to U.S. power plant emissions. These costs, however, did not include those associated with health-related diseases/disabilities. The global health impacts and costs due to Hg emissions was recently evaluated.171


				Cadmium


				Cadmium (Cd), one of the most toxic elements to which humans can be exposed to, occurs naturally in the environment and as a pollutant emanating from agricultural and industrial sources. Although Cd levels in food, water and ambient air are apparently not a health concern for most people in North America, environmental Cd contamination from industrial processes, fossil fuel combustion and Cd-containing wastes is of significant importance.172 Since there are no known biologic benefits of Cd, even low levels might be considered toxic. Indeed, over 500,000 American adults in 1992 were occupationally exposed to Cd levels that may have been harmful.173 These included auto mechanics, alloy makers, battery makers, cable trolley wire makers, cadmium platters, dental amalgam makers and smelterers, among others.174 Since the allowable exposure limits for workplace air decreased from 1,000 ug/m3 in 1941 to 5.0 ug/m3 in 1992, current air samples from various U.S. cities vary from 0.002 ug/m3 to 0.05 ug/m3. Although these levels are very low, the biologic half-life of Cd is 10 to 30 years. Therefore, the body burden increases throughout life such that the cumulative effect can be significant even in persons not occupationally exposed to Cd. In addition, cigarette smoking further contributes to Cd intake since blood levels increase about 1.6% for each cigarette smoked per day.107 Since Cd was recently shown to produce a more intense inflammatory response in male rats compared with female rats,175 this association may also apply to humans.


				Once absorbed, Cd is particularly toxic to the kidney, especially to the proximal tubular cells, the major accumulation site.176 Cadmium-induced renal tubular and glomerular damage is irreversible and may progress to kidney failure even after Cd exposure has been eliminated. Early studies implicated Cd as a risk factor for pulmonary disease, hypertension, and coronary heart disease.177,178 More recently, Menke et al179 evaluated the association between urinary Cd levels with all-causes and cause-specific mortality in the U.S. general population. After multivariable adjustment, including smoking, the hazard ratios for all-causes, cancer, cardiovascular disease and coronary heart disease mortality were 1.28, 1.55, 1.21 and 1.36, respectively for men. However, the hazard ratios were not increased for women. As noted in a recent review, Cd and other heavy metal toxicants (e.g., lead, mercury) may also account for the recent declining fertility in men in developing countries by reducing the sperm count and testis function.180


				Cadmium is now classified as a human carcinogen by the International Agency for Research on Cancer and the National Toxicology Program. Indeed, as noted by Joseph,181 Cd induces cancer by various mechanisms, the most important being aberrant gene expression, inhibition of DNA damage repair, induction of oxidative stress and inhibition of apoptosis. Numerous studies have shown that the administration of Cd in laboratory animals results in tumors of multiple organs/tissues. As noted by the following examples, a causal association between Cd and various cancers has also been reported in humans.


				In a case-controlled German study, the odds ratio for kidney cancer was 1.4 for men and 2.5 for women who were exposed to increased Cd levels over a long period of time.182 Increased Cd exposure also increases the risk of urinary bladder cancer.183 In this study of 172 bladder cancer cases and 359 controls, the odds ratio comparing the highest to the lowest tertile for cadmium was 8.3 after adjustment for sex, age, and occupational exposure. After adjustment for cigarette smoking (current smoking status, years of smoking and number of cigarettes smoked per day) the odds ratio decreased to 5.7. Cadmium exposure has also been reported to increase the risk of lung,184,185 prostate,186 breast187 and endometrial188 cancers. A review of the association of Cd with various cancers was published in 2007.189


				Food-borne Illnesses


				According to a recent U.S. government estimate, there are 76 million food-related illnesses each year, 325,000 hospital admissions, and 5,000 deaths.190 As a result, the annual cost is about 152 billion dollars. The three most expensive illnesses are due to Campylobacter (common in poultry), Salmonella, and Listeria (both present in multiple foods). In the United Kingdom, food-related illnesses are responsible for about 10% of morbidity and mortality, with an annual cost of about six billion pounds.191 In terms of morbidity and mortality, this food-related burden is similar to that attributable to smoking. Moreover, the “vast majority of the burden is attributable to unhealthy diets rather than to food borne illnesses.”


				

Epidemiologic evidence suggests that the consumption of fried or barbequed meat and fish that are well-done or browned increases the risk of cancer. These high temperature cooking methods are thought to be surrogates for mutagens and carcinogens produced in meat and fish (i.e., heterocyclic amines and polycyclic aromatic hydrocarbons). In a case-control study, Anderson et al192 assessed meat intake, preparation methods, and doneness as risk factors for exocrine pancreatic carcinoma in 193 cases of pancreatic cancer and 674 matched controls. After adjusting for age, sex, smoking, race, education, and diabetes, the odds ratios increased with increased intake of grilled and barbequed red meat. Based on the amount of barbequed meat consumed, the odds ratio for the fifth quintile relative to the reference group (quintiles 1 and 2) was 2.19.

				Others193 evaluated the risk for breast cancer in relation to cooked meat intake in a population-based, case-control study (1,508 cases; 1,556 controls) in New York from 1996 to 1997. After the lifetime intakes of grilled or barbequed and smoked meats were collected, the results indicated a modest increased risk of breast cancer in postmenopausal, but not premenopausal, women (odds ratio, 1.47 for highest versus lowest tertile intake). However, for postmenopausal women with low fruit and vegetable intake, but high intake of grilled or barbequed and smoked meats, the odds ratio was 1.74.


				To evaluate whether food change due to cooking temperature may increase the risk of stomach and colorectal cancer in Viet Nam, researchers studied 670 cases of stomach and colorectal cancers matched with 672 controls.194 The study included fried fishes, meats, eggs, potatoes, tofu; grilled foods; and bread and biscuits cooked at temperatures as high as 165 to 240 oC. The odds ratios for cancer risk were 1.63, 1.40, and 1.60 for high intakes of roasted meats, bread and biscuits, respectively.


				2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP), the major heterocyclic amine generated from cooking meats at high temperatures, reportedly induces prostate cancer in rats through the formation of PhIP-DNA adducts.195 To examine whether PhIP-DNA adduct levels are associated with doneness of grilled meats, these researchers studied 268 African-American and Caucasian men who underwent radical prostatectomy for prostate cancer. After adjusting for age and race at prostatectomy, grilled meat consumpotion was significantly associated with higher PhIP-DNA adduct levels in the tumor cells, an association primarily due to the consumption of grilled red meat as opposed to grilled white meat (grilled hamburger was the most significant).



				Seasonal Temperature Changes and Natural Hazards

				Temperature Changes


				Chronic daily hazards such as severe weather (winter and summer) and heat account for the majority of natural hazard fatalities. Indeed, exposure to “extreme” environmental temperatures (i.e., hot > 30 oC; 86 oF; cold < 0 oC; < 32 oF) for prolonged periods of work, recreation, or being confined at home can lead to negative energy and nitrogen balances and dehydration. In turn, these may lead to impaired thermoregulation, ketosis, altered acid-base and electrolyte balance, depleted glycogen stores, impaired motor coordination, and decreased work capacity.196 Thus, mortality rates are affected by both increased and decreased temperatures.


				Hypothermia


				Hypothermia, defined as the unintentional lowering of core body temperature below 35.0 oC (95.0 oF), may be mild (32.2 oC - < 35 oC; 90.0 oF - < 95.0 oF), moderate (28.0 oC - < 32.2 oC; 82.5 oF - < 90.0 oF), or severe (< 28 oC; < 82.5 oF). The common hypothermia risk factors include exposure to cold temperatures while under the influence of alcohol, drugs, altered mental status, and immersion in cold water. From 1979 to 1998, an estimated 700 annual deaths in the U.S. were attributed to cold weather.197


				Death during the winter is reportedly greater in the United Kingdom than in most Western European countries.198 This increased mortality rate was primarily attributed to coronary heart disease, stroke, and respiratory diseases. In a study comparing winter mortality between Norway and England/Wales, excess winter mortality in England/Wales was almost two-fold greater in old and middle-aged people.198 Deaths related to influenza were, however, similar. After adjustment for age and influenza, there were approximately 3,500 annual deaths in England and Wales in persons 45 years and older for each 1 oC reduction in winter temperature.


				Nevertheless, increased mortality due to both coronary heart disease and stroke is significantly higher for all persons in the winter than in the summer. To identify possible risk factors that might contribute to the increased frequency of these conditions in the elderly, a group of subjects 75 years and older were visited monthly for one year at which time body and environmental temperatures were noted and plasma fibrinogen, viscosity and HDL cholesterol were measured.199 Plasma fibrinogen levels showed the greatest seasonal change and were 23% higher in the coldest six months compared with the summer months. In addition, fibrinogen levels were significantly and negatively related to both core body and environmental temperatures. The authors of another study on the effects of hypothermia on fibrinogen metabolism and coagulation function in swine concluded that “hypothermia caused a potential deficit in fibrinogen availability and a delay in thrombin generation, consequently inhibiting coagulation function.”200

				In a more recent study involving healthy men and women, Dirkmann et al201 found that acidosis worsened the effects of hypothermia and synergistically impaired clotting times and decreased maximum clot firmness. However, acidosis without hypothermia had no significant coagulation effect. Others202 reported that intraoperative hypothermia exerts “multiple effects at the cellular level.” As a result, they noted that the innate immune function is impaired and thereby increases the risk of septic complications and mortality.


				Most anesthetics also impair thermoregulation, which in combination with the cold operating room temperature, open body cavities, and intravenous fluid and blood administration may lead to hypothermia. A randomized clinical trial to assess the association between body temperature and cardiac mortality during the post-operative period showed that in patients with risk factors for coronary heart disease who undergo non-cardiac surgery, “the perioperative maintenance of normothermia is associated with a reduced incidence of morbid cardiac events and ventricular tachycardia.”203 Moreover, in a randomized controlled trial with 300 patients undergoing abdominal, thoracic, or vascular surgical procedures who had documented coronary artery disease or were at high risk for coronary disease, Frank and associates204 compared routine thermal care (hypothermic group) with additional supplemental warming care (normothermic group). Their results showed the following: the postsurgical mean core temperature in the hypothermic group was lower than in the normothermic group (mean temperature, 35.4 oC versus 36.7 oC); perioperative morbid cardiac events occurred less frequently in the normothermic group; and hypothermia was an independent predictor of morbid cardiac events (relative risk, 2.2), indicating a 55% risk reduction when normothermia was maintained. Postoperative ventricular tackycardia also occurred less often in the normothermic group.


				Hyperthermia


				Increased environmental temperature is an extremely important mortality risk factor, especially among the elderly. Indeed, heat waves reportedly kill more people in the U.S. than hurricanes, tornadoes, floods, and earthquakes combined.205 Moreover, in the Western Europe heat wave of 2003, more than 30,000 excess deaths occurred which markedly surpassed the 1995 heat wave in Chicago that killed 739. As noted by Donaldson et al,206 when body temperature rises, heat balance is normally restored by sweating and increased blood flow to the skin. These changes increase cardiac stress and causes body salt and water loss which impairs working efficiency and may overload the heart and cause hemoconcentration and result in coronary and cerebral artery thrombosis, especially in elderly people with atherosclerosis. In this regard, an early experimental exposure study of volunteers to moving air at 41 oC for six hours increased the core temperature to rise 0.84 oC, body weight to fall 1.83 kg by sweating despite access to water, heart rate to increase 32 beats per minute, and arterial pressure to fall, especially on standing.207 The blood erythrocyte count increased 9%, blood viscosity increased 24%, platelet count rose 18% and the platelet volume decreased, all mostly in the first hour. The researchers concluded that these changes “seem to be able to explain the increased mortality from arterial thrombosis in hot weather.”


				In a study from the Netherlands, the number of deaths among nursing home patients during a 100-week period was 38,861.208 The lowest mortality rates were in weeks with average outside temperatures between 15 oC and 19.9 oC. In the hotest weeks (25.0 oC - 29.9 oC), the mortality rate was 50% higher than the minimum rate (relative risk, 1.50). In addition, the Netherlands’ 2003 summer heat wave was responsible for between 1,400 and 2,200 deaths.209 Similarly, Diaz and associates210 studied the association between mortality rates and summer temperatures in Seville, Spain over an 11- year period. The all-causes mortality increased up to 51% above the mean in persons aged 75 years and older for each 1 oC above 41 oC. This increased mortality effect was primarily due to cardiovascular disease and, as with a previous study,207 was more common in women than in men.


				An overview of mortality associated with natural events showed that between 1979 and 2004, there were 21,491 deaths in the United States.211 During this period, there were 10,827 cold-related deaths and 5,279 heat-related deaths. Indeed, extreme cold or heat accounted for about 75% of the total deaths attributed to natural events, which was more than all deaths resulting from lightning, storms, foods, earthquakes, and landslides. The cold-related deaths were highest in Alaska, Montana, New Mexico and South Dakota while heat-related deaths were highest in Arizona, Missouri and Arkansas.


				Natural Hazards


				As recently noted, natural hazards mortality studies are most often event specific (e.g., Hurricane Katrina), hazard specific (e.g., heat, earthquakes, floods), or lack of adequate geographic or temporal coverage.212 As a result, it is difficult to accurately assess mortality from natural hazards. As these researchers noted, the U.S. regions most vulnerable to natural hazard mortality are the South, Intermountain West, and clusters in the lower Mississippi Valley, upper Great Plains, mountain west, west Texas, and the Florida panhandle. The major international natural hazards are listed in Table 9.3.
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					Hurricanes and Tropical Cyclones


				The 1995 hurricane season, which was among the most severe in the U.S., included 11 hurricanes. During a two-week period, the two most damaging hurricanes made landfall resulting in 10 deaths (Hurricane Marilyn) and 27 deaths (Hurricane Opal).213 During 2004 and 2005, eight hurricanes struck Florida resulting in 213 deaths (144 in 2004; 69 in 2005).214 Then in August 2005, Hurrricane Katrina, one of the strongest hurricanes to strike the U.S., and likely the costliest natural disaster to date, resulted in “five, 23, and 10 deaths, respectively that were directly, indirectly, or possibly related to Hurricane Katrina.”215 More recently, however, Brunkard and associates216 identified 971 Katrina-related deaths in Louisiana and 15 deaths among Katrina evacuees in other states. Drowning was the major cause of death and those 75 years and older were the most affected. Thus, “Hurricane Katrina was the deadliest hurricane to strike the US Gulf Coast since 1928.”


				One of the most dangerous cyclone basins in the world is the Bay of Bengal; those most affected live in the Bangladesh coastal areas. In 1985, a Bay of Bengal cyclone hit the coastal islands of Bangladesh.217 Although early detection of atmospheric turbulance was available, and the history of severe cyclones in the region was well known, there were an estimated 11,000 deaths. Unfortunately, cyclones continue to pose a dangerous threat to those living in these coastal areas. Indeed, the 1991 Bangladesh cyclone killed an estimated 138,000 persons.218

				Lightning Strikes


				Lightning, a very unsettling result of bad weather, causes more deaths and injuries than floods, tornadoes or hurricanes. World-wide, lightning strikes about four million times each day and can cause death or injury to one or several persons. However, since lightning usually kills people one at a time, it is generally underrated. Although the incidence of lightning-associated deaths in the United States has decreased significantly since the 1950s, lightning still causes more deaths than tornadoes and hurricanes.219 In this report, 1,318 lightning-attributed deaths occurred from 1980 through 1995. More recently, about 300 injuries and 100 annual deaths were reported to be associated annually with lightning strikes.220 Others reported that of the 374 lightning-associated deaths in the United States during 1995-2000, 75% were from the South and Midwest, the highest being in Florida (49 deaths) and Texas (32 deaths).221


				The incidence of lightning-related deaths has also been reported from other countries. For example, 38 lightning-related deaths occurred during 1997-2000 on the South African Highveld serving a population of about seven million people.222 Moreover, in the Transkei sub-region of South Africa, 151 lightning fatalities occurred between 1993 and 2004.223


				Floods


				In the mid-1980s, French et al224 reported that “Of all weather-related disasters that occur in the United States, floods are the main cause of death,…..” From 1969 to 1981, 1,185 deaths were associated with 32 flash floods, an average of 37 deaths for each flash flood. Of these, 93% were due to drowning, of which 42% were car-related. A recent analysis of the causes and circumstances of flood-related deaths indicated that males are particularly vulnerable due to “risk-taking behavior.”225 As noted in the following examples, flood-related deaths occur world-wide.


				Bangladesh has major floods every year which negatively affects about 33% of the country.226 Although flood-related child mortality decreased by 37% between 1983-1986 and 1989-1992, there were still 117.9 deaths per 1,000 live births in the later period. The worst flood in Bangladesh history affected millions of people in 1988. To evaluate the causes of illnesses and death, Siddique et al227 studied 46,740 hospital patients in 72 flood-affected sub-districts. Diarrhea was the most common illness (34.7%), followed by respiratory tract infections (17.4%). In this study group, there were 154 deaths (respiratory disease, 13%; accidental deaths, 9.7%; and drowning, 5.8%). At about this same time, 23 people died in flash floods in Puerto Rico, of which 20 were motor vehicle occupants.228


				Flood-related deaths during the 1990s also affected various areas in the United States. For example, during the summer and fall of 1993, there were 43 flood-related deaths in Missouri, of which 27 were motor-vehicle-related.229 In the following year, tropical storm Alberto struck the Florida panhandle resulting in 28 flood-related deaths.230 Additionally, a recent analysis of the loss of life caused by Hurricane Katrina showed that there were more than 1,100 fatalities in Louisiana, 231 which was 129 more deaths than previously reported.218 In this preliminary analysis of 771 of the fatalities, two-thirds (514) “were most likely associated with the direct physical impacts of the flood and mostly caused by drowning.”


				

In an extensive analysis of flood and associated landslide risk in Italy, Guzzetti and associates232 evaluated the mortality, missing and injured people in 2,580 flood and landslide events from AD 1279 to 2002. Of the estimated 50,593 deaths, the largest number were caused by landslides (rock-falls, rock slides, rock avalanches) and debris flows.

				Tornadoes


				Tornadoes are very common yearly events in the United States, as indicated by the following examples. In 1990, the strongest tornado in northern Illinois in more than 20 years injured 302 persons (28 fatally).233 Four years later, severe thunderstorms and tornadoes moved across Alabama, Tennessee, Georgia, and North and South Carolina injuring 422 persons, including 47 fatalities.234 On March 1, 1997, an estimated nine tornadoes swept across Arkansas (about 260 miles from southwest to northeast) causing 26 deaths.235 Then on May 27, 1997, multiple tornadoes passed through central Texas killing 29 people.236 About two years later (May 3, 1999), several tornadoes, including a category F5 tornado, passed through Oklahoma resulting in 40 deaths, 133 hospital admissions, and 265 emergency department outpatient visits.237 Similarly, on May 4, 2007, an EF5 tornado hit the rural community of Greensburg, Kansas and destroyed 95% of the town and caused 12 fatalities.238


				Earthquakes


				Periodic earthquakes occur throughout the world resulting in extensive structural damage. In addition to traumatic mortality, stress-related deaths are also common. In a retrospective morbidity and mortality analysis of the medical records of 6,107 patients admitted to 95 Japanese hospitals following the 1995 Hanshin-Awaji earthquake, there were 2,718 injuries including 372 patients with crush syndrome.239 Although 75% of the injured were hospitalized during the first three days, the number of patients with illnesses increased over the subsequent 15-day period. The mortality rates were 13.4%, 5.5%, and 10.3% associated with crush syndrome, other injuries, and illnesses, respectively. As reported by Kario et al,240 the Hanshin-Awaji earthquake-induced stress increased blood pressure, blood viscosity determinants, and enhanced fibrin turnover with endothelial cell stimulation in elderly hypertensive individuals.


				The potentiation of these acute risk factors might trigger the cardiovascular events that often occur with earthquakes. Indeed, there was a significant increase in mortality from acute myocardial infarction in this area that continued for about eight weeks following the Hanshin-Awaji earthquake.241 In addition, the relative risks from two strong Greek earthquakes (5.2 and 6.4 degrees on the Richter scale) in 1978 were 3.0 for atherosclerotic heart disease and 1.6 for “all other” diseases (excluding external causes) as underlying conditions.242 Thus, “stress-related cardiac deaths (proximate cause) were more common when atherosclerotic heart disease was the underlying condition…….” Similarly, Kloner et al243 analyzed all death certificate data (n = 19,617) from Los Angeles County, California during 1992-1993 (control period) and 1994, the time of the Northridge earthquake. During the 16 days prior to the earthquake, there were 73 deaths per day due to ischemic heart disease. However, this increased to 125 ischemic heart disease deaths per day during the following two weeks. The earthquake deaths were associated with an increase in deaths primarily due to acute myocardial infarction and trauma. A subsequent analysis of data from 78 Los Angeles County hospitals indicated a total of 171 earthquake-related injuries, 33 of which were fatal.244


				In an analysis of 32,743 Ministry of Health employees and their families, there were 831 deaths and 1,454 injuries due to the 1988 earthquake in Armenia.245 The major injury and mortality risk factors, aside from the exact location (i.e., region, city), was being inside a building at the time of the earthquake. In a cross-sectional study of persons living in Eber, Turkey, a high risk earthquake area, the 2002 earthquake-related mortality rate was 16 per 1,000 people; the injury rate was 22 per 1,000 people.246 The death and injury risk factors were highest for those who lived in collapsed or heavily damaged buildings, wooden type buildings, or those who were near the outer building walls during the earthquake, of which 60% collapsed or were heavily damaged.


				Data from various other recent earthquakes have also been reported. In 2003, an earthquake that measured 6.6 on the Richter scale destroyed more than 90% of Bam, Iran, of which about 12,000 victims were transferred to tertiary referral hospitals.247 Of the 854 victims transported to Tehran hospitals, lower extremity fractures were the most common injuries. The overall mortality rate was 1.6% (n = 14). In December, 2004, the two largest earthquakes during the previous 40 years ruptured a 1600 kilometer-long portion of the fault boundary between the southeastern Eurasian and Indo-Australian plates (seismic moment magnitude, 9.1 and 9.3) generated a tsunami, and caused more than 283,000 deaths.248 Another earthquake hit this area in 2005 (magnitude, 8.6).


				More recently, Doocy and associates249 assessed the 2007 Ica, Peru earthquake in 672 randomly selected households with a combined population of 3,608. The estimated mortality and injury rates in the four most affected provinces were 1.4 deaths per 1,000 and 29 injuries per 1,000. In May of the following year (2008), an earthquake measuring 8.0 on the Richter scale killed thousands of people in the Sichuan Province in southwest China.250 In a follow-up hospital-based case-control study, those with a severe traumatic brain injury had the greatest mortality risk (odds ratio, 253.7), followed by patients with multiple system organ failure (odds ratio, 87.8). Prior disease and infection significantly increased the risk of earthquake-related mortality.


				

Volcanic Eruptions

				Volcanic eruptions occur in many world-wide countries. In 1980, 35 deaths were caused by the landslide and lateral blast of Mount St. Helens in Washington state, and about 23 others were missing.251 In 18 of the 23 cases that were autopsied, asphyxiation from ash inhalation was the cause of death. However, in 1986, “the sudden, catastrophic release of gas from Lake Nyos,” a volcanic crater lake, killed about 1,700 people in Cameroon, West Africa.252 A subsequent report indicated that the gas was carbon dioxide.253


				In 1985, a “volcanic cataclysm of major proportions,” the fourth largest with respect to total casualties in history, completely destroyed the town of Armero, Columbia killing more than 23,000 people and wounding an additional 4,500.254 Among the hundreds of survivors who were transferred to hospitals in Bogota, the single largest group ever reported developed necrotizing fasciitis.


				As recently noted, environmental exposure to erionite, a form of zeolite fibers, is presumably responsible for the high incidence of mesothelioma in some villages on the Anatolian plateau in Turkey.255 In this prospective 23-year study (1979-2003) of residents of two exposed and one nearby unexposed village (control), 891 men and women were evaluated (230 in the control village). During this follow-up period, there were 372 deaths, 119 of which were from mesothelioma (102 with pleural mesothelioma; 17 with peritoneal mesothelioma). Only two mesothelioma cases occurred in the control village.


				Viral, Bacterial, Fungal, and Parasitic Diseases


				Deaths from infectious diseases have declined markedly in the United States, Canada, and Western Europe during the 20th century. This decline greatly contributed to the sharp reduction in infant and child mortality and to the 29.2-year increase in the average life expectancy in the United States.256 According to this report, 30.4% of all deaths occurred among children aged five years and younger in 1900; the percentage was 1.4% in 1997. As of 2005, viral/bacterial pneumonia was the eighth leading cause of death in the United States (63,001 deaths).257 Indeed, pneumonia, which is the world’s largest cause of child deaths, kills 1.8 million children younger than five years every year; 98% of these children live in 68 developing countries.258 Moreover, of the estimated 1.7 million hospital-acquired (nosocomial) infections in U.S. hospitals in 2002, there were 99,000 associated deaths.259 The major global infectious and parasitic diseases are listed in Table 9.4.
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				Major Viral Diseases

				Influenza


				The 1918-1919 influenza pandemic is the most devastating global epidemic in modern history. Although an earlier report indicated that about 20 million people died,256 a later revised calculation estimated that there were 500 million infected people with 40 million deaths.260 Although commonly referred to as the “Spanish flu”, Trilla et al261 suggested that it most likely originated in France and reached Spain as a result of Spanish and Portuguese migrant workers traveling via the railroads to and from France. There were an estimated 147,114 Spanish deaths in 1918, 21,235 in 1919, and 17,825 in 1920. Moreover, in 14 European countries, which accounted for about 75% of the European population, there were 2.64 million deaths in 1918,262 and about 500,000 deaths in the United States.256


				To study the direct causes of death during the 1918-1919 influenza pandemic, a time prior to the availability of antibiotics, Morens et al263 examined lung tissue sections obtained from 58 autopsies and reviewed pathologic and bacteriologic data from 109 published autopsy series that described 8,398 autopsy investigations. They concluded that the majority of deaths in this pandemic “likely resulted directly from secondary bacterial pnuemonia caused by common upper respiratory-tract bacteria.”


				Three worldwide influenza epidemics (pandemics) occurred in the 20th century; 1918, 1957, and 1968. All three have been informally identified by their presumed sites of origen as Spanish, Asian, and Hong Kong influenza, respectively. These pandemics were initiated by the influenza A virus. The 1957 and 1968 pandemics resulted in about six million deaths. The viruses are now known to represent three different antigenic subtypes of the infuenza A virus: H1N1, H2N2, and H3N3, respectively.264


				The most recent influenza epidemic was detected in April 2009 at the border between Mexico and the United States. The virus, identified to be a swine-origen influenza virus A (S-OIVA; H1N1), has an HA gene that is derived from the 1918 swine influenza virus, as well as other genes from avian, Eurasian and human swine influenza viruses.265 From March 24 to April 29, 2009, a total of 2,155 cases of severe pnuemonia involving 821 hospitalizations and 100 deaths were reported to the Mexican Ministry of Health.266 In April 2009, the first two human cases of H1N1 in the United States were reported,267 and as of July 6, 2009, 122 countries had reported 94,512 cases, of which 429 were fatal.268 There were 33,902 reported cases with 170 fatalities in the United States. However, the director of the Centers for Disease Control and Prevention reportedly indicated that as of December, 2009, 10,000 Americans had died of H1N1, including about 1,000 children younger than 18 years.269

				The World Health Organization declared the first 21st century pandemic caused by S-OIVA (H1N1) on June 11, 2009, and as of September 20, 2009, human infection with H1N1 virus had been identified in 191 countries and territories.270 For example, in an Australian/New Zealand study of patients in 187 intensive care units, there were 722 H1N1- positive critically ill patients. Of these, 9% were pregnant, 29% were obese (body mass index > 35) and 14% died.271 Similar to the concurrent report by Jain et al,272 obesity emerged as a probable risk factor for increased illness severity. Moreover, data from California showed that in the first 16 weeks of this pandemic, hospitalization rates were highest in infants while the highest mortality rates were in persons aged 50 years and older.273 As of September 13, 2009, all six World Health Organization regions had reported approximately 296,471 cases of H1N1, including 3,486 deaths.274 In addition, “the continuing spread of H5N1 highly pathogenic avian influenza viruses has also heightened the interest in pandemic prediction.”275


				HIV/AIDS


				HIV/AIDS (human immunodeficiency virus/acquired immune deficiency syndrome) has emerged as a major public health problem since its recognition as an emerging disease two to three decades ago. Although the prevalence is rising because of earlier detection and better treatment, the rate of new infections could be falling. However, since one-third to one-half of those with the disease are not aware that they are infected, the actual prevalence may be higher.


				As of 2007, the global presence of HIV had stabilized at 0.8%, with 33 million people living with HIV/AIDS, 2.7 million new infections, and 2.0 million AIDS deaths.276 The most heavily affected region is South Africa, which carries 67% of the global burden. Since a recent study indicated that only 27.1% of deaths actually caused by HIV were ascribed to HIV in Cape Town, Africa, the global HIV/AIDS deaths are probably significantly higher.277 Other recent HIV/AIDS studies from other countries were also published. For example, an estimated 700,000 people with HIV/AIDS were living in China in 2007.278 In that year, there were an estimated 50,000 new HIV infections and 20,000 HIV-related deaths. Others investigated the changes in mortality following HIV/AIDS in Australia during three time periods.279 Standarized Mortality Ratios (SMRs) were calculated for deaths following HIV with and without AIDS, in the three treatment periods before antiretroviral therapy (< 1989), pre- and early-HAART (highly active antiretroviral therapy) treatment [1990-1996) and HAART (1997-2003). There were 1,789 deaths following HIV without AIDS and 6,730 deaths after AIDS. For deaths following HIV without AIDS, the SMRs were 2.99, 1.22 and 1.6 before 1990, 1990-1996 and 1997-2002, respectively. The SMRs for deaths after AIDS were 137.84, 28.64 and 4.55 for the one to three periods, respectively. Although mortality following AIDs decreased while deaths before AIDs remained low, the number of people living with HIV/AIDS increased.


				The presence of HIV infection is “at least” 3% among individuals aged 12 years and older in Washingrton, DC, a level that is as high as that in several African countries.280 Others assessed the trends in mortality and cause of death in American women with HIV (Women’s Interagency HIV Study) from 1995 through 2004, of which 710 of the 2,792 HIV-infected participants died.281 During this period, the standardized mortality ratio fell from a high of 24.7 in 1996 and plateaued with a mean of 10.3 from 2001 to 2004.


				Pediatric HIV infection is also a leading global cause of morbidity and mortality. Bourne et al282 recently reported the results of their retrospective study on the distribution of South African infant and child mortality due to HIV/AIDS. Here, postneonatal mortality increased each year from 1997 to 2002. A peak in HIV-associated deaths was centered at 23 months of age, and rising monotonically over time. Others reported on HIV-related mortality in a cohort of HIV-infected Jamaican children at a regional hospital for the period 2003-2005.283 During this time, there were nine HIV/AIDS-related deaths among 50 HIV-infected children, of whom 21 were AIDS orphans. The median age at diagnosis and death was 26 months and 30 months, respectively.


				People with HIV/AIDS are susceptible to various infectious agents. In an autopsy study of 1,630 Italians with AIDS who died between 1984 and 2002, invasive fungal infections decreased from 25.0% in 1984-1998 to 15% in 1998-2002, mainly due to a significant decrease in pneumocystosis and cryptococcosis.284 The prevalence of aspergillosis and histoplasmosis remained relatively stable while candidiasis and zygomycosis modestly increased in the later years. These infections contributed to the deaths of 103 patients (34.7%). Of the fatal cases, 38 (36.9%) were not clinically diagnosed.


				

In addition, the World Health Organization (WHO) recently reported that more than 450,000 people who died of tuberculosis in 2007 were infected with HIV, which was more than twice the estimated global deaths (200,000) in 2006.280 In this regard, there were 8,601 AIDS-related deaths in Rio de Janeiro, Brazil from 1996 to 2005. Tuberculosis was the primary cause of death in 9.0% of all AIDS-related deaths while Pneumocystis carinii pneumonia accounted for 4.7%.285 In a literature review of articles published between 2007 and 2008, an estimated 1.37 million new cases of HIV-associated tuberculosis (HIV-TB) occurred in 2007, which represented 15% of the total TB burden.286 Moreover, an estimated 456,000 HIV-TB deaths accounted for 23% of global HIV/AIDS mortality.

				Viral Hepatitis


				There are five hepatitis viruses (A, B, C, D, E). Acute viral hepatitis is most frequently caused by any of three distinct viruses: hepatitis A virus (HAV), heptatitis B virus (HBV), or hepatitis C virus (HCV). The World Health Organization estimates that more than 500 million people worldwide are infected with hepatitis B or C and according to the U.S. Centers for Disease Control and Prevention (CDC), more than five million U.S. residents currently have such infections.287 Unfortunately, these infections are often undetected and untreated since both patients and physicians may be unaware of who may be at risk or may fail to pursue testing.


				Although safe and effective vaccines have been available for hepatitis B since 1981and hepatitis A since 1995, no vaccine exists for hepatitis C. As a result, the incidence for hepatitis A declined 92% from 1995 to 2007 (12.0 cases per 100,000 population to 1.0 case per 100,000 population);288 the incidence of hepatitis B declined 82%, from 8.5 cases per 100,000 population in 1990 to 1.5 cases per 100,000 in 2007. More specifically, the CDC recently estimated that new cases of hepatitis B decreased from 200,000 per year in 1980 to 60,000 in 2004; the estimated number of hepatitis C cases decreased from 180,000 in 1982 to 19,000 in 2006.287 The incidence of hepatitis A also declined by 90% in China from 1992 through 2007.289


				HBV infects more than 300 million people worldwide and is a common cause of viral hepatitis, cirrhosis, and hepatocellular carcinoma. Although most adults infected with the virus recover, 5%-10% become chronically infected and suffer from mild hepatitis or have chronic HBV infection which may progress to cirrhosis and liver cancer. Although both hepatitis B and C viruses are an important global health problem, the ultimate consequences of cirrhosis and hepatocellular carcinoma are unknown. To evaluate this association further, researchers recently assessed the total mortality attributed to these viruses in Spain.290 Their findings showed that there were 4,342 HCV-related deaths and 877 HBV-related deaths in the year 2000. Mortality from cirrhosis due to HCV represented most of the viral-related deaths.


				After examination of the available European data, Muhlberger et al291 estimated that there were 7.3 to 7.8 million people in the World Health Organization European region infected with HCV. From this data, they estimated that HCV caused more than 86,000 deaths and 1.2 million disability-adjusted life-years in 2002. Others estimated that there are currently 170 million people worldwide that are chronically infected with HCV and 3 to 4 million are newly infected each year resulting in about 280,000 HCV-related deaths per year.292 In some Asian countries, notably Japan, HCV infection is now more prevalent than chronic HBV infection.


				Since the effect of HBV on the history of HIV disease was uncertain, Greek researchers conducted a retrospective cohort study to examine the influence of HIV-HBV co-infection on AIDS development and mortality.293 They found that 6% of 1,729 HIV-positive patients were infected with chronic HBV. Although the multivariable analyses in this study showed no significant impact of concomitant HIV-HBV infection on progression to AIDS and all-causes mortality, their meta-analysis of data from 11 studies showed a significant effect of HIV-HBV co-infection on overall mortality.


				Chronic infection with hepatitis D virus (HDV) is also a risk factor for cirrhosis and hepatocellular carcinoma. However, since the predictors of disease outcome are poorly defined, as with HBV and HCV, Romero and associates294 tracked the course of HDV infection in 299 patients over a mean period of 233 months (1978-2006). Among the 186 total patients with cirrhosis, 46 developed hepatocellular carcinoma. At the end of the study, there were 63 HDV-related deaths. Others recently evaluated the occurrence of hepatitis E virus (HEV) during two acute viral hepatitis outbreaks (1975-1976; 1985-1987) in Uzbekistan.295 During 1985-1987, the acute viral hepatitis mortality rate was 12.3-17.8 per 100,000 residents. The highest mortality rates occurred in children during the first three years of life and among women aged 20-29 years. HEV infection was present in 71% (280 of 396) of patients with acute viral hepatitis in 1987.


				Measles (Rubeola)


				Measles is a contagious eruptive fever with coryza and catarrhal symptoms due to the virus, Briareus morbillorum. The disease is characterized by fever, chills, conjunctivitis, and severe coryza. Complications include pneumonia, bronchitis, phthisis and otitis media. Because many worldwide unvaccinated children died from measles in 2008, all United Nations (UN) member states reaffirmed their commitment to reduce measles mortality by 90% by 2010 compared with 2000 (i.e., about 733,000 deaths in 2000 to < 73,000 deaths by 2010).296 Indeed, global measles-containing vaccinations increased to 83% in 2008, up 1% from 2007. Unfortunately, coverage in the World Health Organization (WHO) African region and South-East Asia Region (SEAR) in 2008 was still less than 80%. Thus, of the 22.7 million infants and young children in 2008 who missed receiving their first dose of measles vaccine, about 58% reside in six countries (India, Nigeria, China, Democratic Repubic of the Congo, Pakistan, and Ethiopia). As a result, the majority (77%) of measles deaths occurred in SEAR.

				Although global mortality from measles declined by 78% during 2000-2008 (about 733,000 deaths in 2000 to 164,000 in 2008), the decline leveled off during 2007-2008.296 Under the worst case scenario, the annual number of measles deaths would rebound, resulting in about 1.7 million during 2010-2013, including 500,000 deaths in 2013. Unless India implements “catch-up” supplemental immunization activities, the projected global mortality during 2010-2013 will continue to level off at 151,000-163,000 annual deaths. It should also be noted that in 2000 and 2008, less than 1,000 measles deaths occurred in the Americas and Europe.


				Bacterial Diseases

				Tuberculosis


				Tuberculosis (TB) is still highly prevalent internationally, accounting for about two million deaths annually.297 On the basis of mortality estimates, TB ranks among the ten principle causes of death and disability worldwide.298 A recent report indicated that more than four million people in Africa suffer from active TB resulting in about 650,000 deaths each year.299 Tuberculosis mortality is also of major importance in many other countries as indicated by the following examples. TB has been a major health problem in Poland for many years. In 2006, there were 8,539 cases (22.5/100,000 population) which was 38% lower than in 1997.300 Of these, 777 were pulmonary TB deaths and 29 were extrapulmonary TB deaths. Of the 13,176 medically treated cases of TB in England and Wales in 2001-2002, there were 1,169 deaths (case fatality rate, 8.9%).301


				In a retrospective study in Espirito Santo, Brazil from 1985 to 2004, the TB death rate decreased from 5.6/100,000 inhabitants in 1985 to 2.0/100,000 in 2004.302 Other recent world-wide reports of TB mortality were from Lazio, Italy (11.0/100,000 deaths in 2003),303 Singapore (203 TB deaths from 2000 to 2006),304 Shanghai, China (440 overall TB culture-positive deaths from 2000 to 2004),305 and in a rural area of South India (3,405 patients treated for TB with 695 deaths).306 According to the World Health Organization (WHO), more than 450,000 of the people who died from TB in 2007 were infected with HIV, which was more than twice the estimated global total of 200,000 in 2006.307


				Gram-Negative Bacilli


				Gram-negative bacteremias often occur in intensive care units (ICU). Unfortunately, inadequate antibiotic therapy has been associated with adverse outcomes. Since no prospective study in non-ICU patients had been reported, Marschall et al308 carried out a prospective six month study of 250 non-ICU patients, mean age 56.4 years, with gram-negative bacteremia; there were 35 deaths (14%). The predominant bacteria in mono-microbial infections were Escherichia coli (24%), Klebsiella pneumoniae (18%) and Pseudomonas aeruginosa (8%). Sixty-one (24%) patients had polymicrobial bacteremia. The authors concluded that “nearly one-third of the non-ICU patients with gram-negative bacteremia received inadequate empirical antibiotic therapy.”


				Salmonellosis


				Salmonella typhi causes an estimated 20 to 21 million cases of typhoid fever annually and significantly more than 200,000 deaths.309,310 The major disease burden primarily affects developing countries such as the Indian subcontinent and Southwest Asia. According to a recent report, Salmonella infections appear to be globally increasing.311 As noted in this study, gastroenteritis and enteric fever in patients with salmonellosis remains a major cause of morbidity and mortality in many developing countries, especially in young children and those who are immunocompromised. In Europe and the United States, a consistent but low disease rate is primarily related to “ingestion of contaminated poultry, lapses in sanitary agricultural practices, and importation of tainted vegetable products.”


				In a recent 10-year study (1997-2006) in Spain, there were 65,100 infections due to Salmonella (16.18 cases per 100,000 people/year).312 The mortality rate was 0.23 per 100,000 people. The incidence rate was significantly higher in those less than aged 14 years and greater than 65 years. The mortality rate increased significantly with increasing age, reaching 2.05 deaths per 100,000 people, or 7.53% in those 85 years and older. In a Danish study of non-typhoid Salmonella (NTS) infections from 1995 to 2003, patients with first-time detection of NTS were divided into four groups: (1) not hospitalized; (2) hospitalized without sampling of blood cultures; (3) hospitalized with blood cultures which were negative for micro-organisms; and 4) hospitalized with positive blood culture-proven bacteremia.313 Among the 1,764 NTS patients, two of 1,082 in group one, 14 of 344 in group two, 20 of 248 in group three, and 19 of 90 in group four died within 365 days.


				

Cholera

				Vibrio cholerae is the microorganism that causes cholera, an acute infectious diarrheal disease than can result in death without appropriate therapy. War, poverty, poor sanitation, and large numbers of refugees and internally displaced people are the major precursors of cholera outbreaks. Although cholera was largely eliminated from industrialized countries by water and sewage treatment over a century ago, it remains a significant cause of morbidity and mortality in developing countries. Indeed, as reported by the World Health Organization, there are more than 100,000 cholera cases and 2,000-3,000 deaths each year.314


				The cholera case-fatality rate reflects access to basic health care, which explains why the disease is so prevalent in areas such as sub-Saharan Africa where there were 166 cases per one million population in 2005.315 In that same year, the cholera case fatality rate was 1.8%. Various areas where cholera epidemics have been reported over the past 15 years include the following: the town of Juba in southern Sudan during the first six months of 2007 (3,157 cases and 74 deaths);316 North and South Kivu in the Eastern Democratic Republic of Congo from 2000 to 2007 (73,605 cases and 1,612 deaths);317 Lusaka, Zambia for 2003-2004 (6,542 cases and 187 deaths);318 Kano City, Nigeria for 1995-1996 (5,600 cases and 340 deaths);319 and Malda, West Bengal during August to October 1998 (16,590 cases and 276 deaths).320


				Clostridium difficile


				Historically, Clostridium difficile (C. difficile) disease, usually thought of as a nosocomial disease associated with broad-spectrum antibiotics, was generally not life threatening. However, there has been a marked increase during the past decade in the incidence and severity of C. difficile infections, especially among the elderly. During this time, there has been an emergence of a hypervirulent strain of C. difficile that is now widely dissemintaed.321 This epidemic strain (NAP1/027) produces a binary toxin in addition to the two classic toxins A and B. Infection with this strain, which is resistent to some fluoroquinolones, results in high mortality rates.322,323 Unfortunately, an increased rate of community-acquired C. difficile-associated disease has also been noted. The epidemiology, diagnosis, and management of this re-emerging pathogen was recently reviewed.321,324


				Gram-Positive Cocci


				The spectrum of infectious diseases is rapidly changing. Unfortunately, antimicrobial resistance results in increased morbidity, mortality, and health care costs. Indeed, Streplococcus pneumoniae (S. pneumoniae) causes several serious and potentially life-threatening infectious diseases, of which there were reportedly five million worldwide deaths per year in 1995.325 S. pneumoniae is still a major worldwide cause of childhood morbidity and mortality. Indeed, the increasing prevalence of resistance to established antibiotics among key respiratory pathogens, such as S. pneumoniae, is an important global healthcare problem. For example, Jenkins et al326 examined a total of 39,495 S. pneumoniae isolates in the United States during 2000-2004. Of these, the percentage of isolates resistant to erythromycin, penicillin, levofloxacin, and telithromycin were 29.3%, 21.2%, 0.9% and 0.02%, respectively. There was also marked regional variability. Over the study period, the proportion of isolates exhibiting multidrug resistance to two or more antibiotics (e.g., penicillin, cefuroxime, macrolides, tetracyclines, and trimethoprim-sulfamethoxazole) remained stable at about 30%.


				Streptococcus pyogenes (beta-hemolytic group A streptococci) is a strictly human pathogen with a global distribution and high prevalence of infection. Steer and associates327 prospectively studied invasive group A streptococcal disease in Fiji from 2005 to 2007. The infection rate was highest in those 65 years and older and in children less than five years (incidence rate, 44.9/100,000). The case fatality rate (32%) was primarily associated with increasing age and underlying coexisting disease (e.g., diabetes mellitus and kidney disease). Others328 retrospectively studied hospitalized patients with streptococcal necrotizing fascitis in southwest Taiwan from 1995 to 2006. Their mean age was 58.2 + 14.2 years and the affected anatomical site was mainly peripheral. Diabetes mellitus was the most common comorbidity. The overall mortality was 17.0%. Invasive group A streptococcal infections may also lead to toxic shock syndrome with multiorgan failure and high mortality rates (25-48%).329


				Staphylococcus aureus (S. aureus) is well known for its ability to become resistant to antibiotics. Infections caused by antibiotic-resistant strains often occur in epidemics that are initiated by a single or several successful clones. Methicillin-resistant S. aureus (MRSA) is prominent in these epidemics. Indeed, since MRSA has now emerged as a widespread cause of community infections, outbreaks of MRSA infections have been reported worldwide and are currently epidemic in the United States.


				Invasive S. aureus infection is increasingly recognized as an important cause of sepsis in developing countries with mortality rates significantly higher than those in developed countries. For example, in a prospective observational study of 270 patients with invasive S. aureus disease in northeast Thailand over a one-year period, all-causes and S. aureus- attributable mortality rates were 26% and 20%, respectively.330 Others recently evaluated the association between mortality of bloodstream infection due to S. aureus over a six-year period in 521 patients at a large university in Germany.331 All-causes in-hospital mortality was 22%; 90-day mortality was 32%.

				The epidemiology of new cases of MRSA in 64 Spanish hospitals during June 2003 was recently published.332 MRSA was nosocomially acquired in 202 cases (55%), healthcare-associated in 139 cases (38%), community-acquired in three cases and of uncertain acquisition mode in 26 cases (7%). The pooled population-based rate was 2.31 cases per 100,000 population per month.


				Parasitic Diseases

				Malaria


				Despite centuries of control efforts, mosquito-borne diseases are still flourishing worldwide. Although malaria is a very serious cause of morbidity and mortality, a vaccine is still not currently available. As a result, malaria-associated morbidity and mortality is mainly due to Plasmodium falciparum (P. falciparum) infection. However, P. vivax is responsible for a dramatic toll in many endemic areas except Africa. Although P. vivax rarely causes severe disease in healthy travelers, and has been regarded as readily treatable with chloroquine, recent reports in tropical areas have emphasized severe and fatal cases associated with P. vivax. For example, recent studies from Indonesia, New Guinea, Thailand, and India have shown that 21%-27% of patients with severe malaria are monoinfected with P. vivax; the overall mortality is 0.8-1.6%.333 These researchers concluded that “severe, fatal and multidrug-resistant vivax malaria challenge our perception of P. vivax as a benign disease.”


				Malaria takes a very high toll on young children, pregnant women, and other vulnerable African populations, as well as in various other global countries. In malaria-endemic African countries, a large proportion of malarial deaths in children are directly or indirectly attributable to P. falciparum. As reported by Breman,334 150 to 300 children die each hour from malaria amounting to one to two million annual deaths, chiefly in sub-Saharan Africa. To evaluate the prevalence, etiology and prognostic implications of coexisting invasive bacterial disease in children with malaria, Bassat and associates335 carried out a retrospective study of 7,043 children aged five years and younger that were admitted to a Mosambican hospital with malaria from 2003 to 2007. The case fatality rates of severe malaria cases (25.2% of patients) rose steeply when bacteremia was also present (from 4.0% to 22.0%). S. pneumoniae was the leading pathogen in this interaction. Others studied the most frequent causes of mortality in children under 15 years of age in Manhica, Mozambique.336 From January 1997 to December 2006, there were a total of 568,499 persons at risk and 10,037 deaths per year. For children under 15 years of age, there were 246,618 persons at risk and 3,730 deaths per year. Malaria was the single largest cause of death, accounting for 21.8% of cases.


				Since malaria is endemic in the low altitude areas of northern and eastern South Africa, a recent study was carried out to give an overview of the malaria incidence and mortality in the Limpopo Province for the seasons 1998-1999 to 2006-2007.337 The results showed a total of 58,768 cases of malaria including 628 deaths. The mean incidence rate was 124.5 per 100,000 person years; the mean case fatality rate was 1.1% per season. The case fatality rate increased with increasing age to 3.3% for those 60 years and older.


				Malaria is also a very significant medical problem in Asia. For example, although 54 million people of various ethnic origens in Madhya Pradesh in central India account for 8% of the total Indian population, they contribute to 30% of total malaria cases and 50% of malaria deaths in the country.338 Using the Monte Carlo simulation sensitivity analysis in this same region, it was estimated that there were 220,000 annual cases of malaria in pregnant women with 1,000 maternal deaths and 95,000 lost fetuses.339


				Amebiasis


				Amebiasis is defined by the World Health Organization and Pan American Health Organization as infection with Entamoeba histolytica, regardless of symptomatology.340 In 2003, amebiasis was reportedly the second worldwide leading cause of death from parasitic disease,341 resulting in 40,000-100,000 deaths each year.342 Although most infections are asymptomatic, E. histolytica trophozoites may invade the intestinal mucosa, causing necrotizing colitis. The amoebas may also breach the mucosal barrier, enter the portal circulation to the liver and cause hepatic abscesses, the most common extraintestinal manifestion, and lead to death. Fortunately, antibiotics such as metronidazole are now available and often cures the disease. Nevertheless, the parasite remains a major global threat to pubic health, expecially in countries where poor socioeconomic and sanitary conditions predominate.341


				In 1986, Walsh343 noted that the “best estimates suggest that probably 480 million people were infected with Entamoeba histolytica and 36 million developed disabling colitis and extraintestinal abscesses in 1981.” However, the epidemiology of amebiasis has markedly changed since 1986 because two benign Entamoeba species (E. dispar ; E. moshkovskii) were subsequently identified.344 As Ximenez et al345 recently emphasized, the prevalence values of E. histolytica infection could be erroneous since the estimations were performed before these two benign species were identified.


				

Schistosomiasis

				Schistosomiasis, mainly due to Schistosoma mansoni, is currently the third leading worldwide cause of parasitic morbidity and mortality. For example, approximately 80% of the 200 million people in sub-Saharan Africa were infected with schistosomiasis in 2005 and the annual mortality was estimated at 280,000.346 Although infection is often asymptomatic for many years, long-term complications such as portal hypertension and bladder cancer can now be prevented by treatment with praziquantel.347 Thus, screening people living in countries where the prevalence of schistosomal antibodies is high, using a peroxidase enzyme-linked immunoabsorbent assay (ELISA), and treating them with praziquantel, would markedly reduce morbidity and mortality.


				In the United States, schistosomiasis is commonly identified among international travelers, immigrants, and refugees from areas of endemicity. For example, more than 3,800 “Lost Boys and Girls” from Sudan and 8,000 from Somali Bantu resettled in the United States between 2000 and 2007.348 Of the 462 Sudanese and 100 Somali Bantu refugees tested, 44% and 73% were seropositive for schistosomiasis, respectively.


				Fungal Infections


				Since humans inhale 10,000-15,000 liters of air each day, our lungs are constantly exposed to a wide variety of microorganisms, including Aspirgillus fumagatus and other Aspergillus species, which are globally ubiquitous in the environment. Due to their small size, these organisms release large numbers of spores which can penetrate the respiratory tract. However, since most humans are immunocompetent, their presence is innocuous as they are readily eliminated. Nevertheless, morbidity and mortality caused by invasive Aspergillus infections are able to develop and cause pulmonary aspergillosis in immunocompromised individuals, including children.349 Thus, despite the availability of recent treatments, the mortality of invasive pulmonary aspergillosis is more than 50% and reaches 95% in various situations.350


				Aspergillus infections are also associated with a high morbidity and mortality in other disorders. Thus, Zhang et al351 retrospectively investigated the effects of aspergillosis in 2,000 renal transplant cases. Here, there were significantly more diabetes and hypertension cases in the infected group than in the uninfected group (86% vs 62% and 57% vs 39%, respectively). Moreover, eighty-six percent of the transplant recipients in the infected group had delayed graft function. Increased aspergillosis has also been reported in patients with prolonged neutropenia,352 glucocorticoid-treatment,353 severe burns,354 chronic obstructive pulmonary disease,355 malignancies treated with intensive immunosuppressive therapy regimens,356 and in neonates and children with secondary immunodeficiencies.357 Nivoix and associates358 recently reviewed 289 documented drug-treated aspergillosis cases, including studies similar to those above, over a nine-year period. In addition to these, a significantly increased risk of invasive fungal infections has emerged as a major cause of morbidity and mortality in immunocompromized patients suffering from hematological disorders.


				Invasive Candida infections are also associated with significant morbidity and mortality. Indeed, candidiasis fungemia is often indistinguishable from bacterial septicemia. As noted by Rueping et al,359 Candida species are the fourth most common cause of nosocomial bloodstream infections in the United States, as well as the single most important global cause of opportunistic fungal infections.


				A study of 2,019 patients enrolled in the Prospective Antifungal Therapy Alliance from 2004 to 2008 showed that candidemia caused by non-Candida albicans Candida species was higher than the incidence of candidemia caused by C. albicans (54.4% vs 45.6%, respectively).360 The overall 12-week mortality rate after diagnosis was 35.2%. A recent Spanish study noted that Candida is the third most common microorganism isolated from blood cultures in the intensive care unit (ICU) where the mortality was 25%-38%.361 In a case-control study, others determined the risk factors for candidemia development in ICU patients.362 The results showed that candidemia developed primarily in critically ill patients with multiple organ failure and end-stage disease. Gastrointestinal surgery was independently associated with candidemia. The ICU and total in-hospital mortalities were 40% and 66.7%, respectively.


				In an eight month French study (2005-2006) involving 180 hospital ICUs, there were 300 patients with invasive candidiasis.363 The case fatality ratio was 45.9%. The major factors independently associated with mortality were type 1 diabetes, immuosuppressive mechanical ventilation, and body temperature greater than 38.2 oC. Others compared the incidence of candidemia in neonatal, pediatric and adults age groups in Australia over a three year period.364 Prematurity was the major risk factor in neonates while hematologic malignancy and neutropenia were significantly more common in children than in neonates or adults. The most common conditions in adults were diabetes, renal disease, hemodialysis and recent surgery. Candidemia was attributed to a vascular access device in 58% of neonates, 70% of children, and 44% of adults.


				Chapter Summary


				The causes of morbidity and mortality are numerous. In addition to those presented in previous chapters (i.e., poor nutrition, excess body weight, physical inactivity, alcohol, and smoking, among others), increased morbidity and mortality are affected by psychological factors, violence, motor vehicle accidents, occupational injuries, environmental factors, parasitic, viral and bacterial diseases, and natural disasters. However, since many of these are preventable, the average life expectancy can be significantly lengthened by improving one’s lifestyle, having regular medical check-ups, following physicians’ recommendations, vaccinations in early childhood, avoidance of addicting drugs, and promoting close family ties, among others.
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