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Foreword

I consider it an honour to have the privilege to be one of the first people to read
this masterpiece on optimal human diet by Dr Staffan Lindeberg. Throughout my
life, I have always had an interest in health, fitness and diet starting from my early
years as a university track and field athlete in the Jate 1960s, and then later as
a beach lifeguard in the 1970s and finally as I began my career as a university
professor in the early 1980s. In those halcyon days, people, including myself, who
exercised regularly and attempted to eat healthy diets were dubbed ‘health nuts’.
At the time, many physicians, health professionals and nutritionists considered
vegetarian diets based upon legumes and whole grains to be the healthiest diet
one could eat. As a young man, I was swayed by popular vegetarian diet books
such as Diet for a Small Planet and attempted many times to adopt such diets,
but my attempts invariably ended in failure. As a young university professor, I
was influenced by the popular low-fat, high-carbohydrate, plant-based diets that
were universally being recommended by governmental agencies and nutritional
authorities. Finally in about 1987, when I got around to reading Boyd Eaton'’s
now classic paper (‘Paleolithic nutrition: a consideration of its nature and current
implications’) published in the prestigious New England Journal of Medicine, a
light suddenly came on. From the void of nutritional chaos concerning what one
should and should not eat to optimise health, I now realised a rational pathway
existed to organise all of the seemingly contradictory and conflicting ideas on
human diet. At the time, I did not realise that another person on this planet had
also read this pioneering paper by Dr Eaton and was far ahead of my thoughts,
as he was already planning scientific expeditions to the remote island of Kitava to
study indigenous people consuming non-Westernised diets. This person, of course,
is my scientific colleague, Dr Staffan Lindeberg, and the author of this enlightening
and groundbreaking book —a book that represents a paradigm shift in how modern
medicine is beginning to understand the link between diet and disease. As I read
this book it occurred to me that Dr Lindeberg had not only provided me with the
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specifics of how the Western diet was implicated in virtually every single chronic
disease that afflicts us, but he had also eloquently delineated the ultimate basis
for the link between nutrition and disease. Let me characterise my impressions of
Dr Lindeberg’s message.

Although humanity has been interested in diet and health for thousands of years,
the organised, scientific study of nutrition has a relatively recent past. For instance,
the world’s first scientific journal devoted entirely to diet and nutrition, The Journal
of Nutrition, only began publication in 1928. Other well-known nutrition journals
have a more recent history still: The British Journal of Nutrition (1947), The
American Journal of Clinical Nutrition (1954) and The European Journal of Clini-
cal Nutrition (1988). The first vitamin was ‘discovered’ in 1912 and the last vitamin
(B12) was identified in 1948!. The scientific notion that omega-3 fatty acids have
beneficial health effects dates back only to the late 1970s2, and the characterisation
of the glycaemic index of foods only began in 1981°.

Nutritional science is not only a newly established discipline, but also a highly
fractionated, contentious field with constantly changing viewpoints on both major
and minor issues that impact public health. For example, in 1996 a task force of
experts from the American Society for Clinical Nutrition (ASCN) and the American
Institute of Nutrition (AIN) came out with an official position paper on trans fatty
acids stating:

We cannot conclude that the intake of trans fatty acids is a risk factor for coronary
heart disease®.

Fast forward six short years to 2002 and the National Academy of Sciences,
Institute of Medicine’s report on trans fatty acids® stating:

Because there is a positive linear trend between trans fatty acid intake and total
and LDL (‘bad’) cholesterol concentration, and therefore increased risk of car-
diovascular beart disease, the Food and Nutrition Board recommends that trans
fatty acid consumption be as low as possible while consuming a nutritionally
adequate diet.

These kinds of complete turnabouts and divergence of opinion regarding diet and
health are commonplace in the scientific, governmental and medical communities.
The official US governmental recommendations for healthy eating are outlined in
the ‘My Pyramid’ program (www.mypyramid.gov/), which recently replaced the
‘Food Pyramid’ - both of which have been loudly condemned for nutritional short-
comings by scientists from the Harvard School of Public Health®. Dietary advice by
the American Heart Association (AHA) to reduce the risk of coronary heart disease
(CHD) is to limit total fat intake to 30% of total energy, to limit saturated fat to
<10% of energy and cholesterol to <300 mg/day while eating at least 2 servings
of fish per week”. Although similar recommendations are proffered in the United
States Department of Agriculture’s ‘MyPyramid’, weekly fish consumption is not
recommended because the authors of these guidelines feel there is only ‘limited’
information regarding the role of omega-3 fatty acids in preventing cardiovascular



Foreword ix

disease (www.mypyramid.gov/). Surprisingly, the personnel make-up of both sci-
entific advisory boards is almost identical. At least 30 million Americans have
followed Dr Atkin’s advice to eat more fat and meat to lose weight®. In utter con-
trast, Dean Ornish tells us fat and meat cause cancer, heart disease and obesity, and
that we would all be a lot healthier if we were strict vegetarians’. Who’s right and
who’s wrong? How in the world can anyone make any sense out of this apparent
disarray of conflicting facts, opinions and ideas?

In mature and well-developed scientific disciplines, there are universal paradigms
that guide scientists to fruitful endpoints as they design their experiments and
hypotheses. For instance, in cosmology (the study of the universe) the guiding
paradigm is the ‘Big Bang’ concept showing that the universe began with an enor-
mous explosion and has been expanding ever since. In geology, the ‘Continental
Drift” model established that all of the current continents at one time formed a
continuous landmass that eventually drifted apart to form the present-day conti-
nents. These central concepts are not theories for each discipline, but rather are
indisputable facts that serve as orientation points for all other inquiry within each
discipline. Scientists do not know everything about the nature of the universe, but it
is absolutely unquestionable that it has been and is expanding. This central knowl-
edge then serves as a guiding template which allows scientists to make much more
accurate and informed hypotheses about factors yet to be discovered.

The study of human nutrition remains an immature science because it is young
and because it lacks a universally acknowledged unifying paradigm'®. Without an
overarching and guiding template, it is not surprising that there is such seeming
chaos, disagreement and confusion in the discipline. The renowned Russian geneti-
cist Theodosius Dobzhansky (1900-1975) said, ‘Nothing in biology makes sense
except in the light of evolution’!!'. Indeed, much in nutrition does not seem to
make sense because most nutritionists have little or no formal training in evolu-
tionary theory, much less human evolution. Nutritionists face the same problem as
anyone who is not using an evolutionary model to evaluate biology: fragmented
information and no coherent way to interpret the data.

All human nutritional requirements like those of all living organisms are ul-
timately genetically determined. Most nutritionists are aware of this basic con-
cept; what they have little appreciation for is the process (natural selection) which
uniquely shaped our species nutritional requirements. By carefully examining the
ancient environment under which our genome arose, it is possible to gain in-
sight into our present-day nutritional requirements and the range of foods and
diets to which we are genetically adapted via natural selection!?=1¢. In his book
Dr Lindeberg shows us how this insight can then be employed as a template to
organise and make sense out of experimental and epidemiological studies of hu-
man biology and nutrition. Finally, he provides us with the practical knowledge
to implement contemporary diets that comply with the fundamental nutritional
characteristics that shaped the human genome.

Loren Cordain, PhD
Professor, Colorado State University
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Preface

When [ was a young physician, [ was not particularly interested in nutrition. I was
eager to help my patients with everyday health problems, including avoiding serious
diseases in the future. [ was an acquiescent member of the medical community.
Although my teachers, colleagues and I were aware that diet could have a great
impact on common diseases, as briefly stated in the textbooks, we did not think
much about it.

Instead, we focused on medications and technical solutions. And when the sci-
entific community discovered a new receptor that seemed to be triggered in some
common disease, we all shared the hope for a new drug that would block the re-
ceptor. It hardly occurred to us that food components could cause the disease by
binding to the same receptor.

I knew, of course, that there was a world of nutrition research. There were even
medically trained professors of nutrition. In Sweden, all of them were biochemists
with limited clinical experience. They focused on nutrients and calories, later also
on dietary fibre. We thought that their focus had little to do with atherosclerotic
disease, if we thought of it at all.

At some point I started to wonder. Why did atherosclerosis affect everybody?
Why were ‘age-related’ diseases, such as hypertension, dyslipidaemia and osteo-
porosis, so common and so difficult to distinguish from normal ageing? At the
time, hypertension was defined as the level of blood pressure above which drug
treatment was better than placebo for the prevention of cardiovascular disease.
Any other criterion was dubious.

Then I stumbled upon Boyd Eaton’s paper about foods that were consumed
during human evolution, including a brief note on the absence of Western disease
among hunter-gatherers (Eaton, S.B., Konner, M. (1985) Paleolithic nutrition — a
consideration of its nature and current implications. N Engl ] Med 312, 283-9).
One of the things I found striking was that meat was part of the ancestral diet, so
[ mentioned it to my neighbour who was a vegetarian. She objected and claimed
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that the human gut is designed for plant foods. I went to the library and found
that this and many other widespread myths were based on stories with no or little
scientific foundation. To my surprise, I later found that most nutritional scientists
were reluctant to apply evolutionary theory to nutritious food, thus acting very
different from experts in animal nutrition. It gradually dawned on me that John
Harvey Kellogg, a vegetarian zealot, had more influence on dietary advice than
Charles Darwin had.

Now I was hooked for real. I began to read scientific papers systematically. After
a while, I cut grains, dairy, salt and processed food from my own diet, and my
blood pressure, weight and blood lipids went from normal to low. I could see no
obvious risk with a diet mainly based on meat, fish, root vegetables, vegetables,
eggs, fruits and nuts. I informed my patients who were usually interested and often
surprised of the results.

I phoned Goran Burenhult, an archaeologist who had also read Eaton’s paper
and who had visited the traditional horticulturalists of the Trobriand Islands, Papua
New Guinea. He convinced me to organise a clinical study there, due to the signif-
icant proportion of elderly and their ancestral dietary pattern. This is the Kitava
study, mentioned here and there in the text.

And T started writing this textbook. The book is an attempt to provide an
overview of the state of research within a very large subject area. It is also a pol-
icy statement, a new way of gathering information and conducting research about
healthy foods from the perspective of evolutionary medicine. The basic premise is
that human internal organs function best with the foods that have been available
during human development. On the other hand, we should be more restrictive in
terms of recently introduced foods that nature has not given us sufficient means to
handle, including plant constituents that are part of the herbivore defence system.

Up to now, there has been no overarching theoretical structure for optimal human
nutrition, surprising as it may seem. Instead, various models have built on uncertain
epidemiological observations and molecular biology, and the impact of economic
interests and belief systems has been substantial. The inability or refusal to apply
evolution’s basic principles when interpreting dietary studies, 150 years after the
publication of Darwin’s The Origin Of Species, is astounding.

This book is primarily aimed at physicians, nurses, dietitians, biology teachers
and health promotion professionals, but it may also be an interesting read for
anybody interested in the subject. Certain sections have particular relevance for
cardiology, stroke care, diabetic medicine, nephrology, oncology, geriatrics, paedi-
atrics, cell biology, physiology, biology, plant ecology, comparative zoophysiology,
zooecology, human ecology, archaeology, osteology and biological anthropology.
The book summarises close to 25 years of systematic reading of scientific literature
(up to April 2009) in terms of the role of diet in preventing and treating our most
common and serious diseases. My approach has been to regularly read the most
respected and relevant journals in the fields of nutrition, clinical medicine, epidemi-
ology and molecular biology, and to conduct systematic computer-based literature
searches regarding specific issues of particular importance. These searches included
natural science articles outside the field of medicine and nutrition. For roughly the
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first 5 years, [ followed professional journals in the field of biological anthropol-
ogy and archaeology, but in later years I relied on summary articles regarding the
composition of food prior to the development of agriculture.

Some of my conclusions may be considered rather radical. However, they are
quite reasonable for people who want to understand why our most common dis-
eases are missing in ethnic populations with ancestral-like dietary habits. Almost all
Westerners suffer from atherosclerosis from an carly age, but most things seem to
indicate that this disease is not biologically normal. We have to search for the back-
ground causes in our lifestyle in a more thorough way than previously. Quitting
smoking, daily walks, extra vegetables and fruits, Mediterranean-like food choices,
as well as reducing our consumption of energy-dense foods and salt are one step
on the path, but it is evidently not enough.

The book addresses each disease group in an individual chapter, where the cur-
rent state of research is critically reviewed. Particular emphasis is given, whenever
possible, to controlled studies of the effect on clinically significant outcomes, such
as death or new event of serious disease. Considerable effort has been put into the
arguments for and against the more controversial health statements, for example,
that meat is wholesome or whole-grain bread is less healthy than vegetables. The
possible risks of a high protein intake and a low intake of calcium are addressed in
particular.

Term definitions are provided at the end of the book to help readers without an
academic background in medicine. Most readers, regardless of their background,
will probably have to look up a few words due to the interdisciplinary nature of
the book.

During the many years of writing this book, I have been helped and inspired
by many more persons than I can recall. [ am immensely grateful to all of them.
[ am more indebted to my wife, Eva Lindsten, than to any other person. She
has been my intellectual and emotional coach and much more. Additionally,
the ones I can remember at this moment are John Agabu, Bo Ahrén, Michael
Alpers, Joseph Anang, Henrik Andersson, Kjell Asplund, Mette Axelsen, Nigel
Balmforth, Thorbjorn Berge, Goran Berglund, Erik Berntorp, Emma Borgstrand,
Jennie Brand-Miller, Géran Burenhult, Carl Carlsson, Sigrid Carlsson, Loren Cor-
dain, Susanne Danielsson, Boyd Eaton, Champion and Rosalyn Elliot, David
Freed, Johan Frostegdrd, Yvonne Granfeldt, Bo Grislund, Leif Gdransson, Marie
Henschen, Michael Hermanussen, Anders Hernborg, Lena Hulthén, Bjorn Isaks-
son, Per-Axel Janzon, Peter Johansson, Horst Jiiptner’, Tommy Jénsson, Hasse
Karlsson, Ingrid Karlsson, Séren Kerslow, Anita Laser Reuterswird, Quiming
Liao, Bjorn Lundht, Amar Nalla, Ake Nilsson, Peter Nilsson-Ehle, Stig Norder,
Kate Nuttall, Kerin O’Dea, Stefan Olsson, Tommy Olsson, Paddy Osborne, Leif
Pierre, Chief Philemon and many other Kitavans, Paramount Chief Pulayasi of
Omarakana, Brittmarie Sandstrém®, Bengt Scherstén®, Wulf Schiefenhével, Peter
Sinnett, Sverre Sjolander, Trygve Sjoberg, Kit Sjostrom, Jerry Soffman, Stig Steen,

t Deceased.
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Frank Sundler, Andreas Terént, Dag Thelle, Lars-Olof Tobiasson, Stewart Truswell,
Martin Ugander, Bengt Vessby, Knut Westlund, Bjorn Westrom, Anders Wirfale,
Arvids ZamuelisT, Bo Zachrisson, Torbjorn Akerfeldt and Hans Ohlin. Thank you
all for your support.

Staffan Lindeberg
Lund, September 2009



Introduction

In his theory of evolution, Charles Darwin gave a simple and logical explanation
for the diversity and adaptability of species?’>!1%°. Everything that used to be a
mess of riddles and contradictions suddenly became comprehensible and coherent.
The results of Darwin’s theory were enormous and have had a dramatic effect on
theoretical developments within the field of biology. The theory of evolution has
subsequently been applied to an increasing number of disciplines.

Evolution occurs because there are differences in the hereditary characteristics
of different individuals within a species, created through mutation and the transfer
of genes, and because selection may or may not favour these different traits. The
individuals who do best in a certain environment, i.e. produce the most offspring,
are those who subsequently outcompete others in that species. The genetic traits of
these successful and well-adapted individuals become increasingly common within
the species while others gradually disappear. This process is called natural selection.
Hence, evolution depends on elimination.

Natural selection benefits those that have more offspring than others. While
carnivores become better hunters during evolution, their prey become better at
fleeing. Bacteria attack animals that, in turn, develop defence mechanisms, which
the bacteria then outsmart, and so forth. Plants develop toxins and other bioactive
substances that are harmful to animals that feed off them. Evolution is an eternal,
escalating struggle that continues to this day.

1.1 Why do we get sick?

Evolutionary theory has been applied sporadically within the field of medicine since
the early twentieth century. The activation of the sympathetic nervous system dur-
ing stressful periods has long been considered a part of the ‘fight-or-flight response’,
and pain has been seen to encourage healing by forcing that part of the body to
relax. Later, the appearance of microorganisms with resistance to antibjotics led to
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Table 1.1 Mechanistic and evolutionary causes of diseases or symptoms.

Mechanistic explanation

Evolutionary explanation

Breakdown of the
immune system in
AIDS

Fever

Myopia
(nearsightedness)

Choking on pieces of

HIV binds to the CD4
molecule on the surface of
helper T cells to invade and
gradually destroy them

Pyrogenes stimulate the
synthesis of prostaglandin E2

Abnormal growth of the eye
ball mediated by local growth
factors

Inhalation during swallowing

Attack: spread of HIV fostered
at the expense of the host
organism

Defence: increased body
temperature appears to make
cell division difficult in the
microorganism

Lack of adaptability to new
environment: we have left the
life of hunting and gathering

Design error: airway and

meat gastrointestinal systems are
crossed

an understanding of how this resistance develops according to the laws of natural
selection. The relative protection against malaria among heterozygous carriers of
sickle cell anaemia has been thoroughly discussed. However, only recently has evo-
lutionary thinking emerged as a wide-ranging discipline in medical science in the
form of evolutionary medicine!28¢-1716,1809

Evolutionary medicine looks at health and illness from an evolutionary perspec-
tive and generally focuses on what is typical rather than what is the exception,
more on evolutionary (ultimate) rather than mechanistic (proximate) explanations
for disease (Table 1.1).

A proximate explanation for disease is therefore synonymous with pathogenesis,
which provides a detailed, often physiological or biochemical, description of the
origin of the disease. Evolutionary explanations for diseases or symptoms try to
explain who or what benefits from the process and in what way. To the extent that
something can be done in terms of environmental factors, this is of great interest.

Roughly speaking, evolutionary explanations for disease can be divided into four
categories: attack, defence, lack of adaptation to unfavourable environments and
design errors. Attack is thought to benefit the attacker, while defence benefits the
person attacked. The methods can vary from the bite and scratch of an animal or
the invasion of microorganisms to the pricks and poisons of plants. For hundreds
of millions of years, in an escalating struggle for survival, both attack and defence
have been strategies in the evolutionary history of the animals. This process is still
going on, and no animal can be said with certainty to be the ‘winner’ in the game
of survival of the fictest.

Humans with a tendency for anxiety may potentially create a more secure en-
vironment for their offspring than those who are clueless or foolhardy'?%. It has
been suggested that fever also has an evolutionary purpose by impeding the growth
of bacteria”®’.
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However, diabetes can hardly be said to have a purpose, and therefore, it lands
in the category of lack of adaptation. The fact that this lifestyle disease has affected
an increasing percentage of the earth’s population in the last few decades shows
that genetics is not the only cause, since the timescale of genetic change is very
much slower. In general, heredity has a great impact on individual resistance to
a Western lifestyle but is rarely the sole explanation. These ideas are explained
further in Section 4.6.

An even clearer example of a lack of adaptability to new eating habits is the loss
of lactase activity during childhood, which leads to an inability to digest lactose in
the adult. Such a loss is the rule in most ethnic groups, like in other animals. During
human evolution, when cow’s milk was not part of the diet, there was no advantage
in maintaining lactase activity after childhood. On the contrary, natural selection
benefited those groups that did not spend resources on an enzymatic activity that
would not be used — in this case, that of lactase.

A design error can often be seen as the best design of the given alternatives, in
contrast to the best theoretically imaginable design. The problem with choking on
pieces of meat could have been avoided by separating the respiratory tract from the
digestive apparatus. But we all descend from an ancestor with crossed systems®”’
and now it is too late. Evolution cannot go backwards, and any species that might
by chance develop the rudiments of a better system would, for other reasons, have
been outcompeted.

Certain hereditary diseases can be seen as the result of design errors, but often
one or more environmental factors are required for a disease to appear. Heredity
therefore does not preclude environmental influence.

Past scientific discussion can sometimes give one the impression that the diseases
of the Western world are caused by design flaws that can only be corrected with
the help of pharmaceuticals or other medical procedures. I consider this book an
argument for the case that this is a misunderstanding.

1.2 We are changing at pace with the continental drift

During the unbelievably slow process we call ‘evolution’, changes through natural
selection have led to the appearance of our own species!!®®. These changes occur
sometimes in great strides and sometimes more gradually in many small steps. Often
there is no change in a certain trait across millions of years, when natural selection
favours stability, say for the metabolism of glucose. Microevolution involves a
slow process of adaptation within the species and the development of new species,
which are relatively similar to the original. However, macroevolution involves the
appearance of radically new strains and thereby new groups at a higher level than
their relatives.

One way of clarifying how much time has passed from the first vertebrates to live
on land until the appearance of humans is displayed in the ‘evolutionary calendar’
in Table 1.2. For the sake of simplicity, we will assume that the first vertebrate life
forms to walk on land lived 365 million years ago, and then we can allow 1 day in
the calendar to represent 1 million years in reality.



4 Food and Western Disease

Table 1.2 The last 365 million years converted to a calendar year.

Time Event
January 1 Amphibian ancestor
March 5 Reptile ancestor
June 10 Early mammal
July 20 ‘America’ starts to separate from ‘Europe’ and ‘Africa’
October 28 Primate ancestor
Christmas Eve Bipedal ancestor (hominid)
New Years Eve
19:30:00 Homo sapiens (modern humans)
21:30:00 Some of us leave Africa
22:45:00 Some go to New Guinea
23:00:00 Some of us go to Europe
23:40:00 And even to Scandinavia
23:45:00 Agriculture starts in Middle East
23:52:00 Agriculture starts in Scandinavia
23:53:00 The Ice Man dies in the Alps
23:59:00 The Black Death (the European pandemic of plague)
23:59:50 Cardiovascular disease

Note: 1 day = 1 million years, 1 hour = 41,700 years, 1 minute = 694 years.

The changes that occurred since one of our ancestors left the fish stage more than
400 million years ago primarily concerned size and form, temperature regulation
and the methods for reproduction and obtaining food. We have stopped laying
eggs, we have lost our tail and we no longer carry fur. We use tools to obtain food
and obviously look different from our mammalian relatives.

But despite the enormous amount of time that has passed since our first amphib-
ian ancestor crawled up onto land, there are still more similarities than differences
between the current descendants in the chain of development. The cells of different
mammals are essentially built up by the same protein-based information systems,
regulated by the same DNA-based genetic language. Food is chewed and broken
down in very similar ways by various types of animals. The few exceptions include
the fact that mammals can move their lower jawbone sideways in relation to their
upper jawbone, and that ruminants have bacteria in their digestive tract that can
break down cellulose and ‘disarm’ some plant defences. Curiously, few changes in
our ancestors’ long history have occurred in terms of how our food is processed
once it has been absorbed by the organism. Consequently, the metabolism between
different mammals that are used in research is very similar to each other, despite
the fact that their common ancestors may have lived 100 million years ago. It is
thanks to this close similarity that we can perform experiments on animals to un-
derstand human biochemistry. We have obtained most of our knowledge of our
own biochemistry from studies on rats and other types of animals.

For millions of years, species have been fine-tuning how they use the available
food substances in the most beneficial manner possible. Notice the word ‘available’;
this process has not been able to change our bodies to handle food that did not
appear during evolution, e.g. salted food or cheese sandwiches.
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However, adapting to available food has not been problem-free. Most plants
protect themselves from being eaten by mammals, insects and fungi by synthesising
toxins and a host of antinutritional bioactive substances’?!. These include plant
lectins, alkylresorcinols, protease inhibitors, tannins and polyphenols. Evolution
has forced plant-eating animals (herbivores) to develop sophisticated defence sys-
tems, including variation of plants eaten in order to minimise the dose of each
individual substance. Animal species that support themselves exclusively on one
particular plant have been forced to develop defence mechanisms to minimise the
damaging effects of its phytochemicals. One example is the ability of some herbi-
vores to consume large quantities of cyanide-forming (cyanogenic) plants®®.

From this perspective, the term ‘natural’ somehow gets a new meaning. Naturally
occurring substances in the plant kingdom are not necessarily as benign or as useful
as we often imagine. Somewhat drastically, you could say that it is completely
natural to die of mushroom poisoning, that this is part of the mushroom’s natural
strategy to make short work of its enemies. Today, itis natural to die of a myocardial
infarction (heart attack), which is a natural consequence of the Western lifestyle.
In the light of this, herbal medicines are given credit that is not truly justified. The
fact that these medications have their origin in the plant world does not mean that
they are safer than drugs that are manufactured synchetically.

Our primate ancestors have been consuming fruit, vegetables, nuts and insects for
50 million years or more. Meat was successively added, with a probable increase
around 2 million years ago. Underground storage organs (roots, tubers, bulbs,
corms) possibly become staple foods 1-2 million years ago (see Section 3.1)!%7.
The variability was large; single plant foods were rarely available in excess. Modern
staple foods such as grains, milk, refined fats and sugar, and salt were not available,
but are now providing the bulk of calories in most countries.

1.3 Are we adapted for milk and bread?

If milk and bread are capable of causing illnesses that would have reduced fitness
in early agriculturalists, would not have Europeans been able to adapt to these
items over the past 10000 years? If that were the case, it would have been a
result of the gradual elimination of people who suffered from early death or low
fertility caused by such foods, and we, who are the descendants of the survivors,
would accordingly be created differently. This is a multifaceted question®3!. First,
it depends on which adaptations you look at. Genetic adaptation to a deadly threat
in childhood, in certain cases, can apparently occur in less than 50 generations
(which may correspond to less than 1200 years), starting at the time when 1%
of the population carry the protective trait and ending at the time when the large
majority, say more than 90%, are carriers. However, the necessary time from
complete absence of the trait to its first appearance in an individual carrier may
be very long, and is actually mathematically impossible to calculate. In addition,

it may take several thousand generations for the prevalence to increase from 0
to 1%.
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The timescale of genetic adaptation can be illustrated by the observed change in
colour of the peppered moth (a winged insect) in the area of Manchester during the
1800s. In the 1700s, almost all of these moths were speckled grey and were therefore
perfectly camouflaged against the lichen covering English birch trees. By chance,
however, a small founder population of moths were black and therefore easier to be
spotted by birds. This could have caused their elimination if an unexpected saviour
had not appeared, namely industrialism. The soot from Manchester’s smoke stacks
blackened the area’s birch trees so severely that suddenly it was the grey speckled
individuals that were at the greatest risk of being eaten by the birds. Just 50
generations later — after 50 years in their case — the result was that almost all
peppered moths in the area were black. This process of natural selection went
unusually fast, but the danger was also very significant in the first day of life for
those that had the wrong colour.

Now assume in our case that people in a downright barren Europe 10000
years ago were forced to drink milk to survive the harsh winters after the
hoofed mammals had been hunted down to near extinction by humans. Lactose
intolerance, the hitherto normal condition for adult humans (and animals), would
then be a serious threat to survival; i.e. the inability to thrive on milk would exert
a strong negative selection pressure. Assuming also the presence of a large enough
founder population, after a few hundred generations it is highly possible that most
lactose intolerant families had been eliminated, which also seems to have been the
case among the Scandinavian people???.

Assume further that milk caused atherosclerosis (see Section 4.2), stroke and
myocardial infarctions in most people in their 50s, apart from some individuals
who were genetically resistant and did not develop these conditions before the age
of 80. If such a resistance-promoting gene would be passed on to their children,
how quickly can it spread in the population; i.e. how big of an advantage do these
resistant relatives have despite drinking milk? Do they have more children? Barely,
if a heart attack atage S0 years or later is the sole result. Do the children fare better?
Perhaps, but the difference is marginal. When a mother is 50 years old, the children
often deal quite well without her help. Other populations, by and large, can just
as easily propagate their offspring, and the roughly 10000 years since the dawn
of agriculture is very unlikely enough time for the majority of Europe’s population
to belong to this resistant group. However, grandmothers could have had a cer-
tain amount of significance during evolution (which would explain the long time a
woman can live after menopause). Adult children’s independence of their elder par-
ents became most apparent in civilised society, where competence and knowledge
could be spread to a larger number of people than in hunter-gatherer societies.

However, a few thousand years may be enough if fertility is strongly and nega-
tively affected. The relation between Western dietary habits and insulin resistance
(a precursor to type 2 diabetes and hypothetically a partial cause of cardiovascular
disease), as well as reduced fertility, is therefore an important issue that will be
addressed in Section 4.6 on insulin resistance. In that section, the relatively low
prevalence of type 2 diabetes in people of European descent, as compared to most
other ethnic groups, will also be discussed.
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While cow’s milk is relatively easy to dismiss as optimal human food from the
perspective of genetic adaptation, seeds (including beans) are slightly more com-
plicated. Grass seeds from the Poaceae family, which includes wheat, rye, barley,
oat, rice and maize, have not been staple foods before the advent of agriculture. In
contrast, fatty seeds from various African plant species probably have been part of
our ancestors’ diets for millions of years. We know that seeds have high concentra-
tions of phytochemicals”2!. Hence, if African fatty seeds were regularly consumed
during human evolution there may have been some adaptation to these particular
species, whereas grass seeds are just as recent as milk in the human diet. In addition,
a narrow range of seeds are now consumed every day as staple foods, a very recent
phenomenon in evolutionary terms.

The question of root vegetables is even more complex. As outlined in Section
3.1, humans may be highly adapted to a high intake of root vegetables. Such an
adaptation would mainly pertain to the particular phytochemicals that are present
in African roots, including those found in some species of Dioscorea or Ipomoea.
However, the potato, which originates from South America, may contain bioactive
substances that are too foreign for us to cope with. For example, the potato lectin
(Solanum tuberosum agglutinin or Solanum tuberosum lectin) activates tyrosine
kinase receptors not necessarily affected by lectins from more distantly related
plant tubers**®. Considering the amounts of potato consumed in Western countries,
a higher degree of adaptation would have been preferable.



2 Expanding our perspective

2.1 The perspective of academic medicine

Prevention is an important part of today’s health care work in order to delay,
prevent or detect the onset or recurrence of any of the widespread public illnesses
in modern society. The potential benefits for public health are great'%82, Today’s
diseases, primarily cardiovascular diseases, cancer, osteoporosis and some autoim-
mune diseases, are the most common causes of disability and premature death in
Europe (see Tables 2.1-2.3). Each year, more than 10% of the population over 65
years of age is treated in hospitals for cardiovascular diseases, which are also the
most common causes of death. One out of five Europeans dies from cancer, which is
the second most common cause of death. Every second Swedish woman will break
one or several bones due to osteoporosis®’!, and the estimated worldwide incidence
(occurrence) of osteoporotic fractures was 9 million in the year 200083¢. Each of
the autoimmune diseases is relatively uncommon, but as a group, they make up
a large portion of the diseases in the Western world. One of the most common
autoimmune diseases is rheumatoid arthritis

The largest group of preventable diseases is cardiovascular disease: ischaemic
heart disease (myocardial infarction, sudden cardiac death and angina pectoris),
heart failure, stroke and certain forms of dementia. Prior to becoming ill, often
for several years, a large percentage of the patients show warning signals such as
increased waist circumference, hypertension (high blood pressure), diabetes or high
serum cholesterol. Watching for these warning signals during individual meetings
between patient and doctor, regardless of the reason for the visit, is an increasingly
high priority in European health care.

Along with the increased awareness of the need for preventive measures, scientific
methods have been increasingly applied within the field of academic medicine,
especially in the form of randomised controlled trials (comparative studies with
two or more randomly selected groups where one receives a control treatment).
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Table 2.1 The ten leading causes of death worldwide, 20011983,

Deaths Percentage of
(millions) total deaths

Low- and middle-income countries

Ischaemic heart disease 5.7 11.8
Cerebrovascular disease 4.6 9.5
Lower respiratory infections 3.4 7.0
HIV/AIDS 26 53
Perinatal conditions 2.5 51
Chronic obstructive pulmonary disease 2.4 49
Diarrhoeal disease 1.8 3.7
Tuberculosis 1.6 3.3
Malaria 1.2 25
Road traffic accidents 1.1 2.2
High-income countries
Ischaemic heart disease 1.4 17.3
Cerebrovascular disease 0.8 9.9
Trachea, bronchus, lung cancers 0.5 5.8
Lower respiratory infections 0.3 4.4
Chronic obstructive pulmonary disease 0.3 3.8
Colorectal cancers 0.3 3.3
Alzheimer’s disease and other dementias 0.2 2.6
Diabetes mellitus 0.2 2.6
Breast cancer 0.2 2.0
Stomach cancer 0.2 1.9

Table 2.2 Two different ways to indicate cause of death in Sweden in 19984,

Percentage of

Percentage of deaths under 65
deaths in total years of age
Cardiovascular disease
Men 47 30
Women 49 17
Tumours
Men 25 28
Women 22 52
Injuries
Women 6 20
Women 3 12
Other
Men 22 21
Women 26 19

Note: Of the total number of deaths, 17.3% occurred among men and 10.3% among women under the age of
65 years.
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Table 2.3 The ten diseases/injuries (in order of priority) that contribute to the most DALY's
(disability adjusted life years) in Sweden in 1998*

Percentage Percentage
Men of DALYs Women of DALYs
Ischaemic heart disease 19.2 Ischaemic heart disease 13.7
Depression and neurosis 6.6 Depression and neurosis 10.9
Stroke 58 Stroke 6.9
Alcoholism 45 Dementia 6.3
Self-inflicted injuries 4.2 Breast cancer 3.1
Dementia 3.1 Chronic obstructive 2.8
pulmonary disease

Chronic obstructive 2.8 Psychosis (schizophrenia 2.6
pulmonary disease excluded)

Lung cancer 2.7 Back and neck illnesses 23
Traffic accidents 23 Respiratory infections 2.1
Psychosis (schizophrenia 2.3 Gynaecological cancer 2.0

excluded)

Note: A DALY is a year of healthy living that is lost due to illness or death.

These studies are then evaluated in terms of important clinical events such as
death or serious illness, and not only in terms of changed risk factor levels!*>!.
Many experts believe that epidemiological and molecular biological studies do not
provide a sufficient basis for lifestyle recommendations or drug treatment of obesity
and high blood sugar.

This new approach, which is called evidence-based medicine, is revealing a num-
ber of gaps in treatment and a strong need for more effective prevention. Preventive
pharmaceutical treatments for established heart diseases (secondary prevention),
e.g. using statins or acetylsalicylic acid (aspirin) after a myocardial infarction, or
beta-blockers and angiotensin-converting enzyme inhibitors in the event of heart
failure, have displayed an unequivocal effect, with a 15-30% reduction or more
in the risk for serious diseases in the future. However, when it comes to primary
prevention (prevention before the real disease appears), the effect of medication
is not always as obvious. In the case of moderate hypertension in middle age,
blood pressure medication only appears to be warranted in the case of a markedly
increased risk for cardiovascular disease’®”>1?#8. In the case of drug-resistant hy-
pertension, further treatment with additional antihypertensive drugs has no proven
extra benefit, beyond what is achieved with one single drug®®, and the widespread
belief in such a benefit is based on observational studies, not randomised controlled
trials?*1. Pharmacological blood sugar regulation in type 2 diabetes apparently has
no or little effect on complications associated with atherosclerosis, such as myocar-
dial infarction, stroke and heart failure*42:58274%,1394 " degpite strong relationships
in observational studies620:1734,

When health care professionals receive their initial training and continued edu-
cation regarding prevention, priority is traditionally given to the use of pharma-
ceuticals, while relatively little room is allotted to the strong scientific support that
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Case report: a rather typical case of sudden death.

David was about to turn 65 years old. He had been looking forward to a quiet retirement
together with his wife. He was somewhat careful about his health, never smoked, walked
the dog almost every day, and drank the way most people do — a glass of wine with dinner,
once or twice a week.

The week before he turned 65, he went in for his last annual check-up at the health
centre. Over the course of the year, his blood pressure was around 140/85; for a short
period 10 years earlier, it had temporarily risen to 150/95. All of the tests were normal
and the ECG did not show any signs of illness. Nobody at the health centre had reason
to comment on his somewhat round belly (he weighed 15 kg more than he did in his
adolescence).

The 65-year-old appeared to be lucky at his celebration party. David was in good
shape and danced for half the night. Therefore, there was a lot of shock and confusion
when he suddenly died 3 weeks later during a walk through the woods. The autopsy
showed serious atherosclerosis in several coronary arteries of the heart and a blood clot
adjacent to a ruptured plague. The probable cause of death was cardiac arrest due to
myocardial infarction. Advanced atherosclerosis was noted in a number of blood vessels
in the internal organs.

A few of his friends thought that it was nice for David to die so suddenly in such vigour,
but his wife was deeply depressed for a long time. His eldest son has become very eager
to find out the truth about Western disease.

currently exists, highlighting the importance of a person’s lifestyle for the devel-
opment of atherosclerosis, diabetes, obesity, hypertension, dyslipidaemia (e.g. high
cholesterol) and several forms of cancer.

2.2 The concept of normality

The term ‘normal’ is frequently used in discussions between doctors and patients,
e.g. in statements like ‘blood pressure is normal’. This means that blood pressure
is on an average or low level for that population, and that it is not so high that
drug treatment is required. The truth, however, is more complicated. Since the risk
of cardiovascular disease increases continuously with rising blood pressure, it is
safer to have low than average blood pressure, but not very much, and even those
Westerners with low blood pressure are at significant risk (see Section 4.7).

Hence, a clearer answer would be: “Your blood pressure is normal, which means
you are at a normal level of risk for heart attack and stroke.” Normal risk then
means the average risk of the population (Figure 2.1). Furthermore, increasing
evidence favours the notion that most healthy elderly Westerners could benefit
from medication for blood pressure and serum cholesterol?$2.

It is not unusual to view typical Western ageing as synonymous with normal
ageing. The fact that body weight and blood pressure increase with age may then
by some authorities even be regarded as part of normal biology, while traditional
populations who do not show these same signs of ageing are seen as unexplainable
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Figure 2.1 A schematic graph of the variation of risk for Western diseases, such as
cardiovascular disease, depending on risk factor levels, such as serum cholesterol. A
Westerner at average risk has been set as the reference. ‘Low'-risk Westerners have a
markedly higher risk than non-Westerners.

exceptions that tend to get forgotten in the discussion!'%*3. In migrant studies, a cou-
ple of years after transition to an urbanised lifestyle, virtually everyone has higher
blood pressure and blood sugar than non-migrants of the same ethnic origin®3%1437,
The fact that virtually all Westerners will develop pronounced atherosclerosis in the
coronary arteries of the heart with age, while other free-living mammals apparently
go free of this problem (see Section 4.3) is not often discussed today.

The late Geoffrey Rose, a highly respected epidemiologist, talked about healthy
and sick populations'*32. If a person belongs to a sick population, they are at risk
for myocardial infarction even if they have a blood pressure that is normal for this
population. This reasoning is often overlooked when the focus is only on how the
disease and risk factors correlate within the individual population. Even trained
scientists fall into the trap of using the ‘low-risk’ group as a true reference group.

If the majority of people with a modern lifestyle need treatment for their ‘normal’
cardiovascular risk factors, then we truly have a problem. I can only see one radical
solution: to search for the biologically normal.

2.3 Genetics

It is important to comment on a common misunderstanding of the role of genetics.
A genetic predisposition for an illness typically does not mean that the disease is
independent of a person’s lifestyle. One example is lactose intolerance: If you do
not drink milk, you do not develop diarrhoea, even if you carry this hereditary
‘defect’. Correspondingly, coeliac disease (intestinal disease of gluten intolerance)
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develops among those people with a hereditary predisposition if, and only if, they
eat grains containing gluten.

Most widespread Western diseases seem to have a significant hereditary com-
ponent. For type 2 diabetes and cardiovascular diseases, we do inherit a certain
amount of resistance, which means that two people with the exact same lifestyle
are at varyingly high degrees of becoming ill. But all evidence suggests that if both
these people had lived as hunter-gatherers, neither of them would have been af-
fected, as outlined in this book. Furthermore, if people with a predisposition for
type 2 diabetes would revert to an original hunter-gatherer lifestyle, they would
actually be expected to do better than other people because of a better capacity to
reproduce on a meat-based diet. Their inborn insulin resistance seems to minimise
the risk for low blood sugar after an extremely high meat intake (see Section 4.6).

It is also of interest to distinguish between genetics at the individual/familial
level and genetically determined ethnic characteristics. In both cases, if you have
the ‘wrong’ parents, you have to be more careful than other people about your
lifestyle. But there is some comfort for yous; if you use preventive measures, you can
reduce your risk to a point below that of people without a genetic predisposition
(if those other persons continue to live an unhealthy lifestyle).

Hence, it is not contradictory that most modern diseases are genetically condi-
tioned, and, at the same time, that they depend on a person’s lifestyle (to manifest
themselves). It involves heredity and environment — not either/or. Or, in the words
of Geoffrey Rose, the answer to “Why does this particular individual in this popu-
lation get this disease?’ is not necessarily the same as the answer to “Why does this
population have so much disease?’!*3%2. The new science of nutrigenomics usually
deals with the first question**!. This book mainly explores the second, and also a
third one: why are most modern humans afflicted with Western disease?

2.4 Dietary guidelines

Nutritional recommendations formulated by national or international bodies are
designed to provide information for planning a diet, which at the group level,
will ensure people’s primary physiological needs for growth and function (the
nutritional goal), and provide the basis for general good health (the public health
goal). Roughly stated, the nutritional goal is the prevention of symptoms of acute
deficiencies (scurvy, pellagra, etc.), while the public health goal is largely to prevent
diet-related diseases (cardiovascular diseases, cancer, osteoporosis, etc.).

In terms of the intake of protein, minerals and vitamins, the recommendations
are based on the estimated minimum requirements plus a margin of safety (often
two standard deviations above the average for the population) in order to cover
both individual variations and an increased need during stress. Based on this, the
risk for deficiency symptoms is considered to be low among most individuals whose
intake is just under the recommendations.

For many nutrients, the estimated minimum requirement is not fully known, and
the recommended intake is based largely on dara about the population’s intake
when obvious deficiency symptoms are absent. The recommended energy intake is
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based on the current intake among healthy subjects. For fibre, sodium and alcohol,
as well as protein, fat and carbohydrates, the recommendations are based on an
‘overall assessment’ of current knowledge of food’s importance for health.

While knowledge of the minimum requirements to avoid deficiency symptoms
may be considered good, there is significant uncertainty in terms of what the optimal
nutritional intake for preventing widespread Western diseases should be. The key
reason for this is that estimation methods that are available have serious limitations.

Problems and limitations in nutritional research

Problems with epidemiology

Epidemiological (observational) research investigates the distribution of diseases in
relation to lifestyle and other characteristics. One type of epidemiological study is
the ecological study, which typically compares nations or regions at one particular
time, while prospective cohort studies (or cohort studies for short) assess a large
group (cohort) of people who are followed over a period of time. In case—control
studies, individuals already diagnosed with a disease (‘cases’) are compared with
healthy individuals (‘controls’).

The biggest problem with epidemiological studies consists of ‘confounders’ or
confounding factors, i.e. when the suspected dietary factor being examined is associ-
ated with one or multiple other factors that are not being taken into considerations,
or that cannot be fully adjusted for residual confounding®'%%’. For example, as-
sume that a group of people are asked how much wine they drink, and then they
are monitored for a number of years with respect to developing disease. If there
is a negative relation between wine consumption and mortality due to myocardial
infarction, it could be assumed that this is due to a protective factor in the wine, or
that drinking wine correlates with some other factors that are the real reasons for
the relationship. One of several such confounding factors, particularly in ecological
studies within Europe, might be milk: The more wine, the less milk!'248:1614,

Antioxidant vitamins and cardiovascular health constitute another example of
confounding. Despite strong and consistent evidence from observational studies,
no benefit has been seen in randomised controlled trials*®”/173.

If the findings from one study are repeated in subsequent studies, this may be
due to the fact that the same confounders tend to reoccur simply because many
modern populations have similar conceptions. One population’s opinion of the
health benefits of a particular food or supplement is naturally often shared by other
populations. Each new study that finds a connection, and which is broadcast by
the media, may actually reinforce the source of the error.

Likewise, the failure of medication that lowers blood sugar to prevent car-
diovascular disease in diabetes*#2-8274%13%4 " despite a decreased risk with lower
blood sugar in observational studies!®*%!173% clearly shows the tenuous basis of
epidemiology.

Studies that are based on food questionnaires contain another source of errors
due to a lack of reliability, in terms of the answers to questions about eating habits
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and the inferences that can be drawn from them. For example, if the reported colour
of the usually consumed bread {(brown or white) is used to estimate glycaemic index,
as in the influential Nurses’ Health Study (http://www.channing.harvard.edu/nhs/),
there is a risk of overestimating the role of this dietary factor, since glycaemic index
is barely associated with the colour of bread®®. Furthermore, the consumption of
unhealthy food is often underestimated. Another difficulty is that the variation
of dietary habits in the population being studied may be too small to allow for
demonstration of a possible relationship with health. Salt consumption among
a particular ethnic group may not show much variation, and the majority has an
intake that is much higher than what was practically feasible during evolution. This
problem can be compared to studying the importance of smoking for myocardial
infarction without having access to non-smokers. {In the case of smoking, often no
relation is apparent in epidemiological studies.)

Underreporting is a very significant problem in observational studies based on
self-reported food intake. It has been suggested that as much as 25% of the energy
consumed is not reported 4?7, although the underlying assumption that basic caloric
needs are independent of food choice has not been proven.

Often a large number of people are missed, i.e. many of those who were asked
to participate in the study refused to do so. Sometimes these people are consider-
ably different from the participants in important respects. Furthermore, in many
studies accuracy is low because the incidence of disease or death (i.e. the clinical
endpoints) in each group is limited. Therefore, it is appropriate not only to con-
sider the relative risks between the groups, but also the confidence intervals of the
differences, i.e. the interval, within a certain range of probability, where the true
difference is located. Normally, a confidence interval of 95% is indicated. If a study
shows a relative risk of myocardial infarction among smokers (compared with non-
smokers) of 1.4 with a 95% confidence interval of 1.05-2.6, this means that there
is a 95% probability that the actual relative risk lies between 1.05 and 2.6. (A
relative risk of 1.0 would mean that there is no increased risk compared to non-
smokers.)

In epidemiological studies of the incidence of disease in relation to a variable, such
as consumption of a food, consideration should be given to the size of R* (the
determination coefficient, which is the correlation coefficient squared). If R* = 0.23,
then 23% of the variation in the incidence of disease is explained by the variation
of the variable being examined. If R? is less than 0.10, more than 90% is explained
by something else, a fact that is often not mentioned by the researchers.

In ecological studies comparing several different countries, where the number
of people who become ill or die from a certain disease is recorded over a longer
period of time, there is a risk that the diagnostic criteria will vary between some of
the countries. If a cause of death is found to be unusual in a certain country, this
can be due to under-diagnosis rather than a truly low incidence. This problem is
particularly significant for studies of long-term time trends.

The uncertainty in epidemiological studies is so great that the results should be

interpreted with considerably greater caution than what is normally the case!!¢?
(Box 2.1).
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Box 2.1 The basis of our opinion on diets.

Science

Epidemiology

Physiology, molecular biology
Randomised controlled trials (RCTs)
Evolutionary biology

Other influences

Belief systems
Alliances, group dynamics, funding etc.

Problems with molecular biology

The methodological limitations of molecular biology and physiological studies
are to some extent quite different from those described above. The number of
substances involved is unimaginably large, and new substances are constantly
being discovered. A vast number of yet undiscovered molecules are expected
to have a large impact on human physiology. Mechanistic models in text-
books are strongly oversimplified and thereby potentially misleading. Most lab-
oratory experiments are performed on laboratory animals, which increases the
uncertainty.

For a long time, beta-blocking antihypertensive drugs were considered to be
dangerous in patients with heart failure, on the basis of the prevailing mechanis-
tic models, but today we know that they actually prolong life in such patients.
Lidocaine intusions were thought to improve survival in patients with multiple
ventricular extrasystoles during myocardial infarction, but today we know that
this type of treatment worsens survival.

Hypotheses regarding lifestyle are even more uncertain since they cannot be
tested in double-blind studies, where no one knows who changed what until after
the study. A myriad of intricate networks with thousands of enzymes, coenzymes,
receptors and transcription factors, many of which have yet to be discovered, are
included in those parts of the metabolic system (the construction, utilisation and
breakdown of substances) that are thought to affect the development of cardiovas-
cular disease. Once food is broken down and absorbed, its later metabolic fate is
largely unknown, which is why its role in chronic disease is highly uncertain. There-
fore, it is impossible to draw firm conclusions regarding causal relationships based
on knowledge of metabolic processes, especially when it comes to the long-term
effects of diet. Moreover, the concept of ‘biological plausibility’, one of Bradford
Hill’s criteria of causation (as opposed to confounding), is rarely applied to associ-
ations in nutritional epidemiology.
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Problems with intervention studies

The ideal situation would be to conduct a randomised controlled trial where the
intervention consisted of a group of people who altered their diet in a predetermined
way, but not in any other way. The problem is that the test subjects (the intervention
group) often simultaneously improve their lifestyle in other respects. It is also well
known that subjects in the control group, more or less consciously, alter their
lifestyle in accordance with what they know or believe are the goals of the study,
or simply because they become inspired to improve their health, or because they
are worried about the lifestyle they were allocated to follow. Unlike drugs, most
lifestyle changes cannot be studied in a double-blind manner. It is also theoretically
impossible to adjust the intake of energy-supplying food without changing the
consumption of other energy-supplying nutrients or the total energy consumption
at the same time. [t can later get difficult to determine the cause of the effects that
were found — or not found.

If the scientists succeed to perform the perfect trial, they may still have the
problem of limited external validity, i.e. an uncertainty of how the results should
be applied in the general population, as opposed to the particular people studied
and the settings and procedures of the study.

Large-scale dietary intervention studies on a societal basis are even more difficult
to interpret. If you achieve the desired effect, it is usually very hard to say exactly
what it was due to or if lifestyle had any impact at all.

In animal experiments, the fact that the control group may have been fed a
type of food that the animal in question is not genetically adapted for is often
forgotten. This creates the risk of ignoring adverse effects of the supposedly neu-
tral control diet. One example is casein (from cow’s milk), which apparently is
highly bioactive despite its widespread use as a ‘neutral’ protein in animal feeding
experiments.

Publication bias

Another potential source of errors can arise if studies with positive effects are
published to a greater extent than those with absent or negative effects, making
the intervention in question appear unduly positive (publication bias). The pri-
mary reason seems to be negligence to write and submit manuscripts, rather than
an unwillingness by journal editors to publish them!*32. This is often discussed
in terms of medications, but less often in terms of lifestyle. One study analysed
financial sponsorship, or lack thereof, with regard to research articles on the health
effects of soft drinks, juice and milk in order to determine how sponsorship affects
published conclusions'®!?. A total of 206 articles were included in the study, of
which 111 declared financial sponsorship. Of these, 22% had all industry funding,
47% had no industry funding, and 32% had mixed funding. Funding source was
significantly related to conclusions when considering all article types (P = 0.037).
For interventional studies, the proportion with unfavourable conclusions was 0%
for all industry funding versus 37% for no industry funding (P = 0.009). Thus,
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100% of industry-sponsored studies came to the conclusion that the beverage under
investigation was beneficial or not adverse to health.

Therisk of publication bias is probably highest for short-term studies with a small
number of test subjects and lowest for long-term studies with clinically important
events such as death or serious disease, since the latter studies are more often
known within the scientific community before they are completed. Requirements for
mandatory registration in connection with the application to an ethics committee
have been suggested in order to minimise this problem. Currently, the largest such
database of clinical trials is the web-based ClinicalTrials.gov.

In terms of controlled trials, publication bias is sometimes uncovered through
meta-analysis (compiling all the studies) using a so-called funnel plot, a graph where
each study’s odds ratio (an estimate of relative risk in case—control studies), such as
measurements of the intervention’s effect, are set in relation to the number of clinical
endpoints*/3:1723, Studies with few endpoints may randomly appear relatively far
from the true odds ratio, while larger trials are clustered around the true ratio.
In the case of publication bias, an asymmetric funnel plot is achieved. In dietary
intervention studies, the number of clinical endpoints, unfortunately, is often so
small that the studies are at the bottom of the pyramid, so to speak, where this
method is of little help.

The first really large controlled study of intravenous magnesium treatment in
acute myocardial infarction was published in 1995, and to the surprise of many
experts, there was no effect on survival®®?. Previously, several smaller interven-
tion studies were published, the majority of which showed a markedly reduced
mortality. Funnel plots published later suggest the presence of publication bias*”3.

Citation bias

Very few readers of scientific papers have the time required to follow all the pub-
lished studies in a certain area. It is therefore problematic that, in some cases,
studies lending support to commonly held notions are cited more often than con-
tradictory studies. It seems obvious that reviews without strict criteria for inclusion
of studies more often conclude that a certain relation exists or a certain treatment
is beneficial, as compared to high quality reviews based on systematic screening of
every available study irrespective of where {or even if) they were published.

The apparent overestimation of omega-3 fatty acids in the prevention of
ischaemic heart disease may to some extent be due to citation bias”® and the
same could possibly be true for the health benefits of a low intake of saturated
fat73%1475 " Another example is genistein, a hormone from soya, whose proposed
benefit in my experience is claimed more often in nutritional science (in journals and
at conferences) than among experts of plant ecology or toxicology. A third example
may be the uncertain effect of dairy products in fracture prevention”$1:1#211957,

Dietary intervention studies often get less attention than pharmacological studies.
A striking example was the Lyon Diet Heart study that demonstrated reduced total
mortality through dietary change after myocardial infarction®%¢3%8. Despite the
fact that the results were published in one of the top ranked medical journals, The
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Lancet, it did not, for the first years, achieve by far the same breakthrough as drug
studies of similar clinical importance. Drug trials of similar importance generally
spread within hours across the medical community.,

Preconcetved ideas

The impact of financial interest is difficult to assess. Deliberately withholding facts
is hopefully uncommon, but subconscious preconceived opinions can likely be rein-
forced by the employer’s wishes. The researchers’ interpretations of their own ran-
domised studies are thought to be influenced by how these are financed, a problem
which is well acknowledged in the pharmaceutical science®'. It has become com-
mon to declare any potential connections to the pharmaceutical industry (financed
projects, etc.), and the same requirements are reasonably placed on authorities
involved in nutritional research. One obvious problem that can be highlighted is
camaraderie: Repeated social interactions with food industry representatives, even
if there are no strict financial ties, can cause an expert to possibly develop a more
positive attitude to certain food products than if such relations were avoided. It
should be noted that the opposite could also occur — that the industry can become
less biased than the so-called independent experts.

Some concepts are less prone to find sponsors than others. For obvious rea-
sons, much more money is invested in technologically advanced production of
functional foods than in old-fashioned foods of basic origin. There is a risk that
research on profitable foodstuffs that have only marginal health effects is overem-
phasised at the expense of studies on the effects of unprocessed meat, fish, fruits
and vegetables, for example. The fact that the fibre hypothesis has been backed by
the cereal industry since it was launched by nutritional scientists around 1970 is
undeniable, and it is possible that this has had an impact on nutritional recommen-
dations to some extent. The scientific support for health effects of cereal fibre, in
particular wheat fibre, is remarkably weak, except in epidemiological studies (see
Sections 4.1, 4.8 and 4.11). In addition, the sources for fibre in the often cited
East African populations did not consist of wheat, but rather of vegetable, corn
and millet, which may be very significant®?”. A partial explanation of the enthusi-
astic acceptance of the fibre hypothesis may have been a long tradition to regard
constipation as the prime disease of civilisation'?3.

An important source of inspiration for researchers themselves is the hope that
their own hypotheses will be confirmed. It has long been known that this hope
can affect the interpretation of study results, and early philosophers like Descartes
and Bacon embraced doubt and critical examination. For the same reason, the
philosopher of science Karl Popper felt that each researcher should try to discredit
their own hypotheses'#*2. In 1877, Charles Peirce, whom Popper considered one
of the greatest philosophers of all time, had already written that, ‘the state of belief
... is a calm and satisfactory state which we do not wish to avoid, or to change to
a belief in anything else’ [http://www.peirce.org/writings/p107.html#note2].

Ideas are strongly linked to stories or analogies. The power of stories in human
culture can be enormous and academia is no exception. Once you start to think
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Figure 2.2 Fat and carbohydrates — both to the left and to the right.

about it, you find experts telling tales everywhere. Analogies help us to understand
new thoughts, but our sense of ‘knowing’ is thereby easily overestimated®”’.

One common effect of preconceived ideas is their tendency to direct the scientist’s
focus towards those dietary aspects that are considered interesting in a trial, such
as the proportion of fat versus carbohydrate or the amount of some micronutrient
(Figure 2.2). An intervention diet based on lean meat, fish, vegetables and fruit may,
depending on your particular belief system, be described as low glycaemic index,
low carbohydrate, low starch, high protein, high omega-3, Mediterranean-like, low
fat, high potassium, low casein, high folate, low lectin, low gluten, or numerous
other designations.

Thus, there is a considerable amount of room for personal interpretation when
viewing previously completed studies, an interpretation that may be a potential
source of errors. All of us interpret the results of dietary studies based on our
own personal ideas of what constitutes wholesome food. A common preconceived
notion, which is based on generations’ understanding of the benefits of vegetarian
cooking, is that meat is less healthy than vegetables.

Another common idea is that substances that come from nature are healthier
than synthetic substances. Research reports on the effects of phytoestrogen are
often infused with an exaggerated enthusiasm for ‘natural’ hormones, without any
apparent understanding that the ‘aim’ of the plant in producing these hormones is
to injure anyone who tries to eat it!?7®. One example of injury is infertility in sheep
after consuming clover with a high phytoestrogen content!’¢*.
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Each country has their traditional dietary customs. These affect the dietary rec-
ommendations from experts on every level, something which seldom appears in
writing. Unofficially, it is acknowledged that certain dietary advice is adapted to
what people usually eat. The national dietary recommendations for Papua New
Guinea highlight cthis issue. The fact that the urban population there receives rec-
ommendations for less healthy food than the rural population does, e.g. two large
biscuits with peanut butter for breakfast for adults**?, may be seen as a form of
‘realpolitik’ It is obviously not because the nutritional needs of the two groups are
actually different.

Lack of time

The significance of a lack of time appears substantial. Many thousand articles
related to nutrition are published annually, and still more publications concern
nutrition although this may not be explicitly stated. Therefore, it is difficult for
nutritional experts to get a complete overview and they need to rely on each other
when forming their concepts of healthy diets. Important studies on the effects of
dietary changes on cardiovascular diseases are often presented in clinically oriented
journals and conferences, and are not always read by those who actually make
the nutritional recommendations. Systematic literature surveys (meta-analyses) ac-
cording to the principles of evidence-based medicine are particularly complicated
when it comes to food, due to difficulties of delimiting and defining a certain dietary
intervention.

Reports in the mass media about the importance of diet apparently influence
even the most knowledgeable authorities. Many of these reports are, for various
reasons, highly selected and do not always reflect current knowledge. There is also
a tendency to report findings from epidemiological studies without proper regard
for potential sources of errors, as outlined above'?3,

Conclusions

Nutritional science is intrinsically biased because epidemiology is confounded,
physiology is complicated and randomised trials usually cannot be placebo-
controlled. As a consequence, non-scientific influence may play a substantial role
in shaping the concepts of diet-health relationships.

Old and new concepts of healthy diets

During the last 50 years there has been much debate on the optimal dietary advice
for improving long-term health in the general population, as well as in patients
with established cardiovascular disease, diabetes, high blood pressure, overweight,
osteoporosis and other problems related to the Western lifestyle. Various con-
cepts have emerged, but none of them is supported by strong and consistent evi-
dence. Six concepts, most of which are overlapping, are more widely accepted by



22 Food and Western Disease

mainstream authorities: low-fat high-fibre diets, fruits and vegetables, calorie re-
striction, Mediterranean-style diets, omega-3-enriched diets and sodium restriction.
A number of additional concepts exist, such as enrichment with vitamins and min-
erals, low glycaemic index, carbohydrate restriction and red wine. A brief review
is given below; for more details see Sections 4.1-4.12.

Low-fat, high-fibre diets

Restriction of dietary fat, in particular saturated fat, has been promoted since the
mid-twentieth century in order mainly to prevent atherosclerotic disease and over-
weight, which became increasingly common during the first half of the century”!.
The benefits of dietary fibre were proclaimed around 1970 although proponents of
‘coarse food” have been heard long before. The latter idea largely emerged from be-
lief systems concerning disturbed bowel function, bloating and ‘autointoxication’
in the nineteenth and early twentieth centuries'?**. The popularity of the hypothesis
increased dramatically around 1970 when Hugh Trowell, an internist, and Denis
Burkitt, a surgeon, launched the idea that dietary fibre would prevent certain age-
related, degenerative diseases?**'814. For more than 20 years, working at clinics in
Kenya and Uganda, they noted what seemed obvious to any foreign doctor: that
Western diseases were largely non-existent among the native population. Burkitt,
above all, had the greatest success positing the fibre hypothesis. He was a good
speaker and also the first to characterise the type of lymphoma that later carried
his name, which gave extra weight to his credibility.

The notion that fat is unhealthy essentially emerged from epidemiological stud-
ies, in particular the ecological Seven Countries Study®’?. In this study, 12095
men aged 40-59 were followed for 10 years starting around 1960. The incidence
of ischaemic heart disease was positively associated with total and saturated fat
intakes, which, respectively, explained 25 and 70% of the disease rates among the
study populations.

However, despite widespread consensus among nutrition experts today, there is
no solid evidence of fat enrichment or (cereal) fibre depletion being important causes
of Western disease. In the Seven Countries Study, US men had more than 100-fold
higher incidence of ischaemic heart disease than Cretan men despite identical fat
intake, i.c. 40% of dietary energy (E%)?°?. In one large randomised controlled
study of nearly 49 000 US women, the Women’s Health Initiative Dietary Modifi-
cation Trial, no beneficial effect was seen on cardiovascular disease, cancer or total
mortality during 8 years’ follow-up by a low-fat, high-fibre diet’%. For the 3.4% of
women with diagnosed cardiovascular disease at the start of the trial, a statistically
significant increased risk of worsening of cardiovascular disease was seen in the
intervention group (relative risk 1.26; 95% confidence interval 1.03-1.54). Diet
changes at 6 years after study start (evaluated from food frequency questionnaires),
in the intervention group as compared with the control group, were as follows:
fruits/vegetables +30%, grains +11%, fibre +16%, total fat —8%, trans fat =22 %,
saturated fat —23%, monounsaturated fat —23% and carbohydrate +18%. The
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intervention and control groups differed with regard to intensity of dietary ed-
ucation but not with regard to type of dietary advice.

In contrast to these disappointing findings, in two other studies, subjects with
impaired glucose tolerance had a lower risk of being diagnosed with diabetes dur-
ing 3 years after being adviced ro eat a low fat, high fibre diet and to increase their
physical activity®?%!1828 The study design precludes any strong opinion about the
independent roles of diet and exercise, but post-hoc analysis of one of the stud-
ies suggests that increased leisure-time physical activity was more important than
dietary changes®®3. In a meta-analysis of randomised controlled trials in humans,
restriction of total and saturated fat apparently had no positive overall effect on
total mortality or cardiovascular disease’**. However, in trials with at least 2 years’
follow-up, a 24% reduction of premarture death or cardiovascular events was seen
(relative risk 0.76; 95% confidence interval 0.65-0.90), although no effect on total
mortality was found. In published studies of changing fat intake in the treatment
of overweight or obesity, fat restriction does not seem more effective than energy
restriction for long-term weight loss86:371446,818,1321,1415,1422,1552,1628

However, studies in animals have shown high-fat diets to be a partial cause
of both atherosclerosis®*? and insulin resistance?’®?%”. In some of these studies,
a very moderate increase in dietary fat has caused abdominal obesity and insulin
resistance, one of the main culprits in Western disease’®’. Moreover, this effect has
been independent of total caloric intake®”. In other animal experiments, a high-fat
diet has led to intracellular fat accumulation, which is suspected of leading to long-
term loss of cell function by way of lipotoxicity 386127 This disturbance is closely
related to insulin resistance and the metabolic syndrome (see Section 4.6)'838,

With regard to dietary fibre, the evidence from intervention studies is even less
convincing. The only published randomised controlled study of increased fibre in-
take, mainly from whole grain cereals, resulted in increased risk of death from heart
disease among patients who were already affected by heart disease at study start,
a non-significant effect?*? which became significant after adjustment for possible
confounding factors such as health state and medication'?%’ (see Section 4.1). In
several prospective epidemiological studies, people who prefer whole grain cereals
to more refined ones have a lower risk of cardiovascular disease'®!, but this may
possibly represent confounding by other lifestyle factors, rather than a direct effect
of dietary fibre. Not even the long held notion that colon cancer is prevented by
dietary fibre is supported by available evidence’3>1222:1388

In summary, these and other studies suggest that low-fat diets are slightly better
than the average Western diet, while there is less convincing evidence in support of
a high fibre diet, at least one based on grains.

Fruits and vegetables

For people on a Western diet, fruits and vegetables may provide an important
source of essential vitamins, minerals and trace elements. However, once nutri-
ent requirements are met it is uncertain whether these foods are important for
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long-term health in the prevention of Western disease. The high water content
of fruits and vegetables is expected to prevent obesity by way of satiation®®2.
Several studies found beneficial effects on health-related variables of lifestyle or
dietary advice, which included increased amounts of fruits and vegetables'®”. In
the successful Lyon Diet Heart Trial, fruits and vegetables were some of the foods
recommended to the intervention group, which conceivably explained some of the
reduced mortality in that group®*®. Epidemiological prospective studies suggest a
slightly reduced risk of cardiovascular discase and several types of cancer.

However, no randomised controlled trial has specifically addressed the indepen-
dent effects of fruits and/or vegetables on the incidence of death or serious disease
such as cardiovascular disease or cancer. In a study on males with angina pectoris,
Burr and co-workers found no effect on total mortality or cardiovascular disease
of advice to eat 4-5 portions of fruit and vegetables and drink at least one glass of
natural orange juice daily, and also increase the intake of oats?*!. Hence, there is
as yet no strong evidence that a low intake of fruits or vegetables is an independent
cause of Western disease.

Calorie vestriction

In animal experiments, restriction of dietary energy has been found to increase
lifespan in dogs, rats, mice, fish, worms, yeast and fruit flies, but not (yet) in
primates®?%7%7 In controlled trials in non-human primates, calorie restriction has
not been shown to retard atherosclerosis or prolong life, but markedly beneficial
effects have been noted on cardiovascular risk factors'®>?74. A study on rhesus
monkeys (8 calorie-restricted and 109 controls) starting in 1977 found a relative
risk of death of 0.42 (95% CI 0.1-1.4) during the first 25 years in the calorie-
restricted group. Recently, in a similar trial in Rhesus monkeys, a reduced total
mortality nearly reached statistical significance (P=0.16), and diabetes was clearly
prevented??!4,

An observational study in 18 middle-aged rigorously calorie-restricted humans
suggests that the atherosclerotic process can be attenuated®?”. At age 50 years,
after an average of 6 years of calorie restriction, the thickness of the intima-media
part of the carotid artery (the large neck artery) was 0.5 & 0.1 mm compared to
0.8 & 0.1 mm in 18 comparison subjects. Cardiovascular risk factor levels were
excellent, including C-reactive protein at 0.32£0.2 pg/mL in the calorie restricted
group compared to 1.6 + 2.2 in the comparison group.

However, interpretations of these studies are not straightforward, since people
on rigorous calorie restriction also change their food choices. In the mentioned
study, calorie restricted subjects strictly avoided processed foods, such as refined
carbohydrates, desserts, snacks and soft drinks*??. Furthermore, one prospective
cohort study in the general Swedish population found that moderately high caloric
intake was associated with lower total mortality in women, and a similar trend
in men'%®. In addition, most observational studies do not support the idea that
weight loss is beneficial (see Section 4.5). It is therefore premature to state that
eating less without altering food choices is healthy.
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In spite of these controversies, calorie restriction is widely believed to promote
health for the average Westerner, and a common conception is that they do so inde-
pendently of which foods are consumed. Energy intakes in excess of expenditures
are often thought to be the sole explanation of the high rates of overweight in West-
ern populations. The first law of thermodynamics is then often cited, the one saying
that energy is constant and cannot disappear. However, it also states that energy can
take various forms, including heat, and that conversion from one form of energy to
another is more or less efficient. Two foods with identical caloric content do not nec-
essarily transfer equal amounts of energy between different systems. If one of them
yields more work for biochemical reactions and muscle contractions than the other,
then less heat is produced per calorie. Highly relevant in this context is the finding
in animal experiments of decreased body temperature on a low-calorie diet??.

The emerging notion that calorie restriction is not independent of food com-
position finds additional support from findings in the fruit fly Drosopbhila, one of
the most extensively studied species in this context!!!'%197% [n these experiments,
reduction of either dietary yeast or sucrose reduced mortality and extended life
span, but to an extent that was independent of the calorie content of the food, and
with yeast having a much greater effect per calorie than sucrose. Some experiments
with caloric restriction in rats suggest that protein intake should be maintained at
reasonably high levels in order to improve mitochondrial cell function and prevent
loss of muscle mass (sarcopenia)1998.

To summarise, calorie restriction, in accordance with the guidelines of The Calo-
rie Restriction (CR) Society (www.calorierestriction.org), has several apparent ben-
efits, but only counting calories may sometimes be misleading. Reduction of waist
circumference and fat mass is preferable to crude weight loss. If overweight persons
restrict their food intake they should be advised to concomitantly change their con-
sumption patterns. Substituting fruits, vegetables, root vegetables and lean meat
for bread, pasta and other Western staple foods generally leads to decreased energy
intake despite increased or unaltered amounts of food.

Mediterranean-style diets

International comparisons from the second half of the twentieth century have found
lower rates of ischaemic heart disease, most notably before the age of 65, in
Mediterranean countries like Greece, Italy, Spain and former Yugoslavia. In the
Seven Countries Study, Crete had the lowest incidence of ischaemic heart disease
at follow-up after 10 years”®* and after 20 years'?%°, After 25 years, total mortality
was lowest in the Cretan men, although ischaemic heart disease mortality now had
slightly surpassed the two Japanese groups!'?%*. For this reason, the Cretan diet has
become a standard model for Mediterranean-style diets®®. In 1948, 12 years be-
fore the beginning of the Seven Countries Study, the major sources of energy in the
Cretan diet were cereals (mainly sourdough bread), nuts, pulses, olives, olive oil,
vegetables and fruits, together with limited quantities of goat meat and milk, game
and fish®®. Wine was consumed regularly. The intake of S-casein A1, a protein in
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milk which has been proposed to cause ischaemic heart disease, was particularly
low, less than 0.5 g/day”®’.

The Lyon Diet Heart Study found reduced mortality and morbidity (non-fatal
disease) of ischaemic heart disease after advice to follow a Mediterranean-style
diet*¥¢. However, the Mediterranean group was given more intense lifestyle educa-
tion than the control group, who received ‘usual care’, posing a possible bias to the
study. In addition, the Mediterranean group was provided with a margarine based
on rapeseed oil, enriched with a-linolenic acid (plant-based omega-3 fat).

Today, type 2 diabetes and possibly ischaemic heart disease, are apparently
common in Crete!?*®, Hypertension and stroke have been prevalent for many years
in Mediterranean populations, including the Cretans®'»'20%,

In conclusion, Mediterranean diets are apparently a step in the right direc-
tion for many people, but they may not be the best choice for long-term human
health.

Omega-3-enriched diets

One of the strongest beliefs held about healthy food is that fatty fish prevents heart
disease and that omega-3 polyunsaturated fatty acids are the main reason3$2:1688,
However, the evidence is not by far as solid as it may seem. In 2004, a Cochrane
(see Glossary) meta-analysis of randomised controlled trials found no net benefit
on cardiovascular disease, total mortality or cancer’*®. A shorter report of this
meta-analysis was later published in the British Medical Journal”>’. Criticism of
these findings has largely focused on the fact that exclusion of one trial, DART-
2?41 seems to change the results in favour of omega-3'2°21%57 However, DART-
2 1s not the only trial showing negative effects of omega-3 fat in patients with
ischaemic heart disease?3?. Furthermore, the results of the Cochrane review suggest
the presence of publication bias, such that large trials do not show a positive
effect’*¢. Much of the criticism of the short report is taken into account in the long
one”*® (http://www.bmj.com/cgi/content/abstract/332/7544/752). The debate will
most certainly continue.

Even the statement that cardiovascular disease was uncommon in the Greenland
Eskimos, as long as they pursued their traditional lifestyle, has been questioned'””.
In a review of twentieth-century clinical and autopsy studies and mortality statistics
from Greenland, Canada and Alaska, atherosclerosis and cardiovascular disease
were not found to be lower among the Eskimos than among white comparison
populations.

Sodium restriction

A starting point for discussions about salt and health was a French experiment
100 years ago showing raised blood pressure after high salt intake*”. Considerable
evidence now suggests that restriction of dietary sodium below 100 mmol Na/day
(<6 g sodium chloride or <2.4 g sodium per day) will reduce blood pressure
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and prevent cardiovascular disease in people with hypertension'®*®. Since only

a minority of middle-aged and elderly Westerners have optimal blood pressure
(< 120/80 mm Hg), and since low levels are more healthy than average or high
levels, most people would seem to benefit from a low salt intake. Several studies
suggest that dietary salt is a contributing factor in the development of stroke and
heart failure, particularly among overweight people, and possibly independently of
blood pressure (see Sections 4.2 and 4.9). A correlation between sodium intake and
stroke has also been noted among Europeans!*!!, as well as in China and Japan'®33.
The influence of dietary salt on ischaemic heart disease is more controversial, but
here, again, the risks with high salt intake may be highest for overweight subjects
(see Section 4.1).

Vitamins and minerals

Ever since the discovery of human being’s dependence on vitamins and minerals,
and the abundance of such substances in fruits and vegetables, there has been much
interest in their role for human health. Deficient intakes of many vitamins and
minerals, including a number of trace elements, have been suggested as underlying
causes of Western disease, as will be noted in the following chapters. Much of the
evidence comes from epidemiological studies. However, when these nutrients later
have been given in large-scale randomised double-blind controlled trials, essentially
no beneficial effects have been seen!7#%671175 A recent Cochrane meta-analysis
found that supplementation with vitamins A and E may actually increase mortality,
while the impact of vitamin C and selenium was thought to need further study'”>. A
later randomised controlled trial of selenium supplementation found an increased
risk of diabetes in the selenium supplement group’”??.

Low glycaemic index foods and carbobydrate restriction

In the year 1825, Brillat-Savarin, the influential French writer on food, cooking
and nutrition, suggested that high-starch foods were a major cause of corpulence
in his book The Physiology of Taste (http://www.gutenberg.org/etext/5434). His
authority reached a few of the medical practitioners in France and England, and in
1862 in London, the now famous William Banting was advised by his physician to
‘... abstain as much as possible from bread, butter, milk, sugar, beer, and potatoes

2, and lost 21 kg in the following 12 months (see Section 4.6). By tradition,
this often cited diet has been described as a low-carbohydrate diet rather than one
based on meat, fish, fruits and vegetables, which it was. The proceeding history
of carbohydrate restriction includes proponents such as Stefansson in the 1920s,
Pennington, Cleave and Mackarness in the 1950s, Donaldson and Lutz in the
1960s, Atkins in the 1970s (and again in the 1990s), and more recently dietary
programs such as the Zone, the Carbohydrate Addict’s Diet, Protein Power, South
Beach Diet, Sugar Busters and many others.

A low glycaemic index food is one that, despite being rich in carbohydrates, does
not increase blood sugar as much as another food with the same amount of carbohy-
drate. Carbohydrate restriction refers to reduction of the amount of carbohydrate
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in the food without necessarily changing the glycaemic index. If you multiply the
glycaemic index by the absolute amount of carbohydrate, you get the glycaemic
load®. The rationale behind low glycaemic index and restriction of carbohydrates
is to reduce the rise in blood sugar and insulin secretion after a meal, which in turn
is intended to prevent insulin resistance, overweight, glucose intolerance, type 2
diabetes, dyslipidaemia and the metabolic syndrome?®®. A recent meta-analysis of
37 observational cohort studies found an increased risk of ischaemic heart disease,
type 2 diabetes and gall bladder (gallstone) disease in people who consumed high
glycaemic index or glycaemic load foods'"?.

However, an independent beneficial effect, irrespective of food source,
on these variables is not unequivocally supported by available evi-
dence86-207,371,565,892,1312,1480,1876,2015 1 people with diabetes, avoiding excess in-
creases in blood sugar after meals is in some sense undeniably beneficial, but ex-
changing carbohydrate for fat may sometimes pose other long term threats. In
overweight or obese subjects, initial weight loss in the first few months is usually
more pronounced on a very, very low-carbohydrate diet such as the Atkins diet,
but energy intake and adherence seem to be more important than choice of dietary
program for long-term (> 1 year) weight maintenance®®371:446:572,1321,1552,1628 ' Gep-
erally, serum triglycerides are reduced, while low density lipoprotein (LDL) choles-
terol is slightly increased!8”. Although triglycerides usually decrease more than
LDL increases, the net health benefit of this is uncertain!’¢®. Exclusively changing
the glycaemic index seems to have little impact on body weight (see Section 4.5) or
cardiovascular risk factor levels®®?,

The long primate history of fruit eating'®”, the high activity of human salivary
amylase for efficient starch digestion!*** and some other features of human mouth
physiology!%%7, as well as the absence of Western disease among starch-eating
traditional populations' %167 suggest that humans are well prepared for a high
carbohydrate intake from non-grain food sources. Although restriction of all types
of carbohydrates may provide some benefit for subjects with type 2 diabetes, it
seems unlikely that dietary carbohydrate is a primary cause of Western disease.
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Red wine

The claimed benefits of red wine are so often reported that they may seem to be a
proven fact, and the critical voices do not get much attention. As usual for notions
based on observational studies, we have a possible bias in the form of confounders
(see Problems with epidemiology under Section 2.4). Furthermore, in order to get
a true protection against cardiovascular disease you may need to drink so much
every week that your brain and liver are damaged®'®. In epidemiological studies, the
difference in mortality between people who drink two glasses of wine per day and
those who drink once a month is negligible or non-existent. Enthusiastic reports
about resveratrol, a substance in red wine which prolongs life in mice that are fed
high-fat/sucrose diets, sometimes forget to mention that the doses used correspond
to more than 700 bottles of wine per day'3!.
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Otber concepts

There are a large number of additional philosophies about diet and health, many
of which will appear throughout this book. The idea that soya foods are healthy is
largely based on the vegetarian tradition, and both have had considerable impact on
nutritional science despite inconsistent research findings. Red meat is basically an
epidemiological story without strong evidence from other research areas'”*’. The
antioxidant story mainly emerged from intriguing hypotheses in molecular biology,
but randomised double-blind controlled trials with antioxidants have essentially

failed to show any benefir??5:!173,

Conclusions

Foods that are generally perceived as healthy, most notably fruits and vegetables,
are apparently a better choice than foods that are not perceived as healthy. Nev-
ertheless, many of the prevailing concepts are not firmly based on good evidence.
Nutritional recommendations for public health are resting on such unstable ground
that evolutionary medicine may provide an important complement to traditional
scientific methods*®%43, Reading the scientific literature through the lens of evolu-
tionary biology can sometimes make it easier to understand the extremely complex
relationships between diet and health.

Dietary advice to prevent and treat common Western diseases should be de-
signed in accordance with human biological heritage as much as possible. Foods
that have been part of the human staple diet for less than 10000 years should be
critically examined before they are recommended as staple food. Even the risks
with foods that were available during the Palaeolithic era (Old Stone Age, ap-
proximately 2.5 million-10 000 years ago), but which may contain antinutritional
substances, should be carefully examined, in particular, foods that are consumed
in large quantities on a daily basis.
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3.1 Available food

What did humans eat in their original environment? A simple answer is: Food that
was available and that provided dietary energy with a reasonable amount of effort,
such as fruits, vegetables, nuts, insects, larvae, wild game meat, fish, shellfish and
root vegetables. However, it is difficult to define what we mean by ‘original envi-
ronment’, since most of the shaping of human digestion and metabolism took place
long before we become human-like and started to walk on two legs, approximately
6 million years ago. Hence, it could be argued that the Miocene vegetarian-like
habitats, from 23 to § million years ago, provide a proper reference for human
nutrition®?2. In contrast, others argue that later habitats exerted such strong selec-
tion pressures that humans became adapted to a high intake of meat?%®. However,
neither position excludes the other. We may be adapted to any kind of food without
necessarily being dependent on it for high reproductive success.

The latest period of fine-tuning of human physiology dates back the 2.5 million
years or so, leading up to the emergence of fully modern humans in Africa approx-
imately 200000 years ago, i.e. the Palaeolithic?*>¢'3. The habitats occupied less
than 100000 years should rarely be considered in the context of optimal foods
for all living humans, since these habitats occurred after the divergence into dif-
ferent ethnic groups!’?” and since nutrient requirements are essentially the same
worldwide.

In addition to the problem of defining ‘original human habitats’, it is often
impossible to determine, for any particular habirtat, the percentage of food that
came from each of the available foodstuffs. Hence, the staple food items typically
consumed by our bipedal ancestors in Africa is a matter of debate, but the principal
food available included sweet and ripe fruits and berries, shoots, flowers, buds and
young leaves, meat, bone marrow, organ meats, fish, shellfish, insects, larvae, eggs,
roots, bulbs, nuts and non-grass seeds. In principle, this was the only type of food
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that was available during human evolution, but now only provides one quarter or
less of the caloric intake for the average European or American. In contrast, we
currently get most of our energy from cereal grains (grass seeds), dairy products,
refined fats and sugar, and legumes. In addition, we have extremely little variation
among plant foods today.

Obviously, dairy products, refined fats and refined sugar were absent from the
original menus of humans. Wild seeds were available from various plants, but not
from the grass family (Poaceae), which includes today’s wheat, rice and maize,
and rarely or never from one plant species every day. Seeds from legumes (beans,
peas, lentils) apparently became staple foods during the emergence of agriculture,
as evidenced by gradual changes in their form and quality in consequence of domes-
tication'?%2013, Contemporary hunter-gatherers, in particular those living in arid,
hot, marginal environments (Australian Aborigines, Kalahari Bushmen), often in-
clude large, fatty seeds in their diet, but these account for a relatively small part of
the diet, and each of them not by far as much as is now provided by wheat, rice or
maize among modern humang?3?:100,1330,

Attempts to determine food patterns of prehistoric hunter-gathers are fraught
with considerable methodological problems. There is already great uncertainty
in terms of which dominant edible animals and plants were present in the eco-
logical niches in Africa where Homo sapiens evolved from 2 to 0.2 million
years ago' 2814851881 "The toral number of skeletal remains from African Palae-
olithic humans is very small’*?, and it is unclear how representative these find-
ings are!?821581  Furthermore, archacological reconstructions of past diets from
morphological characteristics of bones and teeth, analyses of remaining tools and
measurements of bone chemistry do not provide strong evidence in a particu-
lar direction, except that we were omnivores'3%, With regard to contemporary
hunter-gatherers, these are not in every respect representative of their Palaeolithic
counterparts,

Our primate ancestors probably consumed large amounts of fruit regularly during
50 million years until they became bipedal around 6 million years ago'%%:¢!3, Today,
fruit makes up more than 75% of the diet for chimpanzees, bonobos and orang-
utans!’%?. During the long period of primate evolution, the foragers and their prey
gradually changed in close coevolution, where seed dispersal was highly dependent
on fruit consumption by primates (and birds)”?". As fruits became rich in colour to
signal ripeness, their consumers developed colour vision. As the flesh of ripe fruits
became sweeter, primates became increasingly fond of sugar. The fruit seeds, on
the other hand, became bitter-tasting, slippery and deeply embedded in the centre.
Furthermore, ripe fruits generally have low contents of bioactive substances, since
there is no benefit of inflicting damage on the animals as fong as they do not destroy
the seeds. The optimal scenario for the plant is that the seeds are swallowed and
later buried and fertilised on the ground. Interestingly, it has been suggested that
some fruits enhance intestinal motility in order for the seeds to be deposited not
too far from the habitat which was suitable for the parent!®7¢.

Human preference for sweet food clearly suggests that our ancestors would
have savoured one exquisite choice: honey. It may have been a major source of
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concentrated sweetness, and for several contemporary hunter-gatherers the intake
has been considerable during the honey season*.

Increasing evidence suggests that large starchy underground storage organs
(roots, tubers, bulbs and corms), which plants form in dry climates, were staple
foods 1-2 million years ago'?”!. There are at least three arguments in favour of this
notion. Firstly, in contrast to most other animals including non-human primates,
humans have an exceptional capacity to produce salivary amylase in order to begin
hydrolysis of starch in the mouth. The underlying change in copy number of the
gene coding for salivary amylase may have occurred approximately 1 million years
ago'*®*. Root vegetables are rich in starch, while carbohydrates in other vegetables
(leafy greens, most other vegetables) and fruits are dominated by simple sugars
(mono- or disaccharides). Apparently, human populations with a recent history
of high-starch consumption have, compared with other human populations, on
average a slightly higher copy number of the gene coding for salivary amylase, a
number which explains about 35% of the variation of salivary amylase concentra-
tion!*!. Although this suggests some degree of ongoing positive selection, the fact
that ‘low-starch” human populations have an almost threefold higher copy number
than chimpanzees (‘high-starch’ humans are slightly above threefold)'*1? indicates
significant adaptation to high-starch root vegetables among hominins.

Secondly, roots often need to be prepared under high temperature in order for
its starch to be available for digestion and for its bioactive or toxic substances
to be neutralised!®”!. There are many indications of Palaeolithic humans using
fire for cooking, and one of the most common cooking methods for plant foods
was probably the so-called earth oven, where food wrapped in large leaves is
placed in a covered pit with hot stones or glowing coals. Thirdly, human tooth
morphology, including incisal orientation, seems to be well designed for chewing
root vegetables!%7,

An adaptation to root vegetables may have started several million years back.
It has been suggested that the early hominids became dependent on underground
storage organs as fallback foods from about 6 million years ago®”?. During periods
of repeatedly dry and cool climates, plants with large underground storage organs
are thought to have become more common. Qur bipedal ancestors were apparently
less efficient hunters than many carnivorous animals and less efficient fruit-foragers
than the arboreal primates. In order to increase the caloric yield per workload
(‘optimal foraging strategy’), root vegetables may often have been an optimal di-
etary choice. An illustrative example is the Machiguenga tribe of the Amazon,
among whom one woman can dig up enough root vegetables in one hour to feed
2§ adults for one day®?”. The excellent health status among this and other starch-
eating ethnic groups, including our own study population in Papua New Guinea
(see Section 4.1), contradicts the popular notion that such foods are a cause of
obesity and type 2 diabetes.

Another food which could provide a high-energy yield is meat. The chimpanzee,
our closest relative among primates, eats considerable amounts of meat'”%”. In one
observational study, adult chimpanzees consumed an average of 65 g meat per day
in the dry season'”'%. For humans, available archacological evidence is consistent
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with, but does not prove, regular high meat intake in the last 2 million years'’"3.

Contemporary hunter-gatherers have generally been able to eat large amounts
of meat or fish, although the figures are based on rather imprecise ethnographic
data®3$1377_Of the 229 hunter-gatherer populations studied during the twentieth
century, the majority (73%) were estimated to get more than half their caloric
intake from meat, fish and shellfish?*¥. Among those five African populations, for
which more exact, quantitative data were available, meat and/or fish constituted
on average 26, 33, 44, 48 and 68% of the food?*?. Although Palaeolithic humans
cannot in every aspect be represented by contemporary hunter-gatherers, partic-
ularly not the ones living in sub-Arctic or Arctic climates, the findings strongly
suggest that humans are well adapted for a high intake of meat. Nevertheless, even
the most dedicated meat eaters in ancient times most probably had an intake of
healthy plant foods that sharply exceeded that of most modern humans. As a mat-
ter of fact, today’s vegetarians do not usually eat a lot of vegetables; rather they
consume large amounts of grains, dairy foods, refined fats and sugar.

In some habitats, Palaeolithic humans may have lived by the shores of lakes and
rivers where they could catch fish and shellfish and venture inland for hunting small
and large animals and gathering insects, plants and eggs. However, dependence on
marine food seems to have emerged essentially after humans left Africa, and less
than 100 000 years ago!°3. It should be noted that this issue is not related to the
question of whether bipedalism emerged near water some 6 million years ago!2%°.
For long periods of time thereafter, our ancestors were apparently not dependent
on marine food sources.

In most habitats, the consumption of insects and larvae may have been substantial
and would have provided an important source of protein and fat. Western society
has long resisted such food, but other cultures in the world often value them
highly3®*, and they are regularly consumed by non-human primates'?$,

Nuts are a complicated issue. Many of them are not actually nuts in a botanical
sense (e.g. peanuts). Nuts are energy-dense often provide a relatively high amount
of energy for the amount of work involved, and may have made up an essential part
of the diet during certain time periods. However, they are obviously critical for the
mother plant to be able to spread its genes. Therefore, it is logical to find that nuts
that are protected by very hard shells have a lower content of phytochemicals than
other nuts”?!. Nevertheless, many stone fruits and seeds may have tasted worse —
and been more poisonous — during the Palaeolithic era than today*!*. Almonds at
that time are thought to have been more bitter than sweet. At the beginning of
agriculture, our ancestors supposedly prioritised the sweetest types of almonds, an
early example of plant breeding.

The extent to which alcohol was a part of human’s original environment, such
that we adapted to it genetically, is a matter of debate. Some of the oldest archae-
ological evidence for beer and wine comes from the Middle East, and the word
alcohol is of Arabic origin (al’kohol, originally meaning a powdered essence)*2.
If storage vessels were made of leather or plants in earlier prehistoric times, they
have long since disappeared without a trace. Our current genotypic intelligence is
more than 100000 years old, and consequently the ability to figure out how to



34 Food and Western Disease

brew alcohol is at least as old as that. The attraction of light intoxication is evident
in most ethnic groups in the world and seems to be independent of the effect of
culture!®®S. Even without deliberate production of alcoholic beverages, a low-level
dietary exposure to ethanol via ingestion of fermenting fruit may have characterised
our lineage of humans and human-like ancestors for about 40 million years***.

Published studies in the area of human physiology do not provide solid evidence
of which dietary habits humans are best adapted for'®4. One reason is scarcity
of research: we are only beginning to understand the complex relationships of
molecular biology, nutritional physiology and food-related disorders. In addition,
selection pressures may have been low when the relevant foods and nutrients were
consumed in suboptimal amounts. Commonly, physiological traits that are specific
for a certain species can mirror food patterns of ancestors many million years
earlier.

To summarise the evidence from different fields of science, humans are apparently
omnivores who are well adapted for a diet based either on animal or plant foods,
the relative proportions of which have been highly variable depending on habitat.
The discussion about human’s ancient diets is often misdirected to a debate on
meat versus plant foods. Thereby, the main point is missed: most of the calories in
Western countries are provided by foods that were practically unavailable during
human evolution.

3.2 Nutritional composition

Compared with the average European or American diet, Palaeolithic diets and
other ancestral human diets were characterised by a high concentration of minerals,
vitamins and trace elements (micronutrients). The absence of refined fats and sugar
is the primary reason for this, but even cereals tilt the balance in the direction of
a number of nutritional deficiencies. Moreover, today’s nitrate fertilisers cause an
increase in grain volume, which forces the plant to prioritise the development of
proteins and biomass at the expense of secondary metabolites, many of which could
probably be considered nutrients.

An example of a nutritional deficiency in today’s food is folic acid: If vegetables
and fruit were staple foods in the Western world, folic acid supplementation would
never be an issue. In addition to being a rich source of nutrients, Palaeolithic food
contains a lot of water, fibre and protein, which makes it satiating (filling) at a low
calorie intake. The high water content of certain food items results in a relatively
low content of minerals and vitamins, expressed per unit of weight (mg/kg), while
the nutrient density, expressed per unit of energy (mg/k]J), is very high, with few
exceptions. However, the content of individual antinutritional factors is generally
low. The characteristics in terms of types and proportions of fats, carbohydrates
and proteins are discussed below. Notes on the relevant health effects will in most
cases be saved for later chapters.

The quantities given in the tables should be taken with caution. They are generally
based on Swedish food composition tables which typically show nutrient contents
in Swedish or Scandinavian food, which may differ from food bought in other
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countries?’*147! For domestic meat, the fat content can vary tremendously between

countries. For fruit, the amount of sunlight can influence nutrient levels, the soil can
affect trace element levels and so forth. In addition, there may be large variations
even within countries between different varieties of food and different times and
places. Thus, the comparisons below only give hints.

Minerals, trace elements

Palaeolithic food is rich in minerals such as potassium and magnesium from veg-
etables, as well as trace elements like iron and zinc from meat and fish. The mineral
density of these foods (calculated per unit of energy) is high compared with ce-
reals, but not always higher than low-fat dairy products. Vegetables thus provide
high levels of potassium, assuming that they are consumed in large amounts (Table
3.1; see Table 3.2 for recommended nutrient densities). The potassium density in
a banana (1 g/M]) is well below that of most vegetables, and the reason that it
is often considered to be particularly rich in potassium is that the water content
is relatively low, which is why the potassium content is high when calculated by
weight. An average banana (100 g, edible part) provides as much potassium as
90 g of broccoli, but roughly 4 times as many calories.

In the best case, calcium consumption can be quite high from a Palaeolithic diet
due to the high calcium density in vegetables. However, since vegetables are also rich
in water, large amounts must be consumed to achieve the recommended calcium
intake (see Section 4.12 for comments on calcium recommendations). The calcium
density in spinach is actually higher than in skim milk, which may be surprising
(Table 3.3). For the average Westerner, roughly one-fourth of their energy intake
is provided by food that is lacking in calcium (primarily oil, margarine and sugar).
Cereals, which provide an additional 25%, contain relatively little calcium. Hence,
it should come as no surprise that the calcium intake among many hunter-gatherer
societies is estimated to have been higher than among modern Westerners*®!.

Table 3.1 Potassium content (g/MJ} in selected food groups.

Food group 25th percentile Median 75th percentile
Vegetables 1.7 2.8 3.9
Fruits 0.6 0.9 1.3
Fish 0.6 0.8 0.9
Meat 0.4 0.5 0.7
Nuts 0.2 0.3 0.3
Dairy products 0.1 0.5 0.8
Cereals 0.1 0.2 0.3
Sausages 0.1 0.1 0.2

Note: Adapted from food composition tables, Swedish National Food Administration,
2006, www.slv.se. The 25th and 75th percentiles refer to the value below which 25 and
75% of foods have in that group. Recommended intake is 0.4 g/MJ.
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Table 3.2 Recommended nutrient density intended for meal
planning for groups of people 6—60 years of age with a
heterogeneous age and sex distribution.

Content per MJ

Vitamin A, retinol equivalents (RE) 80
Vitamin D, ng 1.0
Vitamin E, alfa-TE 0.9
Thiamine, mg 0.12
Riboflavin, mg 0.14
Niacin, NE 1.6
Vitamin Bg, mg 0.13
Folate, ug 45
Vitamin Biz, 1g 0.2
Vitamin C, mg 8
Calcium, mg 100
Phosphorus, mg 80
Potassium, g 0.35
Magnesium, mg 35
Iron, mg 1.6
Zinc, mg 1.1
lodine, ug 17
Selenium, ug 4

Note: The values are adapted to individuals with the highest requirements.

Whole grain cereals and beans are rich in phytates, which impair the intestines’
ability to absorb iron, calcium, zinc and magnesium?3%542,668,1243,1535,1571,1572,1703
Because the Palaeolithic diet does not include these foods, it provides an additional
defence against mineral deficiencies. In addition, the diet improves iron absorption
due to the large amounts of vitamin C in vegetables and fruits, and because iron
in meat is very efficiently absorbed. When meat or fish were abundant during the
Palaeolithic, iron intake was particularly high, along with zinc and selenium.

Since iodised salt and dairy products were not available to our Palaeolithic an-
cestors, only those with high regular access to fish or shellfish would be expected
to have reached the currently recommended intake of iodine (Table 3.4). There is
insufficient data to suggest that humans, by way of natural selection, would have
become completely dependent on marine food sources. Therefore, it is highly pos-
sible that human requirements for iodine are currently increased by some modern
lifestyle factors and that less was enough for ancient humans. These factors theoret-
ically include goitrogens (goitre-inducing substances) in certain roots, vegetables,
beans and seeds. For further discussion, see Section 5.2.

Common salt

Consumption of salt (sodium chloride, NaCl) was most likely low during human
evolution, similar to what was the case during the evolutionary history of land
animals. An average Westerner consumes 150-200 mmol/day (9-12 g salt/day),
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Table 3.3 Calcium content in selected foods.

Calcium
mg/MJ mg/100 g
Spinach 1517 93
Skim milk 838 120
Cheese, 17% fat 696 860
Cheese, 28% fat 479 740
Cabbage 470 45
Broccoli 428 48
Milk, 3% fat 422 106
Cauliflower 218 23
Cottage cheese, 4% fat 165 68
Wheat bran 77 76
Whole grain bread 60 57
Cod 51 16
Apple 27 6
Chicken, breast 25 11
Wheat flour 15 22
Potato 13 4
Butter 6 18
Oil 0 0

Note: The foods above the dotted line facilitate and those below
make it more difficult to meet the suggested requirement of calcium
(110 mg/MJ), assuming that the total energy intake is maintained
constant.

Source: Adapted from food composition tables, Swedish National
Food Administration, 2006; www.slv.se.

which can be compared with an estimated intake of less than 30 mmol/day among
prehistoric hunter-gatherers*® and 1 mmol/day among the Yanomamo Indians in
the Amazon rainforest!'32. Note that not just sodium, but also the chloride intake,
was originally very low??. In modern times, the balance between both sodium and
potassium, as well as between chloride and bicarbonate, has shifted strongly in
favour of sodium and chloride’*!.

The physiological need for sodium has been estimated to be less than 0.6 mmol/kg
of body weight/day!'?2!. Since the intake among the Yanomamo Indians fell below
this level, the actual requirement is probably considerably lower'3?, Real sodium
deficiency in the tropics occurs because of rapid salt depletion among people who
are used to a high salt intake. Salt supplements are therefore only required in the
initial 1015 days, until the sweat glands reset their salt secretion patterns’!2.

Vitamins

Humans differ from most other animals in that vitamin C (ascorbic acid) cannot be
synthesised and must be obtained from the food'*!°. Our early primate ancestors
lost this ability, probably 40-50 million years ago, but this was apparently no
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Table 3.4 lodine content in selected food items.
lodine content Median (range)

N (ng/100 g) (ng/MJ)
Fish, raw 25 25 (7-85) 48 (16—222)
Shellfish, raw 3 180 (60—-700) 409 (188-1912)
Meat, raw 22 1 (0-6) 1.5 (0-13)
Thyroid gland 1 50000
Other organ meats 18 3 (0-8) 5 (0-19)
Vegetables, raw 26 1 (0-6) 9 (0-132)
Root vegetables, raw 7 1(0.3-3) 4 (1-21)
Fruits/berries, raw 25 0.4 (0-2) 2 (0-6)
Nuts, raw 5 0.3 (0.05-0.5) 0.2 (0.02-0.2)
Legumes, raw 10 1 (0.2-45) 1 (0.2-36)
Cereals 26 2 (0.3-5) 1(0.2-3)
Dairy products 7 8 (6-45) 30 (15-38)
Human milk 1 63 211
Table sait 1 5000 —
Sea salt 1 2000 —
Recommended intake — (150 ng/day) 18

Minimum intake?

(60-75 ug/day)

Source: Adapted from www.slv.se.
Estimated lowest intake to prevent goitre when daily energy intake is 10 MJ (70 pg/day).

problem during human evolution, since the intake of vitamin C from plant foods
is expected to have continuously exceeded requirements, making such biosynthesis
redundant. The obligatory requirement of vitamin C does not necessarily suggest
that early humans always consumed lots of plant foods, since organ meats from
large animals can easily provide the required amounts, on condition that they are
consumed raw (Table 3.5). Sometimes shellfish may also provide enough vitamin
C to prevent scurvy.

Table 3.5 Content of ascorbic acid, expressed as nutrient density, in selected raw food items.

Ascorbic acid (mg/MJ)

Game muscle 0
Fish 1(2)
Shellfish 8 (13)
Organ meats 29 (23)
Root vegetables (cultivated) 17 (25)
Fruits (cultivated) 34 (45)
Recommended intake >8
Suggested lowest intake to prevent scurvy >4

Source: Adapted from Food composition tables, Swedish National Food Administration, 2006; www.slv.se.
Note: The values represent mean (SD) values.
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Table 3.6 Content of vitamin By,, expressed as nutrient
density, in selected food items.

Vitamin B4, (ng/MJ)

Game muscle, raw 9 (5)
Fish, raw 10 (13
Shellfish, raw 14 (18)
Organ meats, raw 52 (61)
Vegetables, fruits, legumes, cereals 0

Dairy products 1.5(0.9)
Recommended intake >0.2

Source: Adapted from food composition tables, Swedish National Food
Administration, 2006; www.slv.se.
Note: The values represent mean (SD) values.

Vitamin Bia, another indispensable (essential) nutrient, is absent in plant foods
and must be supplied from meat, fish, shellfish or insects, but the required amounts
are apparently small (Table 3.6). Vegans have a very high risk of vitamin By, de-
ficiency and generally need supplements!”%1773 Although plant foods may some-
times contain trace amounts of vitamin B, analogues as a result of fermentation,
most of these seem to be inactive analogues of the vitamin’!®. Even lacto-ovo-
vegetarians are at substantially increased risk of deficiency despite the fact that
milk products provide some vitamin B,74%734. From the available knowledge it
would seem that early humans must have had access to animal foods in order to
avoid vitamin By, deficiency. However, in case of irregular intake there is a high
degree of retention of the vitamin in body stores, suggesting that it does not neces-
sarily need to be supplied every week. Another relevant aspect is absorption, which
may vary, not only between foods, but also between individuals. In the average
healthy adult with normal stomach function, approximately 50% of vitamin B,
is thought to be absorbed!””3. There seems to be a decline with increasing age in
Western societies, and mild deficiency is common among elderly subjects, but this
is not considered to be a consequence of normal biological ageing?®?. Non-Western
populations have not been studied in this regard.

A high intake of vegetables, fruits and roots during Palaeolithic times ensured
a high intake of vitamins A, B, E and K, biotin, pantothenic acid and folic acid
(folate). Folic acid is found in vegetables, particularly leafy greens. Vitamin By is
found in both animals and vegetables. Consumption well exceeds the recommended
levels for all known vitamins with one exception: vitamin D*'. The only food
habit that can compensate, to some degree, for a lack of sunlight is very high
fish consumption. For most of their evolutionary history, humans spent so much
time outside, and at such low latitudes, that the need for vitamin D year round
was met by converting the vitamin precursors in the skin. During the winter, the
rays of sunlight in Scandinavia fall to such a low angle that this mechanism was
probably inadequate, even with extensive periods of time outside each day. (For
more comments on vitamin D, see Section 4.12.)
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Protein content

Protein intake varied considerably during human evolution. A rough estimate of
average protein content, as percentage of energy (E%), in typical food groups is
as follows: fruit 10 E%, leafy/cruciferous plant foods 40 E%, insects 50 E%, nuts
15 E%, roots 20 E% and wild game meat 70 E%. A diet based exclusively on
(domestic) fruit would rarely meet the lower level of protein requirement (0.75
g/kg/day), while one based on other vegetables (including roots) on average would
pose the risk of exceeding the presently recommended upper limit (Table 3.7).
Among twentieth-century hunter-gatherers (including Arctic populations), the av-
erage protein intake was typically between 19 and 35 E%?3%, compared to 14-16
E% for today’s North Americans and Northern Europeans and 17-19 E% for
Southern Europeans!3?:872,886,1600.1810 "Eyen leafy and cruciferous vegetables con-
tribute considerably to protein consumption when eaten in large amounts. Per unit
of energy, spinach contains as much protein as cottage cheese and more than beans.
However, only 20 g of cottage cheese is needed to get the same amount of protein
as in 100 g of spinach.

National advisory bodies have for many years recommended that 10-15 E% be
provided by protein and that daily intake should not be less than 0.7 g protein/kg
of body weight. The current recommendation for Scandinavian adults is 10-20 E%
protein'?’3, However, the debate among experts has been rather intense, and both
the upper and the lower limits of recommended protein intake are being questioned
by an increasing number of research groups. The lower limit recommended by these
groups varies between 0.8 and 1.0 g protein per kg body weight per day (which
corresponds to more than 10 E% for most adults) while their proposed upper limit
varies between 20 and 35 E% or even higher'36221%895 " A typical intake among
elderly Scandinavians is 15 E% or 1.0 g/kg/day'®”>.

Table 3.7 Protein content in selected food items.

Protein content

g/100 g E%
Meat, raw 20 (25) 59 (19)
Fish, raw 20 (12) 67 (23)
Shelifish, raw 16 (4) 78 (13)
Vegetables, raw 3(2) 32 (14)
Root vegetables, raw 2 (1) 19 (7)
Nuts, raw 17 (8) 12 (5)
Fruits, raw 0.8 (0.4) 7 (4)
Cereal grains 10 (5) 13 (7)
Dairy products 5(7) 24 (10)
Legumes, raw 22 (6) 31 (3)
Recommended intake >55 g/day 10-20

Source: Adapted from food composition tables, Swedish National Food
Administration, 2006; www.slv.se.
Note: The values represent mean (SD) values.
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An adaptation to very high protein diets due to long periods of dependence on
large game meat during the Palaeolithic has been suggested (see Section 4.6). The
proposed negative selection pressure is low blood sugar due to lack of carbohydrates
in the diet, particularly when muscle insulin sensitivity is high. If future studies show
that humans are more insulin resistant than other primates, the hypothesis lends
support to the notion that meat intake was very high during much of hominid
evolution.

Humans cannot tolerate a sudden increase in protein intake above 250 g/day
(individual range 200-300 g/day) because of a limited capacity of the liver to
metabolise amino acids®?. Higher intakes may lead to nausea, diarrhoea, and fi-
nally death, in a condition which the early white American explorers called ‘rabbit
starvation’**®. This name refers to their problem of surviving the winter on meat
from rabbits and other small game which have very small fat depots. On a chron-
ically high-protein intake the liver can up-regulate its enzymatic activity, but the
upper limit has not been established®3%:1328,

In addition to the content of protein in foods, the capacity of intestinal enzymes
to digest the consumed proteins into amino acids may influence the ability to meet
requirements. Edible plants contain protease inhibitors, substances that inhibit
protein digestion by interfering with intestinal proteases, and particularly high
concentrations are found in beans and seeds, and to some extent in roots’%32%:1856_
Heat treatment partly inactivates some of these substances, which is why cooking
may sometimes have been crucial for protein balance for those early humans who
relied on plant foods.

Protein quality

Dietary proteins provide amino acids for endogenous protein synthesis (and energy).
Some amino acids are interchangeable while others are essential. A third group are
thought to be conditionally indispensable, i.e. they must be supplied under certain
physiological or pathological conditions. There has been much debate as to the role
of different food types with regard to amino acid composition'*?*. A commonly
held, but largely unsubstantiated, notion has been that plant proteins would be
inferior to meat proteins because they lack specific amino acids. However, the bulk
of evidence suggests that a mixture of root vegetables, leaves, fruits and nuts is
adequate with regard to essential amino acids!®®3. Wheat and other cereal grains
are low in lysine and threonine’®?. Other single plant foods may lack specific
amino acids, but a varied vegetarian diet poses no obvious risk of amino acid
deficiency.

Another aspect of protein quality is based on the fact that dietary proteins are
not always completely broken down in the intestines. This creates a risk of whole
proteins or parts thereof (peptides) being absorbed in the body causing inflam-
mation, allergies or autoimmunity. An example is casein, the major milk protein,
which apparently causes more advanced atherosclerosis, insulin resistance and lipo-
toxicity than other dietary proteins in animal models”®776:993.1953 Palaeolithic food
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Table 3.8 Percentage of protein, fat and carbohydrates in selected foods in descending order
based on fat content.

Protein (E%) Fat (E%) Carbohydrate (E%) Energy (MJ/kg)

Avocado 5 84 10 6.7
Walnuts 9 83 8 27.7
Salmon 41 58 0 7.6
Reindeer 59 40 0 6.0
Spinach 53 30 16 0.6
Raspberries 17 19 60 1.2
Cauliflower 48 18 32 1.1
Venison shoulder 82 17 0 45
Mushrooms 41 17 39 0.9
Blueberries 6 15 74 1.9
Fennel 43 13 41 1.1
Broccoli 45 13 39 1.1
Venison steak 88 11 0 4.2
Roast elk 89 11 0 5.8
Red cabbage 22 10 63 1.1
Strawberries 9 10 76 15
Tomatoes 19 8 67 0.9
Cod 91 8 0 3.2
Cucumber 18 8 69 0.5
Pike 92 8 0 3.4
Brussels sprouts 38 7 51 1.5
Netted melon 10 7 77 1.5
Grapes 4 7 83 3.1
Pineapple 3 7 84 2.1
Pear 3 6 85 2.3
Figs 6 5 83 2.3
Bananas 4 4 86 4.1
Eggplant 21 4 70 0.9
Cabbage 25 4 67 1.0
Onion 16 3 76 1.3
Orange 7 2 85 1.9
Apples with peel 3 2 89 2.2
Watermelon 6 0 88 1.6

provides proteins from meat, fish, shellfish and vegetables, but not from milk, grains
or beans (see Table 3.8). Hence, gluten intake has increased dramatically.

Fat content

Dietary fat provides phospholipids and cholesterol for cell membranes, omega-
6 and omega-3 fatty acids for various physiological functions, and concen-
trated fuel for energy metabolism. Depending on habitat, the total fat intake
among typical prehistoric hunter-gatherers is estimated to have varied between
25 and 50 E%?3, which can be compared with 30—40 E% in most Western
populations3%8728%¢ and the recommended intake, which is usually 20-35 E%
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Table 3.9 Total fat content in raw meat.

Fat
g/100 g E%
25 20
5 35
10 50
15 65
20 70
25 20
5 35
10 50
15 65

(http://www.who.int/nutrition/publications/nutrecomm/en/). The most important
sources of fat were meat, organ meats, bone marrow, fish, nuts, insects and larvae,
in various proportions (see Tables 3.8-3.11). Nuts have a high total fat content
by weight, due to their low water content. The vegetables collected by traditional
populations contain very little fat, with few exceptions (see Tables 3.11 and 3.12).

The total fat content, expressed in g/100 g, is relatively low in wild game, but
if it is eaten in large amounts the fat intake becomes quite high*#°. This is because
only 20% of muscle tissue is made up of protein (the rest is mainly water), which
also provides less energy (17 k]J/g protein) than fat (37 k]/g fat). Consequently, the
fat content is very different when expressed per weight than per energy: a piece
of raw meat with 10% fat by weight provides an entire 50 E% fat (Table 3.9).

Table 3.10 Total fat content in selected raw
meats and sausages.

Fat
g/100g E%
Elk steak, raw 1.2 11
Chicken, breast 1.2 10
Pork filet 2.6 21
Chicken, thigh 4 30
Cattle roast beef 5 34
Chicken breast with skin 7 41
Ham, 8% fat 8 49
Chicken thigh with skin 9 50
Sausage, 11% fat 1 55

Source: Adapted from food composition tables, Swedish Na-
tional Food Administration, 2006; www. slv.se.
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Table 3.11 Total fat content in nuts.

Fat

g100g E%

Coconut 34 90
Cashews 47 72
Pistachio 49 73
Sweet almond, dried 52 79
Coconut flakes, dried 62 93
Walnuts 62 85
Hazel nuts 63 88
Brazil nuts 66 a0
Pecans 68 91

Frying or grilling melts a considerable amount of the fat, which decreases the fat
content.

Total fat content in wild animals varies according to body size; large mammals
generally have more fat than small ones. It also varies by age, sex and season, and
maximal body fat is maintained only for a few months even in tropical mammals34C.
Due to continuous feeding with energy-rich cereals and slaughtering at peak body
fat, the average fat percentages in modern domestic meat are several times higher
than in wild game?*®. Nevertheless, there is significant overlapping, such that certain
cuts of wild game provide more fat than the leanest bits of domestic meat. Trimmed,
lean cuts of domestic meat can sometimes be very lean, but in most Western food
stores marbled high-fat meat is much more common. Marbled meat is a product of
modern animal breeding; the wild counterparts have relatively little fat inside their
musculature.

The dominant sources of fat for modern Northern Europeans are dairy products,
margarine, oil and fatty meat products such as sausage and paté. Only a small
portion of fat comes from pure meat. The average Northern European probably

Table 3.12 Water content in hazelnut, cashew and selected foods
for comparison.

Water (g/100 g)  Energy (MJ/100 g)

Hazelnut 0.5 2.7
Cashew nut 2 2.4
Potato, boiled 77 0.4
Carrot, raw 88 0.2
Rye bread, 10% fibre 40 0.8
Hard cheese, 23% fat 43 1.4
Apple, fresh 85 0.2
Apple, dried 31 1.0

Source: Food composition tables, Swedish National Food Administration, 2006;
www.slv.se.
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gets roughly 15% of their fat intake from meat and poultry'*®, and those that avoid
chicken skin and the fatty edge of the cutlet fall well below this level. Indeed, a
trimmed meat cutlet is leaner than the fattest parts of wild meat. Chicken legs with
the skin removed are higher in total fat than pork tenderloin. Thus, the fat content
depends to a great degree on which cuts are chosen from which type of animal, and
on avoiding the most fatty parts.

Saturated fat

Ancestral human diets are expected to have varied substantially with regard to
saturated fat, depending on habitat. For populations with 40-50% dependence on
meat and/or fish, saturated fat is estimated to have been 5—15 E%>32. In addition
to the low total fat content in wild game, there is less saturated fat as proportion
of total fat, in comparison with modern domesticated farm animals**°. Saturated
fatty acids constitute more than 50% of the fat storage depots of wild mammals,
whereas the dominant fatty acids in muscle and all other organ tissues, includ-
ing bone marrow, are polyunsaturated and monounsaturated fatty acids**. Since
subcutaneous and abdominal body fat stores are depleted during most of the year
in wild animals, polyunsaturated and monounsaturated fatty acids constitute the
majority of the total carcass fat. The intake of saturated fat among shore-based
populations was particularly low, with a high percentage of marine fat from fish
and shellfish.

The percentage of saturated fat is low in most nuts. Coconut fat, however, is
dominated by saturated fat. The dominant saturated fatty acids in coconut fat
are lauric acid (12:0) and myristic acid (14:0), while the amount of palmitic acid
(16:0), which is the main saturated fatty acid in meat and dairy products, is low.
The presence of coconuts in prehistoric Africa is very uncertain''?.

The majority of saturated fat in today’s Northern European diets comes from
dairy products, edible fats and delicatessen products.

Polyunsaturated fat

Omega-6 and omega-3 fatty acids must be provided but the requirements are very
Jow, and clinical symptoms of deficiency are only seen in special circumstances,
such as chronic disease or prolonged parenteral nutrition. There is no hard evidence
that humans require larger amounts of long-chain omega-3 fatty acids than other
mammals”*%1%73 It is also uncertain if humans, as has been suggested, have a lower
capacity than rodents and herbivores to convert the predominant omega-3 fatty acid
in plants, a-linolenic acid, into the long-chain omega-3 fatty acid docosahexaenoic
acid[97‘3.

The percentage of omega-3 fatty acids from fish, shellfish and game was often
considerably higher in prehistoric times than today. In contrast, the dominant
polyunsaturated fatty acid in the Western world, linoleic acid (18:2 omega-6),
appeared in low amounts. It is only found in the plant kingdom, but since oil was



46 Food and Western Disease

Table 3.13 Approximate ratios of omega-6 to omega-3 fatty
acids in different populations'55.

Omega-6/omega-3 ratio

Coastal fishing populations <1
Hunter-gatherers 2-3
Greece in the 1900s 2
Japan today 4
Northern Europe today 15
USA today 17

not extracted from plants, the total intake during human evolution was very low.
The ratio between omega-6 and omega-3 fatty acids probably lay somewhere below
2, considerable lower than is currently the case (Table 3.13). However, the addition
of most nuts raises the ratio drastically. In the modern northern European diet, the
ratio of omega-6 and omega-3 fatty acids is considerably higher than during the
Palaeolithic, due to the high intake of oil, margarine and to a certain extent grains,
while the intake of omega-3 fatty acids from fish, shellfish and game is low today.
The dominant sources of linoleic acid in Europe are margarine and various
vegetable oils (see Table 3.14). The fat composition is drastically different between
different oils. Compared with rapeseed oil {canola oil), sunflower oil has 3.5 times
more linoleic acid, but only 1/20th as much omega-3 fatty acid, which means that
the omega-6/omega-3 ratio is 70 times higher. Fish is the food that most effectively
reduces the omega-6/omega-3 ratios. The more the fat in the fish, the lower the
ratio in the meal (see Table 3.15). But even lean fish, such as cod, contributes to a
low ratio, unless it is changed by the cooking method, which is often the case.
Human prey animals during the Palaeolithic did not generally include animals
specialised on seed-eating, which meant that the meat had a low omega-6/omega-3
ratio {around 2) compared with current domestic cattle (ratio 5~10). The compo-
sition of the polyunsaturated fats in meat reflects what the animal has eaten, such

Table 3.14 Omega-6/omega-3 ratios in selected oils'%%®.

Omega-6/omega-3 ratio

Linseed oil 0.2
Rape seed oil 2
Soya oll 6
Cooking oil 7
Wheat germ oil 10
Qlive oil 13
Corn oll 45
Sesame oll 109
Sunflower oil 131
Grape seed oil 173

Safflower oil, thistle oil 397
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Table 3.15 Fat composition in various fish.

Omega-6 Omega-3 Omega-6/

Total fat fat fat omega-3

(E%) (g/100 g) (g9/100 g) ratio
Hake 5 0.1 0.9 0.11
Haddock 7 0.1 2.3 0.04
Whiting 7 0.2 1.2 0.17
Pike 8 0.3 2.1 0.14
Cod 8 0.2 2.3 0.09
Tuna 10 0.4 2.6 0.15
Perch 14 0.7 2.8 0.25
Turbot 18 0.9 3.1 0.29
Fried coated pike 20 2.8 3.7 0.78
Cod, fried and coated 21 1.8 29 0.63
Flounder 21 0.8 4.4 0.18
Walleye 21 0.9 4.5 0.20
Plaice 26 1.5 6.8 0.22
Salmon trout 26 1.6 5.8 0.28
Halibut 36 1.3 1.9 0.11
Salmon, pink 36 1.0 15.6 0.06
Haddock, coated and fried 36 7.3 3.6 2.06
Plaice, coated and fried 44 9.3 8.3 1.11
Salmon lox 45 3.9 15.3 0.25
Mackerel in tomato sauce 47 1.4 10.3 0.14
Halibut, coated and fried 48 9.0 13.1 0.68
Smoke herring 50 8.4 15.7 0.54
Rainbow trout 53 4.8 25.1 0.19
Char 53 6.9 20.2 0.34
Fish sticks, fried 54 16.2 4.4 3.70
Salmon 58 52 20.0 0.26
Canned tuna in ol 61 84.9 11.4 7.45
Pickled herring 63 6.1 36.5 017
Canned sardines in oil 65 59.3 37.8 1.57
Mackerel 66 3.7 27.4 0.14
Mackerel boiled 66 4.4 32.7 0.14
Herring 71 5.0 29.8 017
Herring, coated and fried 71 9.2 31.9 0.29
Mackerel, canned 76 6.6 47.8 0.14
Eel 83 13.9 36.0 0.39

Source: Food composition tables, Swedish National Food Administration, 2006; www.slv.se.
Note: For comparison, the fat content is 12 g/kg in elk steak, compared to 60 g in pork chop (with 2 mm fat gristle),
87 g in chicken thigh with skin, and 280 g in cheese (28% fat content).

that animals that are raised on grain-based feeds have a high omega-6/omega-3
ratio, around 7-15 for poultry, and 5-10 for other domesticated animals**?, Meat
from free-ranging cattle (browsers feeding on high-growing vegetation and grazers
feeding on grass) have the same ratio as wild game, provided they are not finished
off with grain®”. Likewise, fat composition in chicken eggs varies widely depending
on the feeding of the hen. Free-range chicken, which primarily feed on grubs and
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grasses and are not finished off with grain, have a markedly low omega-6/omega-3
iy 1655
ratio'®>”,

Trans fatty acids

Consumption of trans fatty acids was very low during Palaeolithic times. Trans fats
are unsaturated fats with a physical rotation resembling saturated fats following
the conversion of cis double bonds into trans forms. Trans fatty acids are formed
during industrial processes to harden vegetable fats. The highest amounts are gen-
erally found in fats that contain partially hydrogenated vegetable or fish oils. They
also develop naturally in milk and depot fat via bacteria in the first stomach of ru-
minators. The dominant trans fatty acid in margarines and oils is elaidic acid (¢rans
18:1n-9), while trans-vaccenic acid (trans 18:1n-7) dominates the fat in ruminants.
(Both are monounsaturated fatty acids.) The fatter the cut of the meat, the larger
the intake. The amount of trans fatty acids in meat animals is affected by the fatty
acid compositions in the feed. trans-18:2 linoleic acid comes primarily from edible
fats, but also from domesticated ruminants, since animal feeds provide a relatively
high amount of linoleic acid.

In the West, margarine and other edible fats were the dominant sources of trans
fatty acids up until 1994. Due to new regulations, however, table margarines and
most household margarines in some European countries now contain relatively
small amounts of trans fatty acids'3”77%!721 Current foods on the market that
contain high levels of trans fatty acids include chips, certain bakery products (bis-
cuits, cakes, wafers, etc.), pies and pirogues, as well as snacks and candies. Pork
and chicken contain a lower percentage of trans fatty acids than beef and lamb
meat’*. Game and turkey provide very small amounts.

Monounsaturated fat

Total consumption of monounsaturated fat has varied widely during evolution,
depending on the human ecological niche, but has often been low because game
meat, fish and shellfish do not contain very large amounts. With a low overall fat
consumption, the percentage of monounsaturated fat of the total fat intake may
have been at times higher than it is today. Approximately 15-35% of the total
muscle fat in wild ruminants is monounsaturated, compared to around 45% in
domestic meat>*. Nuts (apart from coconut), avocado and bone marrow are very
rich in monounsaturated fat, mostly more than 60 E%.

Cholesterol content

Cholesterol can be found primarily in animal cell membranes and is completely
missing from plant foods. The concentration is particularly high in the musculature
of meat and fish, which is why hunter-gatherers have a high intake of cholesterol
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Table 3.16 Cholesterol content in selected foods.

Cholesterol
mg/MJ mg/100 g
Brain 4000 2000
Egg yolk 860 1300
Whitefish roe 680 360
Egg 680 420
Calf liver 590 300
Prawns 430 150
Elk steak, raw 185 107
Cod 158 50
Roast beef 125 70
Salmon 65 35
Cheese, 28% fat 65 100
Skim milk, 0.1% fat 14 2
Plant foods 0 0

Source: Food composition tables, Swedish National Food Admin-
istration, 2006, www.slv.se.

(but low serum cholesterol levels, see Section 4.8). Lean types of fish, such as cod
and haddock, contain as much cholesterol as meat per unit of energy (Table 3.16).

Carbohydrate content

The amount of carbohydrate varied widely in the ancestral human diets. Whatever
standpoint you take in the debate about carbohydrate intake and health, you seem
to have a problem with the early man. When fruits or root vegetables were staple
foods, carbohydrate intake was high (Table 3.17). Sometimes, honey may have
been consumed in considerable amounts for a couple of months, resulting in a high
intake of fructose and glucose in roughly equal amounts*?. In most other habitats
it was lower, often much lower, than the average today??®.

Today’s energy-dense foods such as breakfast cereals, bread and potatoes, the
dominant sources of carbohydrates in the Scandinavian diet, supply carbohydrates
in a relatively concentrated form, since water content is relatively low. Glucose was
originally a less dominant type of sugar than it is today and refined sugar obviously
did not exist.

Carbohydrate quality

Palaeolithic foods often supply carbohydrates in a form that results in a low-
to-moderate increase in blood sugar after meals, i.e. that have a low glycaemic
index!”?%17°! Today’s dominant plant foods in the Western world, bread, breakfast
cereals and potatoes, generally have a high glycaemic index®®'%% . Some older
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Table 3.17 Macronutrient composition in selected vegetables and fruits.

Protein (E%) Fat (E%) Carbohydrate (E%)

Spinach 53 30 16
Cauliflower 48 18 32
Broccoli 45 13 39
Mushrooms 41 17 39
Brussels sprouts 38 7 51
Green beans 35 4 57
Cabbage 25 4 67
Red beets 17 3 75
Raspberries 17 19 60
Onion 16 3 76
Carrots 13 3 79
Netted melon 10 7 77
Grapefruit 9 3 82
Potato 9 1 84
Strawberries 9 10 76
Kiwifruit 8 7 80
Peach 7 2 85
Orange 7 2 85
Watermelon 6 0 88
Plums 6 10 79
Honey dew melon 6 2 86
Avocado 5 84 10
Bananas 4 4 86
Grapes 4 7 83
Pineapple 3 7 84
Apples with peel 3 2 89
Pear 3 6 85
Apple without peel 1 2 91

Source: Food composition tables, Swedish National Food Administration, 2006; www.slv.se.

varieties of potato have a low glycaemic index but these have been successively
replaced by new ones, apparently due to taste preferences.

Hence, it is not the sweetness that determines the blood sugar response of carbo-
hydrate foods. Something in the structure has decisive importance, which explains
why bread and pasta can sometimes be markedly different, even when they are
made from the same flour. The glycaemic index of the same kind of food can vary
considerably which makes comparisons difficult!*!.

The term ‘glycaemic load’ indicates the amount of carbohydrates multiplied by
the glycaemic index3®1971 Palaeolithic food carries a generally low-to-moderate
glycaemic load.

Lactose (milk sugar) was not a part of the Palaeolithic diets since dairy products
were absent. Lactose is digested in the small intestine to glucose and galactose by
the enzyme lactase, although a significant portion of unhydrolysed lactose may
hypothetically be absorbed. Free galactose is transported to the liver where it is
converted to glucose, provided that the absorbed amount does not exceed hepatic
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capacity. The intake of galactose, which is found in minute amounts in other
foods, remained low during the evolution of mammals. The percentage of simple
sugars, however, was higher at the expense of starches. The starch-rich foodsruffs
of the time were primarily roots and root vegetables (today, the dominant starches
are grains, maize and potatoes). The percentage of starch with low digestibility
(resistant starch) was probably not much higher in the Palaeolithic diet than in
today’s starch-rich foods. Sucrose intake was low.

Fruits, which have likely been consumed in large quantities by our primate an-
cestors, differ from other edible plants in that they contain appreciable amounts
of fructose, a monosaccharide, which typically constitutes 20-40% of available
carbohydrates in wild fruits¥?32%1226 and 10-30% in cultivated fruits!?”3. A daily
fructose intake below 60 g, which is considered to be safe, corresponds to 4-5 kg
of pineapples'3®1857 Approximately two-thirds of dietary fructose in the US pop-
ulation is provided by non-natural foods and additives, mainly sucrose and high
fructose corn syrup'??Y.

Energy density

With the exception of nuts, most food during the Palaeolithic era was voluminous,
water-rich, fibre-rich, and therefore had a low-energy density (Table 3.18). This
short and simple statement is possibly one of the more important ones in the
book, since it may be of critical importance in terms of preventing excessive energy
consumption®!$:1526,

Table 3.18 Energy density in selected food groups.

n Energy density (MJ/kg)?
Vegetables 79 1.5(1.3)
Root vegetables 13 1.7 (0.8)
Fruits 53 2.3(0.9)
Nuts 20 23(5.8)
Wild game 18 5.5 (2.4)
Domestic meat 120 7.7 (3.2)
Organ meats 27 6.1 (1.9)
Fish/shellfish 118 6.7 (3.4)
Cheese 31 11.8 (4.8)
Other dairy foods (except cream) 30 4.1 (4.5)
Fats and oils 58 23.5(10.6)
Legumes 24 8.1 (4.3)
Bread and cereals 73 12.8 (2.9)
Cakes and biscuits 30 17.0 (3.4)
Sweets and sugar 43 13.2 (6.2)
Honey 1 14

Adapted from www.slv.se.
AThe values represent mean (SD) values.
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Total energy intake

It is obviously not possible to estimate the total caloric intake of prehistoric pop-
ulations. The average level of physical activity was most certainly higher than in
present-day humans®3¢, indicating that energy intake also was higher. However,
the ratio between caloric intake and energy expenditure in hunter-gatherers is not
known!#77_ For further discussion of energy intake, see Section 2.4 and Section 4.5.

pH

With the emphasis on the high percentage of potassium-based vegetables and the
low percentage of chloride-rich foods, the original human diet was more alkalinis-
ing than the current acidifying diec®*!: 14931610 The hypothesis about diet-dependent
acid load has raised a certain amount of interest in recent years within the estab-
lished scientific community after having been previously viewed with scepticism. A
base-producing diet may also potentially prevent osteoporosis (see Section 4.12).

Fibre

With the exception of wild game hunters during the ice age, our ancestors during the
Palaeolithic era generally had a high-fibre consumption. However, it was principally
soluble fibre coming from fruits, vegetables and root vegetables. Cereals, with the
exception of oats, provide primarily insoluble fibres, which have less beneficial
metabolic effects?¢:316.1780

Phytochemicals

As previously mentioned, the plant kingdom contains thousands of bioactive sub-
stances and other natural chemicals, many of which are thought to be part of their
defence systems against herbivores. The highest concentrations are generally found
in young plants, also in the most vital parts (sprout, seeds, beans and roots). Such
phytochemicals can often make up 5-10% of the plant’s dry weight1*%. Prehis-
toric foragers were able to limit the negative health effects by having access to a
large number of various plant species, by consciously avoiding the most poisonous
ones'#*_and by the use of cooking!?’!.

Plant lectins are carbohydrate-binding proteins from plants. Strictly, they are
defined as ‘plant proteins with at least one non-catalytic domain that is bound
reversibly to a specific mono or oligosaccharide’!*%. They bind to certain sug-
ars because they contain carbohydrate residues themselves, i.e. they are glycated
(=glycosylated). The most important function of plant lectins is thought to be
protection against attacks by plant-eating animals**”. The highest concentration
is found in seeds, beans, potatoes and peanuts. Unrefined grain products, on the
whole, have a higher lectin content than refined seed products. Lectins in wheat,
rye, rice and potatoes bind to GlcNAc-domains (GleNAc = N-acetylglucosamine)
on receptors in the ‘host organism’ (Table 3.19). Lectins are often not destroyed
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Table 3.19 Plant lectins in selected seeds and beans.

Food Lectin Specificity

Wheat Wheat germ agglutinin, WGA (GIcNAC), > GIcNAC > NANA
Rye Rye lectin, Secale cereale agglutinin, SCA  GlcNAc, (GIcNAc),
Barley Hordeum vulgare agglutinin, HVA GlIcNAc, (GIcNACc),
Potato Solanum tuberosum agglutinin, STA (STL) (GlcNAc),

Rice Rice lectin, Oryza sativa agglutinin, OSA GlcNAc, (GIcNAc),
Peanuts Peanut agglutinin®, PNA Gal > GalNac

Jack beans Concanavalin A, ConA Man > Glc > GIcNAc
Soya bean Soya bean agglutinin®, SBA GalNac (>Gal)
Turkish beans ~ Phaseolus vulgaris agglutinin, PHA* Complex specificity
Lentils Lens culinaris agglutinin, LCA Man > Glc > GIcNAc

>, the lectin binds stronger to the substance before the asterisk. GIcNAc, N-acetyl glucosamine; (GICNAC),;
oligomers of GIcNAc; NANA, N-acetylneuraminic acid/sialic acid; Gal, galactose; GalNac, N-acetyl galactosamine;
*, one of many lectins, mannose; Glc, glucose.

during normal cooking. Cooking beans in a pressure cooker deactivates their lectin,
which has been shown for Turkish beans®’” and which is expected to be true for
most plant lectins.

Plant lectins are, compared to other dietary proteins, unusually resistant to en-
zymatic breakdown in the intestines and can penetrate the intestinal mucous mem-
brane, finally being deposited in the internal organs. The ability to avoid destruction
and be absorbed in the intestines makes plant lectins excellent carriers for pharma-
ceutical substances®”. The deposition in internal organs is useful for histochemical
identification of specific cell systems in the microscope?®*. A well-studied effect
of a number of plant lectins is agglutination of red blood cells. The long-term,
potentially negative effects of lectins on humans are addressed in the sections on
atherosclerosis (Section 4.3), insulin resistance (Section 4.6), cancer (Section 4.11)
and autoimmunity (Section 4.15).

During the Palaeolithic period, plant lectins were consumed on a daily basis, but
probably not in the same, high concentrations of today, and not exclusively from
one or a few plant species.

Protease inhibitors are substances in beans and seeds, which inhibit protein-
degrading enzymes in the digestive tract such as trypsin, chymotrypsin and amylase.
This very ancient defence mechanism of plants allows their seeds to pass through
the entire gastrointestinal system (mouth-oesophagus-stomach-gut) undamaged,
thereby surviving excretion and later to grow in the ground. The concentration
of protease inhibitors in beans and cereals is so high that the digestion of dietary
proteins (including other than those in the seed) can be substantially reduced??.

Endocrine disruptors such as phytoestrogens constitute another kind of defence
mechanism in the plant’s struggle for survival'®’®. These hormone-like substances
can interfere with the consumer’s reproductive system, in which case the defence
strategy may be to cause infertility rather than death. It has been suggested that
isoflavones (also called flavonoids), the phytoestrogens that appear in large amounts
in cereals exert an antioxidative effect, but good evidence is still lacking”5*!7!4,
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Other hormone-like plant sterols have the effect of reducing blood lipids by ham-
pering cholesterol absorption in the intestines!3%3,

Cyanogenic glycosides are produced by more than 2500 plant species. Their
production and conversion to cyanide constitutes a well-studied defence mecha-
nism against herbivores*”®. Cyanide can be acutely toxic when consumed in high
amounts, but more relevant in this context is when it is ingested regularly in low
concentrations. Cyanide is then converted to thiocyanate, a potentially goitrogenic
substance which can increase the need for dietary iodine and may cause goitre, even
when iodine intake is high. These are well-documented consequences of certain sta-
ple foods in the Third World such as cassava, bamboo shoots, sweet potatoes, lima
beans and millet. Out of the foods listed, only the edible parts of the cassava plant
contain large amounts of thiocyanate, otherwise the problem is by most authors
considered negligible and is not thought to be a contributing cause of goitre in Eu-
rope**’. Even linseeds contain cyanogenic glycosides. The National Swedish Food
Administration has issued a warning against consuming more than 1-2 tablespoons
of linseeds on a daily basis, since 10 tablespoons daily caused mild neurological
symptoms in one human, most likely through cyanide exposure (www.slv.se, in
Swedish). The long-term effects of a low intake are unknown.

Pyrrolizidine alkaloids are a large group of chemicals that are produced by over
6000 plant species, some of which are used for food or herbal teas®'?. Low-level
exposure to pyrrolizidine alkaloids is suspected as the underlying cause of endemic
cirrhosis in certain cultural groups in Asia and Africa. The high rate of primary
liver cancer in South Africa may be due to chronic low-level pyrrolizidine alkaloids.
Other organs that are thought to be affected are kidneys, stomach, brain, lungs,
heart and the reproductive system.

Phytic acid is found in seeds (including beans) with the aim of binding phosphorus
and other minerals. The case of phytic acid may be an exception to a common
rule in plant-animal interactions, that bioactive plant constituents are designed to
damage the consuming ‘host’. Apparently, in the case of phytate, the damage is
only coincidental. When phytic acid is consumed, it binds to dietary minerals and
trace metals such as iron, zinc, calcium and magnesium, to form phytate salts with
these ions. As a consequence, these nutrients largely pass unabsorbed through the
intestines and are excreted.

Since phytic acid is mainly found in the germ part of the seed, whole grain
flour is unhealthier than refined flour in this respect. However, the seed also
contains phytases that can break down the phytic acid under beneficial circum-
stances2®?985,1278,1570,1749 1) the best case, if the seeds are tossed in the right way,
soaked and allowed to sit at proper temperature and pH for a sufficient number
of hours (or days), the phytic acid can almost be eliminated. The various types of
grains distinguish themselves in that, out of our four most popular cereals, it is
most difficult to reduce phytic acid in oats. In today’s industrially produced, rolled
oats, the phytases are completely destroyed, which means that it is then impossible
to reduce the phytic acid content!9¢%1°73 In contrast with humans, rats have a high
capacity to degrade phytates in their intestines, an apparent adaptation to regular
consumption of seeds””.
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Acrylamide is formed during baking or high-temperature cooking (frying,
grilling, deep-fat frying) of starchy foods, i.e. heating the surface of the food. This
type of food treatment was probably uncommon during the Palaeolithic (apart
from roasting carbohydrate-free foodstuffs like meat and fish). Heating meat and
fish does not form acrylamide. In terms of Western food, crisps and chips have the
highest amount of acrylamide, while bread, breakfast cereals and hash browns are
the dominant sources of acrylamide for the average European. Acrylamide has been
proposed to cause cancer, based on experiments on animals, but the connection is
uncertain'®47.

Knowledge of the health effects of bioactive substances is fragmentary, and in
many cases, it lacks the perspective of evolutionary biology. Research about alkyl-
resorcinols and biogenic amines has concentrated on the detrimental aspects, while
research on hormone-like substances and antioxidants most often has highlighted
the alleged beneficial effects.



4 Modern diseases

This chapter deals with the potential prevention and treatment of common diseases
in the modern world by choosing food similar to those available to ancient hu-
mans. In most cases, it is difficult, if not impossible, to gain any information about
diseases among prehistoric hunter-gatherers because they seldom left any clues in
the fossil record. Studies of contemporary populations with a similar lifestyle, how-
ever, strongly suggest that our modern, Western lifestyle is a very important factor
in some of our most common diseases. Qur own study population from Kitava,
Trobriand Islands, Papua New Guinea, is discussed at length in various contexts,
not because they are the optimal representatives of human’s original lifestyle but
because they are well characterised and because they clearly show the possibility of
preventing Western disease.

A widespread misunderstanding about the lifespan of Palaeolithic humans should
be addressed. It is undeniable that the average lifespan was low due to high infant
and child mortality. However, at the age of 50 years, life expectancy for a Palae-
olithic human was not necessarily lower than for a modern European, i.e. people
who reached this age may have had a good chance of reaching 80-90 years. The
average age at death in children (£ a few years) and young adults (£10 years) can
be estimated relatively accurately from fossil skeletons. After middle age, however,
it becomes more difficult, and osteologists used to avoid making estimates any
closer than simply saying ‘40 years or older’ by using the term ‘adultus’80% 12671581
Whether a person reached 40 or 90 years of age could, thus, in many cases not be
determined. In addition, the total number of Palaeolithic skeletons is far too low to
permit any reliable comparisons of the number of elderly compared to middle-aged
and young individuals.

Moreover, the skeletal material analysed is often not representative of the people
that actually lived at the site. This is particularly the case if the skeleton comes from
a person who was not buried, but rather was left where he died. Therefore, the
probability that bones would be preserved and later recovered is very small indeed,
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and the special circumstances that are needed for this to occur can highly affect the
available selection. For these reasons, the view that prehistoric humans always had
short lives can be considered a poorly substantiated myth.

Lam now changing the definition of Palaeolithic diet so that it no longer stands for
the diet of prehistoric hunter-gatherers, rather it includes a modern equivalent that
can be purchased in any European grocery store. A Palaeolithic diet is principally
based on lean meat, fish, lots of cultivated fruits and vegetables, with a lesser
amount of roort vegetables, eggs and nuts.

Smoking habits, physical activity and genetics play a large role in many of the
diseases to be discussed, as stated in most text books and review articles. However,
I have decided to concentrate on diet and avoid commenting on these other factors.
This should not be interpreted to mean that [ am attributing little significance to
them. On the contrary, [ see it as critically important to avoid smoking and be
physically active, particularly if you eat a Western diet.

As already mentioned, heredity does not exclude environment. Those who have
the most to benefit from eating a Palaeolithic diet are the ones with familial ten-
dency. The other ones, whose parents and grandparents were healthy and vital
long after the age of 90 years, have a slightly greater chance of staying healthy on
a Western diet.

4.1 Ischaemic heart disease (coronary heart disease)

Ischaemic heart disease is the most common type of cardiovascular disease and
includes angina pectoris (chest pain due to coronary atherosclerosis) and myocardial
infarction (heart attacks). The principal cause, atherosclerosis, which affects the
majority of Westerners, is addressed separately in Section 4.3. The risk factors are
discussed in later sections.

Incidence studies

The occurrence of ischaemic heart disease varies so widely between different coun-
tries that lifestyle obviously is a significant factor. Among populations with a West-
ern lifestyle, the prevalence is lowest in Japan and highest in countries such as Fin-
land, Great Britain, Sweden and the former Eastern Block countries (www.who.int).

Ischaemic heart disease is particularly rare in populations that are not under the
influence of the Western lifestyle, which has been noted in a number of clinical inves-

tigations and autopsy studies in Melanesia, Malaysia, Africa, South America and the
Arctic2499:117,126,215,255,302,320,375,407,408,429,434,454,470,620,764.798,875,940,961,1157,1263,

1347,1369,1374,1430,1482,1486.1589.1613,1632,1665,1698,1774,1788,1812,1814,1817,1870,1871,1888,1937

A British autopsy study in Uganda, East Africa, at the beginning of the 1950s
revealed only 1 in 1427 people (0.7%) above the age of 40 years with histologic
signs of previous myocardial infarction!”®¥. Among age-matched subjects in the
USA, a high occurrence of a previous myocardial infarction was noted (Table 4.1).
Consequently, a lack of elderly people does not explain the absence of ischaemic
heart disease in populations without a Western lifestyle.
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Table 4.1 Percentage of deceased men in USA and Uganda (1951-1956)
with signs of previous myocardial infarction at autopsy'7%®.

Age (years) USA Uganda

40-49 31 0f 178 (17%) 0 of 178 (0%)
50-59 51 of 199 (26%) 1 of 199 (0.5%)
60—69 32 of 98 (33%) 0 of 98 (0%)
70-79 8 of 24 (33%) 0 of 33 (0%)
80+ 2 of 9 (22%) 0 of 9 (0%)

Roughly two dozen studies from Papua New Guinea paint the same clear picture;
prior to urbanisation, myocardial infarctions were unknown among the local popu-
lation. These studies include two systematic reviews of 2000 and 3999 hospital case
records respectively, completed during the first half of the twentieth century?*54%8,

Additional support came from three systematic interviews in the original home
environment!%*1:1666,1817 Ginnerr noted no occurrence of retrosternal chest pains
matching angina pectoris among the Murapin people in the highlands of Papua New
Guinea'®®®. However, it is difficult to distinguish these pains from musculoskeletal
pain in the rib cage during an interview.

Truswell found no evidence of sudden, spontaneous death when interviewing 96
adults among the San Bushmen, hunter-gatherers in Botswana, South Africa!8!7.
Our own study from Kitava, Papua New Guinea, is probably the most comprehen-
sive, systematic investigation of cardiovascular disease in a traditional environment.
While their distinctive dietary habits should not be taken too seriously when con-
sidering the optimal human diet, as already stated, they do add to the evidence that
coronary heart disease is fully preventable.

The Kitava study, Trobriand Islands

During an inventory in 1989, we found what appears to be one of the last pop-
ulations on Earth with dietary habits matching what would have been the case
for the population of Homo sapiens in their original habitats on the island of
Kitava, one of the Trobriand Islands in Papua New Guinea’s archipelago (see
Figures 4.1-4.4). The Trobriander people have been thoroughly studied by so-
cial anthropologists and human ethologists such as Malinowski, Powell, Weiner
and Schiefenhavel!119-1126,1195,1234,1441-1444,1591-1593,1650,1919.1920 |1t medical re-
ports have been few$33:1712,

The residents of Kitava subsisted exclusively on root vegetables (yam, sweet
potato, taro, tapioca), fruits (banana, papaya, pineapple, mango, guava, water
melon, pumpkin), vegetables, fish and coconuts'®3 10521055 ] ess than 0.2% of
the caloric intake came from Western food, such as edible fats, dairy products,
refined sugar, cereals and alcohol, compared with roughly 75% in Sweden!*¢. The
intake of vitamins, minerals and soluble fibre was therefore very high, while the
total fat consumption was low, about 20 E%'%%%, as was the intake of salt (40-50
mmol Na/10 MJ compared with 100-250 in the Western world). Due to the high
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Figure 4.1 Kitava, Trobriand Islands, Papua New Guinea. (Photos: Staffan Lindeberg.)

level of coconut consumption, saturated fat made up an equally large portion of
the overall caloric intake as is the case in the West. However, lauric acid was
the dominant dietary saturated fatty acid as opposed to palmitic acid in Western
countries. Malnutrition and famine did not seem to occur.

We noted a lack of sudden cardiac death and exertion-related retrosternal chest
pain among Kitava’s 2300 inhabitants (6% of which were 60-95 years old), as well
as among the remaining 23 000 people on the Trobriand Islands!?41:1050,

Despite a fair number of elderly residents, none of whom showed signs of de-
mentia or poor memory, the only cases of sudden death they could recall were
accidents such as drowning or falling from a coconut tree. Homicide also occurred,
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Figure 4.3 Kitavan woman aged 94 years. (Photo: Staffan Lindeberg.)
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often during conflicts over land or mates. [nfections (primarily malaria), accidents,
pregnancy complications and old age were the dominant causes of death, which
is in agreement with findings among other similar populations. Child mortality
from malaria and other infections was relatively high, and the average lifespan was
around 45 years. The remaining life expectancy at 45 years of age is more diffi-
cult to determine, but may be similar to European figures. The number of people
examined with an electrocardiograph (ECG) was too small (# = 171) to allow
for clear conclusions, but when combined with two similar studies of traditional
Melanesian populations, the ECG findings provided additional support for the lack
of ischaemic heart disease in the area!?6%1667,

Our age estimates were based on known historical events: (1) The arrival of Cyril
Cameron, a white man from Tasmania, who established a coconut farm in 1912
and remained on the island until his death, (2) American and Australian military
occupation of the area during World War II from 1942 to 1943, (3) The founding
of an elementary school in 1962 and (4) Cameron’s death and burial on the island
in 1966. Everyone above 35 years of age could clearly remember one or more of
these events, and their personal experience matched information from relatives and
friends. The oldest living person during the survey was a 96-year-old woman, and
during a previous visit a vital 100-year-old man was interviewed.

There is no evidence to suggest that the people who died before the age of 60 are
the ones who would have otherwise suffered from cardiovascular disease. Although
bacterial infections are discussed as possible (co)factors in atherosclerosis, infec-
tions which can be treated with antibiotics, the idea that present use of antibiotics
in Western societies would effectively prevent ischaemic heart disease before the age
of 60 is not plausible considering the remarkably high prevalence of atherosclerosis
in this part of the world (see Section 4.3). Furthermore, our findings cannot be
explained by positing that the truth has not been exposed. The most serious
diseases that actually did occur were described carefully and in an identical manner
for each of the various villages. This afforded us some measure of quality control.

The elderly residents of Kitava generally remain quite active up until the very end,
when they begin to suffer fatigue for a few days and then die from what appears to
be an infection or some type of rapid degeneration. Although this is seen in Western
societies, it is relatively rare in elderly vital people. The quality of life among the
oldest residents thus appeared to be good in the Trobriand Islands.

The main results of the Kitava study, that there is no ischaemic heart disease
(and no stroke; see Section 4.2), are unanimously confirmed by medical experts
with knowledge of the Trobriand Islands or other parts of Melanesia. Likewise,
Jiiptner noted no cases of angina pectoris, myocardial infarction or sudden death
during his S years as a general practitioner on the islands at the beginning of the
1960s, when the population was roughly 12000 (H. Jiptner, unpublished data).
His experience is based partly on patients that visited him due to illness, and partly
from systematic health examinations given in all the different villages at three
separate times. The same observation was made by Schiefenhével, physician and
human ethologist from the Max Planck Institute in Munich (W. Schiefenhovel,
unpublished data). He can speak the language of the Trobrianders, Kilivila, and
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has his own hut on Kaileuna, one of the Trobriand Islands, where he examined
close to 3000 patients during his repeated visits over the course of close to 15 years.
Like Jiiptner, he is very familiar with the nature of cardiovascular disease and did
not see any cases of the disease.

Effects of urbanisation

The emergence of ischaemic heart disease has been well documented in a
number of populations after switching to a Western lifestyle!33:324,348,521.794,
897,1332,1396,1399,1450,1667,1771,1814,2008 ' The first case of a myocardial infarction in
New Guinea, which was verified with an autopsy, was reported in 1955. Individual
cases were seen during the 1960s and 1970s°2%16%% and the number has gradually
increased since then®?%. Among blacks in Africa, the first case of classic angina pec-
toris was recorded in 1958 in an overweight housewife with free access to Western
food®”%. Later autopsy studies appeared to indicate that myocardial infarctions
were more common among people with a higher income*””.

Hence, genetic factors cannot explain the lack of ischaemic heart disease in
traditional culrures. Instead, heredity is an important cause of the variation in risk
for ischaemic heart disease within a limited urbanised population, which has been
shown to be the case in a number of different ethnic groups. To the extent that
genetic differences between different ethnic populations exist, they are more likely
to show that Europeans have a somewhat higher resistance to urbanisation than
other groups (see Section 4.6).

Relevant dietary factors

Dietary habits among aboriginal populations with a documented absence of is-
chaemic heart disease, and/or beneficial cardiovascular risk factors, have been very
different from those in the West. Their staple diet most often was based on foods
that could have been part of a Palaeolithic diet. The majority of these populations
had a high intake of meat or fish, while vegetables were the dominant food among
some ethnic groups. Dairy products, refined fats, sugar and grains were completely
missing, without exception. It is very difficult to get a well-grounded understanding
of which individual foods and nutrients could be significant. In Western popula-
tions, primary prevention programmes with lifestyle modification have not been
very effective, as disclosed below, and there is a need for improvement of heart-
healthy dietary advice.

The following section focuses on dietary factors which are, or have been, thought
to be directly related to ischaemic heart disease. Additional research related to
atherosclerosis, the predominant diet-related process behind ischaemic heart dis-
ease, or risk factors such as abdominal obesity, increased blood pressure, dyslipi-
daemia or type 2 diabetes are discussed separately in Sections 4.3-4.8.

At present, there is uncertainty among health professionals around some of the
dietary advice that has been given for the last decades in order to prevent ischaemic
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heart disease. Most of the current confusion relates to the intake of total fat,
saturated fat, total carbohydrate, certain vitamins, eggs, milk and meat. Although
there is broad consensus that vegetables and fruits are healthy, there is surprisingly
little solid evidence behind any proposed food model.

Mediterranean diet

The Mediterranean diet has become the most popular diet model for the prevention
of ischaemic heart disease. It was first advocated in the 1950s by Ancel Keys,
the leading architect of the idea that saturated far causes atherosclerosis??2:701,
The incidence of ischaemic heart disease in the Mediterranean countries of Europe
on the whole was lower than in northern Europe up until the latter part of the
twentieth century!?%”. Many experts think that this is largely due to their dietary
habits. However, the extent of coronary atherosclerosis has apparently been the
same as in northern Europe, at least during the late twentieth century’®'. There
has also been a marked variation between different Mediterranean countries in
terms of both diet and incidence of myocardial infarction. Even in Crete, one study
suggests that type 2 diabetes and ischaemic heart disease are common today’9%%.
The diet has varied in contents of fat, olive oil, meat, wine, milk, cheese, fruits
and vegetables. Dietary habits have varied even within individual regions®*®. Greek
food from the first half of the twentieth century has remained the model for what
we call today the ‘Mediterranean diet’, as in the Lyon study discussed below?8”.
The Greek diet was rich in fruit, especially wild plants, nuts and cereals, olive oil,
olives, cheese, fish, meat and moderate amounts of wine'®*®. The Mediterranean
diet is similar to the Palaeolithic diet in some respects.

A recent meta-analysis of observational studies, including 12 studies of 1.5 mil-
lion people followed for 3-18 years, found a 9% reduced cardiovascular mortality
with a high consumption of components considered to be part of a Mediterranean
diet (vegetables, fruits, legumes, cereals, fish and a moderate intake of red wine dur-
ing meals)'¢*, Half of the studies were from the USA, one from Australia and the
rest from Europe. Another meta-analysis found a slightly greater risk reduction in
people with Mediterranean-like food habits'?'!. Due to the widespread belief that
Mediterranean-type foods are healthy, the risk of residual confounding is obvious.

In the Lyon Diet Heart Trial, a secondary preventive, randomised, single-blind
dietary intervention trial in France, 605 men and women below the age of 70,
who had undergone their first myocardial infarction, were randomly assigned ei-
ther a ‘Mediterranean diet’ (intervention group) or a traditional low-fat, high-fibre
diet according to the American Heart Association guidelines (control group)386-388,
The intervention group received margarine made from rapeseed oil (also known
as canola oil), as well as advice about increasing their intake of vegetables, fruits
and whole grains. The control group received usual care and were thus less inten-
sively educated about healthy diets, which is a methodological problem. During
the follow-up period (5 years), 8 out of 303 people in the intervention group
died, compared to 20 out of 302 in the control group (relative risk of death 0.30;



Modern diseases: Ischaemic heart disease 65

0.11-0.82; P = 0.02), of which respectively 3 and 16 died of cardiovascular disease
(P =0.02). The number of serious cardiovascular events was 8 and 33 respecrively,
(relative risk 0.27; 0.12-0.59; P = 0.001). The intervention group (but not the
control group) showed an increase in the concencration of the omega-3 fatty acid
a-linolenic acid (18:3 omega-3) and ascorbic acid in blood plasma (the fluid part
of blood).

Hence, the study was very successful in terms of health benefits, although the wide
confidence intervals (CI 0.11-0.82 for relative risk of death) make it uncertain how
successful it were. The groups were not different at follow-up in terms of blood
lipids, body weight or blood pressure, which highlights the significance of other
effects of diet, regardless of these cardiovascular risk factors. Although the effect
of omega-3 fat was not studied separately, this trial is sometimes cited as evidence
of a benefit of omega-3 fats, which is questionable in the light of other trials on
omega-3 fats (see section ‘Fartty fish’ below). The study’s weaknesses are that the
intervention group received more intensive behavioural modification and the total
number of events in both groups was low.

In the THIS-DIET trial, [01 patients with myocardial infarction were randomised
to follow a Mediterranean diet (# = 51) or a low-fat diet (7 = 50) and were
compared with 101 usual-care patients in a case—control design (7 = 101)'83%. The
occurrence of cardiovascular disease during a median follow-up time of 46 months
was 8 in each of the dietary intervention groups and 40 in the usual-care group
(P < 0.001). Seven deaths occurred, all in the usual-care group (P = 0.014).

In conclusion, a Mediterranean-style diet appears to confer some protection
against ischaemic heart disease, compared to an average Western diet.

Fatty fish (omega-3 fats)

The widespread notion that ischaemic heart disease is partly prevented by con-
sumption of fatty fish 2-3 times a week (compared to no fish) because it is rich in
long-chain omega-3 fatty acids has been challenged in a Cochrane meta-analysis
of randomised controlled trials”*®7%7. This concept originally emerged from the
observed very low incidence of myocardial infarction and sudden cardiac death as
well as the long bleeding time among the Eskimos of Greenland and Canada'®188,
Of all the characteristics of Eskimo dietary habits that could possibly explain these
findings, virtually all focus has been on omega-3 fatty acids, while the absence of
cereals, dairy products, refined fats, sugar and added salt has rarely been considered.

There are as yet three controlled trials where the effect of increased consump-
tion of fatty fish on cardiovascular disease has been documented, as well as many
trials on supplemental omega-3 fats”*®. In the secondary preventive Diet and Re-
infarction Trial (DART), 2033 British men who had suffered a myocardial infarc-
tion were randomly assigned either a high intake of fatty fish at least twice a week
or a regular diet**?. After 2 years, a total of 94/1015 patients in the fish group had
died, compared with 130/1018 in the control group (P = 0.02, for the difference
between the groups, i.e. the probability that the difference is random is 2 in 100).
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There were 78 cardiovascular deaths in the fish group and 116 in the control group
(P = 0.01). However, in an extended follow-up study among the same persons,
running until February 2000 (21 147 person-years), where 1083 men (53%) had
died from any cause, the difference in favour of fatty fish no longer appeared to be
the case. In contrast, the overall mortality in the fish group was higher than among
controls (relative risk 1.31; 95% CI 1.01-1.70)'285.

A second dietary trial from the same research group recruited 3114 men under
70 years of age with stable angina pectoris®*'. In the trial, which is sometimes called
DART 2, the participants were randomly given one of four kinds of advice: (1) two
portions of oily fish each week or three fish oil capsules daily, (2) more fruits,
vegetables and oats, (3) both the above types of advice or (4) no specific dietary
advice. In Group 1, fish oil capsules were supplied to men who were advised to eat
fish but found it unpalatable. During the second phase of the trial, the ‘fish advice’
group was subrandomised to receive either fish advice or capsules. No significant
effect was seen on total mortality, which was ascertained after 3-9 years. Risk
of cardiac death was higher in the fish/supplement group than among those not
advised to eat fish; the relative risk was 1.26 (95% CI 1.00-1.58; P = 0.047),
and even greater for sudden cardiac death (1.54; 95% CI 1.06-2.23; P = 0.025).
The excess risk was more evident among the 462 subjects taking fish oil capsules
where the relative risk of cardiac death was 1.45 (95% CI 1.05-1.99; P = 0.024)
as compared to 1.20 (95% CI1.93-1.53; P = 0.16) in the real fish group. There are
a number of possible explanations for the higher risk in those taking fish/fish oil,
which are thoroughly discussed in the paper?*!, one being risk compensation (i.e.
increased risk-taking behaviour due to the feeling of belonging to the ‘safe’ group),
a general problem with non-blinded trials.

The third controlled fish trial was small and included only 38 low-risk par-
ticipants with inactive Crohn’s disease and was primarily not designed to study
the effect on cardiovascular disease (Maté-Jimenez et al, cited by 7°¢). No case
of ischaemic heart disease was documented in either group during 24 months of
follow-up.

Among 44 high-quality randomised controlled trials comparing at least 6 months
of supplemental omega-3 fats (from capsules or oil) with placebo, there was no ev-
idence of a lower risk of cardiovascular disease in those taking omega-3 fats’®.
Small trials were more likely to show an effect than large ones, suggesting publica-
tion bias with a number of negative small trials being unpublished. Large trials in
this meta-analysis, and in others,?016:2917 suggest that there is no clinically important
preventive effect against coronary heart disease from omega-3 supplements. Five of
the 44 studies provided omega-3 fats in the form of plant-based «-linolenic acid.

In contrast to these findings in intervention trials, several epidemiological ob-
servational studies have found an approximately 20% lower cardiovascular risk
among Westerners who eat fatty fish at least twice a week, than among those who
do not’7>15%5, However, the relationship between fatty fish and cardiovascular
disease may only be evident in high-risk populations!'!*’.

In the light of the negative controlled trials, these findings suggest the presence of
confounding factors, such that fish eaters take other preventive measures that may
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be more important. This would explain the substantial reduction in the association
between fish intake and cardiovascular disease after adjustment for other markers
of a healthy lifestyle, even in today’s Japan50*.

Early studies suggested that realistic doses of fish reduce the risk of cardiac
arrest from ventricular fibrillation, a major cause of sudden death®®®. However,
three recent randomised placebo-controlled trials with fish oil among patients with
an implantable cardioverter defibrillator, who are at very high risk of cardiac
arrest, found no reduced incidence of serious arrhythmia®?*. In the first of these
studies, recurrent ventricular arrythmia was more common in patients randomised
to receive fish oil (P = 0.001)'%% but this was not replicated in the two later
studies??*,

In summary, there is presently no convincing evidence from randomised con-
trolled trials in favour of a high intake of omega-3 fatty acids, neither from fish nor
as dietary supplement, in the prevention of ischaemic heart disease.

Vegetables and fruits

Since many years, there is considerable agreement that vegetables and fruits are
heart-friendly. However, it is still not known why this would be the case. Several
of the minerals and vitamins that are supposed to protect against cardiovascular
disease (see under ‘Vitamins, minerals and trace elements’), appear in large amounts
in fruits and even more in vegetables, but none of them has so far been proven to
be protective against cardiovascular disease when given in double-blind placebo-
controlled trials'!”3,

The notion that a high consumption of fruits and vegetables has a preventive
effect is to some extent supported by the Lyon Diet Heart Study (described under
‘Mediterranean diet’). However, it is unknown to what extent other dietary changes
explain the beneficial results in this trial. In addition, two dietary intervention stud-
ies from Moradabad, India, have been regarded as supportive!®¢!1°62  Unfortu-
nately, the first author of these two papers, published in the British Medical Journal
and the Lancet, has been suspected of scientific fraud, and both papers were later
questioned in editorials appearing simultaneously in the two journals3?:766:1686,1930

There is one published controlled trial in which the advice to increase fruit
intake was given randomly to men under 70 years of age with angina pectoris,
the DART 2 study described under ‘Fatty fish’. Control subjects were told to ‘eat
sensibly” without any specific advice. Despite a slightly lower percentage reporting
a previous heart attack among fruit eaters, after 3-9 years of follow-up 25 more
persons had died in this group than in the control group (P = 0.07). The total
number of deaths after fruit advice was 275 (17.3%) compared to 250 (16.4%)
among those who were not given such advice. The number of cardiac deaths was
identical in the two groups. Advice to eat more fruit was considered by the authors
to be poorly complied with, despite a 30% increase in estimated intake of vitamin
C. The negative effect of fruit advice in this important trial is unexpected and
it may, similar to the effect of fish advice in the same trial, be explained by risk
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compensation or some other effect on patients’ or doctors” behaviour. Nevertheless,
the study suggests that any beneficial effects of realistic amounts of fruits are small.

Epidemiological population studies indicate that roughly 15% of the variation in
ischaemic heart disease in the West could be explained by differences in the intake
of vegetables and fruits (or some unidentified confounder)??128%1509 Qverall, 14
of the 25 published observational studies point to a primary preventive effect from
fruits and vegetables®®. Estimates of the actual size of the preventive effect are very
uncertain, since this involves asking individual questions regarding dietary habits
many years prior to the development of the disease.

In the American First National Health and Nutrition Examination Survey
(NHANES 1) Epidemiological Follow-up Study, 9608 people between the ages
of 25 and 74 years, who were free of known cardiovascular disease at the start,
were asked about their consumption of fruits and vegetables'??. During an average
follow-up period of 19 years, 1786 cases of new ischaemic heart disease were doc-
umented, of which 639 became fatal. The number of deaths from any cause was
2530. Subjects who 1nitially indicated that they ate fruits and vegetables at least
3 umes/day, compared with less than once a day, had a 24% lower mortality due to
ischaemic heart disease (relative risk 0.76; 95% CI 0.56-1.03; P for trend = 0.07)
and 15% lower overall mortality (relative risk 0.85; 95% CI 0.72-1.00; P for
trend = 0.02) after correcting for established cardiovascular risk factors.

Similar results come from the Nurses” Health Study and Health Professionals’
Follow-up Study on just over 126 000 people, with a relative risk for developing
ischaemic heart disease of 0.80 (95% CI 0.69-0.93) in the highest quintile of
fruit and vegetable consumption, i.e. 20% of the population that had the highest
intake®!,

In summary, it is likely that a high intake of vegetables and fruits have a slight
preventive effect against ischaemic heart disease, in particular compared to rarely
consuming them. However, it is uncertain if this is due to some inherent properties
of these foods or because they replace other, unhealthy foods. The possibility of
confounding of other healthy lifestyle characteristics cannot be ruled out.

Vegetarianism

Vegetarians, in general, are thought to be at lower risk for developing cardiovas-
cular disease than people who eat a mixed diet. It increasingly appears that this is
more due to a healthy lifestyle in general, including high consumption of vegetables
and fruits, rather than due to the absence of meat*>!792. A meta-analysis compiled
5 prospective observational studies, with a total of 76 000 men and women, of
which almost 28 000 were vegetarians in the sense that they did not eat meat or
fish?. A toral of 2264 persons died of ischaemic heart disease. In these studies,
vegetarians had, on average, a 24% lower risk of dying from ischaemic heart dis-
ease than non-vegetarians (relative risk 0.76; 95% CI 0.62-0.94; P <0.01), but
the total mortality (regardless of the cause) was not lower {(relative risk 0.95; 95%
CI 0.82-1.11). Those persons who had been vegetarians for less than § years did
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not have a lower relative risk of dying from ischaemic heart disease (1.20; 95% CI
0.90-1.61), but the number of such cases of death was only 49, compared to 625
among those who had been vegetarians for a longer period of time (because many
more such people were included in the study). In the two British studies (which
had the longest average follow-up period, 18.4 and 13.7 years respectively), veg-
etarianism did not show any preventive effects in terms of cardiac-related death.
The relative risk in one study (Health Food Shoppers Study) was 0.97 (95% CI
0.81-1.16), and in the other (Oxford Vegetarian Study) it was 0.90 (95% CI
0.68-1.20), both non-significant®3.

In a later analysis of the two English studies, the total mortality among vege-
tarians as well as control subjects was only 52% of the average in Great Britain
(relative risk of death 0.52; 95% CI 0.49-0.56)%3. The fact that there was not very
much difference between the vegetarians and the non-vegetarians probably is due
to the recruitment process and it seems to indicate the importance of a healthy
lifestyle in general. In the Health Food Shoppers Study, both groups were recruited
from people who were interested in health food, and in the Oxford Vegetarian
Study, subjects were recruited via the Vegetarian Society and by advertising in the
mass media, where non-vegetarians were recruited from the friends and family of
the vegetarians. This seems to indicate that other lifestyle factors than the absence
of meat are of significance.

Meat

Randomised controlled trials of the effects on ischaemic heart disease of changes in
meat consumption are lacking. Hunter-gatherers have had exceptionally favourable
levels of blood lipids, even with very high meat consumption (see Section 4.8). Blood
pressure, glucose tolerance (ability to metabolise glucose) and body weight were
also at very advantageous levels, which is discussed in later sections. However, their
meat had a lower fat content and a higher percentage of omega-3 fatty acids than
our domesticated meat?40:1143,1277,

An association between ischaemic heart disease and reported consumption of
meat/meat products has been found in a few case—control studies™®, while other
epidemiological studies have been less convincing!'?!"!24%, The perception among
laymen that meat and meat products is unhealthy is strongly linked to other con-
cepts of a healthy lifestyle'®? and the risk of confounding is particularly high in
case—control studies'®%”. In the 25-year follow-up of the European Seven-Countries
Study, 42% of the variation in mortality from ischaemic heart disease was statisti-
cally explained by differences in the intake of meat and meat products combined,
but after adjustment for differences in other dietary factors no correlation was
present, and now only butter and lard/margarine remained as explanatory vari-
ables!?%7. Similar results were noted during an extended 10-year follow-up study,
where the correlation with meat disappeared altogether, while a relationship with
milk remained evident when both meat and milk were included in the analysis””.
In these studies, as well as many other observational studies, unprocessed meat was
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not separated from meat products such as sausage and liverwurst, and sometimes
meat products were not even separated from milk products, which makes it difficult
to interpret the results.

The further categorisation into red meat and white meat comes from American
terminology. Red meat refers to beef, pork, lamb, roe deer, elk, etc. Chicken, turkey
and other fowl! are considered white meat. Ostrich meat is usually included in the
red meat category because of its colour even though the ostrich is a bird. Leading
experts in the USA customarily see red meat as a contributing factor for ischaemic
heart disease, but the epidemiological connections are not consistent, and there is
a lack of evidence to show that other nutrients besides fat, or other substances
in meat, may be involved’’>'?? Hunter-gatherers eat large amounts of lean, red
meat!!'*?, In many countries, domestic red meat has typically a high content of total
and saturated fat.

A diet based on lean meat is high in protein. There is insufficient data to suggest
that this is a health risk with regard to the heart {or kidney disease and bone
fragility; see Sections 4.4 and 4.12). In a study in humans, a high intake of lean red
meat in place of carbohydrate-rich foods (bread, pasta, rice, potatoes, breakfast
cereals) had no adverse effects on markers of inflammation that may be relevant to
ischaemic heart disease’?”. C-reactive protein tended to decrease (P = 0.06) during
the 8-week trial. The objective in the red meat group was to achieve a 35-40 g/day
(7-8% of total energy intake) higher protein intake compared with the control
group.

Nuts

Five large epidemiological studies in the USA all seem to indicate that the risk of
myocardial infarction is lower for people who eat nuts on a regular basis than
for those who do not”7:!823 In the three studies where nut consumption was
reported in the same manner, and after adjusting for other (known) confounding
dietary factors, there was a roughly 40% reduced risk by consuming nuts at least
S times/week, compared to less than once a week*3*7759%¢_ One of the studies was
conducted on just over 31000 Seventh Day Adventists in California, who were
interviewed about their dietary habits and tracked for 12 years. The lower risk
with higher consumption was statistically significant both among overweight and
lean individuals, and was not dependent on the level of other cardiovascular risk
factors. In the Physicians’ Health Study, the risk of sudden cardiac-related death
was lower among persons who ate nuts more than 2 times/week (relative risk
0.53;95% 95% CI 0.30-0.92) compared with those who seldom or never ate nuts
(P for trend = 0.01)}!. However, there was no apparent relation to deaths from
other causes or non-fatal myocardial infarctions.

Randomised intervention studies of increased nut intake are lacking. Therefore,
the presence of confounders in the observational studies cannot be ruled out. Cer-
tainly, when most of these studies were conducted, there was a general belief among



Modern diseases: Ischaemic heart disease 71

US health-conscious people that nuts are beneficial, an opinion strongly promoted
by John H. Kellogg in the early twentieth century®”°.

The suggested nutritional benefits of nuts include being rich in minerals, vita-
mins and soluble fibre. Similar to olive oil, the fat in most nuts is dominated by
the monounsaturated fatty acid oleic acid (18:1n-9}. The potential disadvantages
include a high content of omega-6 fatty acids and phytic acid, as well as a high
energy density. A handful of nuts, particularly hazel nuts, drastically increases the
omega-6/omega-3 ratio. The phytate content of nuts impedes the body’s ability to
absorb minerals such as iron, calcium, zinc and magnesium, where a lack of the
last two minerals has been suggested as a contributing factor for ischaemic heart
disease*®1:163% The low water content means that an extra handful of nuts goes
down easily, which is expected to contribute to weight gain. The fact that nuts are
rich in plant sterols may help to maintain beneficial levels of serum cholesterol®>?,
but the net effect on the heart and blood vessels is unclear (see under ‘Plant sterols’).

Peanuts are not nuts in the botanical sense, and should not be considered so in
the context of healthy foods. They belong to the family of legumes (Leguminosae),
which also includes beans, peas and lentils. Peanuts are thought to actually increase
the risk of atherosclerosis via mechanisms that are partly independent of their fat
(see Section 4.3).

Coconut is considerably different from other nuts in that coconut fat is dominated
by saturated fatty acids (see also Section 3.2). This probably partly explains why
serum cholesterol levels among some Pacific Islanders are not entirely favourable.
Even if these populations apparently manage to consume large amounts of coconuts
without any problems, people in the Western world are advised to be careful,
particularly with coconut fat, which in contrast to coconut meat provides only
calories without any vitamins, minerals or fibre.

Alcobol

A moderate intake of alcohol is sometimes highlighted, even by medical experts,
as beneficial in preventing ischaemic heart disease, but the jury is still out. Alco-
hol in moderation increases HDL cholesterol (the ‘good’ cholesterol) and possibly
improves insulin sensitivity (i.e. decreases insulin resistance), at least in women®>°.
Several studies indeed have shown a negative relationship between wine consump-
tion and the incidence of myocardial infarction in Western populations*'%924 and
between different countries'>”? but it is uncertain if this is due to the wine itself.
As indicated earlier, a low intake of milk also correlates with a high consumption
of wine, which could explain the relationship. When you consider the differences
in the intake of both wine and dairy products, the international relationship with
wine apparently disappears, while dairy products remain as a risk factor!431-1614,
But let us assume that the risk of myocardial infarction really is lower among
those who regularly consume alcohol. Then the next question is ‘Is this difference
meaningful?’ Probably not. If we remove abstainers and alcoholics from the analysis
and only consider people with a consumption of alcohol ranging from rarely to
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every day, the potential benefit does not appear to be particularly interesting. A
Lancet editorial arrived at the following conclusions®'?: ‘Any coronary protection
from light to moderate drinking will be very small and unlikely to outweigh the
harms. While moderate to heavy drinking is probably coronary-protective, any
benefit will be overwhelmed by the known harms.’

This means that those people who used to drink a glass of wine every other week,
and then switch to 2 glasses/day, do not appear to reduce their risk for a myocardial
infarction to any notable degree. Hence, recommending the consumption of alcohol
several times per week is clearly not justified by available evidence.

Dairy products

Despite the lack of randomised controlled long-term trials (which for obvious rea-
sons cannot be performed as double-blind studies), there is some evidence that milk
products are a contributing factor for ischaemic heart disease. Much of this evidence
comes from animal experiments showing that casein, the dominant milk protein,
causes atherosclerosis (see Section 4.3). Furthermore, aggravation of insulin resis-
tance and intracellular fat deposition have been noted in animal studies”®?”3 and
both of these disturbances are thought to increase the risk of ischaemic heart dis-
ease. In addition, milk fat is highly saturated and raises serum cholesterol although
the effect is small (see Section 4.8). On the other hand, milk contains substances of
potential benefit for blood pressure’?®, and an independent role of milk and milk
fat in ischaemic heart disease has not been established*?%-1211:1904,

In the beginning of the twentieth century, it was common practice among doctors
in certain parts of the USA and England to treat peptic ulcers with large amounts
of milk. The most famous diet was called the Sippy diet after the physician who
introduced it in 1916. In a highly publicised autopsy study of patients from 1940
to 1959, it was noted that myocardial infarctions were considerably more common
among patients who had undergone the Sippy diet, than among those who had
been treated at hospitals where the milk diet had not been prescribed??°. Today, this
study is seldom cited, possibly because the patients had not been randomised for one
or the other treatment. Therefore, it is theoretically possible, but not particularly
likely, that the two groups differed from each other in some other respect that could
have affected the risk of a myocardial infarction.

In ecological studies, there is a strong, positive correlation between cardiovascu-
lar mortality and the consumption of dairy products'®'?1¢!4, In the late twentieth
century, the European countries that reduced their milk consumption were also the
ones where the incidence of mortality from myocardial infarctions had dropped
the most!?*’. The strongest correlation points to components other than the fat
in the milk!19%1248,1614 The relationship appears to be stronger for milk than for
cheese'®'*. Some countries, such as France, have a low risk of developing myocar-
dial infarction despite a high intake of dairy products. One of several proposed
explanations is that the French typically eat cheese instead of drinking milk. Many
cheeses have a lower content of specific milk proteins, which may be degraded enzy-
matically during cheesemaking?®®1472. The absorption, metabolism and potential
health effects of the resulting peptides have scarcely been studied.
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The strongest international correlation between milk constituents and health
appears to be with the milk protein g-casein Al, which may account for 77%
of the international variation in mortality from myocardial infarctions'!?". This
structural variant of the milk protein casein can be found in the cow’s milk from
special breeds. In the same study, the R? value was 26% for total milk protein
and 11% for red meat. B-Casein Al could also explain why lceland has a lower
cardiovascular mortality than expected from the population’s high intake of dairy
products'*?. Icelandic milk has a lower percentage of B-casein Al than milk in
most other parts of Europe*36:1032.1793,

Lactose, which is largely removed in cheese making (the residual is lactic acid),
has also been suggested to provide an explanation for the international variation
in myocardial infarctions'®'*. Asian Indians show a high incidence of myocardial
infarction, as well as a high intake of dairy products and a rather high frequency
of persistent lactase activity, 46% which is close to the average frequencies in the
USA (51%) and Europe (61%), and higher than world average (35%)7%115 It
is of some relevance that lactose has been shown to promote atherosclerosis in
primates®>* and insulin resistance in calves””%1%3%.

Comparisons within, rather than between, countries {(or ethnic groups) suggest
that other lifestyle variables than milk consumption explain the variation of is-
chaemic heart disease in such populations**®*!. A few cohort studies even support
a lower risk among milk drinkers, although the relative risk in one meta-analysis
was not significantly different than low consumers (relative risk 0.87; 95% CI
0.77-0.90)?9. At further odds with the understanding that milk fat is unhealthy
are studies showing a lower risk of ischaemic heart disease and more beneficial risk
factor levels among those who prefer high-fat milk!68:1670:1684,1904 "However, this
may relate to the possible risks of other milk components than fat, rather than to
the question of whether milk as such is harmful or beneficial.

In the DASH trial (Dietary Approaches to Stop Hypertension), a reduction in
blood pressure was achieved using a diet that included low-fat milk products but the
specific effect of milk was not investigated, and the suggested beneficial nutrients are
easily provided by vegetables, fruits and lean meat!3>*. In the prospective epidemi-
ological CARDIA study (Coronary Artery Risk Development in Young Adults), the
risk for developing the metabolic syndromes (abdominal obesity, glucose intoler-
ance, hypertension and dyslipidaemia) among overweight, young Americans was
lower with a higher intake of dairy products'#%®. It is highly probable that milk,
in particular low-fat milk, has certain nutritional advantages over other energy-
supplying drinks, which can have a beneficial effect on cardiovascular risk factors.
However, much evidence points to milk as a contributing factor in ischaemic heart
disease, and that it should be avoided. Today, many authorities do not agree on
this, partly because they rely heavily on the above cohort studies.

Refined fats

The effect of different types of margarines and oils, and lard, on myocardial in-
farction and angina pectoris is insufficiently documented. All margarines and oils
contribute to excess calories and probably to atherosclerosis. It used to previously
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be thought that the polyunsaturated omega-6 fat linoleic acid (18:2 omega-6) could
prevent cardiovascular disease!?4%:19%7 but the majority of studies now point to the
opposite effect!?%-417,588,736. 111 "Erom an evolutionary perspective, the current in-
take of linoleic acid is very high.

Monounsaturated fat

Monounsaturated fat from olive oil, for example, is often presented as benefi-
cial®®®, but randomised studies of clinically significant events are still pending. Any
potential benefit may have been exaggerated. Advocates of a high intake of olive
oll base their opinion primarily on epidemiological studies, and on the fact that
monounsaturated fat, in exchange for saturated fat, has a greater beneficial effect
on insulin sensitivity and serum triglycerides than if carbohydrate consumption is
increased?#®147? (see Section 4.8). The support from the cooking oil industry, by
sponsoring symposiums and supplements of scientific nutrition journals, may have
potentially facilitated the widespread dissemination of this hypothesis.

Total fat and saturated fat

Despite that dietary fat has been shown to promote atherosclerosis, insulin resis-
tance and lipotoxicity in animal experiments (see Sections 4.3 and 4.6), randomised
studies on humans provide rather weak support for the notion that the toral fat
intake or the amount of dietary saturated fat markedly increases the risk for angina
pectoris, myocardial infarction or sudden cardiac death”*>12!1 In the majority of
human trials, the intervention diet corresponded on the whole with the recommen-
dations of the American Heart Association as of the second half of the twentieth
century’®*. The emphasis was placed on reducing the intake of total fat (<30 E%),
saturated fat (8-19 E%) and dietary cholesterol (<300 mg/day) and on increasing
the intake of polyunsaturated fat (up to 10 E%). (These guidelines have since been
modified somewhat, and now focus more on whole foods, energy balance, soluble
fibre, trans fatty acids and dietary salt, but also propose an even lower intake of
saturated fats down to less than 10 E%”%.)

The results of a Cochrane meta-analysis of 27 randomised controlled trials,
which satisfied generally accepted scientific requirements, showed that the above-
mentioned changes in fat intake did not affect overall mortality (relative risk of
death 0.98; 95% CI1 0.86-1.12)7%. The 9% drop in cardiovascular mortality (rel-
ative risk 0.91; 95% CI 0.77-1.07) was non-significant, while the risk of any car-
diovascular event (cardiovascular death, non-fatal myocardial infarction, stroke,
angina pectoris, heart failure, peripheral arterial disease and coronary bypass or an-
gioplasty) was significantly lowered by 16% (relative risk 0.84; 95% CI1 0.72-0.99).
However, studies with a follow-up period greater than 2 years provided stronger
support for protection against cardiovascular events (relative risk 0.76; 95% CI
0.65-0.90), which agrees with the notion that this type of dietary change limits the
development of atherosclerosis by improving blood lipids!!*).
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In the more recent Women’s Health Initiative Dietary Modification Trial, in-
tensive nutritional counselling on the merits of a low-fat, high-fibre diet had no
beneficial effect on cardiovascular disease and actually increased the risk among
those with known cardiovascular disease at entry (see ‘Old and new concepts of
healthy diets’ under Section 2.4)768,

The support from epidemiological studies is not consistent, and not as strong
as one could expect from the high level of consensus that was previously the case
among health authorities?61476,

A possible explanation of the inconsistent research findings is thar dietary fat
alone is insufficient to cause cardiovascular disease, but that it acts in liaison with
other dietary factors. Until this possibility has been properly addressed in dietary
intervention trials, high-fat diets should probably be avoided in order to prevent
ischaemic heart disease.

Trans fats

Epidemiological studies indicate that trans fatty acids, primarily elaidic acid (trans-
18:1n-9) in partially hydrogenated margarines and oils, can contribute to ischaemic
heart disease'3"1357 In the studies where the intake of trans-vaccenic acid was
analysed separately, this did not appear to be linked with increased cardiovascular
risks. Trans-vaccenic acid is the dominant trans fatty acid in depot fat of ruminants.
In an intervention study with two kinds of margarine (9.4% or 0.4% trans fat),
consumption of margarine rich in trans fatr in exchange for saturated fat led to
impaired endothelial function in humans, which provides further evidence of a
difference between these two types of fat**2. The majority of the research in this
area has otherwise concentrated on the adverse effect on blood lipids’?. Elaidic acid
and trans-vaccenic acid raise LDL cholesterol {the ‘bad’ cholesterol) and decrease
HDL cholesterol282:878.1250.1300,

In a case—control study from Seattle, a high percentage of trans-isomers from
linoleic acid (18:2 omega-6) in red blood cells (as measured upon admission) was
linked to a sharply increased risk for cardiac arrest''!. Consuming pizza, barbe-
cued chicken and biscuits explained 33% of the variation in trans-18:2 levels. The
intake of elaidic acid and trans-vaccenic acid did not show any relation to the risk
of cardiac arrest in this study.

Dietary cholesterol

The percentage of cholesterol in food seems to have little effect on the risk for
cardiovascular disease®!>!7*. A reduced cholesterol intake has been a part of many
of the studies in the Cochrane review mentioned under ‘Total fat and saturated fat’
above’*. The effect of cholesterol intake on blood lipids is modest in most people,
mainly because the major part of circulating serum cholesterol has been produced
by the liver, rather than absorbed from the diet (see Section 4.8). For this reason,
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advising against a high intake of eggs or meat or, for that matter, fish or seafood is
not justified.

Plant sterols

Plant sterols (phytosterols) such as sitosterol and campesterol have been proposed
to prevent cardiovascular disease by way of lowering serum cholesterol (see Sec-
tion 4.8). Certain exclusive margarines have therefore been enriched with plant
sterols. However, their long-term safety has not been tested, and there is some con-
cern about their possible pro-atherosclerotic effect®>!973. In a nested case—control
study in Germany, analysing plasma samples collected 10 years earlier, people suf-
fering from myocardial infarction or sudden death had elevated levels of plasma
sitosterol®2. In this study, increased levels of plasma sitosterol showed to be a car-
diovascular risk factor of the same magnitude as hypertension, diabetes or family
history of premature ischaemic heart disease. In other studies, patients with abnor-
mally elevated absorption of dietary plant sterols have had advanced atheroscle-
rosis in early life despite normal cholesterol levels!3*. A recent experiment found
B-sitosterol, a plant sterol, to be cytotoxic in human aorta endothelial cells'*4°,

Energy intake

A food model based on lean meat, fish and lots of fruits, vegetables and root veg-
etables has a low energy density (few calories per gram) and is, in our clinical
experience, very difficult to consume in excess of caloric needs. This apparent sa-
tiating property reduces the risk of overweight, which could theoretically prevent
ischaemic heart disease?”%!1821500  However, it is unclear whether being over-
weight, independently of waist circumference and insulin resistance, contributes to
ischaemic heart disease®>?7%.

Long-term rigorous calorie restriction has resulted in markedly beneficial car-
diovascular risk factor levels in non-human primates (randomised controlled tri-
als)'8%274 and in humans (observational studies)®%’. In the human studies, processed
foods containing trans fatty acids and high glycaemic loads (e.g. refined carbohy-
drates, desserts, snacks and soft drinks) were strictly avoided, which makes the
independent role of energy intake questionable. In addition, low calorie consumers
in Malmé, Sweden, had higher cardiovascular mortality than those in the third
(women) and fourth (men) quartiles'®'®. The increased mortality after weight loss,
in particular muscle loss, discussed on pages 121-22 under ‘Potential consequences’
(of overweight and obesity), is highly relevant to this issue.

Glycaemic index and carbobydrate intake

The dominance of bread, breakfast cereals and potatoes in the typical Western diet
results in large amounts of carbohydrates being supplied in a concentrated form,
and often with a high glycaemic index (GI). The product of the GI and the absolute
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amount of carbohydrate is called the glycaemic load®®!33% A higher glycaemic load
means that blood sugar increases more after a meal.

It has been suggested that recurrent high blood glucose levels (hyperglycaemia)
after meals contribute to ischaemic heart disease?07:63%1007  The proposed mech-
anisms include high serum insulin (hyperinsulinaemia)'4?1
51505817 low HDL cholesterol**", high triglycerides'®”®, increased appetite
intracellular glucose toxicity in the heart and arteries?2%:53%,

A continuous positive relationship between post-prandial blood sugar and is-
chaemic heart disease has been found in observational studies. Thus, in the Nurses’
Health Study, a high glycaemic load was positively associated with developing
ischaemic heart disease after correcting for age, smoking, total energy intake and
other cardiovascular risk factors'®”!. The relative risk from the lowest to the highest
quintile of glycaemic load was 1.00, 1.01, 1.23, 1.51 and 1.98 (95% CI, 1.41-2.77
for the highest quintile, P for trend < 0.0001).

However, clear-cut evidence for ‘the-lower-the-better’ (for the heart) from con-
trolled trials is still lacking. Furthermore, randomised controlled studies of the effect
of low-carbohydrate diets on the incidence of cardiovascular disease are lacking.
Pharmacological studies in patients with type 2 diabetes suggest that a decrease
in blood sugar is less efficient for the prevention of ischaemic heart disease than
expected from the observed correlation between blood sugar and the incidence of
such disease in the population!!”*1834 In 2008, three large randomised controlled
trials found that intensive lowering of blood sugar lacks benefits (for the patients)
and increases adverse effects?42:592:1394

Diets that prevent an excessive increase in blood sugar can be low-Gl, low-
carbohydrate, high-protein or high-fat diets in various combinations, compared to
a defined control diet, and they can be either energy-restricted or not. Consequently,
there is much uncertainty as to the role of each of these variables with regard to
ischaemic heart disease and its related disorders.

In a large, well-controlled trial of 129 overweight or obese young adults, a high-
carbohydrate, low-GI diet resulted in more beneficial cardiovascular risk factor
levels than a high-protein diet despite similar loss of body fat!'*2. In this study,
subjects were randomly assigned to one of four reduced-fat, high-fibre diets for
12 weeks. Diets 1 and 2 were high carbohydrate (55% of total energy intake),
with high and low Gls, respectively; Diets 3 and 4 were high protein (25% of
total energy intake), with high and low Gls, respectively. The glycaemic load was
highest in Diet 1 and lowest in Diet 4. While weight loss was similar in all groups,
the proportion of subjects in each group who lost 5% or more of body weight
varied significantly by diet (Diet 1, 31%; Diet 2, 56%; Diet 3, 66%; and Diet 4,
33%; P =0.01). Women on Diets 2 and 3 lost approximately 80% more fat mass,
—4.5 + 0.5 (mean % standard error) kg and —4.6 = 0.5 kg, than those on Diet
1(-2.5 £ 0.5 kg; P = 0.007). Low-density lipoprotein cholesterol levels declined
significantly in the Diet 2 group (=0.17 £+ 0.10 mmol/L) but increased in the Diet
3 group (+0.26 £ 0.10 mmol/L; P = 0.02). Goals for energy distribution were not
achieved exactly: both carbohydrate groups ate less fat, and the Diet 2 group ate
more fibre. Hence, both high-protein and low-GI regimens increased body fat loss,

, impaired fibrinoly-
201 and
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but cardiovascular risk reduction was optimised by a high-carbohydrate, low-GI
diet.

The Kitavans of Papua New Guinea have a very high intake of carbohydrate,
65-70 E%, mainly from starchy root vegetables and from fruits. The conspicuous
absence of ischaemic heart disease in this population strongly contradicts the idea
that carbohydrates are dangerous, at least in that setting. Among the Kitavans,
as well as among other high consumers of starch, serum triglyceride levels are
relatively high, a circumstance which is discussed in Section 4.8.

A sensible dietary approach in order to prevent ischaemic heart disease is to
avoid carbohydrate-rich foods with a high GI, especially for people with diabetes
or abdominal obesity. When carbohydrate restriction is desired, it seems prudent to
increase the intake of protein rather than fat, and to reduce caloric intake. Further
discussions on these matters with regard to type 2 diabetes and overweight are
found in Sections 4.4 and 4.5.

Sugar

Consumption of sugar, i.e. added sucrose and monosaccharides, mainly from
sweets, candy, soft drinks, cookies and ice cream is high in the West, approxi-
mately 10-15% of total caloric intake (www.usda.gov, www.slv.se). Much of this
sugar is in the form of sucrose, a disaccharide containing glucose and fructose units.
An increasing proportion of sugar in soft drinks in USA is glucose and fructose from
maize (high fructose corn syrup).

If sugar increases the risk of ischaemic heart disease, it might be because it
provides energy without essential nutrients, although their value in this context is
as yet unproven. Another possibility could be that sugary foods trigger overeating
and thereby cause obesity. The glycaemic load from sucrose is relatively high.

Fructose constitutes one half of sucrose. A high intake of fructose contributes
to insulin resistance and type 2 diabetes in certain rat models, but this effect has
not been established in humans (see Sections 4.4 and 4.6). Unlike rodents, our
pre-human ancestors were supposedly specialised fruit eaters for 60 million years
since the time of early primates until early Palaeolithic modern humans. In addition,
fructose has not been investigated as part of a diet, which the studied animals would
eat in their original habitat, and it is conceivable that some other dietary factor may
have influenced the resuits.

Salt

An increased risk for developing ischaemic heart disease from a high salt intake has
been observed among overweight men in both Finland and USA%?31827 Both of
these studies analysed urinary sodium excretions for 24 hours, which provide a good
measure of the sodium intake at the group level. In the Finnish study it was noted
that among 1173 men and 1263 women aged 25-64 years, there was a more than
50% increased risk for developing ischaemic heart disease when urinary sodium
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excretions increased by 100 mmol/24 hours (relative risk 1.51; 95% CI 1.14-2.00),
and just over a 25% increased risk for all-cause death (relative risk 1.26; 95% CI
1.06-1.50)"%27, When the sexes were analysed separately, a significant effect was
only seen in men, and the effect was most evident in overweight men.

Another prospective cohort study, the American NHANES 1 Epidemiological
Follow-up Study, provided similar results with a study covering just over 14 400
people aged 25-74 years who were tracked for 19 years®”’. The numbers are
relatively reliable since a total of 1727 subjects developed ischaemic heart disease,
614 cases of which were fatal. Among overweight people, a 100 mmol sodium
excretion was linked with a 44% increased risk of heart-related death (relative risk
1.44;95% CI11.14-1.81; P = 0.002), and a 39% increased total mortality (relative
risk 1.39; 95% CI 1.23-1.58; P = 0.001). There was no increased risk among
subjects with a normal weight (BMI < 25).

In contrast, some epidemiological studies have found no association, or even
an inverse one, between salt intake and risk of ischaemic heart disease?!'. Con-
sequently, there is some disagreement as to the influence of dietary sodium in
ischaemic heart disease?®733193% On the one hand, salt raises blood pressure (see
Section 4.7) and may increase the risk of left ventricular hypertrophy (see Section
4.9). On the other hand, salt restriction activates the renin-angiotensin system
which could hypothetically be unfavourable??. However, traditional populations
do very well on life-long, intense activation of the renin—angiotensin system, the
most extreme example being the Yanomamo hunter-gatherers of South America™®.
Nevertheless, people treated with antihypertensive drugs, particnlarly angiotensin-
converting enzyme (ACE) inhibitors, need to be cautious and not change their salt
intake too drastically from one day to another (see Section 5.3).

Whole grains

There are no randomised intervention studies to support recommending a high
intake of whole-grain bread or cereals, and a recent trial did not find any beneficial
effect on cardiovascular risk factors from increasing whole-grain foods among 316
overweight subjects {(who consumed less than 30 g whole grains per day before the
study) (Brownlee IA et al. Cereal Foods World 2008; 53(4 Suppl):Abstract 22).
Instead, this recommendation is based on observational studies, where people who
prefer whole grains have a lower cardiovascular risk!201:1683.1816 Thig can either
mean that whole-grain cereals are healthier than the foods they are replacing (such
as refined cereals), or that people who choose whole grains have a healthier lifestyle
in other respects. Both statements are probably true. Whole-grain cereals are more
nutritious and filling than the refined varieties. Compared with staple foods avail-
able during human evolution, however, they do not have any known benefits. If
Palaeolithic food is supplemented with cereals, the intake and/or bioavailability
of several relevant nutrients drops. Furthermore, cereals contain lectins and other
bioactive substances that can hypothetically increase the risk of atherosclerosis.
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These issues are discussed in more detail in the section dealing with atherosclerosis
(Section 4.3).

Dietary fibre

There is insufficient high-quality research on the importance of dietary fibre for
ischaemic heart disease. If people who prefer whole grains have less heart disease,
it may be because of other elements of their healthy lifestyle. The only published
controlled trial of dietary fibre on the risk of developing ischaemic heart disease,
the DART study mentioned above, showed a tendency towards increased mortality
from cardiovascular diseases in people eating more dietary cereal fibre?*?, The study
took roughly 2000 British men, who had had a previous myocardial infarction,
and randomly assigned them either a high intake of dietary fibre (>18 g/day) or
an ordinary diet. After 2 years, a total of 123/1017 patients in the fibre group had
died, compared with 101/1016 (P = 0.16) from the other group. The number of
subjects who developed cardiovascular disease were, respectively, 109 and 85 (P =
0.10). After adjustment for possible confounding factors such as health state and
medication, the increased risk of developing ischaemic heart disease was staristically
significant (hazard ratio 1.35; 95% CI 1.02-1.80), although it subsided after more
than 10 years (hazard ratio 1.11; 95% CI 0.96-1.29)'283_ Since cereals made up the
main source of fibre, it should not be ruled out that the tendency towards increased
mortality was a detrimental effect of the increased grain consumption.

The widely accepted hypothesis that dietary fibre, including cereal fibre, pre-
vents ischaemic heart disease is based on epidemiological studies'4*173% How-
ever, one of the largest, and most often cited, prospective observational studies
points to the appearance of confounders that could possibly explain a large part
of the relationship!®®, The study recorded the dietary habits of close to 40 000
healthy women, primarily nurses, by means of frequency formulas. During the
6-year follow-up period, $70 new cases of disease were noted, including myocardial
infarction (177), stroke, percutaneous transluminal coronary angioplasty, coronary
bypass operations or cardiovascular death. Women in the quintile with the highest
fibre intake (median 26.3 g/day) had, compared with the lowest quintile (median
12.5 fibre/day), a relative risk for developing any type of cardiovascular disease
of 0.65 (95% CI 0.51-0.84), and 0.46 (0.30-0.72) for undergoing a myocardial
infarction. After correcting for differences in cardiovascular risk factors, however,
the relative risk dropped to 0.79 (95% CI 0.58-1.09, not significant) and 0.68
(95% CI 0.36-1.22, not significant) respectively.

It should be noted that there are two kinds of dietary fibre. The first is insolu-
ble fibre, which is mainly found in cereals, and which does not appear to affect
cardiovascular risk factors very much?2$316:192%:1959 "The other kind is soluble fi-
bre, which dominates in fruits, root vegetables and nuts, and has been shown to
improve blood lipids and glucose metabolism, particularly when ingested in high
amounts'’8%. Insoluble dietary fibre has two main benefits, it is satiating due to
its filling capacity in the stomach’®’, and it prevents constipation®’!. Soluble fibre
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has the same effects, but it is thought to improve blood lipids and carbohydrate
metabolism more than insoluble fibre?23:3!%:1780 "hence it probably has a greater
ability to prevent cardiovascular disease and diabetes. A case—control study in Italy
found fruit fibre to be protective against myocardial infarction, while no such effect
was found for cereal fibre!?8!. In contrast, a pooled analysis of cohort studies found

both kinds of fibre to be inversely related to ischaemic heart disease mortality 497,

Tea

In clinical human experiments, black tea has been found to improve endothelial
function*® in ways that can theoretically prevent ischaemic heart disease. In con-
trast, black tea increased aortic wall stiffness in a supposedly unfavourable manner,
while green tea had no such effect!8’#. There seems to be no effect of black or green
tea, or tea polyphenols, on markers of inflammation, coagulation, fibrinolysis or
endothelial function??®!414 - Although tea polyphenols had a potent antioxidant
activity on LDL oxidation in the laboratory test tube (in vitro}, no effect was found
on LDL oxidation in humans after consumption of green or black tea or intake of
a green tea polyphenol isolate!'**?. Tea does not reduce blood pressure or serum
cholesterol in well-controlled human trials'?”.

Epidemiological studies are equivocal, usually showing an inverse associa-
tion, or none, between tea drinking and incidence of ischaemic heart dis-
ease!23H1414,1507,1624 The srudies that did find a relationship were usually European
studies, while US studies generally failed to do so. This may indicate the presence
of confounders, since tea drinking is associated with cultural, ethnic and social
customs in a different manner across various countries. In a US study showing a
lower 3.8-year mortality among tea drinkers after myocardial infarction'** it is
possible that the habit of drinking tea may have been a consequence of increased
lifestyle awareness. In a study in Wales, tea intake did not correlate with ischaemic
heart disease incidence in a 14-year follow-up of 334 men, 45-59 years of age, and
there was actually a positive association with total mortality (relative risk 1.4; 95%
CI 1.0-2.0; P = 0.014)7*2. High social class and healthy lifestyle were negatively
associated with tea drinking in the Welsh study, as opposed to a positive association
in a Dutch study”??.

Although some studies show interesting results, including reduced atherosclerosis
in hypercholesterolaemic rabbits®®, drinking black or green tea cannot currently
be recommended as a means to prevent ischaemic heart disease.

Coffee

Available evidence does not support an important effect of coffee relevant to cardio-
vascular disease® 14141693 15 epidemiological case—control studies, heavy coffee
drinkers had increased risk of ischaemic heart disease, while no significant associa-
tion emerged for low daily coffec intake (<2 cups/day). A meta-analysis of ten long-
term prospective studies did not show any association between the consumption
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of coffee and ischaemic heart disease, with a relative risk of 1.16 (95% Cl
0.95-1.41; P = 0.14) for the highest category, and 1.05 (95% CI 0.90-1.22;
P=0.57)and 1.04 (95% CI 0.90-1.19; P = 0.60) for the second and third highest
categories, respectively'®®3. A later prospective study found a non-significantly (P =
0.07) lower risk of myocardial infarction with increasing coffee consumption'¥**,

Vitamins, minerals and trace elements

There are two major concepts related to ischaemic heart disease and vitamins:
the antioxidant hypothesis and the homocysteine hypothesis, but neither seems to
hold up against recent evidence from randomised controlled trials. It was thought
for many years that ischaemic heart disease could be prevented by means of di-
etary antioxidants such as vitamins A, C and E, and selenium. However, no ef-
fect has been seen in several large-scale randomised controlled trials!74 11751623,
These include the Heart Protection Study (HPS), in which roughly 20 500 high-risk
cardiovascular patients were treated for more than 5 years with a combination
of vitamins C, E and A (250 mg vitamin C, 650 mg vitamin E and 20 mg 8-
carotene per day)’. These findings may mean that the positive effects that were
noted in observational studies are due to other lifestyle factors’?, or that the effects
of the vitamins in pill form are different from vitamins in food. These findings
justify a certain amount of scepticism regarding the antioxidant hypothesis for
now!175,1719

A Cochrane meta-analysis found that supplementation with vitamins A and E
may actually increase mortality, while the impact of vitamin C and selenium was
thought to need further study'”4. A later randomised controlled trial of selenium
supplementation found an increased risk of diabetes in the selenium supplement
group'”33. Two recent large trials, again, found no benefit from antioxidant sup-
plementation and one of them found an increased risk of diabetes in the selenium
group and prostate cancer in the vitamin E group’751060

The hypothesis that lowering blood homocysteine with folic acid and vitamins
B, and B, prevents ischaemic heart disease was strongly refuted by the findings of
large-scale randomised trials'?>4¢7-197% The hypothesis has been based on obser-
vational studies showing that lower homocysteine levels are associated with lower
rates of cardiovascular disease. Folic acid and vitamins Bg and By, do lower homo-
cysteine levels, but these two large randomised controlled trials now failed to show
any protection against ischaemic heart disease!**'%”?_In one of the trials, more pa-
tients in the active-treatment group than in the placebo group were hospitalised for
unstable angina (relative risk 1.24; 95% CI 1.04-1.49). Since the doses used were
higher than what is found in a well-balanced diet, it cannot be excluded that such
a diet is beneficial through lowering homocysteine!®¥”. A Palaeolithic diet is rich
in all three of these vitamins. Vitamin Be and folate are usually considered to have
the largest effect on homocysteine. However, vegans and ovo-lacto vegetarians had
higher levels of homocysteine (and lower levels of vitamin By,) than meat eaters in
three different studies!72!113:1144.
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Other nutrients/dietary factors that have been suggested to prevent ischaemic
heart disease include magnesium''?1103%1699 and potassium®71'90 A diet based
on lean meat, fish, fruits, root vegetables and nurts effectively supplies both of these
minerals.

There has been a long debate about increased body stores of iron as a risk factor
for ischaemic heart disease, but after much research most studies do not suggest an
increased risk367:1101,1462,1767 ' A meta-analysis of prospective studies actually found
a decreased risk with high iron intake: the relative risk of ischaemic heart disease
among individuals in top thirds of total dietary iron was 0.8 (95% CI 0.7-1.1;
not significant)3¢”. For serum iron, a tendency for decreased risk was noted in the
top third (relative risk 0.8; 95% CI 0.7-1.0). Furthermore, one Italian study found
an inverse association between iron intake and risk of myocardial infarction!”¢7,
These findings make sense, since the ancient human diet would otherwise seem
hazardous, due to its excess of highly absorbable iron. Not even carriers of the
gene for hereditary haemochromatosis, a disorder of enhanced iron absorption (see
Section §.1), seem to have an increased risk of ischaemic heart disease*83:1852,

Soya protein

Soya has gained much attention with regard to Western disease, including ischaemic
heart disease. In 2006, the Nutrition Committee of the American Heart Association
came to the conclusion that ‘earlier research indicating that soya protein has clin-
ically important favourable effects as compared with other proteins has not been
confirmed’ !%°3, The overall effect on serum cholesterol is very small, even with very
high amounts of soya protein, and possible adverse effects need to be considered, as
stated in two independent meta-analyses from 2006%°%!353, The interpretation of
intervention studies is problematic since the control protein has usually been casein
(see ‘Dairy products’ above}.

Conclusion

Available evidence does not contradict the notion that an ancestral-like diet based
on fruits, vegetables, root vegetables, nuts, lean meat, fish and shellfish is safe and
effective for the prevention of ischaemic heart disease. A Mediterranean-like dietary
pattern based on vegetables, fruits, legumes, low-GI cereals and fish seems to be
only one step in the right direction, compared to a typical Western dietary pattern.
However, in order to minimise the risk, it is obviously not enough.

Tobacco smoking

Stopping smoking at age SO years reduces by $S0% the risk of premature death,
and cessation at age 30 almost eliminates it*33. Much of this life extension is due
to a lower risk of ischaemic heart disease. Cigarette smoking is associated with
an increased risk for developing ischaemic heart disease in a number of Western
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populations . The proposed mechanisms include atherosclerosis
vasoconstriction (contraction of the blood vessels)!'74%; increased haemostasis
(blood clotting)®®?, hypertension'”> and insulin resistance*®®. Nevertheless, the
incidence of ischaemic heart disease has been low in Japan and China despite
widespread smoking. In the Seven Countries Study, cardiovascular mortality did
not appear to be related to smoking habits within the Mediterranean populations,
in contrast to the populations in northern Europe and USA®?2.

In Kitava, 76% of the men and 80% of the women were smokers, but we
still found no sign of ischaemic heart disease'®?. Smoking was introduced on the
island approximately 100 years ago. The blood lipid levels of smokers differed
just as much from those of non-smokers as they do in the West!'?5!, Similarly, the
Bushmen of South Africa appeared to be free of myocardial infarctions despite the
fact that they were heavy smokers'$!”.

Tobacco smoking in combination with unhealthy food promotes the develop-
ment of atherosclerosis in animal models, but it is not thought to be a sufficient
cause by itself'32*. Correspondingly, the development of cardiovascular disease is
only weakly correlated to smoking among those Westerners with the lowest blood
pressure and serum cholesterol'?*3,

These findings can potentially be interpreted to mean that smoking works in
combination with an unhealthy diet to cause the development of cardiovascular
disease.

Physical activity

Regular physical activity is a very important way for Westerners to increase lifespan
and postpone cardiovascular disease. My interpretation of the available evidence is
that exercise is more effective than most standard models of healthy diets.

The average level of physical activity in general was higher prior to the switch
to the Western lifestyle, and even the psychosocial environment has changed. En-
ergy expenditure among adult men on Kitava was estimated to be approximately
1.7 times the basal metabolic rate {BMR). The corresponding value for Western
men and women with low physical activity at work, and who are inactive dur-
ing their leisure time, was 1.4 times the BMR*?'. Among those with a moderate
amount of activity on the job and during leisure time, it is 1.7 for men and 1.6 for
women. This means that many Westerners have a level of physical activity that is
well within the range of the Kitava population. Hence, physical activity does not
seem to explain most of the differences in disease pattern between Kitava and the
Western world.

4.2 Stroke

Discussions of the significance of dietary habits for cardiovascular disease have
primarily focused on ischaemic heart disease, while stroke has largely been ignored.
Studies of non-Western populations can provide important insights in this regard.
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Table 4.2 Important risk factors for stroke and their impact at the population level in Sweden.

Number of
Population cases/100000
attributable per year caused

Risk factor Relative risk risk by the risk factor
Hypertension 3.5 30 50-80
Smoking Men: 1.5 Men: 10 20-30
Women: 2.6 Women: 15
Diabetes 5 10-20 20-40
Atrial fibrillation 5 15-20 30-40
TIA/minor stroke 5 2 4
TIA/minor stroke and complicated 10 1 2-3

carotid stenosis

Note: The figures are similar for most other Western countries®®, although the relatively low smoking rates in
Sweden (19% of women and 16% of men) attenuates this burden. TIA, transient ischaemic attack.

Stroke most often depends on a cerebral infarction caused by blood clots in
one of the brain’s blood vessels. Bleeding is a less frequent cause. The diet-related
risk factors that are most closely related to stroke are hypertension and type 2
diabetes®%% (see Table 4.2). Both of these risk factors seem to be absent among

traditional populations!?48:1031,

Incidence studies

The Kitava study is probably the only published attempt to examine the incidence
of stroke among a teaditional population in its home environment unaffected by
Western eating habits. In our systematic questioning (see Section 4.1), we did not
find any cases of alert persons with paralysis of one side of the body (hemiplegia),
inability to speak (aphasia) or sudden loss of balance. The answers covered at least
two generations in the past, probably more, due to detailed knowledge of living
and dead fellow residents. Clinical examinations did not reveal any manifestations
of stroke.

Our results match the experiences of other physicians on the Trobriand Islands
(H. Jiptner and W. Schiefenhovel, personal communication) and in other parts
of Papua New Guinea (M. Alpers and [. Kevau, personal communication.) All
of them consider it a well-established and generally accepted fact that stroke has
been non-existent among aboriginal populations in the area, and that it cannot
be explained by a lack of elderly residents. These types of unpublished observa-
tions by experienced, clinically active doctors and researchers sometimes tend to
be undervalued. Professor Michael Alpers had more than 30 years of experience
as a researcher in Papua New Guinea, with 25 years as the head of the Papua
New Guinea Institute of Medical Research in Goroka (he is now at the Centre
for International Health at Perth, Australia). He and Isi Kevau, professor of car-
diology and active at Port Moresby General Hospital, have confirmed that no
case of stroke among the native population in the area was ever reported prior to



86 Food and Western Disease

Table 4.3 Percentage of stroke among patients with neurological
disease in Kampala, Uganda, in three consecutive series.

Year n % Reference
1942 0 0 1263
1954 11/100 11 786
1968 17/50 34 166

1975. The medical literature also highlights the absence of stroke in Papua New
Guinea?9-215.255,302,408,763,764.1268,1374,1482,1665,1669,1712,1870_

The medical records from Kenya and Uganda, which became British protectorates
in 1920, are equally convincing. Non-infectious stroke apparently did not appear
in these countries before 194010421814 British doctors in the 1920s, who worked in
East Africa after receiving their training in Great Brirain, have documented this very
convincingly. At the medical clinic in Kampala, Uganda, there was no case of non-
infectious stroke among 269 consecutive patients with neurological diseases!'?03.
Furthermore, in an overview of 3000 careful autopsies in Uganda during the 1930s
and 1940s, a total of four cases of cerebral haemorrhaging were uncovered, but no
case of ischaemic stroke’”*. In addition, Hugh Trowell, in his meticulous accounts
of non-infectious diseases of East Africa, did not record any case of ischaemic
stroke among the aboriginal population there in almost 30 years as a doctor and
researcher in Uganda'8$!?.

Table 4.3 shows the almost explosive growth of stroke, a previously unknown
illness, among the native population of Uganda. By 1955, stroke already made up
11% of the neurological cases”*®, and by 1968, it became the most prevalent neuro-
logical diagnosis'®®. At the same time, hypertension, another previously unknown
phenomenon, began to spread, a curious development that was lively debated by
British doctors in Uganda and Kenya at the time!®!4. Parallel with the changes in
the landscape of diseases, these countries also underwent rapid social change from
original traditional societies to Western-style colonial societies.

The East African pattern is now in the process of being repeated in Papua New
Guinea'®?. The first known case of stroke at Port Moresby General Hospital
was seen in 1975 (I. Kevau, personal communication), a few years after the first
documented case in Lae'"?”. Since then, cases became increasingly more common,
and in 1998 there were almost two cases per week at the Port Moresby General
Hospital. When I was visiting, | noted that local physicians had good knowledge of
the symptoms of stroke. The clinical picture of a 47-year-old man with hemiplegia
and total aphasia (Figure 4.5) was recorded completely and adequately by the
hospital’s assistant physician.

Recent estimates show that stroke is now more common in low- than high-income
countries, with an average threefold higher incidence in the former group of coun-
tries$3. Most of this difference has not been explained, but a partial explanation
is probably variations in management of risk factors as well as cases of developing
stroke. Among high-income countries, stroke does not appear to have as much
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Figure 4.5 A 47-year-old man in Port Moresby, Papua New Guinea, with stroke, causing
paralysis of the right extremities and complete expressive aphasia (inability to express
speech). (Photo: Staffan Lindeberg.)

variation internationally as ischaemic heart disease. Rather, it is almost equally
common in the majority of developed countries®!»1203:17%4 The incidence appears
to be at least as high in Japan, Italy and Greece as in other Western countries (Fig-
ure 4.6)°!''. The lifestyles that are thought to prevent myocardial infarction, such
as Mediterranean and Japanese dietary habits, thus seem to have a limited value
in preventing stroke. Migration studies of Japanese in USA, in Hawaii or at home
in Japan show that the incidence of stroke decreases the further away from Japan
they move, while the reverse trend is seen for myocardial infarction 1483,

In urbanised populations, blood pressure is a very strong predictor for stroke,
both at the national population level and in international comparisons (Table
4.2)2%1717 Blood pressure medication among high-risk persons with hypertension
reduces the risk of stroke by at least 35%'°*®. The occurrence of atherosclerosis in
the large cervical arteries accounts for a roughly 50% increased risk for stroke”?,
and blood lipid regulation using statins decreases the risk of stroke among high-risk
patients*®702,

Increasing evidence suggests that hyperglycaemia and impaired glucose tolerance
are risk factors for stroke, even in the absence of diabetes®®®. In one Austrian
study, 286 acute stroke patients were screened for glucose tolerance within two
weeks after the stroke event!'%2. Severely ill patients were not screened (17 = 48).
Of the remaining 238 patients, 20.2% had previously known diabetes, 16.4% were
classified as having newly diagnosed diabetes, 23.1% as having impaired glucose
tolerance, 0.8 % as having impaired fasting glucose and only 19.7% showed normal
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Figure 4.6 Stroke incidence in some Western countries with good quality data. (Adapted
from Reference 511.)

glucose levels. Since the majority of people without stroke have normal glucose
levels, and since these are strongly influenced by food habits, the study adds to the
evidence that stroke prevention can be optimised by increased understanding of the
role of diet.

Likewise, epidemiological studies have found an increased risk of stroke in people
with abdominal obesity or other components of the metabolic syndrome!88:1897.1955
Similar findings were reported already in the early twentieth century. According to
Folke Henschen, professor of pathology between 1920 and 1946, it was a known
fact that even before he began his career, stroke was overrepresented in people with
a certain body type: ‘habitus apoplecticus, the short, stout, short-necked, fat, type
of person with a tendency for apoplexy, i.e. “a candidate for stroke”*”!4.

Of the total number of strokes in Sweden, it is estimated that approximately 30%
are due to hypertension, 10-20% due to diabetes and 10-15% due to smoking
(Table 4.2). The increased risk for smokers is higher among women than among
men. Diabetes has been defined according to older criteria — using the new, lower
threshold values (fasting blood sugar less than 6.1 mmol/L), probably more than
20% of cases can be attributed to diabetes.

A noteworthy observation is that stroke appears to be more common than my-
ocardial infarction in populations that have recently transitioned to a Western
lifestyle, which is indeed the situation for Africal>®!1888:1889 ‘and also seems to ap-
ply to Papua New Guinea. In the USA, atherosclerosis in the cerebral blood vessels
in the 1960s was considerably more pronounced among African Americans than
among whites'®%, but it is doubtful that this difference still prevails’¢®?64. One
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can only speculate the extent to which these findings reflect an ongoing process of
natural selection.

Relevant dietary factors

The effect of diet on stroke has not been evaluated in randomised controlled trials.
One would expect a Palaeolithic diet to be beneficial because it is low in salt and rich
in vegetables and fruits®?%:624689 Tt also helps to combat major underlying disorders
such as hypertension, overweight, type 2 diabetes, insulin resistance, atherosclerosis
and dyslipidaemia®?, The impact of diet on these conditions is discussed under their
respective headings. A Cochrane review concluded that randomised controlled trials
of weight reduction for stroke prevention are urgently needed®®.

Salt restriction may prevent stroke independently of blood pressure. A direct
connection between sodium intake and stroke was noted in comparisons between
different regions in Europe'4'!, as well as China and Japan'®33. In the previously
mentioned NHANES 1 Epidemiological Follow-Up Study, a 100 mmol increase in
urinary sodium excretion was linked with a 32% increased incidence of stroke
(relative risk 1.32; 95% CJ 1.07-1.64; P = 0.01) and an 89% increase in fatal
stroke (relative risk 1.89; 95% CI 1.31-2.74; P = 0.001); however, this was only
among overweight subjects®>.

In Finland, where stroke mortality has decreased by 80% among middle-aged
men and women in the past 30 years, average salt intake has dropped from 14 to
8 g/day in the same period, along with other lifestyle improvements and a 10-mm
Hg fall in blood pressure®”’®. Smoking rates decreased in men but increased in
women.

Epidemiological studies in the West also support the role of fruits and vegetables
in stroke prevention®. Eight studies, consisting of 9 independent populations,
which included 257 551 individuals and 4917 stroke events, with a mean follow-
up of 13 years, found an average risk reduction of 26% (95% CI 21-31%) among
people consuming > 5 servings/day, compared to <3 servings/day. In the middle
group, consuming 3-5 servings/day, risk reduction was 11% (95% CI 3-17%).
Subgroup analyses showed that fruits and vegetables had a significant protective
effect on both ischaemic and haemorrhagic stroke.

One of the possible explanations is that fruits and vegetables are rich in potas-
sium. In a large cohort study of 43738 US men, 40-75 years old, who completed a
semi-quantitative food frequency questionnaire in 1986 were followed for 8 years,
during which time 328 cases of stroke were documented, the relative risk of stroke
for men in the top fifth of potassium intake (median intake 4.3 g/day) versus those
in the bottom (median 2.4 g/day) was 0.62 (95% CI 0.43-0.88; P for trend —
0.007)”7. These inverse associations were all stronger in hypertensive than nor-
motensive men and were not materially altered by adjustment for blood pressure
levels. A smaller study of 859 men and women found similar results?%.

Potassium supplementation dramatically lowers stroke mortality in stroke-prone
spontaneously hypertensive (salt-fed) rats, an effect that is independent of blood
pressure 00150 f this animal model is relevant to humans, an adequate intake of
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potassium levels may be critical to prevent stroke, although the benefit for blood
pressure has not been established in humans*!®. The association is supported by a
study in humans where the incidence of stroke was increased among people with a
tendency for low serum potassium (<4.1 mmol/L)®14.

It has long been debated whether treatments that lower homocysteine concen-
trations can reduce the risk of stroke. One relevant agent is folic acid. A recent
meta-analysis found 8 randomised trials of folic acid supplementation in the pre-
vention of stroke!®?, Folic acid supplementation significantly reduced the risk of
stroke by 18% (relative risk 0.82; 95% C1 0.68-1.00; P = 0.045). A greater bene-
ficial effect was seen in four trials with a treatment duration of more than 3 years
(relative risk 0.71; 95% C1 0.57-0.87; P = 0.001). Since the risk of cancer (or pre-
cancer) has shown a tendency (usually not significant) to increase in various trials
of folate supplementation'?%-283:314.908,1079 “the most prudent way to keep homo-
cysteine under control is by means of a diet rich in fruits and vegetables. The effect
of vitamins By and By, which also reduce homocysteine, is more uncertain'#$?,

In the light of the apparent role of glucose intolerance for stroke, the epidemi-
ological observation of increasing risk of stroke with increasing glycaemic load
among overweight or obese US women may also be relevant!**!. In Japan, stroke
has long been a major health problem. In addition to reduced salt intake, the
official Japanese nutritional recommendations have included increased consump-
tion of protein and fat (which were both at very low levels) in order to reduce the
occurrence of stroke in society. The recommendations for an increased intake of
protein and fat have been based on negative correlations with the development of
stroke, primarily haemorrhagic stroke, in some cohort studies’92:80%,1235,1582,1645
but not in others®®®. The variation in protein intake in Japan has probably largely
been attributed to differences in the consumption of fish, a major protein source,
which has shown a negative correlation with stroke mortality in Japan?0%4. In
the later part of the twentieth century, the incidence of stroke in Japan declined
sharply?!®. This drop occurred in parallel with an increased intake of fat (from a
very low intake of 20 g/day in 1955 to 58 g/day in 1988) and protein (from 70
g/day in 1955 to 79 g/day in 1988), as well as a reduced salt intake!23%:176!,

In summary, it is highly plausible that an energy-restricted, low-salt diet with a
relatively low glycaemic load, such as a Palaeolithic diet, is helpful in the prevention
of stroke.

4.3 Atherosclerosis

Atherosclerosis is the most important underlying cause of cardiovascular disease, in
particular angina pectoris and myocardial infarction, but also many cases of stroke,
heart failure and dementia. Most middle-aged and elderly Westerners are affected
by atherosclerosis, even in the absence of known cardiovascular disease (see below).
There is good evidence that atherosclerosis can be countered by lifestyle chang§s
emphasising dietary adjustments. The imporrance of diet is particularly clear in
animal experiments. Much attention has been paid to dictary fat and dyslipidaemia,
but many studies indicate that other nutrients may be equally or more important.
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Figure 4.7 The time course of atherosclerosis in a representative model. Note that the
glycocalyx is not depicted. (Adapted from Wikimedia Commons.)

The very first step in atherosclerosis is not known. When the process starts to
become visible microscopically, there is thickening of the walls of blood vessels,
in the intima layer, which is closest to the blood stream?®?3:063,1028,1096,1756,1938 (qee
Figure 4.7). White blood cells enter the arterial wall at roughly the same time,
perhaps earlier, and are converted to macrophages, a type of cell with a great
capacity to absorb and break down particles of foreign material. This can be seen
as an indication that atherosclerosis starts as an inflammatory reaction to foreign
(or foreign-like) substances, either because there is too much of them or because
they too easily cross the endothelial barrier and enter the wall. The first barrier is the
often forgotten glycocalyx, a gel-like mesh located between the flowing blood and



92 Food and Western Disease

the endothelium??21313:1492,1850.1916 'The second line of defence is the endothelium,

through which foreign-like substances (proteins, lipoproteins, proteoglycans and
so forth) originating from inside or outside the body, and often modified, may be
capable of causing inflammation. One of the suspects in early atherosclerosis are
oxidatively modified low-density lipoproteins in the vessel wall.

At one of the earliest stages, the macrophages contain small droplets of fat (lipid
droplets or lipid bodies)!”!>. In normal cells, these droplets store lipids for cell
metabolism, membrane synthesis and steroid synthesis!'*? and also exert various
other functions®?, but when there is too much they can cause lipid overload!83,
Eventually the macrophages become filled with fat and are called foam cells. As
these foam cells gradually accumulate, plaques are formed, i.e. well-defined, raised
patches on the vessel wall, which eventually calcify. An excessive growth of smooth
muscle cells can even be seen in the blood vessel wall at a relatively early stage.
During the first few decades of life, this process is compensated by the ability of the
blood vessel to increase its outer diameter to ensure the proper blood flow’%4.

The basic mechanisms in the atherosclerotic process are poorly understood. A
vast number of biochemical factors, often inextricably linked to each other, have
been implicated in the process. These include blood pressure, lipids, glucose, var-
ious hormones (leptin, insulin and many others), invading microorganisms and
misdirected immune response (autoimmunity), only to mention a few. Although
many of them are established predisposing risk factors for cardiovascular disease,
none of them has been shown to be the prime cause of atherosclerosis.

Prevalence studies

There is limited knowledge regarding the presence of atherosclerosis among tra-
ditional people. There are no autopsy studies of hunter-gatherers. However, stud-
ies available prior to urbanisation and the transition to a Western lifestyle seem
to indicate that coronary atherosclerosis was relatively rare in New Guinea and
Africal®09117,255,324,375,408,728,875,898,940,1022,1157,1374,1486,1667,1698,1788,1812,1871

In autopsy studies from Rabaul, one of New Guinea’s towns, significant con-
striction of the coronary artery was seen in only 3 out of 724 individuals, while
atherosclerosis of the aorta was considerably more common (97 of 724)°.

An international autopsy study in the 1960s comparing middle-aged men in four
countries revealed a marked difference depending on lifestyle’”*. Among whites
in the USA, only 9% were completely or almost completely free of atherosclerosis
(<2% vascular area in the left descending coronary artery afflicted), compared with
76% of blacks in South Africa. Today, African Americans in the USA have more
pronounced atherosclerosis than whites, which shows that genetic differences are
not the primary explanation?®%764.

Autopsy studies from Sweden in the 1930s showed that residents of the
northern, poorer, territories had markedly less pronounced atherosclerosis and a
lower rate of obesity than in Stockholm and Malmo, Southern Sweden”'*!%%.
Notably, cow’s milk, barley, oat and potato were staple foods at the time
(http://www ksla.se/atlas1900/). Wheat was absent and cow’s milk was mainly
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from Swedish Mountain cattle®”?. Milk from this breed does not appear to have
been low in B-casein A1, in contrast to closely related Finnish breeds!®2. By the
middle of the century, Henschen and other pathologists noticed that these differ-
ences in atherosclerotic disease disappeared, which Henschen attributed primarily
to changing dietary habits’'*. At the end of the twentieth century, cardiovascular
disease instead had become more common in the same northern regions than in
the south of Sweden, something that led to large-scale public health projects in the
province of Visterbotten'”!%,

Today, atherosclerosis can be considered a normal part of ageing in all parts of
the modern world, where majority of the people are affected at an early age!1¥51715.
Even by 16-19 years of age, 15% of North Americans display early stages of coro-
nary atherosclerosis, and more than 50% show deposits of foam cells in the walls
of the blood vessels'”'*. The majority of Westerners over the age of 60 have fully
developed atherosclerosis!3!1:17741831,1858-1860 " including Southern Europeans'®!.
Even Japanese and Chinese people are affected at an early age, although their
atherosclerosis is less pronounced than that of Westerners™*''°17. In 1930, the
pathologist Ito believed that atherosclerotic changes appeared somewhat later in
life among the Japanese than among Europeans (cited by Henschen)”**.

A traditional X-ray with an injected contrasting agent (angiography) can easily
fail to visualise atherosclerosis, even when it is at a fairly advanced stage'®!
When the radiopaque substance fills the blood vessel, occlusions can be highlighted,
but the degree to which the vascular wall has thickened outwards is not visible.
An autopsy was previously the only reliable method for measuring thickening
of the walls due to atherosclerosis. However, in recent years, an intravascular
ultrasound method has been developed, where a small transducer is inserted into
the coronary artery via a thin catheter'3!!. Examinations of apparently healthy
people have confirmed what autopsies of traffic accident victims have previously
shown, namely that atherosclerosis is an insidious disease that affects the majority of
ust I8 “almost regardless of blood lipid levels75:1398:1718 Hence, atherosclerosis
is a ‘normal’ phenomenon among middle-aged and elderly Westerners with ‘normal’
levels of blood pressure or serum lipids. But who wants to be normal'943?

During the first half of the twentieth century, there was widespread curiosity
among researchers regarding the significance of dietary habits behind the large
geographic and temporal differences in the spread of atherosclerosis throughout
the world. However, for some unknown reason, researchers avoided analysing the
dietary habits among the populations in question in a systematic way that would
allow an assessment of which foods might have been involved.

Appearance in animals

An extremely important finding is that other free-ranging mammals do not seem to

be affected by fully developed coronary atherosclerosis. Fa try streaks arve sometimes

seen in vulnerable species, particularly in the aorta, but advanced atherosclerosis in

{captive) animals seems to require that they be raised on feed other than whar they
: - : Fche?l,1176,1184,1515,1730, .

would find in their actual ecological niche BS1I730,1933 "High age, stress
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or smoking are apparently not sufficient causes by themselves (though important
promoting factors), and a reversal of the disease requires that the animal returns to
its original food®741118,1232,

Elephants have been widely debated in this regard. Widespread atherosclerosis,
even in a mild form, has been noted in the coronary artery of the animal’s heart,
and it is pronounced in other blood vessels among East African elephants over
25-30 years of age'!”’. This is often interpreted as natural ageing, but studies in
the 1960s by Sylvia Sikes from London University show that the issue is actually
more complicated. Sikes performed autopsies on elephants from two different en-
vironments, where one of them represented the elephant’s original, undisturbed
ecological niche'®¥2, This ‘natural’ environment consisted of extensive, forested,
mountainous areas and Alpine moorlands, with plenty of streams and a rich and
varied plant mix including different types of trees. The other environment, which
she characterised as ‘disturbed’, consisted of savannah, which was partly over-
grown with bushes. This niche, where elephants originally used to only reside
temporarily, was now overpopulated by elephant herds thar were squeezed in from
the surrounding developments. Since there were not enough natural resources for
them, these elephants fed on hay, which made up their principal and unbalanced
teed. Advanced atherosclerosis was only seen in elephants from the ‘disturbed” envi-
ronment. Mild forms of atherosclerosis, however, were seen in elephants from both
environments, primarily among young, suckling elephants or females who were
pregnant or breastfeeding. This form of early atherosclerosis can be easily reversed,
and it is also seen in humans'?72!7!5 (M.F. Oliver, unpublished observations).

It is noteworthy that domesticated dogs do not develop coronary atherosclerosis
as easily, but they can have hyaline sclerosis in the smaller blood vessels running
through the cardiac musculature®*”. This type of thickening of the blood vessels
probably plays a part in the development of small infarctions and heart tailure in
domestic dogs. It is also interesting that serum cholesterol does not appear to rise
as easily in dogs as in other animals®??, and that HDL cholesterol makes up most of
the serum cholesterol, while LDL cholesterol makes up a smaller percentage (a trait
that they share with rats and mice)"! 151116 Certain dog breeds, such as Doberman
Pinscher and Labrador Retriever, appear to be more susceptible to atherosclerosis
and hypercholesterolaemia'?”%.

Dogs were domesticated early in human cultural history, probably between
10000 and 20000 years ago'* 1% (a considerable number of generations be-
fore the current species of dog), and since they were often supposedly fed human
food, they could have adapted genetically over time. One would wonder if dog
breeds with the least tendency for atherosclerosis, obesity and insulin resistance
could be the ones who were first consuming agrarian diets, and thus have had most
time to adapt.

Regression studies

Palaeolithic food has not been studied in rerms of reversing the process of atheroscle-

rosis. In animal experiments, the disease can apparently be regressed by rezturnmg
: o L : 874,1118,1232

to the type of food that the animal eats in its original environment X
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In the Lifestyle Heart Trial, 28 highly motivated atherosclerotic human subjects
were apparently able to reverse the process of coronary acherosclerosis by means
of a vegetarian diet that was extremely low in fat and salt!?°7130 The diet was
based on vegetables, fruits, legumes, unprocessed cereals (primarily grains other
than wheat) and egg white. The reported drop in fat intake was from 30 E% to
less than 10 E%. Atherosclerosis regression was documented by means of coronary
angiography. During the S-year follow-up period, the control group continued to
develop atherosclerosis, despite the fact that the total estimated fat intake decreased
from 30 to 25 E% (the average for most Western populations is around 35 E%
and the recommended intake is usually 25-35 E%).

One possible interpretation of the Lifestyle Heart Trial is that a lacto-vegetarian
diet can prevent atherosclerosis, assuming that the fat intake remains extremely low.
Most patients probably have a harder time complying with this type of diet than
with a Palaeolithic diet. It is also highly debatable whether a fat intake below 15 E%
is advisable for a person’s overall health. Another more hypothetical conclusion,
based on Richard Fienne’s hypothesis below regarding a connection between cereals
and atherosclerosis, is that a diet based on grains necessitates an extremely low
intake of fat and cholesterol. To what extent avoiding wheat played a part in the
study cannot be determined.

In another dietary intervention study, the St. Thomas’ Atherosclerosis Regression
Study, STARS, the development of atherosclerosis could be slowed in 54 men with
ischaemic heart disease and high serum cholesterol (7.2 £ 0.8 mmol/L)'*%°. The
intervention consisted of a 3.5-year period aiming on a fat intake of 27 E%, where
saturated fat was 8—10 E%, polyunsaturated fat 8 E%, dietary cholesterol 100 mg/
1000 kcal, a high intake of soluble fibre and weight loss as necessary. In 15% of
the study group, atherosclerosis continued to advance, as compared with 46% of
the control group. The inner diameter of the blood vessel in both groups increased
by 3 nm in one group and decreased by 103 nm (P < 0.05) in the control group.

The Heidelberg study examined 36 men (around 51 years old) with atheroscle-
rosis of the coronary artery documented with an angiography’*”®. An intervention
under 1 year attempted to bring the total fat intake to <20 E%, dietary choles-
terol <200 mg/day, as well as do more than 3 hours of physical activity/week.
Regression of atherosclerosis occurred among 7 of the 18 trial subjects, compared
with 1 out of 18 control subjects (P < 0.05). A statistically significant reduction
of stress-induced myocardial ischaemia (lack of oxygen in the heart muscles) was
obtained, regardless of whether full regression was achieved.

Overall, there is strong support for studying the effect of a Palaeolithic diet. The
dietary models that have been studied so far are either difficult to comply with or
insufficient to prevent atherosclerosis.

Relevant dietary factors

The fundamental characteristics of atherosclerosis remain poorly understood.
Therefore, it should not come as a surprise thar the picture is vague in terms of
how diet can affect the initiation and enhancement of atherosclerosis, particularly
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in humans. Furthermore, in the majority of animal experiments, scientists have not
compared different diets, but have rather used one atherogenic (atherosclerosis-
causing) diet as a means to produce atherosclerosis in order to study its basic
mechanisms. When diet has been the primary research target, dietary fat has usu-
ally been at the centre of attention. For many years, the rabbit was a preferred
animal model in atherosclerosis research, despite that it differs markedly from hu-
mans in its response to various dietary factors!?>*2. In order to accelerate the
development of atherosclerosis, which normally would take decades, researchers
have often used feeds unrealistically high in one or several dietary components. In
addition, evolutionary aspects of diet have rarely been considered, which means
that the control diet in animal experiments has not been one that the animal would
eat in its natural habitat. With regard to rodents, genetically modified varieties have
generally been used (otherwise there would be no or little atherosclerosis in this
species; see below), which makes comparisons with humans even more difficult.
After many decades of research, available evidence does not yet point to any partic-
ular individual dietary factor being a primary cause of atherosclerosis in Western
societies.

Fat

In a number of animal experiments, the process of atherosclerosis has been accel-
erated by a high-fat diet”>15421748 " Although saturated fat usually increases blood
lipids slightly more than unsaturated fat (see Section 4.8), both these types of fat
are able to enhance atherosclerosis. Inconsistent results have been noted in some
studies but, in general, no dramatic differences have been found when comparing
various refined fats with each other, including olive oil and its dominant type of
fat, monounsaturated fat20:260:1541,1543

In some experiments on primates, rats and rabbits, peanut oil has been more
effective at producing atherosclerosis than other fats, a difference which seems to
be due to the peanut lectin (see below). In some other animal studies, fats rich in
omega-6 fatty acids have been particularly atherogenic, possibly more so at early
stages of atherosclerosis, and hypothetically because they are more easily oxidised
than monounsaturated or saturated fatry acids®>»12°?. A cross-sectional survey in
Alaskan Eskimos found increased prevalence of atherosclerotic plaque with higher
consumption of saturated fatty acids, especially palmitic acid, as estimated from
food frequency questionnaires*®. In the same study, a high intake of omega-3 fat
did not protect against plaque formation although it was associated with decreased
thickness of the intima-media layer of the carotid artery.

In one cohort study among postmenopausal US women, the progression of coro-
nary atherosclerosis was actually greater in those with the lowest intake of saturated
fat'253. During 3.1 years of follow-up, there was a 0.22-mm decline in the quar-
tile (quarter) of women with the lowest intake of saturated fat, compared with
2 0.10-mm decline in the second quartile (P = 0.002), a 0.07-mm decline in the
third quartile (P = 0.002), and no decline in the fourth quartile (p < 0.001).
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Monounsaturated and total fat intakes were not associated with progression. The
mean overall fat intake in the total population was rather low, 25 E%.

Additional evidence of the atherogenic effects of any kind of fat can be found
in human prospective observational studies using coronary angiography'%3, as well
as in studies of Mediterranean populations with a high intake of monounsaturated
fat and among whom the prevalence of atherosclerosis is comparable with that of
other Europeans or North Americans!®5943,

Dairy products

Casein, the major protein in milk, aggravates atherosclerosis in animal experi-
ments”?. A literature search yielded 25 studies comparing casein with soya pro-
tein in terms of progression of atherosclerosis or endothelial dysfunction, and all
of these found casein to be more atherogenic!®56:57:130,156.267,268,364,365,422,423,776,
948-950,955,956,958,959.1076,1505,1565,1566,1883,1884 ¢ i< interesting, however, that the au-
thors of all publications, except one, reached the conclusion that soya protein
prevented atherosclerosis rather than casein causing it. Since experiments on ham-
sters showed that meat protein (from bison and beef, respectively) resulted in less
pronounced atherosclerosis than soya protein, it seems that this conclusion is mis-
leading'?*3. However, experiments on rabbits showed that casein and meat protein
had similar effects in terms of atherosclerosis, and they were a worse alternative
than vegetable protein”®’. Since rabbits are exclusive plant eaters in the wild, while
hamsters feed on vegetables as well as lizards, frogs, mice, small birds and snakes,
rabbits are expected to be less genetically adapted to meat proteins''“?. Compared
to most other species used in atherosclerosis research, rabbits are particularly re-
sponsive to dietary cholesterol'47,

In experiments in primates, cynomolgus monkeys have developed coronary
atherosclerosis after repeated injections of bovine serum albumin'”?”, which in-
dicates that other milk proteins, besides casein, may be significant. In humans,
the appearance of immunoglobulin A antibodies, such as f-lactoglobulin, casein
and «-lactalbumin is common in patients with advanced atherosclerosis!26%. The
findings are consistent with the hypothesis that atherosclerosis is an inflammatory
disease with early activation of the immune system®4. They also suggest that the
interaction between various nutrients is of significance”?. The case against casein
is further strengthened by its apparent role in insulin resistance and lipotoxicity
(see Section 4.6).

The largest constituent of milk by weight (second to water) is lactose. A study
in baboons showed that lactose produced more pronounced atherosclerosis than
fructose, sucrose, starch or glucose®*. All diets contained equally high amounts
of casein (25%) and coconut oil (14%). The authors hypothesised that dietary
lactose modifies aortic wall metabolism, possibly through the formation of gly-
cosaminoglycans. One proposed type of such modification is galactosylation of
structural proteins in the arterial wall'®!®. Lactose is digested in the small intestine
to glucose and galactose, although a significant portion (of unknown magnitude)



98 Food and Western Disease

of unhydrolysed lactose may hypothetically be absorbed. Free galactose is trans-
ported to the liver where it is converted to glucose, provided that the absorbed
amounts do not exceed hepatic capacity. Galactose has a greater potential than
glucose for binding to proteins®*’, and the resulting proteoglycans could hypotheti-
cally enhance atherosclerosis, would they enter the arterial wall'**4. Galactosylated
matrix proteins in arterial walls could contribute to atherosclerosis by attachment
of lipoprotein particles from the bloodstream®2. Another possible effect of lactose
on atherosclerosis could be through insulin resistance (see Section 4.6).

Another bioactive substance which is abundant in milk is 3-cellulin, a member
of the epidermal growth factor (EGF) family and a possible growth promoter in the
bovine foetus'??. Since B-cellulin activates EGF receprors in the glycocalyx which
may lead to shedding of this barrier, it is quite possibly another way through which
milk can cause atherosclerosis*?.

Milk fat has received a lot of attention over the years, but its role in atherosclerotic
disease may have been overemphasised!¢8-381:1670,1904 " Although some fatty acids in
milk increase serum cholesterol, others could potentially have opposite effects!208.
Some bioactive components in milk have been proposed to be beneficial and even
prevent atherosclerosis'418.

Nilo-hamitic African herding populations, such as the Masai, have a high intake
of fermented milk from Zebu cows (Bos indicus), often more than 3 L/day. A
limited number of autopsies (n = 50) were performed in one study, which showed
pronounced, generalised coronary atherosclerosis but no plaques''*®. McLachlan
attempted to explain this fact by pointing out that Zebu milk is very low in B-casein
A11%0 Segall instead attributes the lack of atherosclerotic plaque to the low lactose
content after fermenting the milk!¢'#, The low serum cholesterol level among the
Masai is discussed in the section on dyslipidaemia (see Section 4.8).

Calorie restriction

An observational study in 50-year-old men, who had been on a calorie-restricted
diet for an average of 6 years, suggests that the atherosclerotic process can be at-
tenuated®??. In that study, the thickness of the intima-media layer of the carotid
artery was 37% lower after rigorous calorie restriction, 0.5 + 0.1 mm compared
to 0.8 £ 0.1 mm in comparison subjects of the same age. However, in studies on
non-human primates, calorie restriction has not been shown to retard atheroscle-
rosis'827% pointing to the importance of other dietary factors as well.

Nutritional deficiencies

Similar to the situation for ischaemic heart disease, available studies do not suggest
that deficiency of vitamins, minerals or trace elements Is a widespread cause of
atherosclerosis!34. This is once again in contrast to epidemiological studies and
laboratory research that led to the belief that such nutrients prevent atherosclerosis,
either by acting as antioxidants (vitamins E and C, B-carotene and selenium), or by
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decreasing homocysteine (vitamins B6, B12 and folate). Other nutrients of proposed

benefit include magnesium?®%®, zinc”'3, potassium!??°, taurine'*? and lutein**3. All
g > P

these nutrients are effectively provided with a Palaeolithic diet.

Cereals

Richard Fiennes, a veterinary pathologist, noted that mammals and birds (mice,
rats, passerines, ostriches, etc.) which subsist on grass seeds are typically resistant
to atherosclerosis when they are fed grain-based, atherogenic food, while non-seed
eaters (primates, pigs, guinea pigs, parrots, etc.) are more susceptible’'?. Therefore,
he postulated more than 40 years ago that cereals could contribute to atherosclerosis
among Homo sapiens and other non-adapted species. Coronary atherosclerosis
among free-ranging elephants has already been discussed. In laboratory animal
experiments, atherosclerosis has developed in non-seed eaters which were raised on
grain-based, low-far diets”1:8441315:1730,1934 "Jnfortunately, the feed in such animal
experiments was almost exclusively based on cereals, and no study controlled for
cereal intake, a fact that makes comparisons difficult.

One plausible, but unproven, atherogenic factor is the plant lectins, which can
bind to glycosylated proteins at human cell surfaces. A large number of studies
indirectly support the role of plant lectins as being capable of causing disease, for
instance by way of inflammatory and hormonal disturbances®*3. Lectins in cereals
and beans increase the permeability of the intestinal barrier'?3%4¢? and gliadin, the
lectin-like gluten protein in wheat, apparently has the same effect?*378, Thereby,
they (or other large molecules simultaneously present) can enter the blood stream
when supplied from food'#¢1:18%8 The wheat lectin (wheat germ agglutinin, WGA)
binds to macrophages and smooth muscle cells of the vessel wall376:8¢0 both of
which are players in the atherosclerotic process. WGA has a growth-inducing ef-
fect by activating the EGF receptor'®®?, which is considered a potential contributing
factor in the development of atherosclerosis'**. In addition, WGA has a strong acti-
vating effect on platelets and cell adhesion molecules'3*?, which may also play a part
in atherosclerosis**”. The peanut lectin (PNA) obviously contributes to atheroscle-
rosis in primates, rabbits and rats, since removal of PNA makes peanut oil less
atherogenic?”. The fact that plant lectins have demonstrated an insulin-like effect
(see Section 4.6) may also be considered a contributing factor in atherosclerosis.
Another relevant line of thought concerns the glycocalyx, the protective barrier
covering the inside of blood vessels. By activating the EGF receptor!¥? wheat
lectin may cause shedding of the glycocalyx and increased flux of harmful sub-
stances (bacteria, oxidized lipids, etc.) into the arterial wall, hypothetically leading
to atherosclerosis!85%:1855

Seed lectins are often not destroyed by normal cooking but some of them by
pressure cooking®®, and they are highly resistant to digestive enzymes in the
gastrointestinal tract®®?. Common breakfast cereals in the US diet have been
found to cause haemagglutination (clumping together of red blood cells) when
ingested in realistic amounts, an effect most certainly attributed to WGA and other
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chitin-binding lectins'?%4. On 10 December 2007, 6271 publications were identi-
fied in PubMed by the search term ‘wheat germ agglutinin’, dating back to 1965.
Only 50 of these citations and abstracts included the word ‘nutrition” which is
surprisingly few in the light of the bulk of evidence that ingested WGA from food
is biologically active. A comparable search on ‘saturated fat’ yielded 3395 papers
of which 2121 included the word ‘nutrition’. Although WGA is present in the en-
dosperm, the starchy part of the wheat grain, the content is much higher in the
germ (embryo)'®* . If, in the future, there will be strong and consistent evidence
of a dose-dependent anti-atherosclerotic effect of whole grain wheat, compared
to more refined wheat (where the germ has been removed), the role of WGA in
atherosclerosis seems questionable.

Another group of wheat lectins are the gliadins, although they are usually des-
ignated proteins or prolamins with lectin-like properties. If wheat lectins are to be
suspected of causing atherosclerosis, it would perhaps make more sense to consider
the gliadins, which are present in the endosperm, than WGA, which is more abun-
dant in the germ. The endosperm is the starchy part of a seed that acts as a food
store for the developing embryo. Modern, smooth steel roller wheels finely crush
the endosperm while flattening the waxy germ in one piece so that it can later be
removed from the flour.

Gliadins, which belong to the larger family of gluten proteins, are a well-
established cause of coeliac disease and are suspected of causing other autoimmune
diseases as well (see Section 4.15). This is relevant for atherosclerosis, which is seen
by many experts as having an autoimmune basis®®®. The leptin receptor, which
is activated by the satiety hormone leptin, is glycosylated®®” and is thus expected
to bind to lectins, including lectin-like molecules like gliadin. As a matter of fact,
wheat lectin has been shown to bind to the leptin receptor®®’, and our research
group suspect gliadin-derived peptides to bind as well. If such binding will be con-
firmed, the next question is if the leptin receptor is activated or blocked. In the
latter case, wheat lectins could hypothetically be a cause of reduced leptin action
(leptin resistance), which, in turn, has been proposed to aggravate lipotoxicity'#4°
and atherosclerosis!**. Another pertinent finding is cytotoxicity and accumulation
of intracellular lipid droplets in cell cultures exposed to gliadins***. This could be
highly relevant to the lipid-laden foam cells of early atherosclerosis.

Cereals lack several of the minerals, vitamins and trace elements mentioned
above, although, at this stage, a low intake of none of them seems to explain the
omnipresence of atherosclerosis in Western societies. Cereals contain no vitamin C
or vitamin Bj,. Compared with a diet based on meat, fish, vegetables and fruits,
cereals also contribute towards a lack of zinc, selenium, carotenoids, folic acid,
vitamin B¢ (low bioavailability), magnesium (through chelate binding with phytic
acid), potassium, biotin, vitamin D and taurine. The proportion of omega-6 fatty
acids is high, and the content of omega-3 fatty acids is low. Several of these r}utrignts
are further depleted in refined cereals, compared to whole grain cereals' 6851816,

If cereals have undesired health effects, animal species that are specialised seed
eaters can be expected to differ from non-seed eaters in terms of digestion and/or
metabolism. Several of the characteristics of rats and mice should be analysed in
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this respect. The fact that the intestinal phytase activity of rats is 30 times higher
than that of humans’®’ can be seen as an indication that cereals rich in phytic acid
can impair the bioavailability of dietary minerals?®. Among the other examples
of the special traits of rats and/or mice (some of which, however, they do not
share with non-seed eaters) include, for those who are particularly interested, the
fact that HDL is the dominant lipoprotein instead of LDL in humans®!115; that
cholesterol is converted to a large degree to bile through LXR-mediated stimulation
of CYP7AT transcription???; that Wy-14643 and ETYA are relatively weak PPAR-
«-agonists”?®’; that the genetic expression for resistin is high!?®; that the formation
of pancreatic islet amyloid is absent!?; that the release of GLP-1 after consuming
protein or fat is high®®; and that the regulation of LXRa in macrophages is quite
different””!. A special feature in glucose metabolism has been noted in seed-eating
birds compared to meat-eating birds. If the pancreas is removed while retaining
the o-cells, seed-eating birds will develop a temporary form of insulin-dependent
diabetes, in contrast to the type of diabetes that affects non-seed eating birds'?%3.

On the plus side, cereals are often high in fibre and low in fat, with a low
percentage of saturated fat. The high fibre content has been proposed to slow
down the atherosclerotic process, possibly through reduced absorption of lipids in
the gut, but the evidence is equivocal**%.

4.4 Type 2 diabetes

Persistently high blood sugar (hyperglycaemia), due to failing production and action
of insulin, is the main characteristic of type 2 diabetes. After consumption of a
carbohydrate-rich meal, blood sugar increases considerably and does not decrease
as rapidly as in the non-diabetic state. An intermediate state is called glucose
intolerance, where blood sugar is only slightly elevated after carbohydrate-rich
meals. Glucose intolerance precedes frank diabetes, usually by several years, and
is therefore sometimes called pre-diabetes, although in many cases diabetes never
develops. Both conditions are also characterised by insulin resistance, a disturbance
which is discussed in Section 4.6.

People with type 2 diabetes run a several-fold increased risk of cardiovascular
disease such as stroke, myocardial infarction, angina pectoris, heart failure and im-
paired arterial circulation in the legs (peripheral arterial disease), compared to those
with normal glucose tolerance?!:3437741549 "Even in the state of glucose intoler-
ance, a sharply increased risk is apparent'#®3. Furthermore, in people with normal
glucose tolerance, one study found a continuous positive association between blood
glucose and risk of ischaemic heart disease’®>. These findings explain why the def-
inition of type 2 diabetes, based on fasting blood sugar, has been changed to a
fasting blood sugar above 6 mmol/L, which is 1 mmol/L lower than before!549,
Since the risk increases gradually, any particular level of hyperglycaemia (such as
the present limit of diabetes) can be disputed, in analogy to the situation for hyper-
tension, high cholesterol and overweight. Similar to these risk factors, it is worse
to have an average blood sugar level than a low leve]
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Accordingly, most people with cardiovascular disease are glucose intoler-
ant or have diabetes. In fact, various observational studies have found only
35-54% of ischaemic heart disease patients to have normal glucose toler-
ance!2%:666,678,771,801,833,1322 "1y addition, increasing evidence suggests that glucose
intolerance and type 2 diabetes are important risk factors for stroke, as shown in
one study where only 20% of stroke patients had normal glucose tolerance'¢2.
This often passes unnoticed, because routine examination with the oral glucose
tolerance test (which analyses the increase in blood sugar after glucose intake) is
uncommon in such patients, and because many cases are not detected by casual
blood sugar assessment.

Diabetes and glucose intolerance negatively affect the long-term prognosis af-
ter myocardial infarction'?*322 and there is a gradual increase in mortality with
increasing blood sugar even among those with normal glucose tolerance'*3*. There-
fore, prevention should aim at improving glucose metabolism in addition to dealing
with other risk factors. Unfortunately, the ability to prevent cardiovascular disease
by controlling blood sugar with medication is limited, while the effect on other,
less common complications, such as blindness and renal failure, appears to be
greater' 174 In fact, serious damage to the kidneys, eyes or peripheral nervous sys-
tem is the main reason for intervening with glucose-regulating medication.

Thus, in the United Kingdom Prospective Diabetes Study (UKPDS), encompassing
3867 middle-aged patients with type 2 diabetes, the risk of myocardial infarction
was lowered by only 16% (P = 0.052) in those assigned a more intensive control of
blood sugar with glucose-regulating drugs'®*. If we translate the findings from this
study, we would expect, among 100 people with type 2 diabetes who are treated
for 10 years, that only 2 of 17 myocardial infarctions were prevented (P = 0.052).
For other cardiovascular calamities the situation is even worse: no effect would be

expected on stroke (0 of S cases prevented), heart failure (0 of 3) or angina pectoris
(0 of 7)1834,

Prevalence studies

The prevalence of diabetes among hunter-gatherers has not been studied using cur-
rent methods, but indirect studies of glucose tolerance, blood sugar, serum insulin,
waist circumference and other related variables provide evidence of an extremely
Jow prevalence of type 2 diabetes$31048:1213,1702.2008 'O Kirava, Trobriand Islands,
Papua New Guinea (see Section 4.1), diabetes does not seem to occur, and the av-
erage fasting blood sugar is approximately 2 standard deviations (SD) below the
average among the Swedish population (Figures 4.8 and 4.9)1048 This means that
approximately 98% of Swedes have a higher fasting blood sugar than any of the
Kitavans, and the divergence is similar or larger if other Western populations are
used for comparison. In addition, roughly the same difference (-2 SD) was noted
between migrants and non-migrants from Cameroon, West Africa®s?.

From a global ethnic perspective, there is a very large variation in the prevalence
of diabetes®'® with a positive correlation to the average BMI across populations®?’.
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Figure 4.8 Fasting plasma glucose samples in Kitava, Trobriand Islands, Papua New Guinea
(black) and Sweden (grey). No sex difference was found; therefore, data for men and women
were combined. (Adapted from Reference 1048.)

Figure 4.9 The author taking blood samples in Kitava in 1990. (Photo courtesy of Eva
Lindsten.)
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After urbanisation, blood sugar levels among the entire population increase to
higher levels and the prevalence of diabetes increases dramatically*®. The first
known case of diabetes in Uganda, East Africa, was noted in the 1940s in an
obese woman who was employed by a British colonial officer'®!3. Among the Pima
Indians of the Gila River in Arizona, USA, the first confirmed case of diabetes
was in 1908. Thirty years later, 21 cases were reported, and by 1965 the number
had risen to S00'59. A similar increase in death rates of diabetes among the urban
population of New York between 1866 and 1922, likely including type 2, has been
reported*”3. There have been various attempts to relate such increases to changes
in lifestyle without finding any consistent pattern*®3715841,1813,2009,

Today, we are seeing an explosion of diabetes in the developing world following
the introduction of a Western lifestyle'®*!. The situation in the South Pacific is
somewhat bizarre with an extremely high occurrence of diabetes among young
people in countries such as Fiji, Samoa and Tonga, yet with the Trobriand Islands
as one of the few protected enclaves in a sea of ‘Coca colonisation’. Even in North
America and Europe the prevalence of diabetes is increasing as obesity becomes
more common'?4!, Thus, in Canada the diabetes prevalence increased from 5.2 to
8.8% between 1995 and 2005, a staggering 69% increase!?%.

Obviously, genetic changes do not explain such alterations. Likewise, the ap-
parent absence of excessive weight and diabetes in aboriginal populations is not
due to some inherited protection. If anything, several studies provide evidence that
populations of non-European origin have lower resistance to the modern lifestyle,
which is discussed in Section 4.6. Instead, heredity is an important cause for the
variation in risk of diabetes within a limited, Westernised population, which has
been shown for a number of different ethnic groups?**.

Mediterranean countries have, somewhat unexpectedly, a high prevalence of type
2 diabetes (and overweight). In a study in rural Crete around the turn of the century,
7% of an adult population of 4282 inhabitants were found to have type 2 diabetes
(5.2% after age standardisation to the world population)!®*%. After age 65, the
prevalence was 30%. A survey from mainland Greece found similar levels'*”¢. In a
study from Catalonia, Spain, the prevalence of diabetes (known and unknown) in
the 30-89-year-old population was 10.3% (95% CI 9.1-11.6) in a random sam-
ple of 3839 subjects?”!. The prevalence of impaired glucose tolerance was 12% in
men and women. The age-adjusted prevalence to the world population for the 30~
64-year-old age group was 6.1% (7.1% in men and 5.2% in women). These preva-
lence rates are similar to those observed in other Mediterranean countries and not
lower than in northern European populations.

Preventive/causative dietary factors

There is general agreement that improvement of glucose tolerance lowers the risk of
diabetes. However, given the uncertainty about the basic mechanisms behind glu-
cose intolerance, there is no good evidence showing any particular dietary factor
as an independent cause of type 2 diabetes®892.1142.1312.1480,1938 ' A recent Cochrane
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review found no high-quality randomised controlled trials on the efficacy of dietary
intervention for the prevention of type 2 diabetes'*?3. Virtually all experts agree
on one point: being overweight is a contributing factor, but perhaps not essential,
to glucose intolerance and type 2 diabetes. Available evidence supports the benefits
of a combination of physical activity and healthy foods by standard dietary advice,
although the independent effect of each has yet to be proven’?!#28:1828,1979 /Gran.
dard dietary advice includes whole grain cereals, low-fat dairy products, vegetables,
fruits, legumes, oily fish and refined fats that are rich in monounsaturated fatty acids
and a-linolenic acid (omega-3) while low in saturated and trans-unsaturated fatty
acids. Most authorities advocate high-fibre diets with low GI, especially when car-
bohydrate intake is close to the proposed upper limit (60 E%). Much of the dietary
advice aims at other cardiovascular risk factors than high blood sugar, such as
abdominal obesity, dyslipidaemia (high cholesterol, low HDL, high triglycerides)
and high blood pressure, since these other risk factors may be more important to
manage than high blood sugar!?’+1682,

As a consequence of the apparent negative impact of excess body fat, avoiding
overweight by eating a nutrient-rich, satiating diet with a limited amount of calories
is expected to prevent type 2 diabetes. An example of such a diet is a Palaeolithic
diet, although it cannot be excluded that other low-calorie diets are equally effective
to obtain a certain amount of weight loss (see Section 4.5).

Weight management

There is a broad consensus that weight management (weight loss among the over-
weight and avoidance of weight gain among the lean) lowers the risk of type 2
diabetes. In randomised controlled lifestyle trials, weight loss and a reduced waist-
line have apparently been critical for the beneficial effect on glucose tolerance. The
largest of these studies, the US Diabetes Prevention Project (7 = 3324), found weight
loss to be the dominant predictor of reduced diabetes incidence among glucose intol-
erant subjects who were randomised to intensive lifestyle modification (low-calorie,
low-fat diet plus moderately intensive physical activity 150 min/week)®32:928 | After
adjustment for weight loss, neither physical activity nor dietary change was pre-
dictive of diabetes development in that study. Similar results were found in a study
from Finland (7 = 522), where weight loss (or increased exercise) was crucial for
success, irrespective of assignment to controt group or lifestyle intervention’828,
Since physical activity was part of the lifestyle intervention in both trials, the inde-
pendent effect of the applied dietary models (low-fat, high-fibre diets) is uncertain.

However, weight change does not explain all, or even most, of the Improvement
in glucose tolerance in such trials, and in a meta-analysis on the efficacy of lifestyle
education to prevent type 2 diabetes in high-risk individuals, 4 out of 8 trials did
not find any effect on 2-hour plasma glucose despite significant weight losst®”?.
Furthermore, in epidemiological studies, most of the variation in glucose tolerance
among the general population is not explained by adiposity!'$6. Therefore, an
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improvement in glucose tolerance that is independent of weight change would not
be entirely unexpected.

Palaeolithic-style diet

There is a paucity of clinical trials with ancestral-like diets in subjects at risk
for diabetes. In a randomised controlled trial among 29 patients with ischaemic
heart disease and glucose intolerance or diabetes, we compared a Palaeolithic diet
{(n = 14) based on lean meat, fish, fruits, vegetables, root vegetables, eggs and nuts,
with a Consensus (Mediterranean-like) diet (7 = 15) based on whole grains, low-fat
dairy products, vegetables, fruits, fish, and oils and margarines generally assumed to
be healthy!04?. After 12 weeks, in the Palaeolithic group there was a 26% decrease
(P = 0.0001) in the area under the glucose curve during 2 hours after intake of
glucose solution (glucose tolerance test), while the 7% decrease among Consen-
sus subjects was no longer statistically significant (P = 0.08) (Figure 4.10). The
difference between the two groups was highly significant (P < 0.0001). This corre-
sponded with a 36% decrease in 2-hour plasma glucose in the Palaeolithic group
(from 8.9 to 5.6 mmol/L; P = 0.0003), while the 7% decrease in the Consensus
group was not significant (from 8.8 to 7.9 mmol/L; P = 0.10).

At baseline, 10 of 14 Palaeolithic and 9 of 15 Consensus subjects had diabetic
plasma glucose values. After 12 weeks, all 14 subjects in the Palaeolithic group had
normal values, compared with 7 of 15 subjects in the Consensus group (P = 0.0007
for group difference). After 12 weeks, 5 Consensus subjects still had diabetic values.
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Figure 4.10 Changes in glucose responsetoa75g oral glucose load during 12 weeks of
Palaeolithic or Consensus diet. Values are means + standard errors. (Adapted from Reference

1049.)
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The markedly better result in the Palaeolithic group was not due to greater
weight loss. Although loss of waist circumference was greater in that group,
5.8 cm compared with 2.9 cm in the Consensus group (P = 0.03 for difference), and
despite large variation in weight loss (between —-10.7 and +1.3 kg), there was no
relationship between changes in glucose tolerance and changes in waist circumfer-
ence (r = 0.01; P = 1.0) or weight (r = -0.06; P = 0.9). Subjects in the Palaeolithic
group lost on average 5.0 kg compared to 3.8 kg in the Consensus group (P = 0.3
for difference).

A recent non-controlled trial with Palaeolithic diet in healthy volunteers found
improved glucose tolerance, decreased insulin secretion, increased insulin sensitiv-
ity, decreased blood pressure and improved lipid profiles without significant weight
loss?948, These findings suggest that weight loss may not be the most important
goal to eliminate the fundamental cause of type 2 diabetes. Possibly, a Palaeolithic
diet improves glucose tolerance beyond weight loss by some unknown mechanism,
and that an energy-restricted diet based on cereals and dairy products is not the
best choice.

Calorie restriction

An observational study in 36 middle-aged people, 18 of which had been on long-
term rigorous calorie restriction, suggests that this is a powerful way to keep
your blood sugar low*2’. At age SO years, after an average of 6 years of calorie
restriction, fasting plasma glucose was 2 standard deviations lower in the calorie
restricted group, 4.5 + 0.4 mmol/L compared to 5.3 & 0.4 mmol/L in the control
group. In a normal Western population of the same age, less than 3% would be
expected to have a blood sugar lower than 4.5 mmol/L. The average BMI was 20
in the calorie restricted group, compared to 26 in the control group. Thus, half of
the calorie-restricted group were below ‘normal” weight (BMI 20).

Low-fat diet

According to the 2004 guidelines of the Diabetes and Nutrition Study Group
(DNSG) of the European Association for the Study of Diabetes (EASD), total fat
intake should be restricted in order to prevent type 2 diabetes!'*2. Two reasons are
given, the risk of increased body weight in people on high-fat diets and a possi-
ble adverse influence on insulin sensitivity by total fat intake. However, the only
reference provided to substantiate the latter notion is a study on fat quality, not
quantity %, According to the American Diabetes Association position statements,
reduced-fat diets, when maintained over the long term, contribute to modest waist
loss and improvement in dyslipidaemia, while studies on diabetes incidence are
inconclusive® 3%, The effect of total fat on weight is discussed in Section 4.5. One
large randomised controlled trial, the Women’s Health Initiative Dietary Modifica-
tion Trial, did not find a reduced incidence of diabetes after 8.1 years of a low-fat
diet'”?” In summary, if weight management fails on a traditional fat-reduced diet,
no favourable effect on blood glucose should be expected. On the other hand,
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animal experiments have shown that high-fat diets can cause glucose intolerance in
dogs®®® and various strains of rats and mice?*, but the full impact of other dietary
factors has not been elucidated.

Glycaemic load

One of the longest held debates in clinical medicine concerns the role of dietary
carbohydrate in glucose intolerance. The name of the disorder tends to guide
your thought: if you are intolerant to glucose, why not avoid it, or at least choose
low-glycaemic index foods? Starch, the dominant type of carbohydrate in Western
diets, 1s built up of long chains of glucose. When vou eat starch, your blood
sugar goes up. The logic seems to be simple. However, the main cause of an
individual’s inability to limit blood sugar rise after eating carbohydrates remains
obscure, and it is questionable if dietary glucose/starch per se plays a causative
role*6-8921312,1480 " hulin resistance, which is a proposed but as yet unproven
cause of glucose intolerance, has not been shown to be affected by varying the
amount of dietary carbohydrate, as discussed in Section 4.6. Furthermore, you
must eat something, and the replacements are not always safe, particularly the
high-fat alternatives®”?. Nevertheless, for many Westerners it may be beneficial
to avoid the hyperinsulinaemia (high blood insulin) and glycation (attachment
of carbohydrate residues) of proteins that are discussed in the same section.
Furthermore, once the process has developed as far as type 2 diabetes, it is certainly
sensible to avoid foods that raise blood sugar too much, as discussed below.

Experiments in rats have shown that very high-fat diets cause glucose intoler-
ance and insulin resistance even when carbohydrate intake is extremely low'¢%4, In
contrast, other experiments in rats, in whom parts of the pancreas (including some
of the insulin-producing p-cells) have been surgically removed, suggest that amy-
lopectin, the major form of starch with a high GI, can aggravate glucose intolerance
when incorporated into a very high-carbohydrate (69 E%) diet based on starch,
casein, sucrose, soya bean oil, wheat bran and gelatin'*®". Control rats were given
a diet which differed only in being rich in amylose (low-GI starch) in exchange for
amylopectin. It is conceivable, but speculative, that there might be an interaction
between amylopectin and some of the other dietary components and that the amy-
lopectin content of the control diet was too low to elicit this interaction. Thus, a
possible interpretation from these animal experiments is that a high GI is one of
several contributing causes of glucose intolerance, and that it may be harmful in
concert with other factors but not in isolation. One of the factors that may have
contributed is casein (which constituted 20% of the feed per weight), as discussed
below.

Fructose

Another matter of debate concerns (very) high-fructose diets, which have been
shown to cause glucose intolerance in rats*, while studies in mice have shown
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varying results, in some cases even improvement of glucose tolerance'?3®. Other
rodent experiments suggest that this negative effect of fructose is mainly seen in
taurine-deficient animals'?”?. In addition, studies in humans suggest that dietary
fructose in quantities corresponding to a high intake of fruit are not harmful'$”,
Much of the concern about dietary fructose in Western societies relates to soft
drinks and other non-natural foods, which provide 2/3 of dietary fructose in the
USA, mainly in the form of sucrose and high fructose corn syrup841:13%0,

Unlike rodents, the primate ancestors of humans likely consumed considerable
quantities of fruits during 50 million years or more, particularly until the emergence
of Australopithecines 4 million years ago. After this date, it is questionable if there
would have been any disadvantage of a high capacity to handle fructose, which
may therefore still characterise the human species. Therefore, findings in rodents,
which are not descendants of specialised fruit eaters, should be interpreted with
caution. A daily fructose intake below 60 g, corresponding to 4-5 kg of pineapples,
appears safeb411857,

In our study with Palaeolithic diet, average fruit intake in the Palaeolithic group
was 493 g, corresponding to 4-5 apples, and twice as high as in the Consensus
group. This is almost sevenfold higher than the median intake among Swedish
men (75 g/day)'?8, although rather low from an evolutionary perspective. Despite
large variation in fruit intake (range 160-1435 g/day in the Palacolithic group and
53-679 g/day in the Consensus group), fruit intake was not associated with change
in area under the curves of glucose (r = —0.06; P = 0.8) or insulin (r = —0.19;
P = 0.4) during the glucose tolerance test. Thus, our study lends no support to the
notion that fruit intake should be restricted in people with glucose intolerance.

Dairy products

Studies of dairy products in connection with the development of type 2 diabetes are
contradictory. Among US health professionals, a lower risk of type 2 diabetes has
been observed among those who regularly consume dairy products, in particular
those who choose low-fat varieties?’®1%%% In contrast to these prospective studies, a
cross-sectional survey of 4024 British women aged 60-79 years, randomly selected
from primary care centres in 23 towns, found diabetes to be less common (P =
0.06) among those who avoided milk (0.9%) than among milk-drinkers (5.6%),
despite no difference in waist-to-hip ratio (P = 0.45)1001.

Animal studies have found lactose to cause high blood sugar and insulin resistance
in calves””"7’$1375 " Galactose, one half of the disaccharide lactose, has a more
unstable ring structure than glucose and is therefore more prone to glycosylate
proteins?*’. Glycosylation of proteins has been discussed mainly with regard to
diabetes complications, but it is also highly relevant in the context of progressive
B-cell failure'*#. In rats, casein, which is the dominant protein in milk, apparently
causes insulin resistance®®®'808_and in liver cells it contributes to fat overload 61804,
Since fat overload in pancreatic 3-cells is thought to contribute to type 2 diabetes
by way of lipotoxicity®?3-1428  further studies of casein are clearly warranted in this
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aspect. It is obvious that such studies have been delayed by the fact that casein
traditionally has been regarded as a neutral reference protein.

In humans, milk stimulates insulin release from the pancreas, an effect mainly
mediated by whey protein'?%’_ but the long-term effects of the ensuing hyperinsuli-
naemia have not been studied. Some experts suggest the effect to be beneficial, even
in healthy people, but no one would recommend healthy people to take sulfonylurea
or other insulin-releasing drugs in order to prevent diabetes. In an evolutionary per-
spective, stimulation of pancreatic release of insulin with milk and medication are
both artificial. Some authorities assume that unnaturally high levels of serum in-
sulin are harmful and may be responsible for most of the abnormalities that are
associated with glucose intolerance'*39.

The idea that milk aggravates glucose intolerance is not new. Allen and Cheer
noted a strong inverse correlation between prevalence of adult lactase persistence
and type 2 diabetes, such that ethnic groups who are largely able to drink milk
as adults also have a relatively low prevalence of type 2 diabetes?”. A plausible
explanation is that milk causes type 2 diabetes or related disorders, which reduce
biological fitness {see Section 4.6). Obviously, there are other causes as well, since
many Westernised people apparently acquire glucose intolerance without having
consumed dairy products.

Cereals

Epidemiological studies suggest that high-fibre diets reduce the risk of type 2 di-
abetes, while data on Mediterranean diets, fat quality, minerals, vitamins, mi-
cronutrients and phytochemicals are inconsistent®!142. An increase in dietary fibre
typically means more grains. However, most evidence favours soluble fibre from
fruits and vegetables, while insoluble fibre, the dominant type of fibre in grains,
seems less beneficial5V0:1142:1514,

A possible disadvantage of whole grains (and beans) is their content of plant
lectins. The best studied cereal lectin is WGA, while gliadin, which also has lectin
properties, has scarcely been investigated (see Section 4.3 for speculations on gliadin
and atherosclerosis). As outlined in Section 4.6, wheat lectin binds strongly to the
insulin receptor and activates it more intensively than insulin, and with longer du-
ration, which suggests that it may cause insulin resistance. However, the relevance
of these findings for glucose tolerance is unclear.

Observations among birds indicate that cereals can affect glucose metabolismin a
potentially negative way. Those species of birds that are natural seed eaters regulate
their blood sugar differently compared with other birds, and can manage quite well
after the insulin-producing B-cells have been removed from their pancreas'’®S.
Shortly after removal, temporary insulin-dependent diabetes develops and insulin
treatment is mandatory, but after a period of recovery, insulin therapy is no longer
needed to maintain normal blood sugar levels. In contrast, non seed-eating birds
behave like humans and are continually dependent on supplementary insulin after
removal of the B-cells. Now, why should seed-eating animals have this particular
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feature unless it is a defence against something in the seed (or something that is
connected with seed-eating) that can eventually destroy their B-cells?

Diet in established type 2 diabetes

No specific diet is known to prevent the serious complications of type 2 diabetes.
The most important thing (in terms of survival and life quality) is usually to prevent
cardiovascular disease, and therefore the conclusions drawn in Sections 4.1-4.3 are
highly relevant for people with diabetes. In order to keep blood sugar low, available
evidence suggests that being physically active can be more important than comply-
ing with traditional low-fat, high-fibre diets'23%13%2 Prevailing concepts are based
on the well-known associations between cardiovascular complications and high
blood sugar, abdominal obesity, dyslipidaemia and high blood pressure®!'**. The
current disagreement on other aspects of nutrition is largely based on shortcomings
of each of the prevailing dietary models with regard to one or more of these four
variables.

For reasons given above and below, a diet based on lean meat, fish, vegetables,
fruits and nuts, such as a Palaeolithic diet, can be expected to stabilise weight, blood
sugar, blood pressure and blood lipids, and to prevent cardiovascular disease, in
people with type 2 diabetes.

In the early 1980s, the Australian scientist Kerin O’Dea, one of the first re-
searchers to realise the potential of ancient human diets, persuaded a group of
Aborigines with type 2 diabetes to revert to their hunter-gatherer lifestyle. During
the trial, the consumption of meat, fish and shellfish increased considerably, as did
physical activity, whereas Western food was absent. The effects she noted were dra-
martic, in particular with regard to blood sugar, fasting insulin, weight and serum
triglycerides (Table 4.4)1331,

Recently, we performed a 3-month trial in 13 men and women with long-standing
type 2 diabetes®*¥. Using cross-over design, where each individual tested both the

Table 4.4 Effect of returning to a hunter-gatherer lifestyle for 7 weeks among ten Australian
Aborigines with type 2 diabetes 3!,

Before After P

Weight 82+3 74+3 <0.001
BMI 272+ 1.1 245+ 0.8 <0.001
Fasting blood glucose 12+1.2 6.6 £0.5 <0.001
2-hour blood glucose 185+1.3 11.9+09 <0.001
Fasting insulin 23£3 121 <0.001
2-hour insulin 49+ 9 59 + 11 n.s.
Triglycerides 40+05 1.2 +£0.1 <0.001
Cholesterol 57+0.2 50+03 n.s.
Systolic blood pressure 121 +£5 114 +£ 4 <0.08
Diastolic blood pressure 802 72+2 <0.02

n.s., not significanl.
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Palaeolithic diet and a diet generally prescribed for patients with type 2 diabertes,
we found the Palaeolithic diet to be superior for the control of blood sugar, blood
pressure, triglycerides, HDL cholesterol and abdominal obesity.

In type 2 diabetes, the total amount of calories should be kept low in order to
manage body weight. In our experience, this is achieved more or less automatically
with a Palaeolithic diet, since it works against overeating (see Section 4.5).

Glycaemic load

A traditional starch-based, whole-grain, low-fat diet often fails to lower blood
sugar363-435:565,686,892,913,1383,1628,1960,1981,2019.2020,2021 a0 serum triglycerides'7.
On the other hand, a low-carbohydrate, high-fat diet may increase LDL choles-
terol'87¢ and, in animals, aggravate atherosclerosis’>?, insulin resistance?’® and
lipotoxicity 13861927 “ A widely accepted compromise in recent years is a diet mod-
erately high in monounsaturated fat and carbohydrate, while low in saturated and
trans-unsaturated fat®244445:1330 by again, the support is indirect and open for
debate#6%:380,

Several factors determine the Gl of food, i.e. how much blood sugar increases
after a meal, and how quickly it returns to normal. These factors include the type
of sugar (glucose, fructose, galactose), the type of starch (amylose, amylopectin),
food processing and the addition of other components during the meal (protein
content, etc.)**%. In addition, fermented foods or food products with added organic
acids seem to result in lower glucose and insulin responses, possibly by delaying the
passage of food from the stomach to the small intestine!?*%:13¢2, Finally, the blood
sugar response Is also affected by the character of the previous meal (second-meal
effect)221.1363,1961,

A beneficial effect, usually modest, of food with a low GI on glycated
haemoglobin (HbA1c) and other markers for the control of diabetes has been
noted in some studies®-208:826,1310,1783,1960 ' A Cochrane review of randomised con-
trolled trials found a mean decrease of 0.5% units of HbAlc with low, compared
to high-GI diets (95% CI —0.9 to —0.1; P = 0.02)!783. All studies favoured the
low-GI diet, but only one was statistically significant in its own power. The effect
on blood lipids is apparently marginal®*$. Of greater interest is perhaps the pro-
nounced reduction of the activity of the plasminogen activator inhibitor-1 (PAI-1)
in plasma, an indicator of impaired fibrinolysis which is associated with insulin
resistance®!”. It should be noted that the levels of PAI-1 were extremely beneficial
in the Kitava population'"*’. The influence of Gl and type of carbohydrate (starch,
sucrose, fructose, glucose, etc.) on diabetes progression is much debated.

Fat intake

A reasonable goal is to keep total fat intake at around 25-35 E%, which also aims
at countering weight gain. However, in case of successtul weight loss and improved
blood glucose and other risk factors, a higher fatr intake may be acceptrable. It may be
more important to avoid energy-dense foods, in particular high-fat processed foods,
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than to actually calculate the percentage of energy coming from far?022:2023,2024 1

the case of a diet high in meat, it may be relevant to emphasise lean portion sizes
(<10 g fat/100 g). The intake of saturated fat and trans fatty acids should preferably
be limited in order to reduce serum cholesterol. This is achieved by excluding dairy
products, fatty delicatessen products, fatty cuts of meat, margarine and oil.

Protein content

An increased intake of protein in exchange for starch and glucose leads to lower
blood sugar after a meal, as shown in several studies with high-protein diets®*%*, In
addition, available evidence suggests that protein is more satiating than carbohy-
drates or fat and thereby may foster weight loss®* (see Section 4.5). However, the
extent to which a high-protein intake (>20 E%) is beneficial (or detrimental) for the
long-term progression of diabetes and its complications has not been extensively
studied.

In the case of calorie restriction, the absolute protein intake in g/day is often not
increased despite a higher intake relative to other macronutrients. In our study in
patients with glucose intolerance and ischaemic heart disease, where we compared
a Palaeolithic diet with a Mediterranean-style diet, absolute protein intake was
identical in the two groups, 1.0 g/kg body weight/day, while relative protein intake
was 27 4+ 7 E% in the Palaeolithic group and 20 £ 3 E% in the Mediterranean-style
diet group.

It has been proposed that elevated blood sugar at the levels common to type 2
diabetes can contribute to increased turnover of the body’s own proteins, which can
potentially increase the need for protein in the diet, particularly in the case of a low
energy intake’*®. A consumption level below 0.6 mg protein/kg body weight/day
has even been suggested to carry a risk of malnutrition!?%2, In the case of restricted
energy for the purpose of weight loss, the suggested recommendation for protein
requirement should probably be in the range of 0.9 — 1.0 g/kg/day’*%.

The proposed benefits of high-protein consumption should be weighed against
the potential risk of kidney damage®3%1133, In the event of manifest kidney failure,
many experts have advocated protein restriction, particularly in people without
diabetes or with type 1 diabetes’**%62. However, for the majority of people with
type 2 diabetes there is not much evidence of a beneficial effect on the kidneys of a
low protein intake838:1133,1133,1202.1273,2025 A recent meta-analysis did not find that
low protein dies improved kidney function in patients with either type 1 or type
2 diabetic nephropathy. In animals, two experiments actually showed that calorie
restriction with a high percentage of protein prevented the development of kidney
failure?3%1765,

Among northern Europeans with type 2 diabetes, serious kidney damage
is considerably less common than myocardial infarction, cardiac failure and
stroke?*>152% In fact, these cardiovascular complications generally kill the pa-
tients before they develop advanced kidney failure that requires dialysis or kidney
transplant. Even among those who develop kidney failure, cardiovascular disease is
the dominant cause of death***!021:1722_ For each person with diabetes who passes
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away from kidney failure, there are at least 50 who die of cardiovascular disease.
In the general population, patients with uraemia requiring dialysis have a cardio-
vascular mortality rate that is 10-20 times higher than the normal population after
adjusting for age, sex and the appearance of diabetes®?”. Cardiovascular preven-
tion, therefore, has the highest priority among these patients. This also applies in
the case of microalbuminuria, a condition that primarily signals an increased risk
for cardiovascular disease and, secondarily, progressive renal failure!’%. The peo-
ple who develop diabetes before the age of 50, as well as those of non-European
ethnicity, however, have a more obvious risk for serious kidney failure that cannot

be overlooked4??,

Protein quality

From an evolutionary perspective, it is reasonable to wonder whether protein from
meat and fish is different from protein in milk, grains and beans in terms of pre-
venting and treating type 2 diabetes. This has scarcely been studied, and none of the
published studies on protein restriction have made this distinction. Furthermore,
casein (milk protein) is often lumped together with meat protein. These ‘animal’
proteins are then compared with vegetable protein (usually soya protein). In one
such study on Zucker rats, a rat strain with inherited tendency for obesity and
insulin resistance, a higher level of kidney failure was noted using casein com-
pared to soya protein!!!%, Several other animal experiments have found similar
resultg®771356,1802.0815,1947 1y congrast, one study in humans found no effect on
blood sugar or serum insulin of substituting 50 g casein with 50 g soya protein for
3 weeks”'8. The possible link between kidney failure, insulin resistance, lipotoxicity
and Western disease, including the possible untoward effects of dietary casein, is
discussed in Section 4.6.

Patients with type 2 diabetes who wish to try a Palaeolithic diet should preferably
doso in consultation with their physician or diabetes nurse and schedule evaluations
on a regular basis. If body weight starts to drop and the blood pressure, blood sugar
and blood lipids improve, the net effect will probably be beneficial even with a high-
protein intake, especially if urinary albumin excretion does not increase. If the goal
Is to restrict protein, it may be wise to reduce milk protein.

Dietary salt

A low salt intake is particularly desirable in the case of diabetes, not just to fight
hypertension. Studies on rats with artificially generated type 1 diabetes (streptozo-
tocin diabetic rats) have shown that salt restriction can effectively prevent reduced
kidney function in this animal model*’. One diet that was extremely low in salt did
not impair kidney function art all, whereas adding salt in realistic amounts (0.4%
NaCl) did have a negative effect. The concentration of angiotensin II, a protein
involved in high blood pressure, in the plasma was normalised, as well as the size
of the kidneys, and later experiments showed that urinary leakage of albumin could
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be prevented. In other rat studies, salt restriction prevented pathologic changes in
connective tissue of the renal parenchyma (and cardiac musculature), which may
be the actual mechanism involved in declining kidney function'**. It has been sug-
gested that inadequate reduction of dietary salt may explain why some people do
not obtain any benefit from ACE-inhibiting drugs in delaying progression of renal
disease!??2.

Food choice

From all we know, fruits, vegetables, nuts, fish and lean meat can be eaten without
restrictions. The beneficial effects of a Palaeolithic diet in our study mentioned
above are probably applicable to most people with type 2 diabetes. Fruit has a high
water content and therefore facilitates caloric restriction. It is also low in fat and
salt, while high in soluble fibre, vitamins and minerals. Furthermore, most fruits
have a low GI (melons are relatively high GI)®%¢!7_ Even ripe bananas are acceptable
with a mean GI of 50 (glucose = 100)3:4%%717 However, fruits are considerably
less protein-rich (per unit of energy) than vegetables, which therefore results in a
higher glycaemic load. When fruits replace cereal grains, as will be the case for
most Westerners with diabetes, the total glycaemic load decreases. Nevertheless,
blood sugar should be carefully monitored, particularly when fruit consumption
exceeds 500 g/day and in case of high intakes of grapes or ripe bananas. Serum
triglyceride levels can rise in sensitive patients since fruit contains relatively high
levels of fructose'®43. The fructose content in fruit is apparently too low to pose a
significant problem for most people with type 2 diabetes. The amount of fructose
in 500 g of fruit is approximately 25 g**, while available evidence suggests that a
fructose intake below 60 g is safe!368:1857,

Although the role of cereals and dairy products in type 2 diabetes is uncertain,
restriction of these foods can be tried without obvious risks (calcium intake and
bone health is discussed in Section 4.12).

4.5 Overweight and obesity

Middle-age spread is a normal phenomenon — assuming that you live in the West.
Few people are able to maintain their juvenile waistline after age 50. The usual
explanation - too little exercise and too much food — does not fully take into
account the situation among traditional populations. Such people are usually not
as physically active as you may think, and they usually eat large quantities of food.

Prevalence studies

Overweight (see Table 4.5) has been extremely rare among hunter-
gatherers and other traditional culturestt8:126.816,821,1046,1051.1065,1108.1132.1139,
1369,1631,1634,1668,1736,1814,1817,1937 " This simple fact has been quickly apparent to
all foreign visitors. The average BMI at 40 years of age has typically been around
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Table 4.5 Lower limits for being overweight and obese in three different body heights.

Body height Limit for being overweight Limit of obesity
stature (cm) (kg) (BMI 25) (kg) (BMI 30)
160 64 77

170 73 87

180 81 98

Note: Overweight is defined as a BMI (body mass index) > 25 kg/m? and obesity is a BMI > 30 kg/m?.

20 kg/m? for men and 19 kg/m? for women. After the age of 40, the BMI for both
sexes drops because muscle mass and water content decrease with age and because
fat is not increasingly accumulated’®%!'545.

The Kitava study measured height, weight, waist circumference, subcutaneous
fat thickness at the back of the upper arm (triceps skinfold) and upper arm circum-
ference on 272 persons ages 4-86 years'%). Overweight and obesity were absent
and average BMI was low across all age groups (Table 4.6, Figures 4.11 and 4.12).
A 50-year-old Swedish man would weigh 19 kg less if he had the same BMI as on
Kitava, and the corresponding difference for women would be 22 kg. The average
waist circumference was much lower in Kitava (Figures 4.13 and 4.14 show values
adjusted for height), where no one was larger around their waist than around their
hips.

Among Kitavans aged 40-60 years, 87% of men and 93% of women had a BM]
below the 10th percentile for Swedish men and women, i.e. 22 kg/m? for men and
21 kg/m? for women. (The definition of the 10th percentile for any measurement is
the level below which 10% find themselves.) The corresponding numbers for triceps
skinfolds was 50% of men and 80% of women on Kitava. The circumference of
the upper arm was only negligibly smaller on Kitava, which indicates that there
was no malnutrition. It is obvious from our investigations that lack of food is an
unknown concept, and that the surplus of fruits and vegetables regularly rots or is
eaten by dogs.

The population of Kitava occupies a unique position in the world in terms of
the negligible effect that the Western lifestyle has had on the island. A comparison
can be made to a study of the so-called ‘original’ Pima Indians in Mexico, whose
average BMI was as high as 25 kg/m?**°, which indicates a significantly greater

Table 4.6 Definition of weight classes and their occurrence in the 40-60-year age group in
Sweden and on Kitava.

Weight class BMI (kg/m?) Sweden (%) Kitava (%)
Underweight <20 3 72
Normal weight 20-25 45 28
Overweight 25-30 38 0
Obese 30-35 10 0
Morbidly obese >35 2 0
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Figure 4.11 Body mass index among males in Kitava, Trobriand Islands, Papua New Guinea
(black) and Sweden (grey). (Adapted from Reference 1051.)
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Figure 4.12 Body mass index among females in Kitava (black) and Sweden (grey). (Adapted
from Reference 1051.)
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Figure 4.13 Waist circumference-to-body height ratio among males in Kitava (black) and
Sweden (grey). (Adapted from Reference 1051.)

90

70

60

50

40

Waist circumference/height (cm/m)

30
Age (years)

Figure 4.14 Waist circumference-to-body height ratio among females in Kitava (black) and
Sweden (grey). (Adapted from Reference 1051).
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effect of a Western lifestyle than on the Trobriand Islands, where the BMI in the
corresponding age groups was 20 among men and 18 among women. Likewise, in
the well-known Tokelau Island Migrant Study, men in their 40s had a BMI of 26
before migration'**! versus 22 on Kitava.

At the time of our survey in Kitava, we observed two cases of abdominal obesity,
both in urbanised male migrants who had grown up in Kitava and now came for
a visit. We managed to examine one of them, a businessman aged 44 who differed
in four variables from all other adults regardless of sex: he had the highest BMI
(28.0), the highest waist-to-hip ratio (1.06), the highest diastolic blood pressure
(92) and the highest PAI-1 in blood plasma, an indicator of impaired fibrinolysis
(increased tendency towards clotting). The most obvious difference in his lifestyle,
as compared with non-migrant Kitavans, was the adoption of Western dietary
habits.

During the twentieth century, an epidemic of obesity and weight gain
has occurred in former traditional populations that transitioned to a West-
ern lifestyle22:#4315:457472,521,1137,1271,1334,1450,1559,1769,1770,1795,1814,1890,2008  \/hjch
lifestyle changes played the largest role cannot be fully determined but, in my
opinion, the importance of food choice has often been underestimated. The level of
physical activity has generally been higher in the traditional setting, but often not
higher than among Western manual workers.

In the modern world, the prevalence of overweight and obesity is increasing
ar a frightening rate (htep://www.who.int/topics/obesity/en/) (Table 4.7). Globally,
approximately 1.6 billion adults (age > 15 years) were overweight in 2005, and at
least 400 million were obese.

Potential consequences

The relationship between body weight and health is more complex than gener-
ally depicted. While an increased waistline undoubtedly poses a threat, even in
‘normal’-weight people, crude body weight, as measured in kilograms or BMI, is a
poorer predictor of serious health problems among Western populations (notable
exceptions are morbidly obese or young people). Furthermore, it is often difficult
to differentiate a beneficial weight loss from a harmful one.

Early death

Among a group of North American men aged S0-70 years, with a BMI of 24
and who have never been smoking, roughly 93% will be alive after 10 years,
and for an equivalent group of women the number is 95%'4. The corresponding
percentages are not very different for a group of people who are on the verge
of obesity (BMI 30): 91% for men and 94% for women. With increasing age,
overweight becomes progressively less important as risk factor until it disappears
after age 75°**172% In two prospective studies from the US National Health and
Nutrition Examination Survey, NHANES Il and NHANES III, 10-year survival



120 Food and Western Disease

Table 4.7 The age-standardised estimated prevalence
(%) of obesity (BMI > 30 kg/m?) among adults (age >
15 years) in selected countries in 2005 (www.who.int).

Women Men
USA 42 37
Egypt 46 22
Mexico 34 24
Jordan 36 20
Greece 25 28
Australia 24 25
UK 24 23
Canada 23 24
Peru 31 13
South Africa 35 7
Germany 20 21
Finland 18 19
Iran 27 10
Fiji 33 9
Spain 16 16
Poland 18 13
Russian federation 24 10
Italy 13 13
Brazil 18 9
Sweden 11 12
Netherlands 12 10
Zimbabwe 15 0.6
France 7 8
Thailand 8 3
Angola 7 1.9
Papua New Guinea 4 3
Pakistan 4 1.0
China 1.9 1.6
Japan 15 1.8
India 1.4 1.1

rate among men and women aged 60 or more was identical in the three groups
with BMI 30-35, 25-30 and 18.5-25 at baseline’?*. After age 70, not even BMI
>335 was associated with reduced survival. Slightly contrasting results were found
in the recent Prospective Studies Collaboration (PSC), where the investigators of
61 prospective studies have shared individual data for a million adules'®?3. After
excluding the first 5 years of follow-up, 66 552 deaths of known cause occurred
during a mean of 8 further years of follow-up. At all ages, all-cause mortality
was lowest at BMI about 22.5-25 kg/m?. Above this minimum, mortality was on
average about 30% higher for every 5 kg/m? higher BMI. Although the proportional
increase was somewhat greater at younger ages (35-59 years), each S kg/m? higher
BMI was still associated with almost 30% higher mortality at 70-79 years of age.

In younger people, the relative risk of early death is more clearly increased in
obesity!*. In US non-smoking whites aged 30-55, the risk of early death increases
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Figure 4.15 Risk of early death among 50-71-year-old never-smoking US men and women
according to BMI at study start (10-years of follow-up, n = 527 265). (Adapted from
Reference 14.)

by approximately 5% for each additional unit of BMI, starting around BMI 251724,
Another study from Germany suggests that the increase of death from having a BMI
above 40 increases threefold in men (mean relative risk 3.1; 95% CI 2.5-3.7) and
more than twofold in women (mean relative risk 2.3; 95% CI 2.0-2.6) during
14 years of follow-up'*®. Young people evidently have a very high probability of
being alive 10 years later, and therefore a relative risk of 2-3 may not seem very
frightening.

An increased mortality is often found among people with a low body weight, an
issue which has been much discussed®’”'%7 (Figure 4.15). In young and middle-
aged people, the relationship between BMI and early death tends to be U-shaped,
while in older people the right leg of the U is often flat or points downwards in a
continuous negative relationship!0%7:1448.1724,1933

While the significance of crude body weight is complex, the adverse impact of
abdominal obesity on mortality is more straightforward, although the risk is usually
not very different with different levels of waist circumference (Figure 4.16). Many
studies have consistently found a continuous positive association between waist (or
waist-to-hip ratio) and all-cause mortality 165:345:861,880,881,1057,1423,1448,1617,1872,1923.

In studies of weight loss, a paradox similar to the one concerning BMI, as
described above, is apparent. In several large-scale prospective studies in Den-
mark, Sweden, Norway, Finland and the USA, the risk of early death gradually
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Figure 4.16 Relative risk of early death among never-smoking European men (left) and
women (right) according to waist circumference at study start (age 52 + 10 years, 10 years of
follow-up, n = 359 387). (Adapted from Reference 1423.)

increases with increasing weight loss among overweight or moderately obese peo-
ple##1,930,1224,1308,1700 1y gne of these studies, almost 3000 healthy Finnish men and
women above average weight were asked in 1975 if they intended to lose weight!7%°,
Those who answered ‘yes’ and, in the following 25 years, had succeeded to lose
weight had a higher risk of death (relative risk 1.86; 95% CI 1.22-2.87) than those
who said ‘no’ and were weight stable.

However, a British study found that intentional weight loss for personal reasons
was beneficial while intentional weight loss on a doctor’s recommendation was
not!'?%, Possibly, we have here a confounding factor such that the latter group had
a higher risk to start with, a risk which they did not manage to eliminate (although
they lost weight). Nevertheless, it cannot be excluded that intentional weight loss
sometimes is harmful, depending on the method.

Furthermore, two American studies that also quantified loss of fat tissue suggest
that such loss may actually prevent premature death, while loss of muscle tissue
(sarcopenia) seems to shorten it*!. This distinction is particularly important in old
age, when sarcopenia is considered to be a common cause of frailty and preventable
death03,

In the Swedish Obese Subjects Study, 2010 individuals who decided to undergo
surgery for their extreme obesity were compared with 2037 subjects who declined
such treatment'®”?. During 10 years of follow-up, there were 101 deaths in the
surgery group and 129 deaths in the control group. The relative risk of death in
the surgery group was 0.76 (95% CI 0.59-0.99; p = 0.04). The most common
causes of death were myocardial infarction (surgery group, 13 subjects; control
group, 25 subjects) and cancer (surgery group, 29; control group, 47) and these
two causes of death explained all of the difference between the two groups. The
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main methodological problem was the lack of randomisation procedure which
basically makes this study an epidemiological study.

Ischaemic beart disease

The main risk with increased waistline or high BMI is ischaemic heart disease, as
shown in many studies'*?”1933 In one study of 1346 healthy Finnish men aged
42-60 years, waist circumference was more predictive than BMI of future acute
coronary events (myocardial infarction or prolonged chest pain)’”’. In fact, no
matter if BMI was below or above 25 kg/m?, there was a threefold higher coronary
risk with a waist-to-hip ratio above 0.9, compared to those with waist-to-hip
ratio <0.9 and BMI <25. In a large international case—control study with 27 098
participants in 52 countries (12461 cases and 14 637 controls), waist-to-hip ratio
showed a graded and highly significant association with myocardial infarction
risk worldwide'”®S. For waist-to-hip ratio, the odds ratios for every successive
quintile were significantly greater than that of the previous one (2nd quintile:
relative risk 1.15, 95% CI 1.05-1.26; 3rd quintile: 1.39; 1.28-1.52; 4th quintile:
1.90, 1.74-2.07; and Sth quintiles: 2.52, 2.31-2.74).

Several studies suggest that among people with established ischaemic heart
disease, the prognosis is better, not worse, in overweight or mildly obese sub-
jects. A meta-analysis of 40 studies with more than 250 000 patients found that
those with a BMI <20 had the highest risk for total mortality (relative risk 1.37;
95% CI 1.32-1.43), and for cardiovascular mortality (relative risk 1.45; 95% CI
1.16-1.81)!%%7_ Overweight patients (BMI 25-30) had the lowest risk for total mor-
tality (relative risk 0.87; 95% CI 0.81-0.94) and cardiovascular mortality (relative
risk 0.88; 95% CI 0.75-1.02) compared with those with a normal BMI. Obese pa-
tients (BMI 30-35) had no increased risk for total mortality (relative risk 0.93;95%
CI 0.85-1.03) or cardiovascular mortality (relative risk 0.97; 95% CI 0.82-1.15).
Patients with severe obesity (> 35) did not have increased total mortality (relative
risk 1.10; 95% CI 0.87-1.41), but they had the highest risk for cardiovascular
mortality (relative risk 1.88, 95% CI 1.05-3.34). The better outcomes for cardio-
vascular and total mortality seen in the overweight and mildly obese groups could
not be explained by adjustment for confounding factors. These findings support the
notion that weight loss should be carefully monitored in overweight patients with
ischaemic heart disease. If there is loss of fat tissue instead of muscle (as measured
by bio-impedance analysis or other equipment) and concomitant improvement of
cardiovascular risk factors (preferably including glucose tolerance), weight loss is
probably safe. Loss of waist circumference is probably beneficial in most cases.
A South Korean study found that a high waist-to-hip ratio was associated with
increased mortality after myocardial infarction while the opposite relationship was
seen for BMI'006,

Traditional populations where no one is overweight have a negligible risk of
myocardial infarction. In contrast, among populations with a high prevalence of
these diseases, overweight is very common. Nevertheless, the relationship between



124 Food and Western Disease

weight and myocardial infarction is not particularly strong on a global scale, which
means that the most obese populations are not necessarily the ones with the highest
rates of myocardial infarction. Once again it is appropriate to talk about sick and
healthy populations (see Section 2.2). If you have the same kind of lifestyle as the
overweight people around you, you carry a considerable risk of Western disease
even if you are not overweight yourself.

Stroke

Several studies have shown that obese people have an approximately twofold risk
of stroke®?. The American Heart Association/American Stroke Association Stroke
Council has estimated that 12-20% of annual stroke cases in the USA are caused
by obesity®??. A Japanese study of 9526 men and women found a two- to threefold
increased risk of stroke in the highest BMI category (BMI >30)!%4¢. A Cochrane
review came to the conclusion that obesity seems to be associated with an increased

risk of stroke and that randomised controlled trials of weight reduction are urgently
needed®8,

Cancer

Overweight and obesity are risk factors for several types of cancer, including cancer
of the colon and rectum (large intestine), breast, endometrium (inner lining of the
uterus), kidney and oesophagus?’$, although not in all studies’”. In a large study
of 1.2 million UK women, each 10-unit increase in BMI was associated with a
threefold higher risk of endometrial cancer (relative risk 2.89; 95% CI 2.62--3.18),
as well as higher risk of oesophagus cancer (2.38; 1.59-3.56), kidney cancer {1.53;
1.27-1.84), leukaemia (1.50; 1.23-1.83), multiple myeloma (1.31; 1.04-1.65),
pancreatic cancer (1.24; 1.03-1.48), non-Hodgkin’s lymphoma (1.17; 1.03-1.34),
ovarian cancer (1.14; 1.03-1.27), all cancers combined {1.12; 1.09-1.14), breast
cancer in postmenopausal women (1.40; 1.31-1.49) and cancer of colon and rectum
in premenopausal women (1.61; 1.05-2.48)'%8 In Europe, it has been estimated
that excess body weight causes around 4% of all cancers'®”. Some cancers, such as
prostate cancer, are more closely related to increased waistline than to crude body
weight (see Section 4.6).

Diabetes type 2

A large number of studies have consistently shown a substantial increase in the
risk for type 2 diabetes in obese people, in particular in cases of abdominal obe-
sity262:279:1912 When populations transition from a traditional to an urban lifestyle,
the prevalence of obesity and diabetes increase in parallel?#”!%. Among people with
glucose intolerance, weight loss has been shown to prevent diabetes and, in some
cases, improve glucose tolerance. For further discussion, see Section 4.4.
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Ethnic populations of non-European heritage seem to suffer a particularly large
amount of damage from being overweight***»1%¢7 which has prompted some of
the experts at the WHO to suggest a BMI of 23 (instead of 25) as a threshold for
being overweight among Asian populations. A lower threshold for dangerous waist
circumference may also be pertinent in such ethnic groups®%*.

Gallstones

Overweight and obesity are well-established risk factors for gallstones, which are
very common in modern populations with the highest known rate, 60-70%, among
Pima Indians?!$79%1627  Autopsy studies in the twentieth century found an ex-
ceptionally low prevalence of gallstones in traditional lean populations”®!424. In
Uganda, East Africa, an autopsy study of more than 2000 subjects in the 1940s
found only one single gallstone, an exceedingly low prevalence compared to West-
ern populations'8!2. The incidence of gallstones increased dramatically among
Canadian Eskimos after transition to a Western lifestyle'>®° and the same con-
sequence of urbanisation has been noted elsewhere”*!424, Slightly contrasting
findings from mummies have shown a few scattered prehistoric cases in Egypt,
China, Italy and South America®"”,

No particular food is known to cause gallstones
intestinal transit time are among the suggested contributing factors’*1026_ Foods
like cucumber, pears, onions, eggs and fatty foods cause contraction of the bile
ducts but do not directly produce the stones. Rapid weight loss can induce attacks
and is best avoided in obese people with gallstones.

704 Tnsulin resistance and reduced

Fatty liver

Overweight is often accompanied by liver steatosis, or non-alcoholic fatty liver
disease (NAFLD), a disorder which is caused by accumulation of fat inside the
principal operating liver cells, the hepatocytes. However, fatty liver is often seen in
people of normal weight, and strong evidence indicates a connection with insulin
resistance, as discussed in Section 4.6.

Breathing difficulties

Breathing disorders are common in obesity and are sometimes due to heart failure
(see Section 4.9). In old age, obesity is probably the most common cause of shortness
of breath!3*733, Obstructive sleep apnoea is a potentially serious disorder by causing
dayrime sleepiness, and obesity is often an underlying cause®?!. Some studies suggest
a connection between overweight and asthma, and one systematic review found that
weight loss leads to improvement of asthma in many cases***.
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Other consequences

Osteoarthritis, degeneration of the cartilage in certain joints, a common disease
in middle-aged and elderly people, is slightly more common among overweight or
obese persons?78:513,

Sex hormone disturbances, sometimes causing infertility, are often seen in obesity,
in particular abdominal obesity in women!*%*. This is usually connected with insulin
resistance as discussed in Section 4.6. Several studies suggest that fertility increases
after weight loss in obese women!3%3.

Birth defects such as spina bifida and cardiac defects are considerably more com-
mon in children born to obese mothers!*®”. There appears to be a 7% increase in the
risk of foetal anomaly for each 1 unit incremental increase in BMI above 25 kg/m?.
Other complications of maternal obesity are miscarriage, preeclampsia, stillbirth,
caesarean delivery, early neonatal death and abnormally large babies?”385,

Kidney disease and renal failure are more common in people with abdominal
obesity, while general obesity does not increase the risk*%?.

Inflammation is increasingly being regarded as a hallmark of obesity, due to the
findings of increased levels of inflammatory markers such as C-reactive protein and
the identification of macrophage cells infiltrating the white adipose tissue in obese
people?*®. We found increased levels of subcutaneous fat and C-reactive protein in
pigs which were fed a cereal-based swine feed, as compared with another group
raised on vegetables, fruits, root vegetables and meat8%.

Other problems include low self-esteem and depression, sometimes caused by
physical impairment, unemployment or social isolation. In one Swedish study, the
perceived health of morbidly obese people was similar to that of spinal cord injured
persons or cancer survivors'’42,

Relevant dietary factors

Substantial evidence indicates that dietary habits are a major explanation for the
absence of overweight in non-Western populations!'?®’. Most experts would agree
that a diet based on lean meat, vegetables, fruits, root vegetables and nuts is helpful
in the prevention and treatment of overweight and obesity. Unfortunately, dietary
intervention trials have rarely contrasted such ancestral-like foodstuffs with modern
staple foods. Instead, nutritional research has been mainly concerned with compar-
ing different processed foods or different amounts of fat versus carbohydrate. Cur-
rently, many experts have concluded from available studies that an evidence-based
advice is simply to eat less, which is a rather equivocal recommendation.
Controlled trials of weight loss from a Palaeolithic diet are scarce. We found a
larger decrease of waist circumference, but a similar degree of weight loss, during
12 weeks on a Palaeolithic diet compared with a prudent Western diet, as seen
in Figures 4.17 and 4.18 and Section 4.4. In the study on Australian Aborigines
who returned to a hunter-gatherer lifestyle for 7 weeks (mentioned in Section
4.4), a sharp reduction in weight was seen (Table 4.4)!*!. However, they had
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sometimes trouble finding enough food to eat. In a non-controlled 3 week trial with
palaeolithic diet, healthy volunteers consumed 36% less calories and lost 2.3 kg of
weight?026,

Calorie restriction

Meta-analyses and large weight loss trials with various dietary interventions
(based on Western food patterns) suggest that for weight management, en-
ergy restriction is more important than other known dietary factors®6-371:446,572,
818,1321,1415,1422,1552,1628 They also suggest that adherence to the new diet is more
important than the diet itself. The average weight loss in long-term studies of
low-calorie diets is virtually always smaller than expected, a finding which was
explained by lack of adherence in one meta-analysis’2°.

A satiating diet, i.e. one that satisfies the appetite with a lower amount of calories,
1s a crucial factor in preventing and treating obesity in the population. A Palaeolithic
diet in this sense appears to be particularly satiating, although this has not been
systematically investigated. In our study of a Palaeolithic diet, the reported energy
intake was 25% lower in the Palaeolithic group than in the Consensus despite no
difference in satiation as reported by the participants!®®’. We have hypothesised
that grains may interfere with satiety and promote excess consumption of calories
by way of grain-derived endocrine-disrupting substances interfering with the satiety
hormone leptin®*’. Traditional explanations of such findings would be that the diet
is voluminous (water-rich, fibre-rich), rich in protein or low in fat!4*%1585 Tt should
also be noted that under-reporting is thought to be common in assessments of food
intake under free-living conditions, and that energy-dense junk food appears to be
more commonly underreported than other items.

As already noted in Section 2.4, the first law of thermodynamics is often misin-
terpreted in the context of restricted food intake. The law states that energy can be
transformed and that it can neither be created nor destroyed. However, it also states
that transformation from one form of energy into another results in more or less
heat being produced. This is termed diet-induced thermogenesis, a phenomenon
which is well known in the inner circle of scientists. It certainly does not imply that
when physical activity is kept constant, the amount of weight loss is exclusively
determined by the reduction in energy intake. Animal experiments have shown that
(forced) calorie restriction lowers body temperature”®®, and the resulting weight
loss may therefore be less than expected from dietary energy. Contrariwise, two
foods with the same amount of calories may not necessarily have the same effect
on energy balance, because they may differ in terms of diet-induced thermogen-
esis. Even a difference in body temperature which is too small to be practically
measurable can be crucial for long-term weight maintenance.

The generally accepted notion that energy-dense foods (foods with a high energy
content per unit of weight, such as many processed foods) increase the risk of
weight gain and obesity!%2¢ makes more sense in the context of a typical Western
diet than for someone who eats an ancestral-like diet. However, it should be noted
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that soft drinks, which are considered energy-dense, and apples, which are not,
have the same concentration of sugar (10%).

Macronutrient composition

Many researchers have explored various proportions of fat, carbohydrate and pro-
tein without arriving at any consensus, and most studies support the notion that
calorie restriction is more important than the proportion of macronutrients for the
prevention of overweight and obesity®!%1415:2024 /A 2002 Cochrane review of high-
quality studies, and a systematic review by the same authors, did not find a reduced
fat intake to be more effective for weight loss than other types of energy restriction,
rather quite the opposite'#?1:1422. The Cochrane review was withdrawn in 2008
with the stated reason of being ‘very much out of date’'”*3, (It was also stated that
there were no plans to update it.) One meta-analysis of low-fat, ad-lib diets (i.e.
without intentional energy restriction), published in 2000, found a beneficial effect
on weight in non-obese subjects (studies in obese subjects did not fulfil inclusion
criteria)®’. More recent studies have generally found that carbohydrate-restricted,
high-fat diets produce more pronounced weight loss in the first 6 months but
possibly not after 1 year, and they suggest that energy intake and adherence to the
respective dietary program are more important than macronutrient composition for
long-term weight maintenance3¢:371:446,572,1321,1628 1p these studies, the individual
variation of weight loss has been considerably larger than the small or non-existent
differences between the dietary models. One randomised controlled trial in obese
young adults found that a low-glycaemic load, starch-restricted diet resulted in
more pronounced weight loss than a low-fat diet, but only among subjects with
high post-meal insulin secretion®*. This is in line with the idea that insulin-resistant
overweight people may benefit from restriction of certain starchy foods.

For those who consider restricting carbohydrate intake, an increase in dietary
protein may be preferable to an increase in fat®*. Compared to protein or carbohy-
drate, fat contains more than double the amount of energy on a weight basis. Protein
appears to provide the highest sense of appetite satisfaction per unit of energy while
fat provides the least. Diet-induced thermogenesis is also considered to be highest
from protein, which would hypothetically facilitate weight loss?#%:842:1681

A recent, large, 2-year trial found a similar degree of weight loss (3—4 kg) with dif-
ferent proportions of carbohydrates, proteins and fats'*2. Although macronutrient
composition did not differ as much as intended between the diets, the study adds to
the evidence that other factors are more important for weight loss. The results have
been taken as evidence that future interventions should not focus on comparing
food models, and one editorial even suggests that we do not need another diet trial
(but, instead, community action)$”?. Another common conclusion has been that
overweight people ‘only’ need to eat less (of the same food), but the study was
not designed to explore this issue. Some experts conclude that dietary counseling
needs to be intense, since participants who attended many counseling sessions lost
more weight, but here could obviously be a confounding factor: enthusiasm, which
caused both high attendance rate and larger weight loss. It should also be noted
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that all groups were advised to consume the same type of foods. Therefore, an
expansion of the above conclusions might be as follows: (1) Macronutrients are of
minor importance for weight management; (2) if we eat a Western diet we need
to stop eating before we are satisfied; (3) in order to lose weight on a traditional
healthy Western diet, we need to be highly motivated and attend many counselling
sessions. In any event, I think the time is ripe to consider food choices rather than
macronutrients.

Glycaemic index

High blood sugar and the ensuing hyperinsulinaemia have been proposed to con-
tribute to overweight, even when total carbohydrate intake is not altered?!h1091 A
Cochrane review found that overweight or obese people lost slightly more weight
during 5-12 weeks of low-GI diets, as compared to high-GI diets'”®*. However,
three trials that were not included in the review (two of them were published after-
wards) did not show any such benefit during 12-18 months3%1465:164% ' One recent
trial in 32 subjects found greater weight loss but no effect on changes in fat mass
or waist circumference of low- versus high-GI diets!2.

One randomised trial found that breakfast meals with lower GI increased satiety
while there was no effect on satiation: energy intake at breakfast was not influenced
while energy intake at the following meal was reduced®?’. Other studies of low-GI
diets have shown mixed results, and the majority of these do not suggest that the
glucose response per se is important for satiation or satiety**3.

Milk protein

A high-protein intake in the first 2 years of life has been associated with the devel-
opment of overweight in some'*?, but not all studies’®?. In this context, different
dietary proteins are apparently not equal. Cow’s milk protein, which is the domi-
nant dietary protein after infancy, seems to increase the concentration of insulin-like
growth factor-1 (IGF-1) in children, as opposed to meat protein which has no such
effect’>?. Other studies indicate that high levels of IGF-1 promote the development
of obesity’®". Casein, which accounts for 80% of milk proteins, has also been
shown to increase the expression of sterol-regulatory element binding protein-17¢,
a transcription factor which stimulates fat synthesis and possibly increases body
fatness’®’.

p-Casomorphin-7 is a peptide that results from the breakdown of B-casein A1,
but not other caseins, in milk. Studies in satiated rats have shown that this peptide
stimulates the intake of dietary fat, but not carbohydrates, and that the effect is in-
hibited by the opioid antagonist naloxone'%*?. Furthermore, milk proteins increase
plasma insulin levels, an effect mainly caused by whey, which constitutes about
20% of milk proteins’*®7. Chronically elevated plasma insulin is often regarded as
central in the vicious circle of overweight and obesity!34%. In epidemiological stud-
ies, a high intake of dairy foods has not been associated with overweight, rather the
opposite!4%%, This suggests that if milk promotes overweight, some other Western
foods may do it even more effectively.
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Whole grains versus refined grains

People who prefer whole grains to more refined cereals do not appear to be protected
from overweight, or to a very limited extent®01:1070.1779,1849 "1 3 [arge controlled
trial, the WHOLEheart study, 316 overweight subjects, who consumed less than
30 g of whole grains per day before the study, were randomly allocated to one of
three groups: (1) controls (no dietary change), (2) moderately increased intake of
whole grains (60 g/day for 16 weeks) or (3) dramatically increased intake of whole
grains (60 g/day for 8 weeks, then 120 g/day for a further 8 weeks) (Brownlee 1A
et al. Abstract, Annual Congress of the American Association of Cereal Chemists,
2008). No beneficial weight change was obtained from whole grains in this study,
nor did cardiovascular risk factor levels improve (plasma total, LDL and HDL
cholesterol, triglycerides, insulin or glucose). An earlier smaller trial found similar
results, including no effect on insulin sensitivity, as measured by the euglycaemic
hyperinsulinaemic clamp test*2.

Grains versus no grains

Hypothetically, a number of phytochemicals from cereals, most notably glycosy-
lated proteins and various peptides, can affect weight balance by influencing ap-
petite and energy metabolism®*?. Leptin, the satiety hormone which commands us
to stop eating when we are full, is possibly blocked by cereal-derived substances®®’,
as discussed in Section 4.3. If this is true, it is highly relevant for obesity. This
would explain why cereals seem to cause weight gain and excess food consumption
in domestic swine®*®14%7 and birds®”*. One of the main suspects to interfere with
leptin binding is gluten, whose consumption over the last 100 years has increased
greatly'! with acceleration in the last 20 years (G. Svensson, SLU-Alnarp, personal
communication).

In our Palaeolithic diet study, waist loss increased with decreasing intake of
cereals and increasing intake of fruit, associations which explained 42% of the
variation of waist loss among the whole study population (P = 0.0003), and 40%
in the Consensus group alone (P = 0.016)!%4. In bivariate regression analysis
among the whole population, the association between reported cereal intake and
waist loss was independent of group assignment, energy intake and carbohydrate
intake.

William Banting

In 1863, a Londoner by the name of William Banting published a 25-page pamphlet
with the title ‘Letter on corpulence, addressed to the public’'®®. He wrote it after
having overcome obesity through a diet that has a lot in common with a Palaeolithic
diet (but is usually described as a low-carbohydrate diet).

From the age of 30 until he was 65 years old, Banting gradually gained weight
until he weighed 91.7 kg. Since he was only 165 cm tall, his final BMI was
33.6 kg/m?, and his abdomen was so large that he could not bend down to tie
his shoes. Due to pain in his ankles and knees, he was forced to go downstairs
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backwards. The fact that he was an undertaker may have been a contributing
factor in why he was particularly motivated to do something about the issue.

Just before his 40th birthday, he had started his long fight against his weight.
On the advice of one of the many doctors he consulted, a surgeon and friend, he
started rowing on the banks of the Thames River a few hours in the morning. ‘It is
true’, he writes, ‘I gained muscular vigour, but with it a prodigious appetite, which
I was compelled to indulge, and consequently increased in weight, until my kind
old friend advised me to forsake the exercise.” Banting is not the only person who
found it difficult to lose weight only through increased physical activity>26,

His friend died soon afterwards, and Banting consulted ‘other high orthodox au-
thorities’. He was thankful for their efforts but confessed with increasing frustration
that neither their cures nor their encouragement to eat less was of any help.

When Banting approached the age of 65, his obesity had, as I suspect from
his account, caused diabetes with slow-healing abscesses and reduced vision and
hearing. Two of the abscesses developed into ‘rather formidable carbuncles, for
which [ was ably operated upon and fed into increased obesity’.

The loss of hearing led Banting to consult two ear surgeons. He recounts that the
first surgeon ‘made light of the case, looked into my ears, sponged them internally,
and blistered the outside, without the slightest benefit. ... He soon after left town
for his annual holiday, which proved the greatest possible blessing. . .".

This is when he met his saviour, the second ear surgeon, William Harvey. The
doctor’s assessment that the hearing loss was due to fatty tissue in the throat that
obstructed the Eustachian tube was probably false but his linking the symptoms
with obesity may have been correct. Today, we have evidence that high blood sugar
can cause poor hearing”*?' even if the issue has barely been studied and the
mechanism is unknown. We know more about impaired vision: the concentration
of sugar in the tissues absorbs water that causes a swollen cornea, which refracts
the light rays incorrectly®361063:1477,

Now came the sensational part. Dr Harvey’s diet gave Banting his sight back in
addition to improving his hearing and reducing his weight. Over the course of 12
months, he lost 21 kg and went from being obese to being just over the threshold
for normal weight (BMI 25.9). Half a year later he was precisely on the border with
a BMI of 25.

His diet consisted largely of meat or fish, morning, noon or night. A small amount
of fruit was permitted while the intake of vegetables was apparently not restricted.
The foods that he was ordered to avoid as much as possible were: ‘Bread, butter,
milk, sugar, beer, and potatoes, which had been the main (and, I thought, innocent)
elements of my subsistence, or at all events they had for many years been adopted
freely’. Alcohol was permitted and was actually considered advisable according to
the rules of conduct, but Banting himself seems to have been very moderate.

His new diet was primarily rich in protein, but also low in fat and with a low
glycaemic load. Today, we know that almost all types of bread and potatoes have
a high GI, even worse is the maltose in beer. When Banting wrote the fifth edition
of the book, he had come to the conclusion that parsnips, red beets, turnips and
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carrots also made it difficult to keep a stable weight. It is worthwhile to note that
all of these have approximately the same GI as potatoes, but a higher water content
why the glycaemic load will be limited. It is plausible that Banting belonged to
a group of people who are particularly sensitive to carbohydrates, at least at this
recent stage after reversion of lifestyle. Banting did not restrict the amount of food,
instead he could now ‘confidently say that guantity of diet may be safely left to the
natural appetite, and that it is the quality only which is essential to abate and cure
corpulence’ (as stated in the fifth edition). He was surprised that he could achieve
such a marked weight loss by ‘exchanging a meagre [diet] for a generous |one]’.

From our perspective, his story does not appear to be particularly notable. In-
stead, the strange thing is that 140 years after it was published, his argument has
not achieved full impact, and Banting’s most important experiences are not always
made clear. When the story is told, these days it is often wrongly described as
being equal to the high-fat Atkins diet. Unfortunately, many people spend more
time reading various interpretations of the book than they would need to share
Banting’s own words. It takes little more than an hour.

4.6 Insulin resistance

Insulin is an anabolic (biosynthetic) hormone that facilitates the storage of glu-
cose, fat and protein in the body. Insulin resistance means that the receiving tissues
do not react sufficiently sensitively to the hormone signals. Despite considerable
efforts, the underlying mechanisms remain elusive, and for many of the compo-
nents of the disorder it is unknown if they are causes, consequences or innocent
bystanders?62%1630 In order to overcome the resistance to insulin in the tissues, the
pancreatic [3-cells produce more insulin, which leads to higher circulating levels
of serum insulin (hyperinsulinaemia). A condition that is associated with insulin
resistance is the metabolic syndrome with abdominal obesity, hypertension, dyslip-
idaemia and reduced glucose tolerance. The consequences — and the impact of diet
on public health — are probably even more significant.

Prevalence studies

Insulin sensitivity is by all appearances higher among traditional people than among
Westerners, but only as long as they maintain their ancestral-like lifestyle. Af-
ter transition to a Western lifestyle they generally have a lower insulin sensitiv-
ity than people of European origin, as discussed below. Three populations of
hunter-gatherers in South America and Africa have all shown a similar pattern
for oral glucose load, with an insulin response only 40% of that seen in Western-
ers$351213,1702 The metabolic syndrome does not seem to exist on Kitava. Fasting
levels of serum insulin decreased with age instead of increasing as in Sweden and,
in the age group 40-65 years, the average in Kitava was 1 SD below that of Sweden
(Figure 4.19)"% All inhabitants were lean with no increased waistlines (Figures
4.11-4.14), and the leptin and blood pressure levels were low (Figures 4.19, 4.24
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Figure 4.19 Risk factor levels among 40-65-year-old men and women on Kitava in relation
to Sweden, expressed in number of standard deviations from the Swedish average (Z scores).
The longer the bars, the more Kitava deviated from Sweden. The bars to the left of the zero
line indicate a lower level on Kitava. Grey means that it is better and black means that it is
worse to be to the left of the zero line. (Adapted from References 1045, 1047, 1048, 1051 and

1053.)

and 4.25)104,1046,1048,1051,1053 15 oy Western societies, insulin covaries with other
risk markers for cardiovascular disease, but not on Kitava, which is an additional
indicator that insulin sensitivity is universally high.

Decreasing insulin sensitivity with increasing age is typical in the West>%8,
but probably cannot be considered to be a part of normal biological age-
ing!1%:1048,13332011 "The fact that this process is considered a part of normal biology
is due to the difficulty in finding a reference population that is unaffected by a
Western lifestyle.

Box 4.1

hunter-gatherers (40-year-old men).

Average cardiovascular risk factor levels among

¢ 40% insulin response with oral giucose load compared with Westerners
+ BMI 20 (25 in Sweden)
¢ No excess weight, trim waistline

¢ Blood pressure 105/65 (130/80 in Sweden)
e S-cholesterol 3 mmol/L {6 in Sweden)
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When humans switch from an ancient to a Western lifestyle, they experience
increased waistlines, reduced insulin sensitivity, higher blood pressure and a host
of related disorders and diseases. There does not seem to be any ethnic group
that can avoid this fate after urbanisation. Furthermore, nothing seems to indicate
that this should be unique for our species. A number of other mammals, including
monkeys, dogs, cats and rats become overweight and resistant to insulin when they
are overfed421:512:1238,1537 ‘The pattern of reaction obviously developed long before
the common ancestor of these species lived roughly 100 million years ago.

Historically, there has been some awareness of the metabolic syndrome of ab-
dominal obesity in Italy since the eighteenth century (Morgagni, 1765)%7%. The asso-
ciation between abdominal obesity, diabetes and hypertension was independently
described in 1921 by Hirzenberger, Austria, and in 1923 by Kylin, Sweden®®’,
and in 1956 by Vague in Marseille, France, who also noted the increased risk of
atherosclerotic disease with abdominal obesity'#¢. Reaven defined the syndrome in
modern terms in 1988478, The association with stroke may have been recognised
already before 192071%. Hippocrates noted, 24 centuries ago, that ‘Those who by
nature are somewhat stout die sooner than those who are lean’%%.

Attempts to explain

Several hypotheses have been presented to explain the widespread occurrence of
insulin resistance. Most of these take into account the evolutionary history of
humans and the mismatch between ancient genes and present environments.

The thrifty genotype

In 1962, the genericist Neel formulated the hypothesis of a ‘thrifty genotype’, a
concept of an economical and efficient metabolism that was set out to explain
why diabetes was so common despite the disease’s negative impact on fertility
and survival'?7%12%0 Neel looked for a selective advantage that outweighed the
disadvantages and thought he found one in the idea that the genes that currently
cause diabetes provided protection against starvation in the past. The rapid insulin
response was assumed to make fat storage more efficient during cycles of calorie
surplus/deficit {feast and famine), and modern humans developed diabetes as a
result of the constant calorie surplus.

Despite the lack of a mechanistic model to support the hypothesis, the impact of
this idea has been exceptionall*”®. It is sometimes presented almost as an axiom
that modern humans become overweight and insulin resistant because they have a
constant surplus of food for the first time in their development.

However, there are plenty of examples of contemporary hunter-gatherers who
stay lean despite a surplus of food, and the average time to collect food is usually
2-3 hours/day®®. Our findings from Kitava do not agree either with this hypothesis
about a thrifty genotype. There is always an excess of food that rots away. Yet, we
do not find any people who are overweight or have developed insulin resistance.
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Insulin resistance has actually been suggested as beneficial for weight stabilisa-
tion, rather than weight gain, by means of the reduced amount of glucose trans-
ported to the liver, and the fat tissues reducing the conversion of glucose to fat?%?,
For young adults who have become somewhat overweight, insulin resistance can be
a potential way to counter additional fat storage'®°¢. Among adult Pima-Indians,
it is also the most insulin-sensitive people who gain the most weight in prospective
studies'”3%. Results from other studies have been divergent®®.

The lack of a weight-regulating mechanism is not biologically plausible either. An
animal or human with the characteristic of eating until they become fat and clumsy
when they land in an ecological niche with a surplus of food will be evolutionarily
disadvantaged compared with those that keep trim. The fact that wild animals
generally maintain a stable weight from year to year does not seem to be dependent
on regular shortage of food.

The view that a lack of food is necessary to counteract weight gain and insulin
resistance (the hypothesis of the ‘thrifty genotype’) is not credible. Moreover, the
hypothesis is not consistent with the fact that persons of European descent seem to
be more insulin sensitive than other ethnic groups, i.e. more resistant to urbanisation
(see below under ‘The non-thrifty genotype’).

However, it could explain the exceptional insulin resistance that characterises cer-
tain ethnic groups such as Micronesians and North America’s Pima Indians?%%103%,
According to one hypothesis, their forefathers should have been the ones who sur-
vived long boat rides in the South Pacific as well as journeys across Arctic regions.
In this case, it would be an example of a genetic bottleneck.

The carnivore connection

An alternative explanation for human’s general tendency for insulin resistance was
presented by Brand Miller and Colagiuri?®®2%?, They correctly point out that there
is no strong evidence of periodically recurring famine being particularly common
among hunter-gatherers'*!, and that death from famine is not the result of empty
fat deposits, rather empty supplies of ‘lean mass’ (i.e. primarily musculature)'?%6.

Instead, their hypothesis is based on the assumption that for approximately
2 million years Palaeolithic hunter-gatherer diets were periodically very rich in pro-
tein and had a low percentage of carbohydrates. The lack of carbohydrates would
then play a greater role than famine in the selection of genes for insulin resistance.
A metabolism with a tendency for insulin resistance, in their view, is a way to pre-
vent dangerously low blood sugar levels with a protein-rich and carbohydrate-poor
diet. Insulin resistance in the peripheral tissues facilitates the redirection of glucose
from muscles to foetus, mammary glands and brain, which are more sensitive to
low blood sugar. Humans have a limited capacity for gluconeogenesis (generation
of new glucose) and insulin resistance in the liver, which should have allowed for
increased gluconeogenesis with a high-protein intake.

High insulin sensitivity would have been a risk with a high-protein intake and a
low carbohydrate intake. Today, a constant supply of high glycaemic load foods
exposes the disadvantages of insulin resistance.
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In addition to explaining humans’ general tendency for metabolic syndromes,
the carnivore connection hypothesis could explain the particularly low insulin sen-
sitivity among Pima Indians, Micronesians and Australian Aborigines, whose fore-
fathers are thought to have lived in an environment dominated by wild fish and
shellfish.

Even this hypothesis has its weaknesses. It does not explain why Europeans have
a higher insulin sensitivity than other ethnic groups. The suggestion that this is
due to reduced selective pressure is not convincing, the time period is too short,
particularly in northern Europe. There is also a question as to whether a lack of
carbohydrates was common during the Palaeolithic era'??7:1972,

The non-thrifty genotype

After transition to a Western lifestyle, ethnic groups of non-European origin seem
to have a greater tendency for insulin resistance and type 2 diabetes regardless of
their BM1%69:205,351,607,628,864 Tt appears increasingly obvious that we, who are the
descendants of Cro-Magnon, the European humans from the Ice Age 35000 years
ago, have a higher resistance against the modern lifestyle than many other ethnic
groups.

It has been well documented that widespread and lasting periods of famine
were common in Europe after the development of agriculture?!3-574:641,1228 “which
according to the thrifty genotype hypothesis should benefit people with an efficient
metabolism. Hence, according to the hypothesis, today’s Europeans should have at
least an equally high rate of diabetes as other ethnic groups. But that is not the case.

Allen and Cheer, physical anthropologists in New Zealand, considered the differ-
ences in the prevalence of diabetes among the world’s various ethnic populations
from this perspective®®. The focus of their analysis is the European population,
the one that, in analogy with Neel’s hypothesis, should be called the ‘non-thrifty
genotype’. The authors point out that the focus of most thinking has been on how
the non-European population’s predisposition was selected to continue, instead
of on what made the Europeans’ low sensitivity for type 2 diabetes get selected.
Thus, in mainstream research, Europeans are considered the norm rather than the
exception.

In addition to pointing out that the Europeans’ ‘non-thrifty genotype’ is notewor-
thy, Allen and Cheer also developed an explanatory model for this phenomenon.
They dismissed famine as a selection factor, and therefore they had to find a new
mechanism. The idea that the deviation could have developed by pure chance and
then be spread throughout Europe via a genetic bottleneck is not very probable. A
more credible idea is that high insulin sensitivity brought with it metabolic advan-
tages in a new ecological niche. It is difficul to see any advantage during the period
when wild game hunters lived in a subarctic climate, since the selective pressure
probably would have fostered insulin resistance at least equally as much as during
evolution on Africa’s savannahs,

In their search for relevant environmental factors, Allen and Cheer decided to
look into cow’s milk. They noted a negative, international correlation between
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Figure 4.20 The prevalence of diabetes (%, log transformed) in relation to the percentage of
persistent lactase activity in various populations. The latter may represent the length of time
that dairy products have been a staple food. African populations have been excluded due to
limited influence of Western food. (Modified from Reference 39.)

the percentage of adults with persistent lactase activity (lactose tolerance) and the
prevalence of type 2 diabetes. In Europe, lactose tolerance is the dominant variant,
particularly in the northern part of the continent. However, in populations of a
non-European background, lactose intolerance is the norm.

Type 2 diabetes therefore appeared to be most common in populations with a
high percentage of lactose-intolerant persons and vice versa. In a slightly modified
analysis of Allen and Cheer’s material, I excluded African populations (since many
people there do not afford a modern lifestyle), and took the logarithm of diabetes
prevalence to achieve a normal distribution (Figure 4.20). The international vari-
ation of lactose tolerance then explains as much as 52% of the variation in the
prevalence of diabetes. Such a strong correlation clearly cannot be dismissed.

The hypothesis about the ‘non-thrifty genotype’ postulates that when the early
cattle herders could survive the winters in Europe’s barren ecological niche, thanks
to their ability to digest lactose as adults, it was at the expense of diabetes, due
to the strong insulin response to milk****%¢. Natural selection would then favour
high insulin sensitivity. In a surplus society, this high degree of sensitivity provides
a certain protection against a calorie-rich diet and low physical activity.

The hypothesis is supported by several animal studies suggesting that milk causes
insulin resistance, lipotoxicity and glucose intolerance, as discussed below and in
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Section 4.4. On the other hand, a cohort study of overweight persons in the USA
found that the intake of dairy products was negatively associated with insulin
sensitivity'*%®. Confounding factors cannot be ruled out, such that people who
drink milk rather than soft drinks may have a healthier lifestyle. Nevertheless, it is
plausible that non-milk beverages are in some aspects worse and that milk can have
a preventive effect in populations with poor eating habits such as the Americans. It
should be noted that all of the theoretically beneficial components that the authors
discuss'4%® can be obtained from a Palaeolithic diet, which suggests that no benefit
can be expected if milk is added to such a diet.

Allen and Cheer’s hypothesis is the first serious attempt to explain what promoted
a relatively high insulin sensitivity among Europeans. Explanations based on the
‘thrifty genotype” hypothesis are contradicted by the absence of diabetes and insulin
resistance among non-Western populations with regular food surplus. It is also
highly doubtful whether decreased rates of famine in the last centuries is a sufficient
selection factor behind the variable tendency for diabetes between different ethnic
groups, as has been suggested*!*. The effects on fertility and survival are simply
too small??049,

The thrifty phenotype

There are other attempts to explain man’s general tendency for insulin resistance or
to explain the ethnic differences. One of them, the ‘thrifty-phenotype’ hypothesis,
is based on the finding in many studies that persons with a low birth weight have
an increased risk for insulin resistance as adults®®*. A possible mechanism is foetal
malnutrition: animal experiments suggest that a protein intake that is too low
during pregnancy may be an explanation’3¢, One study indicates that a low intake
of the amino acid taurine during pregnancy can be a cause’*®. Taurine is supplied
primarily from meat and fish and is missing from most vegetables, which is why
vegans have an extremely low intake!’?®. Although fetal programming may be
somewhat relevant, it is probably not a major cause of insulin resistance or the
metabolic syndrome®”.

Associated abnormalities

The relatively low insulin sensitivity which characterises most people in the Western
world, compared to traditional populations, starts to develop early in life, in parallel
with the development of abdominal fat accumulation, increased blood pressure and
atherosclerosis! 63916601715 \When the body’s organs and tissues become insulin
resistant, the release of insulin from the pancreas increases, which is reflected in
higher insulin levels in the blood, in particular after carbohydrate-rich meals. This
compensatory hyperinsulinaemia allows a normal level of glucose tolerance to be
maintained for long periods of time. However, one or several of the anomalies in
Box 4.2 are usually already initiated, although insulin resistance is not a proven
cause of any of them.
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Box 4.2 Anomalies linked to insulin resistance.

Diabetes type 2

Metabolic syndrome

Lipotoxicity (ectopic fat deposition)
Fatty liver

Cardiovascular disease
Atherosclerosis

Gout

Obstructive sleep apnoea syndrome

Enhanced tissue growth
Increased stature
Early puberty
Acne

Benign prostatic hyperplasia

Cancer

Infertility

Kidney failure

Diabetes type 2 (see also Section 4.4)

A commonly held view is that insulin resistance plays a causal role in the early
development of type 2 diabetes®®?. Most persons at risk of type 2 diabetes are
mnsulin resistant and overweight or obese with an increased waistline and the same
is true for people with glucose intolerance or other components of the metabolic
syndrome. Resistance to the insulin-mediated transport of glucose from the outside
to the inside of cells (glucometabolic insulin resistance) is counterbalanced by high
levels of insulin circulating in the blood (hyperinsulinaemia}. When the f-cells
of the pancreas after some time (years-decades) fail to produce enough insulin,
type 2 diabetes is thought to develop, and the abnormally high insulin levels drop
to normal or low levels, because of inability to meet the requirements, and as a
consequence blood glucose increases.

However, the significance of insulin resistance as the fundamental driving process
in type 2 diabetes is not confirmed®?. Some studies in humans suggest that the early
stages of glucose intolerance are associated with disturbances in (3-cell function
(and modest insulin resistance), while more marked insulin resistance is seen in
later stages!®**. Although various strains of genetically modified mice which lack
specific insulin receptors can become insulin resistant, they do not develop diabetes,
sometimes not even glucose intolerance??’.

Metabolic syndrome

Abdominal obesity, high blood pressure, impaired glucose tolerance, high triglyc-
erides and low HDL cholesterol occur so often together that they are collectively
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called the metabolic syndrome {also called syndrome X or the insulin resistance syn-
drome)?¢%1997 Tn this book, each of these four conditions has their own sections
(4.4,4.5,4.7 and 4.8).

Lipotoxicity (ectopic fat deposition)

In recent years, the deposition of fat in the wrong places (heart, liver, pancreas,
skeletal muscle, arteries, etc.) has been intensely discussed in connection with, or as
a cause of, insulin resistance and potential organ damage!'?30:1229,1428,1754,1840 " A g
long as the excess fat is stored in the fat cells (adipocytes), it does not appear to cause
any great damage. Even within other types of cells there is normally a small number
of triglycerides that act as a fuel reserve in addition to other functions®®?. These
triglycerides are located in lipid droplets in the cytoplasm, the fluid inside the cells.
But in the case of lipotoxicity, an abnormally high concentration of triglycerides
in these cells is thought to result in the formation of potentially harmful fatey acid
derivatives and accelerated cell death (apoptosis).

Hypothetically, lipotoxicity in skeletal muscle and liver is the prime cause of
whole-body insulin resistance, while lipotoxicity in the liver, heart, arterial walls
and kidneys may cause specific failure of these organs'83%1%17 Another possible con-
sequence could be osteoporosis, although this has been much less discussed?!»'381,

The satiety hormone leptin apparently plays a central role in lipotoxicity. Leptin
is produced in fat cells and has been shown to suppress appetite and also stimulate
energy expenditure, leading to weight loss!#4%-2993 The absolute level of leptin
in Sweden is just over 3 times as high as on Kitava, which corresponds to the
anticipated level based on their low BMI'%43. Hence, it is not a lack of leptin that
makes Westerners overweight with increased waistlines, instead leptin increases
alongside with being overweight. It has been suggested that leptin increases to
protect the heart, pancreas, liver and other internal organs from the lipotoxicity of
lipid overload during times of caloric excess'8*!. If this is correct, the low leptin
levels on Kitava, where food is always abundant, potentially reflect a more finely
tuned protective mechanism.

Roger Unger, the US scientist who coined the term lipotoxicity, has proposed
that insulin resistance is a secondary phenomenon that protects against the double
burden of fat and glucose overload inside the cells of various organs, including
the insulin-producing B-cells'®*8. Along similar lines of thinking, leptin has been

suggested to prevent atherosclerosis’>*%2%1975  although the opposite has also been
claimed!4%293.1759

Fatty liver (liver steatosis)

In the old days, when patients were diagnosed with fatty liver, the doctors usu-
ally suspected alcohol in excess. Today, the Western lifestyle is considered a prime
cause. In people who do not regularly drink an excess of alcohol, ectopic fat de-
position in liver cells is now called non-alcoholic fatty liver disease (NAFLD). The
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afflicted cells are the hepatocytes, the liver cells that are responsible for nutrient
processing, carbohydrate storage (in the form of glycogen) and neutralisation of
harmful substances, among other things. The prevalence of NAFLD is approxi-
mately 20% in the general population and 75% in obese people!'$*2. Even in obese
children the condition is rather common'*'3. In dairy cows, 40-50% have fatty
liver in the first four weeks after calving'®’.

Although fartty liver typically does not seem to impair liver function in humans,
NAFLD is today the most common cause of increases in liver enzymes and a
common cause of concern for patients and physicians. On liver biopsy, there is
sometimes inflammation and signs of hepatocyte injury, and then the condition
is termed non-alcoholic steatohepatitis. The most advanced and serious stages are
fibrosis and cirrhosis.

When symptoms are present, fatigue is a common feature of NAFLD2%4. Vir-
tually everyone with NAFLD is characterised by insulin resistance, but it is not
established which of the two is the cause and which is the effect, or if they are both
caused by something else”4!>1842,

Cardiovascular disease

Insulin resistant people are at increased risk of cardiovascular diseases, such as
ischaemic heart disease, stroke and heart failure®2%:893:1024 The suggested mecha-
nisms include well established factors such as high blood pressure, impaired glucose
tolerance and dyslipidaemia, but also reduced fibrinolysis®*'*, endothelial dysfunc-
tion®’, atherosclerosis’®®789 and, again, lipotoxicity'3%6.

Atherosclerosis

Hyperinsulinaemia and insulin resistance have long been suspected of causing
atherosclerosis!®®78%:1731 The hypothesis of lipotoxicity is highly relevant to the
atherosclerotic process, which is characterised by lipid overload of macrophages in
the arterial wall (see Section 4.3). Another decisive feature in the development of
atherosclerosis is excessive cell growth, a phenomenon that is discussed below in
assoclation with insulin resistance. Down-regulation of retinoid receptors and other
nucleus receptors are only some of the many plausible mechanisms with regard to
atherosclerosis®=%1770 " Activating the retinoid receptors retards the development
of atherosclerosis among genetically modified mice with a lack of apolipoprotein
E30L

Gout

The most common form of gout results from the deposition of urate crystals in
single joints. The risk of gout increases with a high serum urate level, which is
often due to insulin resistance!”®”. Individuals with the metabolic syndrome are
clearly overrepresented, and the serum urate correlates with waist circumference,



Modern diseases: Insulin resistance 143

weight, blood sugar, serum insulin, blood pressure and blood lipids among West-
ernersl98:300,1932

On Kitava, urate levels were not significantly lower than in Sweden, but they did
not increase with age as they do in Western populations!®*’. Similar comparative
studies of traditional populations have not been published, but an uncontrolled
study of hunter-gatherers in Namibia suggests that they had considerably lower
levels than Westerners!8!”. In the Tokelau Island Migrant Study, Micronesians had
an increased occurrence of gout and higher urate values after migration to New
Zealand %32,

Elevated urate levels have proven to be a risk factor for myocardial infarction
in some studies, but it is unclear if this remains the case after adjusting for other
risk factors®081196.1501,1902 1t is pnossible that the rise in urate is secondary to other
disturbances, and it has been suggested that urate actually has a beneficial antiox-
idative effect!35:11641333,1905 '\which could prevent the oxidation of LDL and thereby
atherosclerosis. High levels of uric acid are possibly more harmful for people with
established ischaemic heart disease than for healthy people!".

Obstructive sleep apnoea syndrome

Obstructive sleep apnoea (arrested breathing due to unstable upper respiratory
passageways) is considerably more common among patients with insulin resistance,
possibly even in the absence of overweight’?®. The condition is associated with an
increased risk for ischaemic heart disease, stroke, heart failure and hypertension!!!”.
The first two cases in Papua New Guinea, both among patients with hypertension,
were described in 1990116,

Enbanced tissue growth

There is considerable evidence to suggest that disturbances associated with hyper-
insulinaemia and/or insulin resistance can affect several different types of tissues
and organs in the form of excessive growth, and thar high insulin levels contribute
to this*3°. This has bearing not only on cancer, an evident case of enhanced tissue
growth, but also on myopia, acne and increased body stature, as outlined by Loren
Cordain at Colorado State University?33:334-337,

Insulin inhibits the synthesis of one of the proteins that binds to insulin-like
growth factor-1 (IGF-1), insulin-like growth factor binding protein-3 (IGFBP-
3)%0:552,1270 This results in more free IGF-1 being available to exert its mitogenic
effects, i.e. to stimulate cell division (mitosis) and cell growth in different body tis-
sues. This effect is partly direct®'®, and partly indirect through the down-regulation
(reduced occurrence or activity) of retinoid receptors in the cell nucleus’?>1066,
These retinoid receptors normally inhibit cell growth when activated by natural or
synthetic retinoids, and medication with this effect is used in the treatment of ma-
lignant diseases, primarily certain types of leukaemia and breast cancer!#3%1760:1778
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In this way, hyperinsulinaemia may potentially contribute to unregulared cell
growth. The mechanisms in question may hypothetically be involved in such varied
conditions as increased body size, early puberty, acne, nearsightedness and certain
forms of cancer. Although the relationships are complex and open for debate, they
seem to open up a new chapter in our understanding of how Western lifestyles
influence modern, human health problems. On top of that, genetic factors are
significant in terms of which tissues are affected in a particular individual.

Increased stature

The above reasoning can be applied to body height (see Figure 4.22). It is well
known that free IGF-1 stimulates the growth rate during puberty®®”, and that
high levels of IGF-1 are associated with increased stature while low levels are
associated with reduced body height!*?*. Treatment with IGF-1 results in increased
height?32. Blocking retinoid receptors in the growth zones of the long bones causes
increased body length in rats®®®. Since hyperinsulinaemia has important effects on
key mechanisms in growth regulation, insulin resistance is expected to contribute
to increased body height.

Young Swedish men not only are increasing in weight but are also becoming
taller (Figure 4.21) (www.pliktverket.se}. During the 1980s, the increase in body
height seemed to level off, but since then it has gradually continued to rise in
Sweden. Unfortunately, after 2000 the data are not reliable since height is no
longer measured in all Swedish men. In other northern European countries, the
increase in height that has been present during the twentieth century is thought, by
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Figure 4.21 Body height (black) and BMI (grey) of 18-year-old Swedish male conscripts
between 1962 and 2000. The increase in height from 1880 to 2000 is highly statistically
significant (P = 0.0006). (Adapted from www.pliktverket.se.)
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Figure 4.22 Estimated body height of adult European men in the time period 150-1650
(Adapted from Reference 935), and in Sweden in 1840-2000 (Adapted from
www.pliktverket.se).

some researchers, to have levelled off around 1980-1990, but there is limited data
after 1990 to support or refute that notion.

Previously, secular trends of increased body height in the twentieth century have
been attributed exclusively to improved nutrition, in particular increased protein
intake and less famine®%!*!7 This was called into question already in the 1960s
by Ziegler, who showed that the increase in the population’s height in England,
Japan, Holland, Sweden, Norway, Denmark, USA and New Zealand was strongly
correlated to increased sucrose consumption, but not to protein intake2/05:2006,
Even observations among Canadian Eskimos point in the same direction. For a
30-year period (1938-1968), body height increased by 4.6 ¢cm among men and
2.9 cm among women, while the onset of puberty moved down 2.0 years. During
the same period, there was a sevenfold increase in sucrose consumption, while pro-
tein intake diminished by 60%!%%7. Today, it is generally acknowledged that the
growth in height is inhibited only by a protein consumption that is far below what
is common in the Western world*!7-*%. The importance of protein consumption
for the rate of growth is often overestimated in the general discussion. Therefore,
the fact that cow’s milk promotes growth in body height among today’s Western
children'80-7601010.1942 probably cannot be attributed to optimised protein con-
sumption. Instead, the findings add to the notion that milk is a cause of insulin
resistance and/or that milk-derived peprides have endocrine-disrupting properties.

Thus, there is evidence that milk proteins enhance linear growth in humans,
partly through the stimulation of IGF-1, and even in situations where nutrient
intake is adequate”®% 13161942 This could, to a large extent, explain the tall stature of
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northern Europeans as well as the secular trend for increasing height in populations
with increasing intake of dairy products. In 1966, Takahashi suggested that milk
was the most effective way to increase the height of the Japanese population'’s”.
Preliminary data from a Danish research group suggest that casein has a stronger
IGF-1-stimulating effect than does whey”®®. Another study from the same group
found that high intakes of skimmed milk, but not meat, increased serum IGF-I and
IGFBP-3 in 8-year-old boys”®?.

It is primarily the size of the lower extremities that begins to grow in populations
that switch to Western dietary habits, while their seated height remains almost the
same!”®?. Today’s young Japanese have the same relationship between leg length
and body height as Europeans, as opposed to Africans who have relatively long
legs.

A partial cause of increased adult stature is enhanced foetal growth. In a Turkish
study of 60 unusually large (heavy and tall) infants, serum levels of IGF-1 and
leptin were considerably increased, compared to infants of normal birth size®.
Since leptin apparently stimulates chondrocytes of skeletal growth centres!'*¢, the
high circulating leptin levels in Westerners may contribute to their increased stature.
In addition, the intima-media part of the carotid artery was considerably thicker,
as a sign of early atherosclerosis.

Pigs grow fast and become big, fat —and long — if they are fed today’s concentrated
feeds. One of the potential reasons is the increased insulin resistance, but the
question has not been sufficiently investigated yet!!””. In our own experiments,
pigs that were fed a grain-free Palaeolithic diet became shorter and thinner than
pigs raised on traditional feed®*5.

These observations shed new light on the short stature of traditional populations
such as the Kitavans, Trobriand Islands, Papua New Guinea (Table 4.8). It is
obviously a mistake to regard this as a sign that their diet is not optimal. The diet
on Kitava is rich and varied, and with sufficient protein '%°. A more probable
interpretation is that Westerners are abnormally tall. If you want your children to
become basketball-players, raise them on Western food. Or, contrariwise, if they

Table 4.8 Height (cm, mean + standard deviation) in Kitava, Papua New
Guinea, and Sweden in different age groups''®.

Height (cm)
Age (years) Kitava Sweden
Males
20-39 162 £ 6 180 £ 6
40-59 161 £ 5 178 £ 6
60-86 161+ 5 175+ 6
Females
20-39 150 £ 5 168 =6
40-59 150 £ 5 163+ 6

60-86 150 £ 4 163 £6
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thrive on a Palaeolithic-like diet, don’t worry about their physical health if they are
slightly shorter than their classmates.

Early puberty

The connection between insulin resistance and enhanced tissue growth is also rel-
evant for the timing of puberty”3%. In Western Europe, mean age at menarche has
decreased from 1920 and onward, while at the same time stature has increased?*¢.
Young people with elevated levels of insulin and free IGF-1 reach sexual maturity
at a younger age than other young people’%180%:1966 " and supplying IGF-1 also
accelerates puberty in rhesus monkeys!®!. In addition, the increase in leptin levels
that accompanies overweight and abdominal obesity is predictive of early puberty
in both sexes!'®??.

Early-onset puberty, like insulin resistance, is particularly common among eth-
nic minorities of non-European origin!*®1882 " further emphasising their apparent
increased vulnerability to the Western lifestyle. In a Swedish study of 107 adopted
girls of Asian Indian origin, the median age of their first menstruation was 11.6
years, compared with the Swedish average of approximately 13 years'**®. Five of
the girls started menstruating before the age of 9 years, the youngest being 7.3 years.

Among hunter-gatherers and traditional horticulturalists, the average age of first
menstruation is 15 years or slightly more!?®®. This figure is also valid for the
Trobriand Islands (W. Schiefenhovel, unpublished data), where food is rich and
abundant. Hence, inadequate nutrition is no plausible explanation for the late
occurrence of first menstruation in traditional people. Instead, we should shift
focus and increase our knowledge of the apparent relationships between Western
lifestyles, endocrine disruption and early puberty.

Myopia

Another condition with excessive tissue growth that is mediated by retinoid recep-
tors is myopia (nearsightedness), a disease that is due to the eye growing too long,
resulting in the focus point of the image landing too far in front of the retina. In
2002, Loren Cordain proposed the idea of a causal connection between insulin
resistance and myopia33*,

The prevalence in modern society varies between 13% and a staggering 90%, and
most studies point to an increase in many countries' 81317061868 ' A mong roughly
1000 children studied in Gothenburg at the age of 12-13 years, 50% were myopic
(=0.5 D, ie. at least 0.5 diopters negative refraction error. In total, 23% were
considered in need of glasses (>—0.75 D). In contrast, a study of Danish conscripts
found a decreasing prevalence, from 14.5% in 1964 to 12.8% in 2004515

Although myopia clearly depends on genetic factors, these are obviously in-
sufficient to act as the sole cause for such widespread presence among the
earth’s different ethnic populations?®. During human evolution, clear distance
vision was highly required for escape from predators, location of food and socjal
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interaction'?%°. Any gene or genes capable of eliciting myopia without the ad-

ditional help of environmental factors would be rapidly eliminated by natural
selection. In addition, reduced selection pressure due to glasses has existed for a
negligible number of years.

A prevalence of myopia of 0-2% has been recorded in several studies of hunter-
gatherers’48:1674:1863,1991 “ A host of other studies have documented an explosive
increase after transitioning to a Western lifestyle334. Non-European ethnic groups
seem to be at increased risk for myopia®’172 in parallel to a higher degree of
insulin resistance®¢%351:607,628.864,

Myopia does not appear to affect other free-ranging mammals®318%5, In contrast,
the disease is not entirely uncommon among today’s domesticated dogs, and an
often-afflicted breed is the Labrador Retriever!?®2, which also seems to have a
high tendency for becoming overweight'”*¢ and developing atherosclerosis'®’? and
diabetes?”2.

Much evidence suggests that reading at close range during childhood can be
a partial cause of myopia'?¢'. This creates a fuzzy image on the retina (form
deprivation), which signals the sclera to grow in an attempt to correct the eyeball’s
size in relation to the image. Form deprivation in animal experiments has also
been shown to lead to myopia!325-147418U " and it is probably the same case for
humans'?"7,

However, there are examples of urbanised, illiterate populations with a very high
prevalence of myopia and, conversely, non-urbanised ethnic groups who despite an
8-hour school day, have a very low prevalence®**. The fact that domestic dogs are
affected also indicates that form deprivation is not the only environmental factor.

The chemical messengers that translate the retina’s image onto the appropriate
growth of the sclera, have proven to be locally synthesised retinoids in the retina and
scleral’»121 Based on the above-mentioned reasons (see Enhanced tissue growth),
hyperinsulinaemia may hypothetically lead to reduced activity in the eyes’ retinoid
receptors, which intensifies the growth of the sclera. Additional support for this
relationship is that myopia has been associated with increased stature and earlier
puberty in most studies?3203.1344,1584,1773,

Gardiner observed some of these connections in the 1950s°%’, and he suspected
that modern dietary habits, including highly refined carbohydrates and a low intake
of ‘animal’ protein, could contribute to both myopia and accelerated growth¢%:56%,
In a 1-year controlled study with dietary modification, which included increased
‘animal’ protein consumption, he noted a slowed progress of myopia, compared
with a control group that did not receive any recommendation regarding dietary
changes’”°. Gardiner suspected milk protein to be beneficial, but he did not clearly
distinguish between protein from milk and meat. A subsequent trial also found
slowed progression of myopia by increased intake of protein and reduced intake
of carbohydrate!**!. In animal trials, refraction changes in the direction of myopia
appeared with a diet rich in sucrose and low in protein, which was shown 1n
rabbits’”! and rats''4.

In summary, these studies indicate that a diet that worsens insulin sensitivity can

contribute to myopia.

567
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Acne

Loren Cordain has also unravelled the likely relationship between hyperinsuli-
naemia and acne (acne vulgaris)®*’, a condition which afflicts more than 80%
of Westerners'®?". The disease is caused by excessive production of sebum which
collects and forms blackheads (comedones) and, in more advanced forms, inflam-
mation'’8!, It is well known that stimulating the retinoid receptors counteracts this
process, a principle that is used in local treatment with tretinoin in skin creams
or oral treatment with isotretinoin (13-cis-retinoic acid). In addition, hyperinsuli-
naemia contributes to high level of the male sex hormone, which in turn accelerates
growth of sebaceous follicle via IGF-18%¢, Therefore, it is appropriate to assume
that insulin resistance can be a contributing factor for acne by inhibiting the body’s
ability to limit follicular cell proliferation.

There is additional support for the hypothesis in that IGF-1 treatment creates
acne as a side effect®2) as well as the fact that adult women with acne are often
insulin resistant and have elevated levels of IGF-125:26, The male sex hormone raises
the concentration of IGF-1734, and anabolic steroids cause acne through increased
sebum production!6%.

In sharp contrast to Western countries, we found acne to be non-existent on
Kitava or among the Aché, hunter-gatherers in Paraguay®*’ (Figure 4.23). On
Kitava, 1200 individuals were examined, of which 300 were between the ages of 15
and 25, while the Aché population was made up of 115 individuals and a few young
people. Even if our methods do not permit exact comparisons, we are certain that
acne is remarkably less common than in Western populations. Sporadic information
from other traditional populations points in the same direction!3*9471383,1588,1720

The earlier view among dermatologists, that diet has no or little influence on
acne, may need to be reconsidered, and it appears logical to test the hypothesis
with a Palaeolithic diet.

Benign prostatic hyperplasia

The Swedish urologist, Jan Hammarsten, noticed early on that abdominal obesity
and diabetes were more common among men with benign enlargement of the
prostate gland (prostatic hyperplasia) than in other men®’. The association has
since been confirmed in systematic studies, which have shown that both the size
of the gland as well as its growth rates correlate to several variables within the
metabolic syndrome (including serum insulin)®**®% Tt is also known that retinoid
receptors regulate the growth of the prostate gland®**, which suggests that insulin
resistance can exert an effect by down-regulating these receptors according to the
guidelines given above. -1 receptor blockers, such as doxazosin, not only stop
further enlargement of the prostate, but also improve insulin sensitivity and reduce
blood pressure, which points in the same direction®.

Barss observed one case of acute urinary retention (obstructed urination) on
Kiriwina, Trobrianc Islands, around 1980'2'. The man refused treatment, why the
cause could not be determined. His relatives revealed to Barss that they knew of
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Figure 4.23 A 16-year-old Kitavan girl without any sign of acne, just like all other examined
inhabitants. (Photo courtesy of Géran Burenhult.)

up to nine other men who died from acute urinary obstruction, but this is not
consistent with Jiptner’s, Schiefenhovel’s or my experience. If the information is
correct, one conceivable cause is the so-called ‘rebound phenomenon’ after long-
term use of areca nuts (in betel chewing), whose alkaloid arecolin has a well-known
parasympathomimetic effect®0% 1395,

In other areas of Milne Bay Province (the province to which the Trobriand
Islands belong), Barss noted a high prevalence of prostatic hyperplasia, where the
patients often presented with urinary retention!?!. Prostate cancer was, however,
uncommon in these areas. He did not address lifestyle factors, but it is well known
that large sections of the area’s population changed their eating habits in a more
Western direction.

Benign enlargement of the prostate gland is very common in domestic dogs,

in particular in those who are overweight, and the process often begins early in
Jife87-160,216
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Cancer

Cancers of the breast, prostate and colon/rectum, the most common forms of
cancer in developed societies, are widely suspected to be linked to insulin resis-
tance®$81496.1805 " This could explain the high degree of worldwide covariation
between these three forms of cancer'?®. One of the suggested mechanisms is dis-
ruption of the insulin-IGF axis'**%. A high plasma concentration of IGF-1 is a
strong risk factor for prostate cancer in Sweden!?%4, Greece''**, USA and China?®’.
Women who reach their maximum height before 12 years of age have an increased
risk of breast cancer!%?’ and women who develop breast cancer before menopause
are taller than average and have an increased presence of acne as adults’#%1247,
Children who are treated with growth hormones potentially have an increased risk
for epithelial cell cancer later in life!”!, It is hoped that medications that activate
retinoid receptors can also treat epithelial cell cancer!435 17451974,

Other studies have confirmed, by way of additional mechanisms, the connec-
tion between insulin resistance and cancer of the breast®#?373.869,1729,1747,1901
prostate®*1824  colon/rectum?!3:626:820,1597.1805 and other organs!*2275.

Infertility

It is generally accepted that infertility can be caused by both obesity and insulin
resistance, and weight loss is an established treatment for obese women who fail
to become pregnant'?8313%3 It has even been discussed if obese women should be
denied medical treatment to improve ovulation rate and achieve pregnancy until
they have reduced their body weight192:1283,

Polycystic ovary syndrome (PCOS) is a very common cause of infertility
Many studies have shown reduced insulin sensitivity and high IGF-1 in PCOS, in
particular when overweight is present. Metformin, an anti-diabetic drug which im-
proves insulin sensitivity, is commonly used to treat PCOS*13, PCOS is associated
with obesity, the metabolic syndrome, gestational diabetes and various cardiovas-
cular risk factors*1342 Acne is often a dominant symptom in PCOS7, and over
the long term, there is a risk of developing cardiovascular disease**°. Both acne and
cardiovascular risk factors within the metabolic syndrome can be improved after
adjusting the diet or using medication in order to control hyperinsulinaemia!?%?.

Polycystic ovaries seem to be particularly common among non-European women,
even in the absence of overweight®3?, In a British survey, 110 of 212 (52%) ran-
domly selected women of Asian Indian descent had polycystic ovaries detectable
with ultrasonography!*?!. Among women of northern European origin, PCOS is
significantly less common, which, again, highlights the apparent ethnic differences
in resistance to the Western lifestyle.

Infertile women without PCOS, and infertile men, are more often overweight or
insulin resistant than individuals without disturbed reproduction'??. Impotence

in elderly men appears to be related to insulin resistance and the metabolic syn-
drome#16:706

1393
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Kidney failure

Chronic progressive kidney failure is prevalent in Western countries'"??. The most
common causes are high blood pressure and diabetes, and much evidence suggests
that even ‘normal” Western levels of blood pressure and glucose increase the risk %62,
Insulin resistance and lipotoxicity seem to be linked to chronic kidney failure, but
the exact mechanisms are not known!79%:182%.1917.1962 "There are probably several
different mechanisms involved, as illustrated by the various microscopic changes in
the tubules, glomeruli, arterioles and interstitial tissue of the kidney.

Relevant dietary factors

Conventional wisdom holds that the dietary factors that improve insulin sensitiv-
ity are largely the same factors that benefit the prevention and treatment of type
2 diabetes and overweight (see Sections 4.4 and 4.5)"1#%1489 However, the links
between diet and insulin sensitivity are largely unexplored and there is much uncer-
tainty about the role of individual dietary factors. In our mind, insulin resistance
is a rather straightforward condition, while in the laboratory it is quite elusive.
The gold standard laboratory method, the hyperinsulinaemic—euglycaemic clamp,
is time-consuming, costly, labour-intensive and artificial, and most studies have
used simpler methods (such as the HOMA-IR based on fasting glucose and insulin)
that are even less precise and may relate to other metabolic events.

Although studies of glucose tolerance do not automatically translate into insulin
sensitivity, the preventive dietary factors that are discussed in Section 4.4, all need to
be considered. Long-term calorie restriction apparently leads to exceptionally high
insulin sensitivity in humans and monkeys*?>1%. Generally, a reduced waistline
also results in improved insulin sensitivity!*8°, and calorie restriction is apparently
the most evidence-based method to achieve this (see Section 4.5). In our short-term
trial of a Palaeolithic diet in people with ischaemic heart disease and high blood
sugar, we found insulin sensitivity to improve slightly more on a Palacolithic diet,
compared to a Mediterranean-like traditional diet, but this was fully explained
by the larger waist loss in the Palaeolithic group!®?. There was no relationship
between change in glucose tolerance and change in insulin response to ingested
glucose, although this could partly be due to a low precision in our methods of
assessing insulin sensitivity.

The isolated impact of total fat intake and dietary fat quality on insulin sensitivity
has not been determined. In a large number of experiments in rats and mice, high-fat
diets have consistently resulted in insulin resistance?*:*7¢. In dogs, even a moderate
increase in dietary fat (at fixed caloric intake) has caused abdominal obesity and
insulin resistance’®”. However, the lack of standardisation with respect to other
dietary factors (e.g. grains and milk proteins) makes it premature to state that
a high-fat diet is sufficient to cause insulin resistance. With regard to dietary fat
quality, there is some support for a beneficial effect in humans from substituting
saturated fat with monounsaturated 3¢ or polyunsaturated fat'’**, although other
dietary factors have not been fully controlled for.
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In recent years, the notion that a high glycaemic load causes insulin resistance has
been intensively discussed, but there is surprisingly little support from published
studies to date. The longest intervention trial actually found an improved insulin
sensitivity with a high-glycaemic index, low-fibre diet in healthy young men®®.
Other studies have shown mixed results but do not indicate a major role of di-
etary carbohydrate (glycaemic index or glycaemic load) in the causation of insulin
resistance162,455,913,1035,1173,1480,1628,1960

As already mentioned, the excess accumulation of fat inside the cells of various
organs is now increasingly regarded as part of the insulin resistance syndrome,
even in the absence of overweight. The best diet to avoid this problem is not known
but calorie restriction and a narrow waistline can always be recommended. One
study compared a very low-fat (16 E% fat) diet with a high-fat (56 E% fat} diet
and changes in liver fat accumulation (fatty liver) using proton spectroscopy in 10
women with obesity'”?”. During 2 weeks, liver fat decreased by 20 + 9% during
the low-fat diet and increased by 35 + 21% during the high-fat diet (p = 0.042
for difference between the groups). Fasting serum insulin decreased in the low-fat
group and increased in the high-fat group (p = 0.005 for group difference). Dietary
fat was mainly reduced in exchange for carbohydrate, but differences in food choice
were not reported. A similar but non-controlled trial in 13 subjects, with mean BMI
33, who lost 6 kg of total weight and 4 cm of waist circumference on a low-fat
(25 E%) diet found significant decrease of intracellular liver fat!¥%0,

In contrast, another non-controlled study of 10 healthy volunteers found reduc-
tions in liver fat during 10 days of carbohydrate restriction”’#”. All subjects lost
weight, but this was not correlated with liver fat loss. In mice, a methionine- and
choline-deficient diet causes fatty liver irrespective of the amount of fat (5% com-
pared with 20%), but this animal model may not be representative for humans”?®.

Dietary fructose (at very high levels) causes insulin resistance in animal exper-
iments, but available evidence suggests that fruits are safe, in particular for hu-
mans*?”. One short-term study in healthy men (age 33 & 3 years, BMI 27 + 1)
suggests that not even sucrose (table sugar), which is made up of fructose and glu-
cose, would suffice to cause insulin resistance as long as calories are not consumed
in excess'®!,

The effect of cow’s milk on insulin sensitivity is complex. Two components of
milk have been shown to contribute to insulin resistance in animal experiments:
lactose in calves’””"7%1375 and casein in rats®”7*31898 The expected culprit in
lactose would be galactose rather than glucose, and a proposed mechanism is based
on the fact that insulin increases extra-hepatic uptake of galactose in competition
with glucose without stimulating insulin release!®'®. In humans, when galactose
is absorbed together with glucose (as ingested monosaccharides or from digested
lactose), the serum galactose response is depressed whereas serum glucose and
insulin levels are raised. Another possible mechanism related to lactose could be
galactosylation of glucose transporters at the cell membranes leading to insulin
resistance’*6-199¢

The metabolic effects of casein and other types of protein have been compared
in a series of experiments in rats fed high-fat diets®. Three groups received a
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high-fat diet and a fourth group received a low-fat diet. All of them received normal
grain-based rat feed (chow). The fat-rich diet caused insulin resistance if, and only
if, it was combined with casein or soya protein, but not in combination with fish
protein. There was no difference in weight gain among the different groups. One
might suspect that meat protein would have produced the same results as with fish
protein, since rats are omnivores' 92, but this has not been studied. A human 4-week
trial found that a cod protein diet improved insulin sensitivity and -cell function,
as measured by the hyperinsulinaemic—euglycaemic clamp, compared with a diet
containing lean beef, pork, veal, eggs, milk and milk products, with no specification
of the proportion of milk or meat proteins!3¢S.

Another aspect of casein and insulin sensitivity relates to 3-casomorphin-7, a
peptide derived from f-casein Al. This peptide is an agonist to the p-opiod receptor,
meaning that it binds to the receptor and activates it!””7. Such activation is thought
to result in insulin resistance by way of cross-talk between the p-opioid receptor
and the insulin receptor signalling cascade’®™1927, It has been proposed that the
much higher prevalence of type 2 diabetes in African Americans than in US whites
is partly caused by different molecular variants (single nucleotide polymorphisms,
SNPs) of the p-opioid receptor’®!.

Dietary protein stimulates the release of insulin, and milk protein is no ex-
ception!3®*. In particular, the whey fraction of milk contains the responsible pro-
tein(s)**$1397 Tt is not known if this affects long-term insulin sensitivity. The insulin
response to dietary protein is at least as high as with a corresponding amount of
carbohydrates, but glucagon, the hormone that raises blood glucose, also increases
which makes the net effect difficult to determine®!®"%4, In a 1-week study in chil-
dren, a high intake of milk, but not meat, resulted in markedly increased fasting
serum insulin and decreased insulin sensitivity calculated from fasting glucose and
insulin (HOMA-IR)”®!.

In some animal experiments, casein contributes to fat overload and lipotoxicity
in the liver, clearly suggesting that milk contributes to fatty liver’®'8* However, in
another study, rats fed a diet with 50% milk protein for 6 months did not develop
fat overload in liver or kidneys, while a control group fed 14% milk protein and
85% more corn starch and sucrose did develop such alterations”®”.

The role of cereals for insulin sensitivity is open to question and scarcely studied
from an evolutionary perspective. Cereals are a major source of starch in Western
societies but, although this causes hyperinsulinaemia, it may not be an important
cause of insulin resistance, as already discussed. Most studies focusing on cereals
have compared whole grains with more refined ones, while there is a paucity of
data on high versus low intakes of cereals. A controlled trial of whole grains found
no effect on insulin sensitivity as measured by the hyperinsulinaemic—euglycaemic
clamp test’2. A similar short-term study found that cereal fibre improved insulin
sensitivity!*13. This is in line with findings in epidemiological studies but, as usual
in such studies, the role of confounding factors is uncertain®''*2.

Gluten exorphins, opioid peptides derived from wheat gluten, stimulate the pan-
creatic release of insulin in rats and dogs, an effect which is inhibited by nalox-
one’¥31602 The relevance of this for insulin sensitivity is unknown.
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Possibly, other endocrine disrupting phytochemicals from grains (and beans) are
more significant. The concept of endocrine disruption, i.e. disturbance of hormonal
function by exogenous substances, is widely used among researchers of environmen-
tal toxicology. A large observational study found a very strong, gradual increase in
risk of type 2 diabetes with increasing serum concentration of endocrine-disrupting
persistent organic pollutants!®®*, The included pollutants dioxin and polychlori-
nated biphenyls are known to inhibit insulin action at the cellular level. It is also
entirely relevant to consider endocrine disruption for food-derived phytochemicals
which interfere with hormonal action, such as glycoproteins in wheat.

There are many indications that cereals and beans affect glucose metabolism by
means of their glycoproteins. The best studied of these is wheat lectin (WGA), a
highly stable substance which escapes digestion in the gastrointestinal tract!$4S.
Thus, it passes the gut barrier and enters the bloodstream intact'*!, and there-
after it binds to several hormone receptors including the insulin receptors and
other tyrosine kinase receptors (the IGF-1 and EGF receptors)'*°?. The binding of
wheat lectin to the insulin receptor is strong and long-lasting with high molecu-
lar efficiency, suggesting that it may hinder insulin to exert its effects for many
hourg333:334.705,1073,1459.1640,1641 Hence it is theoretically capable of causing insulin
resistance. Further, wheat lectin increases glycolysis {metabolic breakdown of glu-
cose)1?%6 as well as fat storage’**, but in contrast to insulin, which has the same
effects, it does not seem to stimulate protein synthesis'**?, which is relevant since
loss of muscle mass (sarcopenia) has been suggested to worsen insulin sensitiv-
ity*03. Rats that were fed Turkish beans (Phaseolus vulgaris) quickly lost 30% of
their skeletal muscle mass, which is thought to be an effect of its lectin, phaseolus
vulgaris agglutinin (PHA)!348.

Plant lectins including the wheat lectin bind to pancreatic islet cells'**”, and the
lectin from Agaricus bisporus (the common edible mushroom) stimulates calcium
uptake by, and insulin release from, rat islet cells. Intraperitoneal injection of
Robinia pseudoacacia lectin in mice produces hypoglycaemia for the first few hours,
followed by reactive hyperglycaemia. In this animal model, liver glycogen falls
and then rises in step with blood glucose, and skeletal muscle glycogen falls after
3 days***.

Insulin resistance refers to a low response to insulin-stimulated glucose uptake in
the cells, but not to other actions of insulin such as the formation of fat. It has been
proposed that insulin resistance is a protective mechanism that reduces lipotoxic
damage to non-adipose tissue by keeping glucose outside of the cells'®3¢. In that
perspective, the finding that wheat lectin stimulates not only the breakdown of
glucose, but also the formation of fat seems worrying!?%¢.

A number of additional dietary factors have been discussed in relation to insulin
resistance. Salt restriction paradoxically reduces insulin sensitivity in several studies,
in particular among salt sensitive men*3>-1198:1345,1416 “ Nany of the relationships
between sodium intake, insulin resistance, hypertension and cardiovascular disease
are complex, counterintuitive and confusing. A parallel paradox exists with regard
to the renin-angiotensin system, which can be described as ‘down-regulated” in
most Westerners, in sharp contrast to traditional populations like the Yanomamo

1439
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hunter-gatherers. They consume a small fraction of the sodium of Westerners, are
‘abnormally’ insulin sensitive and have exceptionally low blood pressure, suggesting
that an activated renin-angiotensin system is not always pathological47?.

In conclusion, available evidence tends to support the idea that an ancestral diet
is beneficial for long-term insulin sensitivity. Unfortunately, there is a paucity of
studies where physical activity and other lifestyle factors have been matched for.

Box 4.3 Insulin resistance

¢ Depends on lifestyle for its genetic expression

¢ Can have wide-ranging effects on health

¢ Is seen in the majority of Westerners at an early age

e Is less pronounced among northern Europeans

e Awaits a better explanation than the ‘thrifty genotype’ hypothesis

4.7 Hypertension:(high blood pressure)

The definitions of normal and high blood pressure are arbitrary and consequently
vary between different parts of the world. The classification that best matches the
perspective of evolutionary medicine is the one from the USA. In the Seventh Report
of the US Joint National Committee on the Prevention, Detection and Treatment
of High Blood Pressure (JNC 7), blood pressure needs to be lower than 120/80 mm
Hg in order to be classified as ‘normal’” (Table 4.9)2%° | while most other authorities
regard blood pressures below 140/90 as ‘normal’ {Table 4.10).

With regard to medication the most evidence-based guidelines are those of the
British Hypertension Society!**®, which are strictly based on randomised controlled
trials, whereas other guidelines are partly based on observational data. The British
guidelines do not recommend drug treatment for sustained systolic blood pressures
>160 mm Hg or sustained diastolic blood pressures > 100 mm Hg in the absence of
inner organ damage, cardiovascular disease or diabetes, unless there is an estimated
10 year risk of cardiovascular disease of >20% despite lifestyle advice.

The disadvantage of the US classification (Table 4.9) is that it tends to push
doctors to treat most Westerners with antihypertensive drugs even in blood pres-
sure categories for which proof of benefit from drug treatment is lacking. The
disadvantage of other classifications, such as that of the European Society of

Table 4.9 Classification of blood pressure levels for untreated US adults?®®.

Systolic blood Diastolic blood
Category pressure (mm Hg) pressure (mm Hg)
Normal <120 <80
Prehypertension 120-139 80-89
Stage 1 hypertension 140-159 90-99

Stage 2 hypertension >160 >100




Modern diseases: Hypertension 157

Table 4.10 Classification of blood pressure levels for untreated European adults'30,

Systolic blood Diastolic blood

Category pressure (mm Hg) pressure (mm Hg)
Optimal <120 <80
Normal <130 <85
High normal 130-139 85-89
Hypertension

Grade | (mild) 140-159 90-99

Grade Il (moderate) 160-179 100-109

Grade Il (severe) 180-209 110-119

Hypertension and the European Society of Cardiology (Table 4.10) is that they
conceal the increased risk with an average Western blood pressure, compared to a
low level. Possibly, it is difficult for many experts to accept the fact that the majority
of the population have an abnormally high blood pressure!?43.

This chapter deals with primary (essential) hypertension, the common form of
high blood pressure. Secondary hypertension, which is usually caused by endocrine
or renal disease, is not considered. When the heart pumps the blood along the blood
vessels, these dilate or contract in order to keep the pressure constant. For reasons
essentially unknown, the blood vessels tend to lose some of their flexibility with
advancing age, either because of structural wall changes or because the tiny muscles
inside the walls force them to contract. As a result, the heart must pump more
forcefully, thereby increasing the blood pressure. Sometimes this higher pressure
can damage smaller vessels (arterioles) of inner organs but usually the relationship
between hypertension and organ failure remains obscure. It is very difficult to
determine the impact of individual dietary factors (or other lifestyle factors). Most
studies only run for a short time, and structural changes in the blood vessels that
are significant for blood pressure often require months or years to develop (or to
diminish).

Prevalence studies

Among US adults (age > 18 years), the estimated prevalence of hypertension (sys-
tolic >140 and/or diastolic >90) in 2004 was 21.2% in whites, 29.2% in African
Americans, 19.6% in Hispanics or Latinos and 25.4% in American Indians or
Alaska Natives!*3!.

These figures are in sharp contrast with the situation among hunter-gatherers
and similar ethnic groups. Many studies have convincingly shown that hy-
pertension is very rare among such populations, and that the average blood
pressure is low compared to the Western world!18126:434.576,690,816,821,868,885,
1051,1086,1109,1132,1139,1350,1369,1453,1631,1634,1669,171 L1814,1818,1937  Taple 4.11 shows
average blood pressure in middle age among hunter-gatherers, traditional horti-
culturalists in Kitava, Trobriand Islands, and in Sweden.
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Table 4.11 Blood pressure at age 40-60 years among hunter-gatherers,
on Kitava and in Sweden (mm Hg, mean + standard deviation).

Population Men Women
Bushmen®@ 108/63 + 11/7 118/71 £ 13/6
Yanomamo 1350 104/65 + 8/8 102/63 + 14/12
Xingu'26 107/68 £ 20/11 102/66 £ 23/11
Kitava'0s! 113/71 £ 13/7 121/71 £ 16/8
Sweden 05! 134/92 + 15/10 126/86 + 16/11

In the Kitava study, we measured blood pressure in 272 people aged 4-861°51.

Compared to Westerners, the most marked difference was seen for diastolic blood
pressure that was low in all age groups, with an average of 70 mm Hg (Figures 4.24
and 4.25). Among adults, diastolic blood pressure did not increase with age, and all
the subjects examined who were over the age of 40 fell below the Swedish median.
In the same age group, 83% of men and 61% of women had diastolic pressure
below the 10th percentile in Sweden. The Swedes were made up of randomly
selected residents of the city of Soderhamn. Both populations were examined using
an identical methodology, with the subject sitting with the arm parallel to the
sternum, which makes the comparisons reliable!?5*!77¢, Systolic blood pressure
also differed, although less markedly, and there was significant overlap between
Kitava and Sweden (Figures 4.26 and 4.27). This overlap was most pronounced
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Figure 4.24 Diastolic blood pressure among males in Kitava, Trobriand Islands, Papua New
Guinea (black) and Sweden (grey).
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Figure 4.25 Diastolic blood pressure among females in Kitava (black) and Sweden (grey).

among women, where the Kitavans did not have lower blood pressure than the
Swedes until after the age of 60.

There is no doubt that high blood pressure is a disease of modern civilisation,
and that blood pressure does not rise in traditional populations before middle age.
However, the extent to which blood pressure rises after middle age in traditional
populations is not clear. On Kitava, after the age of 40, there was a significant
increase of systolic blood pressure among men (r = 0.12; P = 0.0005; n = 92) and
women (r = 0.12; P = 0.01; n = 46). On average, the systolic pressure among the
15 men who were over the age of 75 was 133 mm Hg (min 100, max 162). This
was significantly (P = 0.002) higher than among the 31 men who were between the
ages of 60 and 74, whose average blood pressure was 115 mm Hg (range 84-166).
No previous study of traditional populations had included so many different ages
as the Kitava study. In addition, the accuracy of our age estimates was unusually
high.

However, the findings from Kitava should be seen against a background where
the intake of salt and saturated fat was probably not entirely optimal. The estimated
sodium intake (primarily sea salt for cooking food) was 40-50 mmol/day, which is
higher than what was typical during evolution (see Chapter 3).

Effects of urbanisation

When aboriginal populations transitioned to a modern lifestyle, without any
known exceptions, their blood pressure rose and then displayed the same clear
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Figure 4.26 Systolic blood pressure among males in Kitava (black) and Sweden (grey).
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Figure 4.27 Systolic blood pressure among females in Kitava (black) and Sweden (grey).
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relation to age as among Westerners?2#4352:457,472,521,576.690,816,885,1086,1108,1220,
1271,1437,1453,1632,1770,1795,1814,1890,2010,20 12

In a migrant study in Kenya, two groups of ethnic Africans were followed for two
years'4371438  One had moved to the city while the other remained in the original
environment. A gradual increase in blood pressure was noted in all of the migrants,
where the entire normal distribution curve shifted upwards, but not among the non-
migrants. Hence, almost everyone in this group eventually developed a higher blood
pressure than if they had maintained their original lifestyle. This can be interpreted
to mean that essentially all Westerners have a higher blood pressure than they
would if they had a biologically optimal lifestyle. Other migration studies came to
the same conclusion’76:#78:695,1265,1559

Risks with hypertension

Hypertension is a well-established cardiovascular risk factor in the Western world,
and numerous studies suggest that ‘the lower the better’ down to very low levels'9%3,
However, most people who experience myocardial infarction or stroke have aver-
age or only mildly elevated blood pressure (often around 150/90 mm Hg) before
becoming ill. This is explained by the fact that the increase in risk is very modest
from very low to modestly elevated blood pressure. It is only with very high blood
pressure that the risk increases sharply. Figure 4.28 shows how the risk varies with
blood pressure among healthy people with an average cholesterol [evel. Since blood
pressure categories are not evenly distributed in society and the large majority has
blood pressure below 160 mm Hg, more than 80% of all patients with myocardial
infarction come from the three lowest groups, despite a lower relative risk. Even at
‘optimal’ pressure (<120 mm Hg), there is still a substantial risk if the subject lives
a Western lifestyle.

Two people with the same blood pressure can have very different risk levels
depending on age and the presence of other risk factors. Take, for example, two
middle-aged men who both have a blood pressure of 160/100. One is a 45-year-
old, non-smoker with a § mmol/L cholesterol level and a normal ECG, who is
only moderately overweight (BMI 27). The other is a 6S-year-old smoker with a
cholesterol level of 8 mmol/L, who is borderline obese (BMI 30) and has signs of
ischaemic heart disease on the ECG. The probability of a myocardial infarction per
year is only 0.2% for the first man versus just over 10% for the second one.

Relevant dietary factors

There are several dietary factors which may explain the low blood pressure in
non-Western populations, and an ancestral diet fits well into the prevailing con-
cepts of dietary treatment of hypertension. There is widespread agreement that
weight management, fruits and vegetables, salt restriction, regular physical activity
and alcohol moderation are beneficial for prevention and treatment of high blood
pressure (Table 4.12)8:295,643,1130
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Figure 4.28 Risk of death due to cardiovascular disease in the next 5 years, depending on
systolic blood pressure, among healthy non-smoking Westerners aged 50 and with serum

cholesterol 6 mmol/L. (Adapted from www.riskscore.org.uk.)

Weight management

Preventing and treating excess weight and obesity, particularly abdominal obesity,
is crucial for optimal blood pressure. For overweight or obese people, weight loss
of as little as § kg can significantly lower blood pressure, although the ideal would
often be to obtain a BMI below 25, and sometimes even below 20. The relevant

dietary factors for weight loss are discussed in Section 4.5.

Table 4.12 Lifestyle interventions for blood pressure reduction.

Recommendation

Expected reduction
in systolic blood
pressure

Weight reduction Maintain ideal BMI (20-25)

DASH eating plan Fruits, vegetables, low-fat dairy products,
less saturated fat

Dietary sodium Less than 100 mmol Na/day (<2.4 g Na or

restriction <6 g NaCl)

Physical activity Regular aerobic physical activity, e.g. brisk

walking, 30 minutes most days
Alcohol moderation Men: 21 units/week; Women: 14 units/week

5-10 mm Hg/10 kg
weight loss

8—14 mm Hg

2-8 mm Hg

4-9 mm Hg

2—4 mm Hg

Source: From the British Hypertension Society 20041948,
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Fruits and vegetables

In a month-long study (DASH), 459 healthy people were randomly assigned into
one of three dietary models: one rich in fruits and vegetables in combination with
lean dairy products (DASH-diet), another one only rich in fruits and vegetables, or
a control group®!. The DASH diet distinguished itself from the other two groups
in terms of a very low percentage of total fat (27 E%) and saturated fat (6 E%)
(in exchange of protein and carbohydrates). The control group differed from the
two other groups by a low intake of potassium and magnesium (corresponding to
25th percentile in USA compared with the 75th percentile in remaining groups).
Despite the fact that blood pressure was relatively low even at the starting point
(131/85 + 11/5), it still dropped in the group consuming fruits and vegetables, and
even more so in the group with the DASH diet. Among the 133 patients with hy-
pertension, the DASH group achieved a 11/5 mm larger reduction than the control
group.

Slightly contrasting results from the PREMIER trial suggest that the DASH dier,
when added to a program including weight loss, sodium restriction, increased
physical activity and limited alcohol intake, does not lead to further improvement
of blood pressure®®.

Several other studies suggest that a high intake of fruits and vegetables re-
duces the risk of hypertension'!3?. The DASH study has also been pointed out
as evidence of the benefits of lean dairy products, but all of the suggested ad-
vantages can be obtained with a Palaeolithic diet, while avoiding the risks that
may result from long-term milk consumption {atherosclerosis, insulin resistance,
etc.).

In a British, randomised, controlled study with an increased intake of fruits
and vegetables, a 4 mm lower systolic blood pressure was noted in the inter-
vention group (95% CI 2-6; P < 0.0001), and 1.5 mm lower diastolic pres-
sure (95% CI 0.2-2.7; P < 0.0001) compared with the control group after 6
months3¥*. The study was conducted on 690 healthy subjects between the ages of 25
and 64.

Salt restriction

It has been well documented that Western levels of salt consumption (> 100 mmol
Na/day) can increase blood pressure and that restricting salt can reduce it, both
in humans?0>-31%:688,997.1338 4 d animals#85,696.1203 Even in elderly people, reduced
salt intake seems to result in lower blood pressure®®?5%, Chimpanzees which are
raised on vegetables and fruits develop high blood pressure if they also receive
salt. Piglets which get supplemental salt in their food develop high blood pressure
after only 3 weeks’*. Not even so-called spontaneously hypertensive rats develop
hypertension if the amount of salt in their food is brought down to the level of
free-ranging rats!/°8:1799,

In the previously mentioned DASH study, blood pressure was studied at three
different levels of salt intake, 145, 105 and 65 mmol Na/day, together with a DASH
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diet or a control diet'?**. There were six different groups, either with or without

a DASH diet and at the three different salt levels, who showed a gradual drop in
blood pressure, the lower the salt intake. The DASH diet reduced blood pressure
regardless of salt consumption. The results were the same for people with normal
blood pressure!877,

In the Trials of Hypertension Prevention (TOHP I and II), 3126 individuals
aged 30-54 years with prehypertension were randomised to sodium restriction or
control group. The risk of a cardiovascular event (myocardial infarction, stroke,
coronary revascularisation or cardiovascular death) was 25% lower among those
in the intervention group (relative risk 0.75; 95% CI1 0.57-0.99; p = 0.04), adjusted
for trial, clinic, age, race and sex.

The effect of salt on blood pressure is also supported by epidemiological stud-
ies?87:996 However, in the large, international, epidemiological INTERSALT study,
which included 10020 men and women in 32 countries, there was no relationship
between blood pressure and sodium consumption in the interval of 100-250 mmol
Na/day, but certainly at lower intake levels (Figure 4.29)7%5. Thus, there may be a
threshold effect so that salt intake must be less than 100 mmol/day (<5 g common
salt/day) to achieve a significant drop in blood pressure. In the DASH-sodium trial,
blood pressure dropped more between 105 and 65 mmol/day than between 145
and 105 mmol/day!***, A traditional tribe in Melanesia with a high salt intake from
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Figure 4.29 Systolic (above) and diastolic (below) blood pressure in relation to urinary

sodium excretions (an estimate of salt intake) in the INTERSALT study. (Adapted from
Reference 795.)
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seawater, but otherwise with their original dietary habits, had higher blood pres-
sure than their neighbours who did not use seawater to prepare their food'3¢°. In
contrast, the Kuna Indians, hunter-gatherers of Panama, have low blood pressure
despite an estimated salt intake which is comparable to Western populations!!”®,
suggesting that high salt intake is no prerequisite for hypertension.

One issue that has been thoroughly discussed is salt sensitivity, i.e. individual
difference in the effect of salt on blood pressure®**19%2 Although there is little
doubt that such a difference exists, it seems rarely possible to identify individuals
who will not benefit from salt restriction?33?. One problem is that research on salt
sensitivity usually involves short-term studies for a week or two, where long-term
structural changes to the blood vessel will be overlooked. Even if there are con-
nections between decreased salt sensitivity and insulin resistance''?®1516and salt
sensitivity is a potential independent cardiovascular risk factor'?#?; salt restriction
should not be reserved just for certain individuals.

Nevertheless, a lesson from salt sensitivity studies is that the contribution of
salt intake to high blood pressure is more likely if the patient is old rather
than young, overweight rather than lean, black rather than white, has diabetes
or glucose intolerance, or has evidence of reduced kidney function”®. Further-
more, among people who use medication to treat high blood pressure, salt re-
striction should be gradually introduced and with monitoring of blood pressure.
This is particularly important for those on ACE inhibitors or angiotensin receptor
blockers.

Other factors

There is a lot of evidence to indicate that insulin resistance and hypertension are
causally related®!7:383.979.1575 "egpecially in the kind of hypertension that is unre-
sponsive to drug treatment”*>!*1. A recent study in normal-weight hypertensive
subjects without the metabolic syndrome (average waist circumference 88 cm)
found a 143% increase of the insulin response after glucose intake, compared to
subjects with normal blood pressure, indicating insulin resistance in the former
group??®. Hence, dietary changes that improve insulin sensitivity are expected to
improve blood pressure (see Section 4.6).

Potassium is one of the nutrients that can be studied in a double-blind fashion,
which has also been done. A Cochrane review could not confirm whether potassium
supplements can lower high blood pressure and therefore does not recommend them
for treating hypertension*!®. More trials enrolling a large number of participants
with long periods of follow-up were thought to be necessary to know whether or
not potassium supplements can lower high blood pressure. Some studies suggest
that the effect is more pronounced in people on a high salt intake!928.

Randomised controlled trials and observational studies in humans, as well as
animal experiments, indicate that a high protein intake may prevent the de-
velopment of hypertension®2484:697.735,1067,1980 " a1 d one of the characteristics of
the DASH diet is a high percentage of protein’®. A trial in 164 subjects with
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prehypertension or stage 1 hypertension (see Table 4.9 for definitions) found a diet
rich in protein to decrease systolic blood pressure by 1.4 mm Hg (p = 0.002) in the
whole population and by 3.5 mm Hg (p = 0.006) among those with hypertension,
compared with a high-carbohydrate diet®?. In the same trial, a similar decrease of
blood pressure was obtained by a diet high in monounsaturated fat, suggesting
that the high-carbohydrate diet increased blood pressure, rather than the two other
diets decreasing it.

The type of protein may also be important. A trial in 60 hypertensive persons
found that an increased intake of protein from lean red meat during 8 weeks
lowered mean systolic blood pressure by 5.2 mm Hg, on average’*’. One half of
the group increased their protein intake from 18.6 to 23.8 E% in exchange for
carbohydrate from cereals and potatoes, while the other half did not change their
protein intake. Both groups had a fairly low fat intake at approximately 31 E%. In
an epidemiological study of 11 different middle-aged populations in separate parts
of China, 56% of the geographic variation in blood pressure was explained by an
inverse association with the urinary excretion of 3-methylhistidine!%¢”
good marker of the consumption of meat protein'®
lower in areas with a high meat protein intake.

A number of other dietary factors could be mentioned. A meta-analysis of ran-
domised controlled trials of supplemental dietary fibre (soluble or insoluble) found
a small blood pressure lowering effect, but after adjustment for possible publica-
tion bias the effect was no longer statistically significant?®**, and in the largest trial
there was no beneficial effect®”®. A Cochrane review found no strong evidence of a
causal association between magnesium supplementation and blood pressure reduc-
tion*!?. In the very large randomised placebo-controlled Heart Protection Study,
supplementation with vitamin C, vitamin E and (3-carotene had no effect on blood
pressure over 5 years’. Increased fish consumption has been suggested to reduce
blood pressure! 1140 but it is doubtful whether this is due to the fatry acid compo-
sition, since the addition of omega-3 fat in realistic doses does not seem to affect
blood pressure’®’. Studies of coffee have shown conflicting results®!.

, which is a
72 Thus, blood pressure was

4.8 Dyslipidaemia (blood lipid disorders)

Dyslipidaemia involving primarily high serum levels of total and LDL cholesterol,
low HDL cholesterol and high triglycerides are well-documented cardiovascular
risk factors (see below). However, the onset of atherosclerosis also seems to require
other contributing factors such as the increased endothelial permeability of blood
vessels, oxidative modification of LDL particles, and the blood’s increased tendency
to clot (see Section 4.3).

The picture in terms of blood lipids among aboriginal populations is not as
consistent as it is in terms of their lack of overweight, abdominal obesity and high
blood pressure. There are examples of populations with a very low prevalence of
ischaemic heart disease despite blood lipid levels that would be considered high risk
in the West.
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Prevalence studies

Serum cholesterol

The average serum cholesterol is 2.8-3.5 mmol/L among hunter-gatherers and
other traditional populations living off shore!!8:223320,393,1098,1131,1137,1139,1369,
1403,1669,1819 " which corresponds to half of the northern European levels. Hyper-
cholesterolaemia (serum cholesterol above 5 mmol/L) does not seem to develop in
these populations.

However, in several cases, other aboriginal populations have shown an average
serum cholesterol of S mmol/L or higher, i.e. fully comparable with Westerners. This
applies to populations in the South Pacific with a high intake of coconut”®*1431 and
Eskimos with a high total fat intake*>*. This in combination with a low occurrence
of cardiovascular disease highlights the significance of other contributing factors.

On Kitava, total and LDL cholesterol levels among men were somewhat lower
than among Swedish men (Figures 4.30-4.33), and close to today’s Japanese, while
women had levels comparable with Swedish women, especially below 60 years of
age'®1, Hypercholesterolaemia was not an unusual condition (Table 4.13). The
primary cause is possibly the high intake of saturated fat from coconut'®°. One
would expect an even higher level of serum cholesterol due to the high intake of
saturated fat, and since the two major fatty acids in coconut, 12:0 lauric acid and
14:0 myristic acid, are considered to have a stronger cholesterol-raising effect than
16:0 palmitic acid, which is the dominant fatty acid in Western countries!3?.

Traditional cattle-herding nomads are a special case: East African nomads (with
the exception of the Masai, see below) have had serum cholesterol levels that match
those of Westerners!®3?,

HDL cholesterol and triglycerides

Traditional populations do not have ‘better’ HDL cholesterol and triglyceride levels
than Westerners?20:23L,1051,1131,1608,1669,1819,1926 (gioyyres 4,34, 4,35, 4.38 and 4.39).
Healthy dietary habits do not always seem to have the desired effect on HDL and
triglycerides. Hence, it is unclear whether ‘dyslipidaemia’ in ancestral populations
should be classified as such, so that, for example, the traditional South Pacific diet
would be less healthy than a typical hunter-gatherer dier. If this is the case, other

Table 4.13  Approximate prevalence of hypercholesterolaemia (high
serum cholesterol, i.e. >5 mmol/L) among male hunter-gatherers, on
Kitava and in Sweden.

Age 30-50 years Age 50-70 years
Hunter-gatherers 0% 0%
Kitava 50% 50%

Sweden 70% >90%
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Figure 4.30 Serum cholesterol (total cholesterol) among males in Kitava, Trobriand Islands,
Papua New Guinea (black) and Sweden (grey). (Adapted from Reference 1051.)
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Figure 4.31 Serum total cholesterol among females in Kitava (black) and Sweden (grey).
{(Adapted from Reference 1051.)
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Figure 4.32 Serum LDL-cholesterol among males in Kitava (black) and Sweden (grey).
(Adapted from Reference 1051.)
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Figure 4.33 Serum LDL-cholesterol among females in Kitava {black) and Sweden (grey).
(Adapted from Reference 1051 )
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lifestyle factors seem to be contributing to a beneficial net effect among the Pacific
populations (Figures 4.36-4.38, Table 4.14).

Effects of urbanisation

Serum cholesterol

When traditional populations become urbanised, the cholesterol levels, both to-
tal and LDL cholesterol, rise to Western levels, if they weren’t there already'%*!.
In Sweden, the vast majority have hypercholesterolaemia (serum cholesterol
>S5 mmol/L; Table 4.13), and the numbers are roughly the same in the Mediter-
ranean countries, including France!01:253:260,1056

Among semi-traditional Polynesians, who were forced to emigrate from Tokelau
to New Zealand due to a tsunami, serum cholesterol levels rose after the migration,
despite the fact chat the intake of saturated fat fell sharply due to a reduced intake
of coconut! 11713 This clearly shows that other factors are also at work.

The cattle-herding Masai of East Africa should be mentioned in particular. Dur-
ing their traditional nomadic life, the intake of saturated fat from milk has been
very high, and they also suffered from significant coronary atherosclerosis, al-
though raised plaques were rare’'?, Despite this, researchers noted a very low
serum cholesterol level (3.5 £ 0.9 mmol/L; average + standard deviation; n =
254) that did not rise with age. It has been suggested that this would be due to
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Figure 4.34 Serum HDL-cholesterol among males in Kitava (black) and Sweden {(grey).
(Adapted from Reference 1051.)
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Figure 4.35 Serum HDL-cholesterol among females in Kitava (black) and Sweden (grey).
(Adapted from Reference 1051.)
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Figure 4.36 Serum LDL/HDL-cholesterol among males in Kitava (black) and Sweden (grey).
(Adapted from Reference 1051.)
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Figure 4.37 Serum LDU/HDL-cholesterol among females in Kitava (black) and Sweden
(grey). (Adapted from Reference 1051.)
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Figure 4.38 Serum triglycerides among males in Kitava (black) and Sweden (grey).
(Adapted from Reference 1051.)
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Figure 4.39 Serum triglycerides among males in Kitava (black) and Sweden (grey).
(Adapted from Reference 1051.)

an increased ability to suppress cholesterol synthesis in the liver”?!. However, after
urbanisation the serum cholesterol levels rose to §.2 + 1.2 mmol/L**°. The usual
hypothesis that this may be due to differences in physical activity is doubtful, since
men traditionally stop acting as warriors around the age of 25, and later their wives
do most of the daily work!768.

HDL cholesterol

The effects of urbanisation on HDL cholesterol has barely been studied. In an
international comparison of 14 countries, a significant negative correlation was

Table 4.14 Total cholesterol, serum HDL cholesterol and triglycerides among men and
women aged 40-65 years, on Kitava and in Sweden (mmol/L; average + standard deviation).

Men Women

Kitava (n =58) Sweden (n=52) Kitava(n=28) Sweden (n=50)

Cholesterol 47+09 59+1.0 6.1+ 1.3 6.4+1.0
HDL 1.0+0.2 1.1+0.3 124 0.2 1.2 +£0.3
Triglycerides 1.2+ 0.5 1.2+086 1.3+05 1.1+£04

Source: Adapted from Reference 1051
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seen between population means of HDL and prevalence of cardiovascular disease
among men (r = —0.57)'%*%. The probable explanation was that the lifestyle-
induced metabolic syndrome leads to low HDL8!. Among women, the relationship
was not statistically significant ( = —24), but data on this group were only available
for 11 populations.

Risks with dyslipidaemia

High total cholesterol

Several observational studies have found that the risk of cardiovascular disease in
both sexes increases gradually with rising cholesterol (Figure 4.40). Some studies are
ecological studies®”, while most are prospective cohort studies in restricted Western
populations®*. A meta-analysis of 61 prospective cohort studies, mostly in Western
Europe or North America, consisting of almost 900 000 healthy adults, found that
1 mmol/L lower total cholesterol was associated with about a half (hazard ratio
0.44; 95% C1 0.42-0.48), a third (0.66; 0.65-0.68), and a sixth (0.83; 0.81-0.85)
lower ischaemic heart disease mortality at ages 40-49, 50-69, and 70-89 years,
respectively, throughout the main range of cholesterol in most developed countries,

B Males B Females

Serum cholesterol (mmol/L)

0 I 2 3 4
Risk per 5 years (%)

Figure 4.40 Risk of death due to cardiovascular disease in the next 5 years, depepding on
serum cholesterol among heaithy non-smoking Westerners aged 50 and with systolic blood

pressure 140 mm Hg (www.riskscore.org.uk).
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with no apparent threshold. Even among the residents of Shanghai in the 1980s,
where Western lifestyle customs were increasingly being adopted, but where the
average cholesterol level was yet very low, the same relation was present?$.

High serum cholesterol is also a risk factor for developing atherosclerosis, both
among humans'¥21#8% and animals”L11761183,1515,1730.1934 " Ap optimal cholesterol
level is probably below 4 mmol/L (which, after age 40, is seen in only about 2%
of Westerners and 20% of Kitavans). It has been well documented that atheroscle-
rosis, even at an advanced stage, can be regressed in animals by means of nor-
malising LDL levels!'!81820, There are strong indicators that the same is true for
humans 1232:1360,1598,1701,1909

Smoking, hypertension, abdominal obesity, left ventricular hypertrophy (enlarge-
ment of the left main chamber of the heart), glucose intolerance and diabetes are
more serious if dyslipidaemia is also present, particularly among patients with
known ischaemic heart disease.

Nevertheless, for most individuals, serum cholesterol is of limited value to predict
the risk of becoming sick. This is particularly the case for women, as seen in Figure
4.40. Furthermore, as discussed above, there are examples of low-risk populations
with clearly ‘adverse’ cholesterol levels. Therefore, the discussion about sick and
healthy populations is also relevant here. Having a cholesterol level of 4.8 mmol/L
may result in a highly variable risk for ischaemic heart disease, depending on
whether the person is an American citizen!””, a Chinese person in Shanghai®*¢, a
person from Finland®®? or a resident of Kitava'%1,

A somewhat better indicator can be obtained by LDL cholesterol, apolipoproteins
B and Al (see below), the percentage of small, dense LDL particles and/or the
amount of oxidized LDL780781,

Low HDL cholesterol

In Western populations, the incidence of myocardial infarction is negatively as-
sociated with HDL cholesterol in both sexes, i.e. the higher the HDL level, the
better'?2. The relationship is often clearest when total cholesterol level is below
5.2 mmol/L, such that people with ‘good” overall cholesterol may be at much higher
risk if HDL is low ™79 The relationship appears to be particularly evident among
women'*%2| in whom it may also be more independent of total cholesterol than
in men'?. The same relationship between HDL and ischaemic heart disease can be
seen among Japanese urban residents”!”. Furthermore, HDL is strongly negatively
correlated with the degree of coronary atherosclerosis’306:1528

The concentration of HDL cholesterol reflects how efficiently cholesterol is trans-
ported out of the vascular wall and back to the liver®**. This ability is largely hered-
itary. It is plausible, but speculative, that the low HDL levels, which characterise
traditional populations, are due to a lower need to clear the vessel wall of undesired
cholesterol.

For now, HDL should be considered a risk indicator similar to heredity or male
sex, and there is very little support for the idea that an artificial increase of HDL
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can reduce the risk of future ischaemic heart disease, at least by using presently
available medication®*?.

Recently, there has been much discussion about the carrier proteins of LDL and
HDL, apolipoproteins B100 and A1 or, for short, apoB and apoAl. It has been
suggested that they are better predictors of cardiovascular disease than LDL and
HDL but this is still open to debate”?>!8%3. The issue is complicated by the fact that
these factors are even less ‘beneficial’ in Kitava than LDL and HDL!%! In fact, the
ratio of apoB to apoAl is higher among men and women in Kitava than in Sweden.

High triglycerides

The significance of serum triglycerides on ischaemic heart disease is somewhat
unclear. Levels above 2 mmol/L (after an overnight fast) have been shown in
some studies to be an independent risk factor for ischaemic heart disease and
stroke?>1578:1763 ' Afrer considering the total cholesterol, HDL, abdominal size and
blood pressure, which correlate with the triglycerides, the clinical significance ap-
pears to be limited, at least in men®%!57%, Most patients with high triglycerides have
abdominal obesity and/or hypertension®®. Due to the strong variation from day to
day, several samples are needed to correctly determine the risk of triglycerides, both
before and after intervention. Moreover, the samples must be taken from fasting
patients as opposed to total and HDL cholesterol. Furthermore, serum triglycerides
increase with a diet that is low in fat and high in carbohydrates, even with one
that is apparently healthy (see below) and from a high alcohol consumption, which
further complicates the assessment. Measurement of triglycerides in the non-fasting
state appear to be a stronger independent risk factor, particularly among women,
but there are few studies as yet'V%:1317,

Relevant dietary factors

Despite many years of research in the area, there is much uncertainty about the
major explanations of the lower prevalence of dyslipidaemia in non-Western pop-
ulations. Saturated fat and trans-unsaturated fat raise total and LDL cholesterol,
but the effect is usually small and is sometimes outweighed by other, opposing fac-
tors'?19. On average, a 0-4% drop in cholesterol can be expected with outpatient
care {as opposed to being ‘locked up’ in a hospital or laboratory) using a diet from
the US National Cholesterol Education Program (NCEP) Step One (total fat <30%
of energy intake (E%), a P/S (polyunsaturated/saturated fat) ratio = 1; dietary
cholesterol <300 mg/day and reduced energy intake to achieve desired weight.) A
drop of 7-15% in total cholesterol can usually be achieved with diet according to
step two of the NCEP program (total fat and saturated fat as in step one, P/S ratio
1.4 and dietary cholesterol <200 mg/day)3°®. There is wide individual variation,
from no change up to 50% reduction in LDL cholesterol 2%,

Conventional wisdom also holds that a small improvement in blood lipid levels
can be achieved from consuming foods that are rich in soluble dietary fibre?®.
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In contrast, insoluble fibre from wheat bran apparently has no effect?®?8. The
benefit of dietary fibre for people with typical Western cholesterol levels has been
questioned by a research group who found no effect of soluble fibre from oat bran
in a randomised controlled trial?8’.

Plant sterols are probably more efficient, as shown in several studies , and
have also been shown to slow the proliferation of the atherosclerotic plaque in
hamsters and rabbits'*?”. It is believed thar the intake of plant sterols was often
high during human evolution, since the content of plant sterols in corresponding
modern plant foods is high!32*. However, the risk of side effects (possibly including
atherosclerosis!) should not be ignored$%427-431,537,1304,1772,1976,1983 (see a]s0 Section
4.1). In my opinion, exclusive consumption of the same plant sterol day after day
should be avoided.

A number of studies from David Jenkins research group have shown that
ancestral-like vegetarian diets based on vegetables, fruits and nuts, but not wheat,
can dramatically improve blood lipid levels, actually just as much as drug treat-
ment with statins®227823:827:828 The toral and LDL cholesterol have dropped on
average by 25-30%, compared with a diet that followed US nutrition guidelines.
Improvement of blood lipids were obtained even compared to a third, grain-based,
lacto-vegetarian diet, suggesting that even whole grains may not be an optimal
choice for lipid lowering. The HDL level has not dropped significantly from such
diets, but the LDL/HDL ratio has improved.

In an observational study among eight people who lived for 2 years in Bio-
sphere 2, Columbia University’s environmental experiment (www.b2science.org/),
and mainly fed themselves a plant-based low-calorie diet based on root vegeta-
bles and greens, and limited their intake of dairy products, meat, eggs and grains,
serum cholesterol dropped from 4.7 £+ 0.3 to 3.1 £ 0.1 mmol/L'*¢!, For the first
16 months, the triglycerides remained stable at roughly 1.3 &+ 0.2 mmol/L and then
dropped to 0.7 = 0.1 mmol/L.

Some studies indicate that calorie restriction per se lowers cholesterol synthesis
in the liver, which leads to reduced circulating levels of total and LDL choles-
terol*' 11466 "unless cholesterol absorption in the gut is increased in a compensatory
manner, as suggested by other studies!*’*. There are, to my knowledge, only two
studies where LDL cholesterol among Westerners has been equivalent to the usual
level among hunter-gatherers, and both of these has been with long-term strict
caloric resitriction®2”18¢1, However, in both cases, typical energy-dense Western
foods were excluded. Thus, a reduction of food intake without a change in food
choices is apparently not sufficient.

With regard to meat, it seems evident from the majority of intervention studies
that high consumption of lean meat per se (including red meat) does not cause
dyslipidaemia”?:304:374.752,887,896,1026,1293,1335,(605,1908_Therefore, the above findings
probably cannot be associated with a low meat consumption. Inversely, a high meat
intake is not a prerequisite for low serum cholesterol.

A high cholesterol intake has a marginal elevating effect on serum cholesterol in
humans, since most of our cholesterol is produced in the liver33758.18%0_ Therefore,
omission of the advice to avoid cholesterol-rich foods such as eggs, shellfish, fish

995,1323
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and meat is long overdue. According to a meta-analysis, increasing the cholesterol
intake by 100 mg/day should raise serum cholesterol as little as 0.056 mmol/L.
(95% CI 0.046-0.065)'!', If this amount of cholesterol is provided by lean meat
(e.g. 60 g venison) as opposed to standard dairy products (e.g. 60 g 17% cheese},
the net effect will be a reduction in serum cholesterol, since the cheese provides just
over 10 times as much fat and 3 times as many calories.

The effect of milk products is complex. Casein raises total and LDL cholesterol
as seen in some, but not all studies®!67%. Most of the studies have compared casein
with soya protein and in these studies the effect has been small. Two reviews of
soya for cholesterol reduction in high-ranked journals state that available evidence
does not confirm a clinically important effect, and that the effect appears trivial
even at very high doses**”!%33 (dangerously high in my opinion). A recent study in
rats found that soya peptides were no better than potato peptides compared with
casein'®’*] suggesting, again, that casein (which was given to the controls) is by no
means neutral.

Diets that are high in carbohydrate (>65 E%) and low in fat (<25% E%) but
where saturated fat dominates, such as on Kitava, result in slightly decreased LDL
but also lower HDL cholesterol and increased triglyceride levels”"-1%5! Short-term
studies on Westerners who modify their diet in the same way have achieved the
same results'2%?. This effect of carbohydrate on triglycerides and HDL cholesterol
is part of the rationale for modern low-carbohydrate diets such as the Atkins diet,
and in recent randomised controlled trials, such benefits have usually been ob-
tained by low- or very-low-carbohydrate diets, while LDL cholesterol has generally
slightly increased, especially when saturated, rather unsaturated, fat intake has
increased371:446,572,724,1312,1321,1552,1628,1875

Somewhat along the same line of thinking, a widespread contention is that fat
intake should not be reduced too drastically, at least not in exchange for very high
amounts of carbohydrate (>60 E%). A reduction of total fat intake below 25 E%
does not lower LDL levels more than a moderately reduced fat intake, and the
effects on triglycerides and HDL are a matter of concern#0%:927,931.1209,

The more typical Palaeolithic diet, with a relatively high percentage of protein
(20-30 E%) and a low glycaemic load, is expected to have a more beneficial effect
on the triglycerides, than if the carbohydrate intake exceeds 60 E% 3341763 Foods
that attenuate insulin resistance can play a significant role in improving HDL and
triglyceride levels'®33%, and possibly LDL cholesterol as well'4??. The same may be
true for an increased consumption of monounsaturated fat®23.

4.9 Heart failure

Heart failure is an increasingly common disease with reduced exercise capacity and
premature death, usually among older individuals'?*”. The most common symptom
is shortness of breath. The more advanced cases have a poor prognosis: 5 years after
their first hospital stay for heart failure, only about 25% of patients are still alive,
which makes the disease more harmful than most forms of cancer!”?%. Most types
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of cancer have a higher 5-year survival rate than heart failure, requiring hospital
care!193

In its typical chronic form, the disease is caused by changes to the microscopic
structure of the heart, with abnormal tissue growth (fibrosis) and/or excess growth
of cardiac muscle cells; changes that are difficult to distinguish from normal ageing
in Western countries?!6-384986,619.973,974 The yrimary symptom of many prospective
heart failure patients is enlargement of the heart (cardiac hypertrophy), particularly
of the left chamber (left ventricular hypertrophy). The process supposedly starts
early in life and progresses slowly over several decades.

The risk factors for heart failure are largely the same as for other cardiovascular
diseases, but especially important ones include hypertension, obesity and type 2 di-
abetes!187:1297,2029,2030 (500 Table 4.15). Even a moderately elevated systolic blood
pressure slightly above 145 mm Hg is associated with a clearly increased risk!*4*.
Therefore, a lifestyle that keeps the blood pressure at biologically normal levels (be-
low 130/80) can be expected to prevent heart failure. Body weight is also significant,
with the apparent risk of heart failure increasing with being overweight®"1427 ‘and
particularly with increased waistline!?*® or extreme obesity'**°. Furthermore, high
blood sugar is a risk factor for heart failure even in the absence of overt diabetes”!”.

In addition to hypertension, atherosclerosis and ischaemic heart disease were tra-
ditionally seen as a major underlying cause of heart failure, but a recent shift of fo-
cus has drawn attention to metabolic disturbances at the cellular level”1287 Thys,
several studies now indicate that the basic structural and physiological changes
behind the failing heart musculature are closely linked to insulin resistance and
the metabolic syndrome’78:96:430.79L1081,1287,1378 4 hypothetically, lipotoxic-
ity !1,920,1081,1180.1361,1638,1754,1837,1982 " Arherosclerosis and dilated cardiomyopathy,
two major suspected causes of heart failure, are both hypothetically linked to lipo-
toxicity, which lends more weight to this line of thinking.

Prevalence studies

Heart failure among traditional people is largely unknown. In the Kitava study,
we found no signs of clinical heart failure, but the population was too small to
draw decisive conclusions. Other doctors in the area have not observed the disease
(H. Juptner and W. Schiefenhovel, personal communication). An ECG examination
of 161 people, aged 20-86, showed no signs of left ventricular hypertrophy on
Kitava!®". The normal, age-related, lefrward deviation of the heart’s electrical axis
on the ECG among Westerners was missing'®!, similar to findings among the
original inhabitants of New Guinea’s highlands'®®”. A possible explanation is a
lack of the gradual enlargement of the left ventricle that is seen as part of normal
ageing in the West#04384,

The prevalence of heart failure in developed countries is around 2% among the
entire population and 6-10% of people older than 80 years''**. Latent, mild heart
failure without subjective symptoms is seen in a significant portion of a normal
Western population””-148L,
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Table 4.15 Approximate increase in risk of heart
failure in various conditions®9'-8°1,

Risk increase (%)

Overweight 50
Obesity 100
Hypertension 50
Diabetes 100
Smoking 50
Ischaemic heart disease 700

Primary prevention

Foods that prevent or cause heart failure are expected to be similar to the ones
associated with high blood pressure, type 2 diabetes, overweight, insulin resistance,
atherosclerosis and ischaemic heart disease (see respective sections). Among related
preventive factors, only reduced salt intake and weight loss are discussed below,
due to a paucity of research in the area.

Salt restriction

Several animal experiments indicate that dietary salt is a contributing factor in the
development of heart failure, and that this to some extent is independent of blood
pressure?68:330.1008,124 1,1470,1799,1993 ' Ga |ty food causes cardiac hypertrophy among
rats, which was reversed after feeding a low-salt diet*”174},

In several epidemiological studies in humans, urinary sodium excretions (a mea-
sure of salt intake) correlate with the size of the heart'$2-765:103L.15% [ 3 Swedish
study on patients with hypertension, heart size was not affected by mild salt restric-
tion in combination with weight loss’%. However, a more pronounced reduction
in salt intake produced a clear effect on the size of the left ventricle in a similar
study®*?. Further, regression of left ventricular hypertrophy was achieved in dialysis
patients with the help of salt restriction!3¢5.

In the previously mentioned cohort study, NHANES-I, a gradually increased
risk of heart failure was noted with rising salt consumption among roughly 5000
overweight American men and women, bur it was not seen among those with
normal weight (BMI <25)%%2, After adjusting for known cardiovascular risk factors,
the relative risk for heart failure was 1.43 (95% CI1 1.07-1.91) with a sodium intake
of >114 mmol/day, compared with <50 mmol/day (these two groups represented
the highest and lowest quartile of the population with regard to salt intake). An
additional finding was that a high energy intake was associated with an increased
risk of heart failure.

Calorie restriction

Obesity increases the risk of heart failure through various mechanisms'*’, but there

are no studies specifically designed to assess the effect of weight loss on future risk of
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heart failure. However, a few studies have found improved heart function in various
physiological tests (relevant to heart failure) after weight loss®381:1149%.1407 Ty
independent echocardiographic studies of healthy obese subjects found markedly
improved myocardial performance index after weight loss*$1114% In the Swedish
Obese Subjects Study of 4047 extremely obese individuals, there were 2 incident
cases of heart failure in the bariatric surgery group and 5 in the control group
during 10 years of follow-up!¢’3. The difference is far from statistically significant,
and an enormous amount of participants {in such good health) would be needed to
clarify the issue in a proper randomised controlled trial.

Other factors

L-Carnitine contributes to the transport and oxidation of fatty acids in the muscle
cells. A lack of carnitine has been discussed as a contributing cause of reduced
muscle function in the case of heart failure?'>!8¢>. Carnitine can be supplied either
from meat and fish or synthesised from the essential amino acids methionine and
lysine. Since cereals are low 1n both of these amuno acids, an excessive intake of

cereals may contribute to a lack of carnitine®?%!'7?,

Secondary prevention

Once heart failure is established, the situation is very different, and some evidence
actually suggests that both salt restriction and weight loss may be hazardous. Hence,
early prevention seems prudent.

Salt intake

The conventional wisdom that people with diagnosed heart failure should restrict
sodium intake to less than 130 mmol/day (<3 g/day sodium or <7.5 g/day sodium
chloride)”#*290! has lately been called into question. The traditional advice has been
based on observational studies and physiological principles, while controlled trials
have been lacking. In 2007, a randomised controlled trial was published, possibly
the first of its kind"*””. The study compared a ‘normal’ (120 mmol Na) with a low
sodium diet (80 mmol Na) in 232 Italian patients with heart failure (88 women,
144 men). All were prescribed a very high dose of diuretic (furosemide 250-500 mg
twice a day) and were advised to drink 1000 mL daily. Despite the rather modest
sodium restriction, readmission due to worsening condition was more common
in the low sodium group (P < 0.05), and levels of brain natriuretic peptide, a
marker of heart failure, were higher in that group (685 + 255 pg/mL compared to
425 £ 125 pg/mL; P < 0.0001). As the authors state, further studies are required
to determine if the effect was due to the combination of a high dose diuretic and a
low sodium diet, or if a low sodium diet is harmful in itself.

Regardless of the previously mentioned study, sodium restriction in heart fail-
ure requires careful supervision, especially in patients undergoing pharmaceutical
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treatment (which is virtually always the case). A restricted salt intake should be
implemented in consultation with a physician or heart failure specialist nurse. It is
highly recommended that reductions in salt intake are brought about gradually over
a 2-week period or more in order to avoid adverse effects of a sudden imbalance in
the renin—angiotensin system.

Fluid restriction

Patients with confirmed heart failure frequently experience thirst, which they them-
selves often attribute to the diuretic treatment. However, the thirst may be caused
by heart failure itself and can sometimes even develop in the case of a high fluid
intake. The patient should be cautioned about a drinking too much water and other
fluids in particular if serum sodium tends to be low. The objective is to keep the
weight stable after fluid retention is under control. Guidelines generally recommend
1-1.5, sometimes 2, litres of fluid per day but the evidence is uncertain.

Weight control

As already stated, overweight and increased waistline are ideally addressed before
the first sign of heart failure. Once heart failure is present, weight loss has been
associated with increased mortality in several observational studies'#?’. Heart fail-
ure patients are often more or less undernourished?®®, and loss of muscle mass
(sarcopenia) may contribute to further development of the disease!®3”. Traditional
weight loss often leads to a loss of muscle mass, rather than reduced fat'%35%, In
the case of more severe heart failure, malnutrition often develops with wasting and
general weight loss (cachexia). If the patient concurrently develops fluid retention
(oedema), as a consequence of the failing heart, their net weight does not neces-
sarily change. Underweight and cachexia have been shown to be an independent
risk factors for serious complications among patients with chronic heart failure, in
addition to impaired oxygen absorption, low ejection fraction (a measure of the
heart’s pumping strength) and pronounced shortness of breath>!878,

It is therefore a balancing act between beneficial and detrimental weight loss. In
evaluating dietary changes, it can be helpful to carry out a whole-body measurement
with dual-energy X-ray absorptiometry (DXA) or at least a bioimpedance analysis
(BIA) before and after the diet change.

Conclusion

An ancestral-like diet that is rich in protein and minerals and low in salt, and
which is based on lean meat, fish, vegetables and fruits, is probably beneficial in the
prevention of heart failure. In the case of definite heart failure, the situation is more
uncertain. One reason for trying a protein-rich diet is that it apparently reduces high
levels of serum urate*®3, a strong prognostic indicator of increased mortality among
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heart failure patients’*. Another, even more hypothetical, argument is that such a
diet may reverse leptin resistance and thereby restore nitroso-redox balance'37¢.
Such restoration is thought to explain the remarkable results of the A-HeFT drug
trial, where a combination of isosorbide dinitrate and hydralazine reduced total
mortality by 43%, as compared with placebo, in African Americans with heart

failure’s”.

4.10 Dementia

Adult-onset dementia is traditionally divided into Alzheimer’s disease and dementia
associated with atherosclerosis, so-called vascular dementia (there are also other,
less common forms). However, it has been claimed that the two conditions actually
overlap one another, and that the previous division may sometimes be artificial?**.
Traditional cardiovascular risk factors increase the risk for dementia, such as
glucose intolerance??31438:1977.1992 "hypertension?00113%:1663 and overweight®31:918,
The process probably begins quietly, early in a person’s life, with subtle cognitive
changes already in their 20s that can be a potential measure of the risk of developing
Alzheimer’s disease!%2.

One of the characteristics of Alzheimer’s disease is the build-up of a certain
type of amyloid (substance with a particular microscopic appearance), which many
believe to be the primary cause of Alzheimer’s®®”-!8¢. There are indications that
these amyloid deposits can be reduced with improved blood lipids or increased
insulin sensitivity346:1426,

Drug treatment of high blood pressure has been found to slightly improve cog-
nitive performance and memory, but not to benefit learning capacity!’®. Whether
blood pressure lowering with the use of lifestyle is more efficient can only be spec-
ulated upon. A similar uncertainty relates to dyslipidaemia: some evidence suggests
that statins are beneficial for future dementia, but randomised controlled trials
in demented patients have been negative and primary preventive trials are lack-
ing!223:1604 The opposite, an increased risk with statin treatment, has been claimed
as well1%. Hence, it seems more sensible to prevent dementia through lifestyle
changes ',

Prevalence studies

There are no systematic studies of the occurrence of dementia in non-urbanised
populations. We saw no sign of adult-onset dementia on the Trobriand Islands'?4!.
We did not perform a systematic screening using scientifically acceptable methods,
but we actively asked the residents of Kitava and parts of the Kiriwina and Kaileuna
islands, which included a total of at least 6000 persons. Loss of comprehension
during old age was categorically denied. The residents understood what we meant
because there were two people on Kitava who had impaired cognitive ability since
childhood. We met both of these individuals, aged 20-30 years, and with evident
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learning disability. All ages, even those who did not sign up for testing, otherwise
demonstrated well-maintained cognitive skills.

Dementia is not a discrete disease. When an older person starts to lose their
communication skills, their closest relatives tend to notice, particularly in this type
of society. If adult-onset dementia had been nearly as common as in the West, this
phenomenon would have been well known to residents. Many examples were given
of other diseases that were described clearly, carefully and identically in different
villages. The descriptions of unusual deaths even four generations ago were largely
consistent across the community.

Hugh Trowell has described how a British psychiatrist who worked for a long
time in East Africa in the 1930s reported that ‘senile dementia was a notable absen-
tee’ 812, Trowell was a painstakingly careful person, which is why this information
has a certain amount of weight to it.

In the West, senile dementia is a very common reason why older people have to
receive institutional care, perhaps even the most common reason’'!, In Sweden,
roughly 2% of retirees sought nursing care due to dementia®®. Impaired cognitive
functioning without dementia is even more common'3”3.

Relevant dietary factors

There is very little research regarding the significance of specific dietary factors
for adult-onset dementia. It would seem logical that vascular dementia can be
prevented because of the relationship between diet and atherosclerosis, and the
fact that type 2 diabetes, glucose intolerance, insulin resistance and hypertension
are related to dementia323906:1130,1458,1663,1977,1992 'None of these risk factors have
been addressed in dietary clinical trials. However, one randomised controlled trial
found that daily supplementation with 800 pg of folic acid (corresponding to
400 g of spinach) improved performance on tests that measure information-
processing speed and memory, domains that are known to decline with age, in
older adults with raised total homocysteine concentrations®!. This suggests that
foods rich in folate, such as vegetables and liver, are beneficial. Studies of other
vitamins or minerals have not shown convincing resules!”14,

Two observational studies have found an increased risk for impaired cogni-
tive functioning with a high total or saturated far intake, as well as a reduced
risk with a high intake of fatty fish36®124%1245 " Ope additional study from the
USA and one from Finland confirmed these findings, but only among carriers of
a genetic marker for Alzheimer’s disease, namely an absence of apolipoprotein E
epsilon4?7%1989 " Grant noted that the prevalence of Alzheimer’s in 11 different
countries was strongly and positively associated with total fat intake and, again,
negatively with fish intake®?. As usual with observational studies, there is a po-
tential problem with confounders, and it is uncertain how large a role is played by
fat or energy intake, since a high fat intake covaries with a low intake of fruits and
vegetables (and other healthy lifestyle choices).
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4,11 Cancer

Observational studies suggest that existing differences in dietary habits explain
about 30% of the variation in risk of cancer in Western countries®. In addition,
the incidence of some forms of cancer show such marked variation worldwide
that the preventive potential is probably even larger'**!. Furthermore, the most
prevalent cancers show considerable covariation: in the years around 1980, two-
thirds of the tenfold variation of prostate cancer incidence worldwide was explained
by breast cancer incidence and 40% by colon cancer incidence!%®4,

Prevalence studies

The occurrence of cancer and other malignant diseases among traditional people
has only been studied sporadically. A low cancer incidence was reported among
the hunter-gatherers in the Amazon'?¢, Malaysia'**® and the Arcric*3*!3% . David
Livingstone, who conducted research throughout large parts of Africa in the nine-
teenth century, felt that cancer was a ‘disease of civilisation’”?”. This opinion was
also shared by Trowell, who, after many years’ work as a doctor in Uganda in the
mid-1900s, carefully documented the occurrence of non-infectious diseases among
the native population!®12,

The current incidence of cancer varies widely throughout developing and de-
veloped countries. The incidence of colorectal cancer (cancer of colon or rectum)
varies up to 25-fold between countries with the highest rates {USA, Australia and
New Zealand, and parts of Europe) and those with the lowest rates {Africa and
Asia)’. Women who immigrate from countries with a low risk of breast cancer to
countries with a high risk of the disease often increase their own risk after a period
of time, and their daughters have an even higher risk level’.

The residents of Kitava were not familiar with malignant cachexia, i.e. long-term
emaciation that lasts months or years and ends in death. However, slow-growing,
visible tumours could be described as an extremely rare occurrence. One older man
passed away after having had a sore on his lower leg for several months that never
healed. It probably involved tropical phagedenic ulcer, an infectious necrotizing
ulcer of the skin and underlying tissues that is easily cured with penicillin, but oth-
erwise becomes chronic and often develops into squamous cell carcinoma'995:1212,
All middle-aged residents and senior citizens were familiar with the case, and it was
described identically by respondents across the island?%%7,

A 67-year-old man showed a hard, rough tumour on his mouth palate with
the typical signs of oral cancer. Like the overwhelming majority of residents, he
was a regular betel chewer but did not smoke. Oral cancer is a common form of
cancer in this part of the world®7!21894 It is well known that betel quid chewing
is an important factor for oral cancer due to the strongly alkaline environment
that develops in the mouth by adding slacked lime (from heated coral) to the betel

quid204,l]07,]269,13()9,I454,1636,1726,1746,1787_ In betel Ch€Wing, a common pracrice in
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large parts of Asia and Oceania, the areca nut (Areca catechu) is chewed together
with leaves or seed mixture from the betel tree (Piper chavica betel) and a pinch of
slaked lime.

A couple of people knew about an old woman a few generations back who had
a tumour in the breast and passed away after a time. Jiiptner observed a case of
breast cancer in a pregnant woman on Kiriwina in the early 1960s (H. Jiiptner,
personal communication). Her relatives refused to let her be operated on, and she
died less than 1 year after childbirth. Up until the 1980s, women regularly went
topless, which provided good observation opportunities.

Jiptner was originally a gynaecologist and obstetrician. During his five years as
a doctor on the Trobriand Islands with its 12 000 inhabitants (in 1990 there were
roughly 25000), he diagnosed 10-15 cases of ovarian cancer, which is a higher
incidence than in the rest of Papua New Guinea (P < 0.02)'23! or in the USA
(P < 0.008)"%.

Juptner found no cases of cervical cancer (the most common gynaecological
cancer in Papua New Guinea'?3!) and no other malignancies, but he performed very
few autopsies. He saw no cases of Burkitt’s lymphoma, which is not uncommon in
other coastal regions with widespread malaria”!?.

Stanhope published an article in a journal with a summary of cancer deaths
on Kiriwina based on the work of four different Australian doctors during the
19605712, Of the 139 deaths (10470 person-years), three to six were determined
to be caused by cancer: one tongue cancer, two unclear but histopathologically (mi-
croscopically) confirmed cases of cancer, one possible stomach cancer, one possible
lung cancer and one possible thyroid cancer.

Even if the overall picture is somewhat unclear, it seems that the Trobriand Is-
landers have a low incidence of superficial malignancies (cancers of the skin/throat
apart from the oral cavity, malignant lymphoma, superficial lymph node metas-
tases, breast cancer), obstructive (constrictive) or otherwise expansive cancer in the
abdomen/pelvis (cancer in the gastrointestinal tract, liver and uterus) and cancer in
the urinary tract or prostate.

Prehistoric skeletal remains

In contrast to the diseases discussed in previous chapters, skeletal cancer 1s trace-
able in bone remains from our ancestors. However, estimates of the true occurrence
of cancer among prehistoric hunter-gatherers on this basis are fraught wich great
inaccuracy. Uncertain diagnostic tools, unclear age estimates, lack of standardisa-
tion, too few individuals, non-representative selection, changes that occurred after
death (diagenesis) as well as incomplete knowledge of the lifestyle of the population
under examination are the greatest concerns$00:836:1732,

Nevertheless, it is possible to draw inferences. Within the field of palacopathology
(the study of prehistoric diseases) there is wide agreement that metastasising cancers
are uncommon in the preagricultural skeletal remainsS7:307:312,648,800.1512,1539,1910,
However, malignant tumours originating in the skeleton (e.g. myeloma and
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sarcoma), which are uncommon in all modern populations, were occasionally un-
covered. As with modern Westerners, myeloma is the most common of these. Thus,
in preagricultural humans, primary bone malignanices seem to have been more
common than cancers metastasising to bone. In contrast, in the Western world, at
least 98% of people with malignant bone tumours have metastatic cancer. This dis-
similarity adds to the evidence that the most common cancers of modern societies
are largely preventable.

Relevant dietary factors

There is currently broad consensus that diet affects the occurrence or growth of
cancer, or both, but there is only fragmentary good knowledge regarding which
specific foods increase or decrease the risk”**. Many experts advocate a high
intake of fruits and vegetables, although the results of epidemiological studies have
been varied. For low-fat, high-fibre diets, there is less convincing evidence in cancer
prevention. Vegetarianism does not seem to lower the risk of death from cancers®,
suggesting that meat is not a major culprit.

In 2007, the World Cancer Research Fund (WCRF) and the American Institute
of Cancer Research (AICR) published a review by an international panel of experts
on the connection between diet and cancer, including factors that are indirectly
influenced by nutrition such as weight and stature’. Considerable emphasis was
put on observational studies, while randomised controlled trials were sometimes
neglected. In Table 4.16, which lists the diet-related factors for which the panel
thought there was convincing evidence of a cancer connection, overweight emerges
as a major culprit. However, although overweight increases the risk of several
cancers, most cases are evidently not convincingly explained by this or other factors.
Thus, most of the many-fold higher incidences of cancer in the Western world are
not explained. All Westerners are high-risk individuals, and the additional risk from
being overweight or obese instead of lean is typically rather small.

Breast cancer

Overweight and weight gain in adulthood has been found to increase the risk of
postmenopausal breast cancer, the most common cancer in women in the Western
world”-23:479:658.677 Njineteen out of 24 cohort studies have shown increased risk
with increased body fatness, which was statistically significant in seven’. On aver-
age, an estimated 3% (95% CI 1-4) increase in risk per two units increase in BMI
was found. The associations with BMI and adult weight change seem to be stronger
both for aggressive and for hormone receptor-positive cancers??. Available cohort
studies also show increased risk of postmenopausal breast cancer with increased
waist circumference, which was statistically significant in two out of eight studies’.
Meta-analysis was possible on four studies, giving an estimated 5% increase in risk
(95% CI 0-10) per 8 ¢m increase in waist circumference.
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Table 4.16 Diet-related factors which, according to the World Cancer Research Fund and the
American Institute for Cancer Research, are convincingly related to the risk of developing

cancer’.

Form of cancer

Decreases risk

Increases risk

Breast

Colon, rectum

Pancreas
Kidney
Endometrium
Oesophagus

Oral cavity, throat
Liver
Lung

Lactation

Physical activity

Alcoholic drinks

Body fatness?

Adult attained height?
Body fatness?®
Abdominal obesity
Adult attained height
Red meat®
Processed meat?
Alcoholic drinks

Body fatness®

Body fatness?

Body fatness?
Alcoholic drinks

Body fatness?
Alcohol

Aflatoxins

Arsenic in drinking water

-carotene supplements®
Nasopharynx - [—3 PP

Stomach - -
Gallbladder - -
Qvary - -
Cervix - -
Prostate - -
Bladder - -
Skin - -
Other _ _

2No defined lower limit.

bConvincing for postmenopausal (and probable for premenopausal) breast cancer.

°The term ‘red meat’ refers to beef, pork, lamb and goat from domesticated animals.

9The term ‘processed meat’ refers 10 meats preserved by smoking, curing, or salting, or addition of chemical
preservatives.

¢The evidence is derived from studies using high-dose supplements (20 mg/day tor 3-carotene; 25000 (U/day for
retinol) in smokers.

The WCRF/AICR panel also found convincing evidence that breast cancer inci-
dence is increased by factors that generate a rapid growth in height and increased
stature’. Both of these are related to early puberty, which was also pointed out by
the panel. One possible mechanism is excessive tissue growth due to hyperinsuli-
naemia or insulin resistance (see Section 4.6).

Although not mentioned by the panel, casein has been shown in rat experiments
both to cause insulin resistance®’”??318%8 and to accelerate the growth of breast

644 or soya protein®®?. The results of epidemiological

cancer compared with whey
1237

studies in humans have been contradictory with regard to dairy consumption
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Total fat intake is strongly associated with breast cancer in worldwide com-
parisons?®?, but within separate Western populations the association is small or
non-existent?92:24%1631.1689 “and an 8-year dietary intervention program including
a low-fat diet (the Women’s Health Initiative Dietary Modification Trial) did not
significantly prevent breast cancer'**”. The non-significant 9% decrease (P = 0.07)
was more likely due to caloric restriction and increased intake of fruits and vegeta-
bles. Hence, it seems more important to focus on body fat than on dietary fat!¢%?,

Colorectal cancer

There is increasing evidence that points to a connection between insulin resis-
tance and colorectal cancer (see Section 4.6)313:630:1597,1805 3 nd most cohort studies
support a gradually increased risk with increasing BMI”, and in particular with
increasing waistling362:626,840,1851

The role of meat has been discussed for many years. Based on observational
studies, the WCRF/AICR panel found convincing evidence that red meats (from
domesticated animals) and processed meats are a cause of colorectal cancer. The
proposed causative compounds are substances formed on cooking at high tem-
perature (polycyclic aromatic hydrocarbons and heterocyclic amines), processing
(nitrates and nitrites) or during intestinal metabolism (N-nitroso compounds)’.
However, no adverse association has been found for poultry or fish?81:1090:1315
despite that these provide the same compounds®¥41673. With regard to polycyclic
aromatic hydrocarbons, the contribution from cereals is actually larger than from
meat, although the levels are lower than in meat, in particular grilled meat”. As for
nitrate, vegetables account for 70-97% of the intake in high-income countries”. All
this may indicate the presence of confounders (e.g. health-conscious people tending
to avoid foods conceived as harmful), or that other factors than red meat are more
important at the population level. Berween 1963 and 1998 in the UK, when the
intake of red meat decreased by 25%, the incidence of colorectal cancer increased
by 64%72°. Furthermore, vegetarians do not have a lower risk of colorectal cancer
death than omnivores®®.

There is no randomised controlled trial specifically addressing meat, but in the
very large Women’s Health Initiative Dietary Modification Trial, the intervention
group decreased their intake of red meat by 10%, whereas the control group
increased their intake by 10% (mean difference 20%; 95% CI 15-25). Despite this
marked difference, there was no effect on colorectal adenomas or cancers during
8 years!”3,

Contrary to common belief, and to the judgement of the WCRF/AICR panel,
cereal fibre probably does not prevent colorectal cancer. Six randomised controlled
trials3%193,802,1106,L188,1590 "¢he three largest ones published in 2000, and a meta-
analysis of these studies”® have now convincingly refuted this idea. All six trials
evaluated the effect on the recurrence of colorectal adenomas, benign tumours from
which most colorectal cancers arise, in people already diagnosed with adenoma.
There was no overall effect of dietary fibre on incidence or recurrence of adenomas,
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although one study found an adverse effect on adenoma recurrence of soluble fibre
(ispaghula husk)!®3) and another one found a significant increase in the number of
large adenomas after 4 years of wheat bran supplementation®??. Even more worry-
ing were the results from the two trials that were large enough to study true cancer
incidence, which, as a matter of fact, was higher in the fibre supplemented group:
17 out of 1426 subjects were diagnosed with colorectal cancer in the fibre group as
compared to 6 out of 1370 control subjects (relative risk 2.7; 95% CI 1.1-6.9; P =
0.04)321590 Observational studies do not support an important effect”:!314.1851,1886
and the risk of confounding is considerable!222:1388 partly because of the long-held
notion that whole-grain foods are healthful'®3®.

It is quite remarkable that none of the randomised controlled trials, which were
published in the New England Journal of Medicine {two studies), the Lancet (one
study) and other high-ranked journals, is cited in the WCRF/AICR report.

Prostate cancer

As discussed in Section 4.6, individuals with insulin resistance or the metabolic syn-
drome have an increased risk for prostate cancer®” as well as a worse prognosis®®.
From an international perspective, the incidence of both prostate cancer and breast
cancer varies many-fold and they covary by almost 20% (R* = 0.18; P = 0.03;
adapted from [1392]). These two forms of cancer are also the ones that specifically
affect the domestic dog, an animal which easily develops insulin resistance3?%-907,

Among American physicians, high milk consumption is associated with increased
risk of prostate cancer?®®, and other cohort studies have generally found similar
results’. In an international comparison of 65-74-year-old men in 41 countries,
73% of the mortality from prostate cancer was attributed to the non-fat portion
of milk, i.e. milk proteins and lactose®!®. Similarly, the US Multi-ethnic Cohort
study found low-/non-fat milk to be related to an increased risk and whole milk
to a decreased risk of prostate cancer'*3”. Another American cohort study found
that skim milk, but not other dairy foods, was associated with increased risk of
advanced prostate cancer'*%?,

Since 1996, there has been some hope that antioxidant supplementation with
selenium and vitamins E and C could prevent prostate cancer, but recent large-
scale randomised trials have put an end to this hope’®*375:1060  Thys, lifestyle
confounders probably explain the associations found in earlier cohort studies’®*,

Diet in established cancer

Research about the optimal diet for people with cancer is scarce’. One study found
that in patients with stage Il colon cancer (spread to nearby lymph nodes but
not to other parts of the body) treated with surgery and chemotherapy, a more
‘Western’ dietary pattern was associated with a higher risk of cancer recurrence
and early death!?'8. However, there is no particular type of diet that can currently
be recommended to hinder growth or metastasis of cancer3”. On the other hand,
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there are also no known contraindications against a high intake of meat, fish,
vegetables, fruits and nuts.

One study found that women with resected, early-stage breast cancer who were
randomly assigned a very low-fat diet had a lower relapse rate during the first
7 years of follow-up?*. They also lowered their energy intake more than the
control group, and they lost 2.7 kg more than the control subjects (P = 0.005).
However, only women with oestrogen receptor-negative cancers seemed to benefit.

Some-people have the impression that it is not bad to be slightly overweight when
affected by amy cancer. This idea essentially lacks scientific support and is possibly
based on the simple fact that people with advanced cancer often become wasted
and emaciated. Although underweight may impose a risk, in particular in the case
of malnutrition, overweight patients with recently diagnosed cancer do not have a
better prognosis. Rather, much evidence indicates that being overweight increases
the risk for recurrence and reduces the likelihood of survival**”. Thus, among
14 709 French women with breast cancer, the risk of death increased by 32% among
the overweight (95% CI 22-42) and by 53% among the obese (95% Cl 37-72),
compared to women with BMI below 25", In addition, obese patients had an
increased risk of developing gynaecological or gastrointestinal cancer. An earlier
meta-analysis found a mean 56% increase in mortality among obese women with
breast cancer'**". Similarly, obese patients have poorer prognosis in prostate’#5:65¢,
colorectal*?* and renal cancer®.

Soya products cannot be recommended, particularly not for women being treated
for breast cancer with tamoxifen, since the tumour-inhibiting effect seems to be
counteracted by genistein*#7-846:852 Genistein, the dominant phytoestrogen in soya
bean, potentially stimulates the growth of oestrogen-dependent breast cancers by
acting as a so-called promoter that accelerates the progress of existing breast can-
cer#2,321,1464,1622,1803 ‘The jdea that soya consumption would explain the relatively
low risk of breast cancer in women living in Japan is open for debate”3%. There are
all sorts of reasons why breast cancer could have been less common in Japan than
in Europe and North America. On these grounds, the former enthusiasm for soya
has lately turned into caution®*7-1445,

While irrelevant to most readers, the use of yam (Dioscorea batatas) as a staple
food may also not be advisable for women with ovarian cancer. A high intake of
yam could likely result in a high uptake of diosgenin, an endocrine disruptor with
contraceptive properties®®+148:1976 Specuylatively, this could explain the seemingly
high rate of ovarian cancer in the Trobriand Islands.

Future research

Even the most radical sceptic would have to agree that ancestral diets need to be
tested in relevant animal cancer models. The foods that an animal eats in its natural
environment should be studied to see if they have any effect on the occurrence
and progression of cancer, as compared to the standard feeds given today. Any
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species-specific differences that may exist in terms of cancer should also be studied
in this light.

The attention around diet and cancer has probably been too concentrated on sub-
stances that can initiate (start) cancer (e.g. mutagens from grilled foods and poly-
cyclic aromatic hydrocarbons). Exposure to natural pesticides (chemical agents) has
always been high among plant eaters. Indeed, the exposure to natural pesticides
among modern humans is estimated to be several thousand times higher than expo-
sure to synthetic pesticides. The total intake was even higher during the Palaeolithic
era than it is today, but on the other hand, it was spread across a larger number
of substances through a significantly wider selection of plant species and varieties.
Besides being exposed to carcinogenic substances in the diet, humans have always
been exposed to endogenous carcinogenic substances, i.e. those that are produced
by the body, as well as by ionisation and ultraviolet radiation. ‘Nature is not be-
nign,” as Ames, the father of the commonly used Ames’ test for carcinogenicity,
stated*®.

Some of the focus should be shifted to the processes that are part of the body’s
defence system against premature cancer and metastasis'!8%, systems that have been
developed and refined over hundreds of millions of years in a finely tuned balance
with the available foods. Cancer develops slowly before symptoms develop, and
many of the steps along the way could be affected by diet.

4.12 Osteoporosis

The global burden of osteoporosis is heavy, and even more so in European coun-
tries’*83¢. The highest prevalence is seen in Scandinavian countries®*. In her
lifetime, every second Swedish woman will break one or more bones due to osteo-
porosis. This gigantic public health problem is not always described in a relevant
or clear way, especially when it comes to the lifestyle changes involved. You some-
times get the impression that long daily walks and a high calcium intake will solve
most of the problem, but this is not true. The effect of each of these interventions
has been small in randomised controlled trials, and they are not expected to have
a major impact on the average woman’s fracture risk®%1762.1957 [t seems obvious
that other lifestyle factors are present. Again, an evolutionary perspective may be
able to provide us with important insights.

Osteoporosis is characterised by bones with low density, disturbed microarchitec-
ture and poor strength!#%”, Bone density, the percentage of bone tissue in relation
to the surrounding tissue, can be measured with a bone densitometer (primarily
DXA). The increased risk of fracture with low bone density is comparable to the
increased risk for stroke in relation to blood pressure, but it is higher than the
increased risk for myocardial infarction in relation to serum cholesterol!'3%1320
(see Table 4.17). Other validated modifiable risk factors are, according to a 2003
report from the Swedish Council on Technology Assessment in Health Care (a na-
tional body for evidence based medicine): physical inactivity, underweight, low sun
exposure, propensity to fall, smoking, high alcohol consumption, impaired sight
and long-term oral cortisone treatment (www.sbu.se: search osteoporosis). The
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Table 4.17 Probability of 10-year risk of hip fracture according to bone
density categories (T scores, assessed with dual-energy X-ray
absorptiometry) in 70-year-old Australian women with or without prior
fracture (not due to major trauma)*2%,

T scores Prior fracture No prior fracture
1 1.0 0.4
0 2.3 07

-1 53 1.7

-1.5 7.9 25

-2 11.8 3.8

—2.5 17.4 5.7

-3 25.2 8.6

Note: The T score is the number of standard deviations above or below the mean for a
healthy young adult of the same sex and from the same population. A T score of —2.5 or
less is classified as osteoporosis in case of prior fracture and as osteopenia in case of no
prior fracture.

well-documented, non-modifiable risk factors are high age, earlier fracture, female
sex, early menopause, genetics and ethnicity. Tall stature is included in the latter
group, although it may to some extent be modifiable, as discussed in Section 4.6.

Skeletal strength can be good even in the event of low bone density”!”. As for
any material, other qualities like elasticity can be crucial for optimal durability.
The strength can only be measured by subjecting a section of the skeleton to
various degrees of stress until it cracks, a procedure which is obviously difficult in
living subjects. Therefore, osteoporosis is a rather elusive disorder, as shown in one
study where 54% of women with hip fracture had not been osteoporotic at DXA
screening 5 years earlier!$89.

Prevalence studies

There are very few studies of the occurrence of osteoporosis and bone fractures
among aboriginal populations and none at all for hunter-gatherers. Despite an
equally low or lower bone density and often a lower calcium intake than in the
West, existing data suggest that hip fractures are uncommon among non-urbanised,
ethnic populations!7+120,186,1446,1607.1697

We have unpublished data indicating that osteoporotic fractures are rare or ab-
sent in the Trobriand Islands, Papua New Guinea, and that this cannot be explained
by high bone density, as measured with DXA on the forearms (P. Johansson, O.
Johnell, W. Schiefenhovel, C. Wong and S. Lindeberg, unpublished data). A review
of 4310 diaries in a clinic in Losuia, Kiriwina from December 1995 to October
1999, showed that all fractures were attributable to a powerful force, such as a
fall from a coconut tree, assault or similar incidents. Our findings are consistent
with the records of Jiiptner and Schiefenhével (personal communications), medical
doctors with extensive experience from the islands.

The entire population of Kitava above the age of 60 was filmed from the side while
standing, where a lack of thoracic kyphosis (exaggerated forward bending of the
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upper thoracic spine} was noted (S. Lindeberg, unpublished data). This condition
is very common among older Westerners®®’. Even if thoracic kyphosis may have
other causes than osteoporosis'’?®, these findings provide further evidence that
osteoporotic fractures are uncommon on the Trobriand Islands.

Barss noted a strikingly low incidence of hip fractures in Milne Bay province, the
district with 135000 inhabitants which includes the Trobriand Islands'?’. During
his four years of service, he diagnosed three hip fractures in persons of Australian
descent but none in the domestic population, which made up the overwhelming
majority of patients. He saw many older persons, but no hip fractures and just a
few distal radius fractures. Other types of fractures associated with accidents were
relatively common.

However, if traditional populations have been relatively free of low-trauma frac-
tures, Eskimos apparently constitute an exception. X-rays and several studies mea-
suring bone density show that Eskimos in northern Alaska and Canada (Inuit
and Yupik) during the end of the 1960s and beginning of the 1970s often suf-
fered from osteoporosis®’ ! 116711681402 “The hone density was generally low com-
pared with white populations. Compared with Westerners, age-related bone loss
started earlier in life and was more pronounced. At this time in history, however,
their lifestyle began to be affected by Western eating habits with sugar and grains,
as well as the start of modern, Western diseases?3%:105%:1136,1138,1520,1643

Across developed and developing countries, a clear variation in the incidence
of hip fractures has been noted. In one international comparison, the risk of hip
fracture was roughly 28 rimes higher in Sweden than in Turkey®”®. The probability
that a 50-year-old woman today will suffer from a hip fracture at least once in
their life is 28.5% in Sweden versus 1% in Turkey. (For any fracture and all
ages, the risk 1s 50% among Swedish women.) Countries can be divided into the
categories of very high risk for hip fracture (Norway, Iceland, Sweden, Denmark,
USA), high risk (Taiwan, Germany, Switzerland, Finland, Greece, Canada, Holland,
Hungary, Singapore, Italy, Great Britain, Kuwait, Australia, Portugal), medium
risk (Hong Kong, France, Japan, Spain, Argentina, China) and low risk (Turkey,
Korea, Venezuela, Chile). Much of this worldwide variation of hip fracture rates is
explained by latitude®?’ | underscoring the preventive effect of sunlight and vitamin
D as discussed below.

The worldwide pattern of vertebral fractures is similar to that of hip fractures,
but not identical®*®. For instance, Japanese women have, compared to American
womern, a higher risk of vertebral fractures and a more pronounced lack of tra-
becular bone, a loss that also starts earlier in life®?”. During the second half of the
twentieth century, the incidence of vertebral fractures declined in Japan, while it
increased in the West.

Prehistoric skeletal remains

Fractures

Despite a large number of documented fractures in fossilised bones from Palae-
olithic hunter-gatherers, osteoporotic fractures are considered to be rare in
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prehistoric skeletons south of the Arctic circle!”!'3'21910 This conclusion is based

on the overall picture of the location and type of the fractures, robustness of the
bone and the available knowledge of the lifestyle. For example, fractures of the
hip and the distal forearm are virtually non-existent. However, due to uncertain
age estimates of the skeletal specimens and a limited number of skeletons, proper
comparisons with modern populations are impossible.

A well-healed compound fracture of the neck of the femur was noted in a pre-
historic hunter-gatherer in Australia!”!. The bone was strikingly robust and was
considered to originate from a man. Mild trauma fracture was deemed improbable,
rather it was more likely that he jumped or fell from a great height. A distal ulnar
fracture resulting from fending off a blow from a stick, for example, is the single
most common fracture!?815121910 " This type of fracture dominates those adults
currently living on the Trobriand Islands, in particular women (P. Johansson, un-
published data).

In skeletons from Eskimos, vertebral compression fractures seem to be overrepre-
sented, which has been attributed to reckless rides on Komitaks, a type of flat sleigh
without bumpers'?12. Vertebral compression fractures were noted in 36 of 80 adult
Eskimos in his material. In a study of the Aleuts, a population closely related to
the Eskimos, the prevalence was 22%'%%4. This can be compared with a prevalence
of 25.3% (95% CI 22.3-28.2) among current American women over the age of
50°%¢. The incidence of clinically diagnosed vertebral fractures, as opposed to those
found at radiological screening, among women in the same population was 5.3 per
1000 person-years.

Bone density

Determining the bone density in skeletons that have been buried in the ground for
long periods of time is associated with serious methodological difficulties!? 121544,
Some authorities consider it almost impossible to determine the porosity, density
and mineralisation of prehistoric bones®!!. Others, however, feel that there is sup-
port for the idea that Palaeolithic populations had more robust skeletons than
early farmers, not just due to the higher bone density, but also because of a more
favourable structure!®#215%4 The idea was that increased axial strength in the
long bones was achieved with a more oval and less rounded cross section, and with
the higher percentage of trabecular bone tissue at the expense of cortical bone.

One osteological study compared forearm bone density in two groups of prehis-
toric North American hunter-gatherers, one of which supplemented hunting and
gathering with farming'#!2. He determined that the age-related loss of trabecular
bone was greater in the latter group and that the farming hunter-gatherers did not
distinguish themselves from Westerners. However, such comparisons over time are
not reliable because of diagenesis (effects of the soil on the skeleton).

Osteological studies of prehistoric Eskimos, with given reservations, provide a
consistent picture of a higher occurrence of osteoporosis than in modern West-
ern populations™!:1166:1506.178% “The general impression is that peak bone mass is
achieved at a young age, similar to Westerners, but that the loss of bone after the
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age of 50 is more pronounced. Harper found evidence of a geographic gradient,
with thicker, more compact (the outer layer) long bones among the oldest aborigi-
nal Eskimos around the Bering Sea®”!. The bone thickness declines, the further east
and south-east one travels along Canada’s north coast to Greenland.

Relevant dietary factors

The effect of a Palaeolithic diet on skeletal strength is an open question. Strictly
speaking, the same is true for other dietary models, partly because of the low rel-
ative impact of known dietary factors!®”?. Bone fragility can increase through a
variety of disturbances, as already mentioned, but many questions remain unan-
swered. The risk for osteoporotic fractures increases with underweight, low sun
exposure, calcium deficiency, physical inactivity, smoking and high alcohol con-
sumption. Calcium deficiencies can develop from a low intake of calcium, low
calcium bioavailability or elevated calcium excretion by the kidneys. If people of
the Northern Hemisphere would remove dairy products from its position as the
primary source of dietary calcium, many experts are concerned that osteoporotic
fractures will increase even more than today. However, the risk may be lower than
anticipated, as discussed below.

Vitamin D

Vitamin D facilitates calcium absorption in the intestines. It is not strictly a vitamin
since all the required amount can be met by sunlight exposure which converts
inactive precursors in the skin to the active form of vitamin D'#%. However, modern
humans spend much time indoors and roughly one quarter (25%) of the required
amount of vitamin D is now supplied from food (mainly fish, meat and milk).

Much evidence indicates that vitamin D deficiency is common among Westerners,
especially in elderly people, where the primary cause involves the long periods of
time spent indoors!080:1197.1199,1786,1853 ' Vegans are also at risk, partly because
vegetables do not contain vitamin D?$%113%1215 However, although it is widely
accepted that vitamin D status is determined by the measurement of the circulating
concentration of 25-hydroxyvitamin D, the cut-off value to define low vitamin
D status remains controversial37%1061:1965 " There is also a remarkable paradox
in that extensive sun exposure in several studies does not suffice to raise serum
25-hydroxyvitamin D above the accepted cut-off levels'67:8142000.2031 ‘Hence, other
factors could hypothetically increase our need for vitamin D, possibly by way of
vitamin D receptor resistance. Obese people are characterised by lower plasma
levels of 25-hydroxyvitamin D?37:162L1970 "\which is apparently not explained by
reduced sun exposure®’2. In some, but not all studies, vitamin D status has improved
after weight loss'*®!. These findings could imply that an unhealthy Western lifestyle
increases vitamin D requirements.

During the Palaeolithic era, there was probably no need for dietary vitamin D due
to the large amounts of time spent outdoors. However, north of the polar circle, the
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winter sun is so low in the horizon that the process of converting vitamin D may
have been insufficient. This could partly explain the high prevalence of vertebral
fractures among the Eskimos, as outlined above. Even today, people at northern
latitudes, such as Scandinavians, have a markedly increased risk of hip fractures®.

Unfortunately, vitamin D supplementation has a marginal effect, at least in el-
derly people. In a Cochrane review of randomised placebo-controlled trials in older
people, vitamin D alone (without calcium or other additional supplements) showed
no effect whatsoever on hip fracture (7 trials, 18 668 participants; relative risk
1.17; 95% CI 0.98-1.41) or vertebral fracture (4 trials, 5698 participants; relative
risk 1.13; 95% CI 0.50-2.55)”*. Another meta-analysis did not find vitamin D to
add any benefit on top of calcium supplementation'”®?. However, in people with
low vitamin D serum concentration (25-OH-vitamin D3 <25 nmol/L), a tendency
for greater risk reduction of fracture was seen (relative risk for fracture 0.86 vs
0.94; P = 0.06). In addition, the dose of vitamin D was low in most trials, and
the preventive effect was better (P = 0.03) in the high-dose trials (at least 800
IU/day; relative risk 0.84; 95% CI 0.75-0.94) than in the low-dose trials (less than
400 IU/day; relative risk 0.87; 95% CI 0.71-1.05). Other studies also indicate that
the dose of vitamin D should be at least 800 1U/day!’!. Another meta-analysis
of randomised controlled trials came to a slightly different conclusion: combining
vitamin D with calcium is more important than increasing the dose of vitamin D
above 800 1U/day'®®. In that study, vitamin D reduced the risk of hip fractures only
when calcium supplementation was added.

In summary, taking extra vitamin D late in life seems to have little effect on bone
strength in most people, and the risk of side effects is not negligible, in particular
hypercalcaemia®. Preferably, we should spend much time outdoors throughout

life.

Calcium intake

In elderly Western women, calcium supplementation alone (i.e. without vitamin
D) probably prevents fractures, in particular fractures of the hip and backbone.
In contrast, fractures of the lower arm, the most common type of fracture, are
apparently not prevented. In a meta-analysis of 17 placebo-controlled trials in men
and women (n = 52625), calcium treatment alone was associated with a 10%
risk reduction in fractures of all types combined (95% CI 0-20}'762. Some of
the lack of effect appears to be caused by people not taking the prescribed calcium
supplement. The treatment effect was also better with calcium doses of 1200 mg/day
or more than with doses of less than 1200 mg/day (risk ratio 0.80 vs 0.94; P =
0.006). The average calcium intake in Sweden is 900 mg/day among women and
1000 mg/day among men (www.slv.se). Any positive effect on bone mass should
be weighed against recent evidence that calcium supplementation may increase the
risk of myocardial infarction, at least when it is given alone!?!. This evidence comes
from a randomised placebo-controlled trial in 1471 postmenopausal women, half
of whom were randomised to receive calcium supplementation. During 5 years of
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follow-up, there were 45 myocardial infarctions in the calcium group and 19 in
the placebo group (P = 0.01). The combined incidence of myocardial infarction,
stroke or sudden death was also higher, 101 events, compared to 54 in the placebo
group (P = 0.008). A recent observational study found similar results?032.

In children, the benefit of calcium is more uncertain, partly because exception-
ally large and long-term trials would be needed to evaluate the effect on frac-
ture incidence. One Cochrane meta-analysis of 19 randomised controlled trials in
healthy children (7 = 2859) found no clinically significant effect on bone density
of calcium supplementation {including food sources)'?*®!%57 There was a small
effect on forearm bone density (standardised mean difference 0.14 g/cm?; 95% CI
0.04-0.24). This effect is expected at best to reduce absolute fracture risk in children
by 0.1-0.2% per year. A later randomised controlled trial with a calcium-fortified
fruit drink in 96 girls aged 12 showed a small increase of bone mineral density
at all sites which rapidly vanished after supplements were no longer provided®””.
Possibly, dietary calcium has been overemphasised for the building of strong bone
in children with crucial factors yet unexplored. A lifelong excess of calcium supple-
mentation has even been suggested to increase the risk of fractures at old age”?’.
In this context, it is noteworthy that recent calcium balance studies indicate that
human calcium requirements are lower than previously thought’%.

Dairy products

The value of dairy products is also uncertain. Controlled trials of dairy foods
for bone health in children have not been conclusive. Three trials included in a
meta-analysis (which found no effect)*®! were excluded in the Cochrane review
of calcium supplementation mentioned above!?°®1%57 as they were not placebo-
controlled?%278 or did not have adequate randomisation!'%, Instead, four other
placebo-controlled trials using milk extract supplementation were included in the
Cochrane review!?7221.342.810 The gverall effect, with or without the first three
trials, was a slight positive effect of uncertain clinical importance in children. In
adults, several studies do not indicate an important effect of dairy foods, with
the possible exception of females younger than 30 years'”?'. A cross-over trial
in postmenopausal women found metabolic effects of expected benefit for bone
strength!?¢.

In contrast to many of the intervention trials, observational studies of increased
fracture rates®%®8> and lower bone density!'%1318 in young milk abstainers are
slightly worrying, although it may be the substitutes, such as soft drinks, that
are harmful rather than the displacement of milk in itself'%2?. One study found
50 children in the ages of 3-13 who did not drink milk, usually due to lactose
intolerance or because they didn’t like the taste, to have lower bone density than
controls®®®. As many as 16 of the SO children had suffered a fracture (expected
number was 6; P < 0.001). More research is clearly warranted as to the role of
milk and its bioactive constituents?**!832_in particular among children who stick
to other parts of a Western diet.
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Calcium absorption

The absorption of calcium in the intestines (i.e. its bioavailability) is affected by
certain dietary factors, of which the most quantitatively important one is probably
phytic acid in cereals and beans. Through the process of chelate bonding, phytic
acid forms insoluble salts, phytates, with calcium, iron, zinc and magnesium, which
effectively prevent their absorption?3%342,:668,1243,1535,157L,1572,1703 'There is no ev-
idence of long-term adaptation to compensate for this reduced uptake. Phytate
is therefore a common cause of mineral deficiencies in vegetarians?8$:590:669 (see
Section 4.13 for further discussion of phytic acid).

The idea that phytic acid in cereals may contribute to osteoporosis would possibly
explain why the disease is common among domestic pigs, in particular breastfeed-
ing sows*!?, The recommended calcium intake widely exceeds what is possible for
wild pigs to obtain, which indicates an abnormally high amount of calcium needed
for grain-fed pigs. Broiler chickens that are raised on certain grain-based, concen-
trated feeds in order to grow quickly often develop a very obvious brittle skeleton
(Einarsson, L., personal communication). Even among laying hens, osteoporotic
fractures are common during incubation, but breeding helps promote hens that are
more resistant to life on the egg farm!”3!.

Salt intake

A potentially important cause of osteoporosis as a result of negative calcium bal-
ance is the normal level of salt consumption in Western countries?¢!732.1155,1318
More than 15 short-term studies in humans have clearly shown that urinary cal-
cium excretions are positively correlated to sodium intake’0!80%1135,1159,1648 ' The
reabsorption of sodium and calcium in the kidneys is positively correlated to each
other. Increased sodium intake leads to increased sodium excretions via the kidneys,
which increases the calcium excretion level.

With a typical Western salt intake (100-250 mmol/day), the lowest ‘obligatory’
calcium excretion is 100 mg/day, the level below which calcium excretions will not
drop any further with a reduced calcium intake. The excretion level is commonly
called ‘obligatory’, but this is misleading because the threshold drops with reduced
salt consumption'®'?. Available evidence indicates that compensatory mechanisms,
such as increased calcium absorption in the gut, do not fully offset the negative effect
on bone calcium”%113% Tn particular, older women may not be able to compensate
for the increased calcium losses caused by dietary sodium.

In experiments on rats, a high salt intake (at a realistic level) has resulted
in accelerated bone loss?”7:604605,976,1216,1577 15 humans, a 2-year observational
study found a gradual increase in bone loss with increasing salt intake among
older women®®. We did not see any effect of salt restriction on bone loss in an
unpublished randomised controlled trial of 60 to 69-year-old women (# = 90)
(S. Lindeberg, B. Forsberg, S. Elmstahl and O. Johnell, unpublished data). Bone
density was measured with DXA prior to the experiment, as well as 6 and 12
months afterwards. Salt intake was calculated from the daily level of urinary sodium
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excretions. Thirty women were randomised to sodium restriction, but only 22 of
them completed the study and only 6 subjects reached the goal of <50 mmol
Na/day. In addition, the study’s population had a relatively low sodium intake at
baseline (113 4+ 43 mmol Na/day).

Some studies suggest that reducing the salt intake from 150 to 100 mmol Na/day
{corresponding to 9 and 6 g NaCl, respectively) has a marginal effect on bone
loss*10, Therefore, a decrease to ancestral levels (<S50 mmol/day) may be advisable
in order to achieve the desired effect.

Potasstum intake

Alkaline salts of potassium, such as potassium bicarbonate and potassium citrate
{(which occur in particularly high amounts in vegetables and fruits) help prevent
calcium loss via the kidneys in both young men and pre- and postmenopausal
women'#31013,1014,1611 "even with a high salt intake!?*¢. Potassium supplementation
is particularly efficient in subjects with large urinary excretion of calcium®*®. In a
study of 60 postmenopausal women, the effect of common salt on renal calcium
excretion was completely reversed with potassium citrate supplements'¢!$. After
moderate salt restriction (87 mmol Na/day) for 3 weeks, the women were randomly
assigned a high salt intake using sodium tablets (225 mmol Na/day) plus potassium
citrate (90 mmol/day) or a high salt intake plus a placebo. During the 4 weeks with
a high salt intake plus placebo, calcium excretion increased by 42 + 12 mg/day
without, but fell by 8 + 14 mg/day with potassium citrate supplements (P = 0.008).
Biochemical markers for bone destruction were only affected in the high salt intake
plus placebo group.

Two non-controlled trials found increased bone mass of the backbone!?”® and
forearm!®* afrer long-term treatment with potassium citrate among patients with
recurrent kidney stones. Furthermore, in an observational study of 994 women
between the ages of 45 and 49, bone density showed a gradual positive correlation
with potassium intake!?’!. Similar findings have been noted in older men and
women#2? and children®%.

Acid-base balance

There is growing evidence that acid-producing foods can adversely affect bone
mass through low-grade metabolic acidosis which enhances calcium losses from
the skeleton37:233,247,449,515,1012,1103,1163,1292,1495,1611,1618,1822,1879,1924  E0ds which
provide acid precursors in excess of base precursors yield a net endogenous acid
production (NEAP), and this leads to greater urinary excretion of calcium, magne-
sium and nitrogen, and probably bone loss. Bone tissue is our main buffer against
systemic acidosis why this aspect of diet may have been seriously underestimated.

Foods that are atkalising are typically rich in potassium and it is sometimes hard
to separate these two beneficial factors. However, one randomised, controlled,
double-blind trial in 161 postmenopausal women found that potassium citrate,
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which is alkalising, enhanced vertebral bone mass while potassium chloride, which
is acidifying, caused significant bone loss®!®.

Acid-producing foods include cereal grains, dairy products (particularly cheese),
meat, fish, nuts, eggs and beans. Furthermore, dietary salt has an acidifying effect
due to the chloride ion. All non-grain plant foods, such as fruits, root vegetables
(including potatoes) and leafy vegetables, provide alkali excess and may thus protect
the bone?®-541.1494:1610 Dye to the low proportion of such foods, most Western diets
result in a net acid load. Among northern European children and adolescents, it
has been estimated that grains, dairy products and meat+fish+eggs each contribute
with about one-third of the daily acid load®®. The particularly high acidity of
cheese®®1%94 could possibly explain why cheese, compared to milk, may have less
beneficial effects on bone!??!.

Most ancestral diets, even high meat variants, are apparently on the right side
of the acid—base balance. One study found a NEAP of -88 + 82 mEqg/day (mean
+ SD) for 159 different hypothetical preagriculcural diets, compared to +48 for
the average US diet (a positive value corresponds to a net acid load)'®!°. How-
ever, the Eskimos’ exceptionally protein-rich diet based on meat and fish is an
exception.

Protein intake

There is a long held debate as to whether, and under what circumstances, di-
etary protein has an anabolic (constructive) or catabolic (destructive) effect on
bone!#1371,1609 " Geveral studies from recent years suggest that many Western-
ers may have a protein intake that is too low to maintain optimal bone den-
Sity!95:699,701,790,894,1455

Three randomised controlled trials have found reduced bone loss of protein
supplementation among elderly women with a previous hip fracture!®?-1775,1798
However, in all these studies the supplements also contained vitamins and minerals
which may have been responsible for the beneficial effect.

A large observational study showed a gradual preventive effect of increased
protein intake among 55-69-year-old women®®!. Women in the lowest quartile of
protein intake had a threefold higher risk of hip fracture than women in the highest
quartile. A majority of observational studies have shown a gradual increase in bone
mass with increasing protein intake3”-40¢,

However, the effect of dietary protein on bone is not straightforward. At an
optimal protein intake, the provided amino acids can be used for building bone,
but when the intake exceeds requirements, a further increase of dietary protein may
contribute to bone loss'?71*%?. The window of optimal protein intake apparently
varies, depending on the net acid load of the diet!27:1699,

A disputed issue is the extent to which protein from meat, fish, milk and veg-
etables have different effects on bone health and calcium losses. Available stud-
ies have provided varying results and do not support the preference of one kind
of protein for the other!*HM36,(257.1619,1915 " 41 vegetarians do not have higher
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bone density than meat eaters''*!1?°, Soya protein has been suggested to prevent
osteoporosis, but in the studies in question, often experiments on rats, the control
group received casein®®¢741355,1436,1988 1t is therefore unclear whether casein may
have an unfavourable effect, or if soya protein may actually be favourable for the
skeleton. One study noted reduced bone density and strongly elevated parathyroid
hormone levels in pigs that were fed soya protein compared with another group
that received fish meal'?3¢, Increased levels of parathyroid hormone is a marker of
bone loss.

The cardiovascular connection

Cardiovascular disease and osteoporosis are both common in Western countries.
Furthermore, individuals with one of the two conditions are at increased risk for the
other. In one study, 25% of women with hip fracture had known ischaemic heart
disease, compared with 12% among age-matched control subjects'®?!. It has also
been found that people with osteoporosis generally have more advanced atheroscle-
rosis”®”15¢2 The underlying mechanisms are not known but various suggestions
have been made, such as insulin resistance (see below), leptin resistance?””, hyperc-
holesterolaemia and oxidised LDL!*%" Wnt signalling and PPAR-y antagonism®?’
and transfer of calcium from the skeleton to the arterial wall”3?.

Among breeding mice with an increased susceptibility for atherosclerosis, the

same fat-rich chow that causes atherosclerosis also reduces bone mineral con-
tent1382,1949

Insulin resistance and diabetes

Many studies have analysed the complex relationship between insulin metabolism
and bone strength'”?®, Much evidence indicates that insulin enhances bone forma-
tion through inhibition of osteoclast activity®%1783, Osteoporosis is characterised
by an increased amount of glycosylated proteins, which may also be relevant’®.
Middle-aged and elderly people who have diabetes and marked insulin deficiency,
in particular people with type 1 diabetes, have lower bone density and increased
risk of fractures’*®, In contrast, conditions with hyperinsulinaemia, such as in-
creased waistline, impaired glucose tolerance and early stages of diabetes type 2,
are generally associated with high bone mass despite decreased or normal bone
strength®'17%¢. One study of more than 300 000 Canadians found a reduced rate
of osteoporotic fractures in individuals with newly diagnosed diabetes, and an
increased rate with longer duration of diabetes, compared with non-diabetic peo-
ple!®18. Similarly, a recent Japanese study found an increased risk of vertebral
fractures in type 2 diabetes that was not associated with lower bone mass!®?’8.
Diet-induced insulin resistance in rats causes brittle bones without reducing the
bone density!3°7:2992, These findings again bring up the fact that skeletal strength is
not determined simply by bone density'8?2. The hypothesis that insulin resistance is
associated with excess fat outside the fat tissues is also potentially relevant for os-
teoporosis’®3627, One study in white US women found a strong inverse correlation
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between bone mineral density, as measured by DXA, and the amount of fat in the
bone marrow, which explained 55% of the variation in bone mineral density'®4?.

To further complicate the issue, the glitazones (thiazolidenediones), a new type
of drug for type 2 diabetes, lead to increased insulin sensitivity, lower bone density
and increased fracture risk!078,

Underweight

Bone density is lower and the risk of fractures is higher among very underweight
(skinny) Westerners, in particular among those with a BMI below 1887, In Western
populations, such a low BMI often indicates general malnutrition in the elderly and
anorexia in young women. In contrast, morbid obesity (BMI >35) is associated
with a slightly decreased risk of fractures in elderly individuals (15% risk reduction
in one meta-analysis*®*), while no such benefit is apparent at young age: In fact,
in one study of late adolescent females, excess weight in the form of fat mass
was associated with a slightly reduced bone mass'#?”. Thus, bone growth during
adolescence appears not to be enhanced by overweight or obesity.

After age 20-30, there is on average a gradual decline of bone mass with in-
creasing age”®’. Among elderly people, this decline is more pronounced in people
who lose weight®2¢. However, in one study of elderly Australian women, bone
loss was associated with weight loss only after age 70 and not in women who
were physically active!?”®. Nevertheless, intentional weight loss may be a risk
factor for low bone density, as seen in a 2-year controlled lifestyle intervention
trial among premenopausal women aged 44-50 years'3¥*. After an initial BMI of
25, women in the intervention group lost 0.4 kg, whereas control women gained
2.6 kg (p = 0.011). The intervention group experienced significantly greater hip
bone loss (—0.20%/year) than the control group (-0.03%/year). Other similar stud-
ies of shorter duration have shown variable results'38%16351867 For the sake of
bone strength, weight loss programmes should include physical activity.

Unfortunately, ancestral diets have not been studied in controlled trials with
regard to bone health. A Danish study found that a high protein intake protected
against bone loss during weight loss, and that bone loss correlated with reduced
body fat, but not with reduced muscle mass'®3.

Alcobol

Heavy drinkers of alcohol are at increased risk for hip fracture, while a moderate
intake appears to have no or little effect (in any direction)’411255,1563

Summary

Abstaining from dairy products may not be as risky as we used to think for people
switching to a salt-free, Palaeolithic diet with lots of green vegetables and fruits.
Children and young people who reduce their milk consumption withour improving
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their diet in other respects, however, may be at increased risk for bone fragility in
later life, even if they are physically active. In troublesome cases, supplementary
calcium and possibly vitamin D should be considered. More dietary studies are
urgently needed.

4.13 Rickets

Rickets involves a softening of the skeleton due to deficiencies in two important
food ingredients: calcium and phosphorus®1333, Severe childhood cases can result
in bent long bones, a crooked spine, muscle weakness and in the worst cases, death.
In adults, the disease often results in a deformed pelvis, which can prevent women
from delivering children. In many countries it was commonly called ‘the English
disease’, a name which originates from the disease’s epidemic spread in England
during the beginning of urbanisation and industrialisation. Just 100 years ago, the
majority of children in northern Europe were afflicted with the disease.

Rickets in osteological material

Rickets causes a number of permanent changes to the skeleton, such as bowing
deformities of long bones, thickening of the growth zones and many other deformi-
ties. Most of these are specific to rickets, which is why they can be relatively easily
identified by osteologists'”3°. Therefore, it is possible to draw certain conclusions
from the disease’s dramatic variation during prehistoric and historic times.
Skeletal changes due to rickets are seldom seen in prehistoric hunter-gatherers,
and may be absent altogether!”*®. However, they certainly began to appear at the
time of agriculture, and thereafter they showed a low prevalence for several thou-
sand years, until they gradually increased throughout Europe during the Middle
Ages, at least in the cities'”3”. There were no cases of rickets in any of the skele-
tal material from the mediaeval Swedish city of Lund (# = 3305) (C. Ahlstrém,
personal communication). The dietary habits of the examined population are con-
sidered to have been quite good, similar to many other population groups during
the Middle Ages®®. The intake of meat and vegetables was high, among other things.
For obvious reasons, relatively few osteological studies have been done on skele-
tal populations from the past three centuries, but skeletal changes indicative of
rickets have been seen in 25% of the skeletal populations from the eighteenth- and

nineteenth-century Norwich!7%.

Rickets in medical literature

The first physician to describe a widespread public disease that corresponds with
rickets is the Roman Soranus (98—138) from Ephesus'”3”. He noted a high incidence
in the area around Rome, but no cases in Greece, or in Alexandria.

The disease does not turn up in the literature again until 1500 years later, when
it is mentioned in the London death records of 16341781337 Of the 10900 deaths
that year, 14 were attributed to ‘rickets’. By comparison, 13 people were executed,
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32 drowned, 3 hanged themselves, 6 were murdered, 143 died of puerperal fever
(child-bed fever) and 1279 from other feverish diseases. Only 1 person died of the
plague that year, compared with 25% of London’s population in 1625 and close
to 10% in 1636.

Shortly before 1645, Francis Glisson (1597-1677) reported a new disease to The
College of Physicians in London!”®. Glisson was born in the town of Rampisham in
Dorset, and grew up in the county. In 1650, after more than five years of discussions
with the college faculty, he wrote a thesis entitled ‘De Richitide sive Morbo Peurili
qui Vulgo The Rickets’” |About rickets or a childhood disease that common people
call the Rickets|)7?. One year later, Glisson wrote the following together with rwo
co-authors: ‘“This disease became first known as near as we could gather from the
relation of others, after sedulous enquiry, about thirty years since, in the counties
of Dorset and Somerset . . . since which time the observation of it hath been derived
unto all the southern and western parts of the Kingdom™*%°.

Around the same time, and possibly without knowledge of the discussions de-
scribed above, clergyman Thomas Fuller (1608-1661) from Exeter in Devonshire
county, which borders Dorset and Somerset, wrote: ‘There is a disease of infants . ..
having scarcely as yet gotten a proper name in Latin, called The Rickets; wherein
the head waxeth to great, whilst the legs and lower parts wane too little’s%,

It appears that primarily children in the upper and middle classes were atfected
by the disease in the seventeeth century’®®. During the eighteenth and nineteenth
centuries, when, according to several sources, the disease reached epidemic levels
in the industrial cities of Western Europe, it seems that the lower class suffered
to a greater degree'’3?. The disease became so common that it partially paved the
way for the new medical discipline of orthopaedics, which literally means ‘the art
of straightening out children’ (the term was coined in France in 1741). It was also
partly responsible for the development and spread of caesarean sections starting in
England. The prevalence of the disease was high among children in rural Sweden
in the nineteenth century”!!. Some sources suggest that more than 80% of children
in the cities of Western Europe and North America suffered from the disease at the

beginning of the twentieth century?8%720,743,1739

Relevant dietary factors

Vitamin D

Vitamin D is the most important hormone for regulating calcium metabolism and
preventing calcium deficiency through effects on the intestines, kidneys, parathyroid
glands and the skeleron. Rickets includes a spectrum of diseases from a simple lack
of vitamin D to a dietary lack of calcium even with an adequate intake of vitamin
D016, 1417

The current explanation that rickets became widespread in English cities due to
their dark living quarters and cramped alleyways has been rather widely accepted,
especially in the light of the connection between skin and vitamin D. However,
there has been a certain amount of scepticism because of the short amount of time
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outdoors that is needed to achieve conversion of active vitamin D in the skin (see
Section 4.12). Additional reasons for scepticism come from the case descriptions
of rickets among children in the Swedish countryside at the beginning of the last
century'32%. Attempts have been made ro explain a certain percentage of these cases
by the custom of wrapping small infants in cloth and keeping them indoors, but
this information is difficult to assess. The markedly high occurrence of the disease
in the Middle East, North Africa and India in recent years does not seem to be fully
explained by a lack of sunlight!64,398:476,1093,1329,1522

The fact that the disease responds well to vitamin D supplementation is, of course,
not necessarily proof that a lack of the vitamin is the main cause. It is well known
that the need for vitamin D is affected by other factors.

Cereals

A potential contributing factor that has received remarkably little attention is a
high intake of grain products. Roughly 10000 years ago, humans started to base
much of their diet on grains. During the Middle Ages and the beginning of the
Modern Age, cereals gradually made up a larger portion of the diet in Europe
(M. Morell, personal communication).

Besides the fact that cereals are relatively low in calcium (calculated per unit of
energy), they also contain phytate, which inhibits the absorption of calcium’*1372,
Ethnic populations with an exclusive grain-based diet have an increased risk for
rickets, even in sunny countries. Among Asian Indians, it has been shown that a
high intake of chapati (flat cakes of unleavened bread) increases the incidence of
rickets, and that excluding chapatis from the diet can alleviate the disease®3!. Not
even rats seem to be genetically fully adapted to a grain-based diet in this respect®%®,
although their high intestinal phytase activity indicates a certain amount of adap-
tation””’.

The discovery that oats can cause rickets was made by Mellanby in the 1930s,
when he found that puppies raised on oats suffered from rickets'??%. He became
aware of the calcium-binding effect of phytic acid??”, and showed this was the
factor that caused rickets®”?. McCance and Widdowson later demonstrated the
negative effects of highly refined flour (which has a higher phytic acid content) on
the mineral balance of humans'!”!, as well as the ability to improve calcium absorp-
tion by destroying phytates'!”?. These findings were later confirmed in numerous
studiesS42:668,1243,1535,1571,1572,1703

Since phytic acid is mainly found in the germ part of the seed, whole grain
flour is more unhealthy than refined flour in this respect. However, the seed also
contains phytases that can break down the phytic acid under beneficial circum-
stances25985.1278.1570,1749 '1n the best case, if the seeds are tossed in the right way,
soaked and allowed to sit at proper temperature and pH for a sufficient number
of hours (or days), the phytic acid can almost be eliminated. Sourdough fermenta-
tion (using the proper, old-fashion method) and other fermentation processes are
example of these types of methods.
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It is well known that self-supporting farming communities used fermentation?%*,

but whether the purpose was to break down phytic acid is unknown. Moisture
and heat treatment were probably also common®®®. Grain eaters from northern
latitudes seem to have fermented their grain more often than other ethnic groups
(M. Sherwood, personal communication). These types of methods have been largely
lost with the development of large-scale, grain-based food production during the
agricultural revolution that preceded the industrialisation of Europe. The various
types of grains distinguish themselves in that out of our four most popular cereals,
it is most difficult to reduce phytic acid in oats. Hence, it is interesting to note that
rye and barley, whose phytate levels are the easiest to reduce, were the dominant
types of grains in the eighteenth-century northern Europe, and oats were probably
more common among certain coastal populations in Scandinavia.

In terms of Dorset and Somerset, which were the first areas in England to be
affected by rickets, it is tempting to speculate about the potential significance of
brewer’s yeast, which allowed bread to rise more quickly than using the sourdough
method. Brewer’s yeast is made from the yeast fungus, Saccharomyces cerevisiae,
of which two types are used in breweries, top yeast and bottom yeast. [n order
for the yeast to be used in bread baking, top yeast is required. This is the original
type of yeast that was replaced in most countries by a type of bottom yeast that
was developed in Germany, which enabled beer to be preserved for significantly
longer periods of time. As late as the early twentieth century, top yeast was still
used in England, but almost nowhere else in Europe. Brewer’s yeast arrived in
England from France, but the exact trail is unknown. A glance at a map does not
leave a lot to the imagination. It is not far from England to Normandy, whose
northern tip points directly toward Dorset county, and the then-capital Dorch-
ester, which was famous for its breweries. Is it possible that the new method for
baking bread with brewer’s yeast came from France (compare French bread) to
England via Normandy and Dorset? The fact that baking bread with quick-rising
yeast spread to the cities before the countryside, and the fact that it was popu-
lar among the well-to-do before the poorer folk is consistent with the spread of
rickets in England. However, this hypothesis suffers from a serious problem: It
cannot easily be tested. It appears very difficult to determine the intricate details
of bread baking and beer brewing at that time. Another interesting aspect is that
grain prices, which historically reflected consumption!'?3? rose sharply in Eng-
land during the early seventeenth century, after having remained stable for many
years!”82,

Otbher factors

Several of the dietary factors that were discussed in terms of osteoporosis are also
probably relevant for rickets. One of them is common salt, which was consumed in
increasing amounts in Europe during and after the Middle Ages, due to the growth
of food preservation techniques (being able to stretch out food supplies for a short
period of time during the year by preserving and storing it).
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4.14 Iron deficiency

The most common cause of anaemia in Sweden is a lack of iron, and the second
most common cause is a lack of vitamin By,, Both deficiencies can be prevented by a
diet based on meat, fish, fruits and vegetables, without cereals and beans. For iron,
this occurs primarily through better absorption of iron in the intestinal tract. Our
clinical experience has shown that a Palaeolithic diet is effective for many fertile
women with a tendency for anaemia, when other causes have been excluded.

Prevalence studies

The occurrence of iron deficiency in hunter-gatherers has not been sufficiently
studied, but available data indicate that dietary iron deficiency is an uncommon
cause of anaemia, and that average haemoglobin levels are generally satisfactory3!2.
The prevalence of anaemia is relatively low in the majority of hunter-gatherer
populations, and is usually caused by intestinal parasites. When the Bushmen of
South Africa switched to a Western lifestyle, their haemoglobin levels dropped3%®.

Today, iron deficiency is one of the most common deficiency diseases around the
globe!*%1987 1 developing countries, it is a large public health problem and the
most important reason why close to half of all children and fertile women have
anaemia. Chronic minor intestinal bleeding due to hookworm infection, a high
intake of grains, and low intakes of vitamin C and meat, are the dominant causes
in these countries.

A Swedish study showed that every second girl in the ninth grade had iron
deficiency®?®. Among the 9% who were vegetarians, a full 80% had iron deficiency.
Many women need iron supplementation during pregnancy, which suggests that
large groups of women suffer from an inadequate diet. The prevalence of iron
deficiency in Sweden from 1994-2000 increased from 40 t0 49%. Prior to that, from
1944 to 1994, Swedish flour was enriched with iron, but nevertheless four out of ten
girls still suffered from iron deficiency. One reason for the halted iron enrichment
was the risks of elevated iron levels in the body for people with haemochromatosis.
However, since enriched iron has a low bioavailability, it only makes up about
4-8% of the iron that can be absorbed by the body. Therefore, reintroducing the
process of enriching flour with iron would only change the situation to a limited
extent.

Incidentally, humans are the only known species to display lower blood counts
in females than males’*4¢, The sexes of other species do not vary in this respect,
not even among, apes with menstrual bleeding.

Prehistoric

Some prehistoric and historic skeletons show thickening and increased porosity of
parts of the skull, sometimes with small holes on the surface. The condition is called
porotic hyperostosis and there is a certain amount of support that it is specific to
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chronic anaemial?3$156L1599,1738.1835 1 the case of anaemia, the activity in the

bone marrow increases, which then increases in volume as a way to compensate.
In medicine, we rather refer to a process called ‘bossing of the bones’, in particular
the condition ‘erythroid hyperplasia’, i.e. excessive growth in the blood-forming
bone marrow. In osteology, when porotic hyperostosis occurs on the roof of the
eye sockets ir is denoted ‘cribra orbitalia’.

Certainly, anaemia in prehistoric hunter-gatherers, just like today, had many
different causes. Two of the most common were probably iron deficiency anaemia
and haemolytic anaemia. Some skeletal material, which is limited in terms of geog-
raphy or time, displays a high frequency of porotic hyperostosis. Osteologists often
consider iron deficiency and haemolytic anaemia to be the dominant causes. Several
researchers, however, have asserted that iron deficiency alone is such a dominant
significant causal factor that its occurrence can be determined by the frequency
of these skeletal changes. However, in current populations, it is doubtful whether
chronic iron deficiency gives rise to porotic hyperostosis, which is not a typical trait
at all. It is theoretically possible that the bone marrow expands as long as there is
iron available, but not after the iron deposits are empty. Iron deficiency, therefore
may have been more common than what the fossil record suggests.

An increase in the frequency of porotic hyperostosis has been noted in the skull
remains of humans after the emergence of agriculture, which supports the idea of
a higher incidence of chronic anaemia in this group than among earlier hunter-
gatherers®12744983 There are two factors that are the dominant plausible causes
for this increase, namely, iron deficiency and infections. Infectious diseases became
a greater problem with increased population density and poor sanitary conditions,
which developed when humans began to remain in fixed settlements¢31105,

Relevant dietary factors

An increased prevalence of iron deficiency after the development of agriculture
would actually be expected due to a reduced intake of meat, fish and vegetables, as
well as an increased intake of cereals and beans. The iron level is only affected to
a minor extent by the amount of iron in the food, while its absorption is of greater
significance?®”,

Meat and fish contain haem iron, which is absorbed to a greater extent than
iron from vegetables®". In addition, there is an unidentified factor in meat that
increases the iron’s absorption'*. Iron deficiency in Western children is effectively
prevented by the early introduction of meat#?3:1498,1985

Fruits and vegetables are probably another explanation for the beneficial effect
of a Palaeolithic diet on iron levels, primarily through improved iron absorption of
vitamin C.

Low phytate intake. Cereals and beans impair iron absorption because the iron
is bound with phytates to a great degree!?%1535 There is no evidence of long-term

adaptation to the effects of phytates2S.
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As mentioned earlier, one of the more obvious problems with a vegetarian diet
is the development of iron deficiency, which often affects vegetarians, in particular
vegans. A high intake of grains and beans contribute to this condition to a con-
siderable degree$®590:66% Soya beans also contain other substances that impede
iron absorption besides phytates'??. Drinking tea during mealtime impairs iron
absorption even further®”,

4,15 Autoimmune diseases

A wide range of diseases are caused by autoimmune reactions, where the immune
system attacks the body’s own cells and tissues. Roughly 5% of the population in
the West is estimated to have some type of autoimmune disease®”>,

There are many thoughts around the development of autoimmunity, which are
mainly based on molecular biological studies’”3793. A few of the mechanisms that
appear to be relevant are presented here in terms of an evolutionary nutritional
perspective. The concept that returning to more traditional eating habits can more

or less prevent some autoimmune diseases is largely based on compilations by Loren
Cordain®3? and David Freed**3-44,

Relevant mechanisms

For millions of years, our ancestors’ ability to defend against infection from bacteria
and viruses was based on identifying the outer surfaces of harmful proteins and
learning to recognise them when they reappear. An immunity develops as a result,
and in the case of a new infection, this defence mechanism could strike back quickly
and effectively.

In the case of autoimmunity, the immune system somehow loses the basic abil-
ity to distinguish between the body’s own proteins and foreign proteins. We are
forced to eat, but we then risk ingesting proteins or peptides that can activate the
immune system if they work their way through the intestinal wall and into the
body3¥.

Increased amount of potential antigens in the intestines. Three factors in agrarian-
based food increase the concentration of potential antigens in the intestines: (1)
Consumption of ‘foreign’ proteins from staple foods like milk, cereals and beans, (2)
Reduced breakdown of dietary proteins due to trypsin and chymotrypsin inhibitors
(a type of enzyme inhibitor) in cereals and beans,*36:1034:1404,1405,1989,1997 g (3)
Disrupted balance of bacteria in the gut due to plant lectins, with overgrowth of
antigen-producing bacteria''? (see Table 4.18).

Increased intestinal permeability. In order to prevent undigested proteins and
peptides from entering the body, the epithelial cells of the intestines are tightly
glued to each other by means of so-called tight junctions (zonulae occludentes)®>.
Lectins in beans and grains open these tight junctions and thereby increase intestinal
permeability to allow undesired molecules to pass through®'®1033:1460:1671 _Gliadin,
the glycosylated gluten protein in wheat, has also been shown to activate zonulin
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Table 4.18 Effects of plant lectins on gastrointestinal and immunological functions.

Effect References
Promotes growth of Q(K/R) RAA-bearing intestinal bacteria 110, 1033, 1460
such as Escherichia coli and Lactococcus lactis

Binds to polysaccharides and epithelial cells of the intestines, 1033, 1671a, 1460
irritates tight junctions, increases endocytosis, shortens

microvilli

Increases intestinal permeability 616, 1033, 1671
Strengthens HLA class Il expression in the intestines 1927a
Stimulates T-cell proliferation 302a, 1831a
Stimulates gamma-interferon (IFN-y) 1420a, 1086a
Results in abnormal ICAM expression in T-cells 933a, 1645a
Stimulates cytokine production (IL-1, TNF-o) 521a, 1850a

Note: ICAM, intercellular cell adhesion molecule; IL-1, interleukin 1; TNF-o, tumour necrosis factor «.
Source: Adapted from Reference 339.

signaling, apparently leading to increased intestinal permeability*3%°78, Another
relevant barrier is the glycocalyx covering each cell surface facing the gut lumen®3?,
but this has barely been studied in this aspect. When bacteria in the intestines
produce lectins, this can have a dramatic effect on the clinical picture of the host
through the increased intestinal permeability®?®. Even glycoalkaloids in potatoes
have been shown to increase intestinal permeability!3%3.

Increased vascular permeability. Other barriers that are part of the protection
against autoimmunity include the blood-brain barrier and the blood-testicle bar-
rier. These involve the body’s own antigen-protection for the cells and proteins of
the immune system. The ability of foreign proteins to permeate the blood—brain
barrier has been shown to increase with the consumption of wheat lectin'06-1148,1869

Molecular mimicry. One mechanism that is often suggested to be behind autoim-
munity is the cross-reaction that develops when one of the body’s own proteins
is deceptively similar to an outside protein (obtained from food or a microorgan-
ism)!9*8. In a misguided attack against the foreign protein, autoimmunity may de-
velop and eventually destroy the body’s own tissues. The risk of molecular mimicry
is expected to increase with the consumption of proteins that are new for humans
as a species.

Gluten intolerance may have possibly developed in this way'?761%%?  Possibly,
molecular mimicry is also a basis for allergies'>! 11548 The global spread of allergies
corresponds with the spread of the autoimmune diseases'”®, and hay fever is a
relatively new disease that arrived with the agrarian revolution 200 years ago*.

Genetic factors. Each human inherits a specific HLA genotype (human leukocyte
antigen), i.e. the proteins that cause rejection reactions to transplanted organs. The
HLA genotype 1s strongly related to the risk for certain autoimmune diseases. In
several cases, patients with autoimmune diseases have shown structural similarities
between HLA and bacterial antigens. Therefore, heredity should be regarded in
this and many other cases as providing an increased tendency to react to adverse
environmental factors.
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Polyclonal stimulation of lymphocytes. It is not just substances from bacteria
that can activate lymphocytes polyclonally, i.e. regardless of what their antibodies
or T-cells can bind to. Wheat lectin can do it as well®'3.

Relevant diseases

Gluten intolerance

In the case of coeliac disease, the intestinal mucosal membrane is destroyed, which
is caused by the consumption of gluten from grains, especially wheat and rye. The
disease has a strong genetic component but is only expressed by eating cereals. By
eliminating grains from the diet, the disease is completely cured, and the intestinal
lining redevelops a normal appearance and function. Since many studies indicate
that gluten intolerance arises from autoimmunity, this would suggest that a Palae-
olithic diet could prevent and perhaps even remedy other autoimmune diseases.
This type of statement will presumably not be met with as much scepticism to-
day as it was when the Dutch physician Dicke suggested in the 1950s that wheat
caused coeliac disease!®’. Today, we realise that humans are not seed eaters by
nature.

Coeliac disease is not the only manifestation of gluten intolerance. It is well
known that dermatitis herpetiformis, an autoimmune skin disease, is also caused
by gluten, but the problem with gluten is probably larger than that. In a study
of 53 patients with unclear neurological symptoms which could not be assigned
a specific diagnosis, antibodies against gluten (gliadin antibodies) appeared in 30
patients — more than half®**. An additional 121 similar patients were then identified,
the majority of which had ataxia (motion coordination disorder) or peripheral
neuropathy (disease of the peripheral nervous system)®*. In another study of 35
patients with peripheral neuropathy and gliadin antibodies, who were offered a
gluten-free diet, 25 accepted and 10 refused the diet®*. There was significant
neurophysiological and clinical improvement in the gluten-free group, as opposed
to worsening in the comparison group. The disease is now termed gluten ataxia.

The same research group also completed a report on ten patients with recurring
headaches and gliadin anti-bodies, as well as unhealthy changes in the brain based
on MRI tests 37, All had episodic headaches, six had dizziness and four had ataxia.
After a gluten-free diet, nine out of ten patients improved.

Rhbeumatoid arthritis

There are several reasons for testing a Palaeolithic diet on rheumatoid arthritis, a
disease where autoimmunity is at least equally as probable as it is for coeliac disease.
Many patients, especially those with presence of the so-called rheumatoid factor in
the blood, display antibodies against wheat or milk proteins, or both'?3. Fasting
has long had a clear effect with clinical improvement and decreasing inflammation
parameters'¢”® which could be due to the elimination of antigenic dietary proteins.
There is extensive support in the case of rheumatoid arthritis alone that show the
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role of these proteins in combination with a lectin-rich Western diet?*?. In dietary
experiments on rabbits, joint inflammation similar to rheumatoid arthritis was
caused by feeding them cow’s milk®3%1925,

A Palaeolithic diet has a lot in common with the diets in the successful clin-
ical intervention studies, such as gluten-free vegan diet and Mediterranean-like
diert40:720,3676,1677 - Gimilar to a Palaeolithic diet, both of these types of diets are
rich in fruits and vegetables, low in fatr, with a low omega-6/omega-3 ratio and
contain no or little dairy products.

Three- to four-week intervention studies, with elemental diets where dietary
proteins have been broken down into amino acids and oligopeptides, have not
produced conclusive results®®1759882 Dye to the relatively short study periods, and
the possibility that oligopeptides can be perceived as antigens, these findings do
not justify dismissing the above hypothesis regarding the importance of dietary
proteins.

The hypothesis that meat contributes to rheumaroid arthritis has less support and
is not substantiated by intervention studies®*?. In contrast, a relationship between
rheumatoid arthritis and the intake of meat products has been observed in an
epidemiological cohort study'#% and an ecological study®!!. Countries with high
meat consumption also have a high prevalence of HLA genotypes with a tendency
for rheumatoid arthritis. However, an observation that is inconsistent with meat
being a cause of rheumatoid arthritis is that the disease has become considerably
more common among modern Eskimos, despite a markedly lower meat intake than
in the past'#!31388 Therefore, confounding and other aspects of a healthy lifestyle
may explain the association in observational studies.

A widely discussed question is whether rheumatoid arthritis is a new disease or
whether it existed among prehistoric hunter-gatherers'?. It is difficult to distin-
guish between different types of joint inflammations and osteoarthritis {(degenera-
tion of joint cartilage and the underlying bone) in the available osteclogical material.
Infectious arthritis was probably a common occurrence among Palaeolithic hunter-
gatherers®*®. Therefore, the question must remain open. Rheumatoid arthritis is
very common among the Pima Indians today, while other individual populations
that were studied previously displayed a remarkably low prevalence’?°.

Type 1 diabetes

It is well documented that type 1 diabetes develops as a result of an autoimmune
reaction that destroys the insulin-producing cells in the pancreas®®'82!, Therefore,
it is worrisome that the geographical distribution of type | diabetes is strongly
related to the consumption of dairy products. This relationship can be seen both on
a global level?*"1238 and in individual regions such as Scandinavia'”? or Italy’'?,
One study attributed milk consumption to a total of 94% of the international
variation in type 1 diabetes, with countries such as Finland and Sweden at the top
and Japan at the bottom of the scale*®!. Similarly, in a comparison of nine regions
i Italy, 70% of the diabetes variation was attributed to milk consumptions'?. The
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fact that these are not attributable solely to genetics is supported by the fact that
type 1 diabetes is more common among the French descendants of Canada than
among Frenchmen in France®®!. In the same way, the disease is more common
among Japanese who immigrated to USA than those who remained in Japan. Prior
to 1960, diabetes was a rarity in Japan®93,

Again, it might be the foreign proteins in the food, in this case from cow’s milk,
that are confused with similar proteins in the pancreatic cells through molecular
mimicry!?%. Suspicion has been particularly centred around one variant of casein,
B-casein A1, whose consumption is strongly associated with the incidence of type
1 diabetes internationally (R? = 0.96), although such ecological associations need
to be interpreted with some caution**®. The slightly lower percentage of B-casein
A1 in Icelandic milk may partly explain the low incidence of type 1 diabetes in
Iceland'®”. However, the issue is debatable, partly because other milk proteins may
trigger relevant immune reactions®’®.

Further, milk proteins alone are probably not enough to trigger the autoimmune
response, and additional environmental factors are apparently needed. In studies of
rats and mice with a tendency for autoimmune type 1 diabetes (BBdp, diabetes prone
BioBreeding mice, and NOD, non-obese diabetic mice) both wheat and soya protein
have shown greater effects than casein on the development of diabetes!¢9%1873 1p
this rodent model, the strongest diabetes-promoting effect has been seen for wheat
gluten!'®®3 and, in particular, a protein in wheat gluten named Glb1'%4, Antibodies
to this gluten fraction were present in 19 of 23 children with diabetes, and only
3 of 23 control children (P = 0.03)!19%, Many researchers believe that increased
intestinal permeability plays a key role for type 1 diabetes!®3%:1844.2033 "and both
gluten-derived peptides and wheat lectin should be considered in this respect!!2:339.
It may be relevant in this context to speculate on the several-fold increase of type
1 diabetes in New York between 1866 and 192247, Unfortunately, the changes in
food habits during this period have not been adequately characterised.

Multiple sclerosis

Multiple sclerosis (MS) is an autoimmune disease in the brain and spinal cord that
leads to the selective destruction of the myelin sheath, the sheath around the nerve
fibre, and the nerve fibre itself*'®. Only accidents are a more common cause of
disability among young and middle-aged Westerners®®. If one of two monozygotic
(identical) twins develops the disease, the risk for the other twin is 30%, not 100%,
which indicates that a certain environmental influence is needed.

The geographic distribution of MS is almost identical to that of type 1 dia-
betes, and as a result, the correlation with milk consumption is strong for MS as
wel| 248,988, 1128,1129 Tmmunity against cow milk proteins via T-cells is very common
among MS patients®?%!233:1934 " Antibodies against wheat gluten have also been
found to be increased among MS patients ‘4.

A pathologically increased permeability in the blood-brain barrier may be re-
quired to trigger an autoimmune attack against the central nervous system. One
proven substance with this type of capability is wheat lectin'%’.
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Atherosclerosis

Atherosclerosis (see Section 4.3) is a disease characterised by inflammation and
and the basic mechanism may be autoimmunity>!15%  The early atherosclerotic
lesions consist of macrophages and T-cells, and more advanced lesions are filled
with immune cells that can set up inflammatory responses®®3:663.1028,1096,1938 ' Thjg
knowledge lends further support to the idea that atherosclerosis can be prevented
by a Palaeolithic diet.

Palaeolithic elimination diet

The evidence is accumulating that common proteins in our food can cause autoim-
mune reactions. It is time to discuss a Palaeolithic diet as a realistic alternative
for preventing and treating autoimmune diseases. If one or several of them can be
healed or alleviated through the elimination of dairy products, grains or beans, this
would be quite a sensational breakthrough. There is a lot of evidence to indicate
that motivated patients should try this approach.

In the case of ongoing autoimmune diseases, it is probably important to reduce the
amount of circulating peptides and proteins that may be facilitating the autoimmune
process. Therefore, consumption of antigenic proteins from dairy products, cereals
and beans should be kept as low as possible. Enzymatic digestion of the same
proteins in the gut should also be supported through a low intake of protease
inhibitors from cereals and beans, including soya products. Finally, the intake of
plant lectins from grains and beans should be minimised in an attempt to limit the
permeability of the intestines and the blood-brain barrier, and prevent potentially
damaging proteins and peptides (food-derived or coming from other sources) from
entering the body.



Risks with the
Palaeolithic diet

There are very few obvious risks with a Palaeolithic diet. For most people, the
advantages seem to considerably outweigh the disadvantages. There are no nutrients
in grains or milk, required by humans, that are not provided by a mixture of meat,
fish, shellfish, vegetables, fruits, nuts and eggs. The effect of a high-protein intake
on kidney function is dealt with in Section 4.4. The risk of osteoporosis with a
low-calcium intake or weight loss is discussed in Section 4.12. A few additional
risks have been addressed here.

5.1 Haemochromatosis

Genetic haemochromatosis is a hereditary disease that results in increased iron
absorption. Around middle age, this leads to abnormal iron storage in the liver and
other organs. Among northern Europeans, approximately 0.5% are homozygous
carriers and approximately 10% may be heterozygotes!?0h1353,

The mutation behind haemochromatosis is considered to have originated among
the Celts roughly 60 generations ago, i.e. approximately 1200 years ago?*¢. A
more recent estimate suggests that the mutation occurred in mainland Europe at
least 6000 years ago*?. The explanation for the rapid spread of the gene may be
that it protected against severe iron deficiency caused by a grain-based diet**”. In
addition, a low intake of vegetables rich in vitamin C and the increased spread
and higher virulence of intestinal parasites under high-density living conditions
could have been contributing factors. Since heterozygotes also have increased iron
absorption?*® there may have been a strong selective pressure in favour of the
haemochromatosis gene.

Although humans are well adapted for meat-based ancestral diets, they are not
necessarily appropriate for patients with genetic haemochromatosis. Heterozygous
carriers can eat this type of foods, but they should check their iron status regularly
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after middle age. Measuring the serum ferritin is a simple and inexpensive way to
check for haemochromatosis.

Some researchers feel that a high-iron intake can contribute to cardiovascular
disease both in the carrier of the gene for haemochromatosis!'®** as well as those who
are not carriers'®2¢. Most evidence now suggests no increased risk for ischaemic
heart disease (see Section 4.1) but possibly for stroke*$2.

5.2 lodine deficiency

One of the most intriguing essential nutrients in terms of evolutionary adapta-
tions to past diets is iodine, a trace element which is required for thyroid hormone
synthesis. The thyroid hormones are necessary for growth and development, par-
ticularly for the brain, and for metabolism. Severe iodine deficiency in infancy
causes cretinism, which is considered to be the most common preventable cause
of mental retardation worldwide”?*. In addition to mental retardation, cretinism is
characterised by dwarfism and physical malformations including skull deformities
and increased lordosis of the lumbar spine. Dobson has suggested that some of
the upper Palaeolithic Venus figurines from mountainous parts of Europe and Asia
may represent cretins among iodine-deficient terrestrial hunter-gatherers*2%,

Today, milder forms of iodine deficiency with goitre {enlargement of the thyroid
gland), but without mental retardation, are common in many regions of the Western
world?*71473 The risk is greatest in areas where the soil has been depleted of iodine
(mountainous regions or areas that are often flooded), but it is also prevalent in
other parts of the world, including many European countries. Of 2855 Belgian
children aged 6-12 years, 5.7% had goitre in 1998 (the frequency varied between
3.9 and 7.7% in the ten provinces of the country), and 3 years earlier, prior
to national campaigns for iodine supplements, the percentage was 11%3%°’. In
most European countries, iodine deficiencies were common as late as 1992. The
exceptions included Sweden, Norway, Finland, Austria and Switzerland, where
iodine supplementation was introduced early, typically through table salt.

Without iodine enrichment of foods, few people reach the recommended iodine
intake, 150 pg/day for adults and higher amounts during pregnancy and breastfeed-
ing. Vegans run an increased risk of iodine deficiency'%”. As people in developed
countries consume less seafood, iodised salt and dairy products, they are expected
to increase their risk of iodine deficiency. The recommended iodine density to be
used for planning diets for groups of people is set at 18 ug/MJ. In order to prevent
goitre, a daily dose of 50-75 ug or 1 ug/kg of body weight is considered sufficient
for most people.

Shellfish and fish, especially seafood, and thyroid glands from various animals
are exceptionally good sources of iodine (see Table 3.3). In contrast, nuts, meat
(wild or domestic), organ meats (other than thyroids), fruits, and many roots and
leafy vegetables are poor sources. Although preagricultural hunter-gatherers living
off shore sometimes may have had access to high-iodine vegetables, a fish intake
of less than 20% of total food intake (by weight) may not have been enough to
meet the above recommendation for dietary iodine. Accordingly, at first glance
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it would seem that preagricultural humans were dependent on regular access to
shellfish, or a very high intake of fish, preferably marine fish. Alternatively, they
would need to be aware of the necessity that all family members regularly consume
small amounts of thyroid glands from terrestrial mammals. In addition, a sufficient
intake during pregnancy and long-term breastfeeding would be crucial for the
developing infant brain. On the whole, this would seem to support the notion that
humans are strictly dependent on marine food sources*’. However, exploitation
of the marine environment is first documented in the archaeologic record during
the Middle Palaeolithic period (approximately 110000 years Bp), long after the
emergence of fully modern humans, and stable isotope data suggest that inland
aquatic foods were not utilised by hominins living in Europe until the mid-Upper
Palaeolithic period (approximately 28 000-20 000 years Bp)!3%4,

In the light of the uncertainty that hominins evolved at fresh- and saltwater
shorelines and became physiologically dependent on seafood®!3; it is important to
consider the role of goitrogenic substances in plant foods, substances which increase
the requirement of iodine and may cause enlargement of the thyroid gland despite
an adequate intake of iodine*®®. One group of such substances are flavonoids in
beans that are able to suppress the synthesis of thyroid hormones by inhibiting
the enzyme thyroxine peroxidase**’:64°. Another kind of goitrogens are cyanogenic
glycosides which are produced by more than 2500 plant species. Their production
and conversion to cyanide constitutes a well-studied defence mechanism against
herbivory’®®. Cyanide can be acutely toxic when consumed in high amounts, but
more relevant in this context is when it is ingested regularly in low concentrations.
Cyanide is then converted to thiocyanate, a potentially goitrogenic substance which
can mcrease the need for dietary iodine and may cause goitre, even when iodine
intake is sufficient??1:560,

These are well-documented consequences of certain staple foods in the devel-
oping world. In particular, many staple foods that were domesticated in recent
millenia (millet, maize, soya, cassava, sweet potatoes, lima beans, turnips, cab-
bage, cauliflower, rapeseed, mustard, onion, garlic, bamboo shoots and palm tree
fruit) contain a variety of such goitrogens**'*¢?. Kopp has suggested that a high-
carbohydrate intake, for which humans would not be physiologically prepared,
increases iodine requirements®’. His argument is largely based on the notion that
thyroid hormone levels are higher after consumption of high-carbohydrate diets,
but these studies have not adjusted for potential goitrogens.

Thus, the reasons why large parts of the European population seem to need
supplemental iodine are complex. Further studies are needed. There is insuffi-
cient data to suggest that humans, by way of natural selection, would have be-
come totally dependent on marine food sources. Therefore, it is highly possi-
ble that human requirements for iodine are currently increased by some dietary
factors. Further support for this line of thinking is the observation that iodine-
depleted soils often did not coincide historically with endemic goitre”">. The ad-
vantage of eating iodised salt to avoid goitre does not seem to outweigh the in-
creased risk for stroke, cardiac failure, stomach cancer, osteoporosis and kidney
stones.
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5.3 Exaggerated drug effects

Pharmaceutical drugs are used and evaluated in Western humans (with Western
dietary habits). The extent to which they would have a beneficial net effect on
humans with Palaeolithic dietary habits has not been studied. In some cases, drastic
changes in diet can lead to the effects of the medicine becoming stronger than
desired. The positive side of this is that the need for the medicine may eventually
be eliminated (in consultation with the treating physician).

Hypotension (abnormally low blood pressure)

Patients being treated with angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers or diuretics should be carefully monitored when switching to a
salt-free Palaeolithic diet in order to avoid a sharp drop in blood pressure'??*. It
is best to malke dietary changes in stages, e.g. by repeatedly cutting the salt intake
in half, with a 1-2-week interval, and checking blood pressure after each reduc-
tion. In the case of gastroenteritis (stomach illness) and frequent diarrhoea, great
caution is called for in the case of treatment with angiotensin-converting enzyme
inhibitors.

Low blood sugar

Patients with type 2 diabetes who are on sulphonylurea preparations (glipizide,
glibenklamide, glimepiride) are at risk for low blood sugar when making the rad-
ical switch to a Palacolithic diet. If declining blood sugar level is suspected, the
medicine should not be taken until consulted with a physician. This advice pos-
sibly also applies to newer insulin-releasing medicines such as repaglinide and
nateglinide.

Warfarin-induced bleeding

Many of the foods that are part of a Palaeolithic diet are rich in vitamin K. Vitamin
K is especially rich in vegetables (e.g. broccoli, spinach, brussels sprouts) as well as
liver and kidney. Egg yolks contain smaller amounts.

The problem with vitamin K is that a sudden change in intake alters the effect of
warfarin, so that it becomes more difficult to set the correct dose. If you suddenly
eat large amounts of vitamin K, the need for warfarin also increases, which can
result in blood thinning if the dose is not changed. On the other hand, if you are
used to eating a lot of food that is rich in vitamin K and then you suddenly stop,
there is a risk that the dose will become too high, which in the worst case can lead
to internal bleeding.

Switching to a Palaeolithic diet during ongoing warfarin treatment should be
done in consultation with a physician or nurse. In most cases, it is probably best
to make the dietary changes gradually over a long period of time. If the warfarin
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treatment is planned to occur only for a few months, it is probably better to wait
until after the exposure.

The most common cause for a disturbed balance is probably that the person is
not eating at all, e.g. in conjunction with temporary illness. Dietary changes within
the framework of normal Western dietary habits are not usually considered to be
of great significance.



6 Viewpoint summary

This approach to diet and health is based on two well-documented principles of
evolutionary biology. One is that humans, as is the case with other animal species,
are genetically best suited to the types of food that were available in the ecological
niche where they developed. The foodstuffs in our case were mainly meat, fish,
shellfish, vegetables, fruits, nuts, insects and roots, in highly variable proportions
and with great variety of plant foods. Conversely, the intake of dairy products,
grains, rice, edible fats and refined sugar was negligible, even though these foods
now make up the majority of the calories in a typical Western diet. Choosing foods
in the first category appears to be the biologically correct way to maintain good
health.

The other principle is that all species, even the plants and animals we consider
food, have developed efficient systems to support the spread of their genes over the
course of evolution. This includes toxins and other bioactive substances which are
part of a plant’s defence systems. Animals that we want to eat have been able to
flee or counter-attack, and therefore they do not have the same need to poison their
attackers as plants do. The seeds in fruits, on the other hand, increase their chances
of germinating if the fruit is eaten; however, this assumes that the seed passes intact
through the intestines. In order to reduce the intake of phytochemicals, our staple
foods should preferably not be seeds, grains and beans, and should vary between
different types of vegetables and root vegetables.

6.1 Evolutionary medicine instead of vegetarianism?

Traditional studies on the health effects of a person’s lifestyle suffer from serious
problems and can only provide limited information regarding the significance of
individual lifestyle factors. The connections found between lifestyle and health are
sometimes illusory, while the molecular biological models are severely oversimpli-
fied. It is also impossible to conduct double-blind studies of lifestyle changes.
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In order to put any new knowledge about food into a comprehensible context,
we all need analogies and models of the real world. One such common model has
been vegetarianism, whose scientific support, however, is surprisingly weak. An
alternative model is evolutionary medicine, which does not explain the development
of the disease from a molecular biological perspective, although it fits well into such
models. Instead, it explains the process in terms of evolutionary biology; those who
were best suited to the available food were the ones who had the greatest chance
of surviving into old age.

6.2 Traditional populations are spared from overweight
and cardiovascular disease

Aboriginal populations, who do not consume foods that humans are not adapted
for, have a disease panorama that is quite different from people in the Western
world. Yet, this is not due to a lack of older persons. Myocardial infarctions,
sudden cardiac death stroke and heart failure are uncommon or missing altogether
in aboriginal peoples. The risk factor levels are also very beneficial. Blood pressure
is low and does not increase with age as it does for us. Being overweight is not
common, and everyone is very thin. Type 2 diabetes and insulin resistance do not
seem to be present either.

The concept of normality is turned on its head with these types of comparisons. A
normal, middle-aged European, with average levels of body weight, blood pressure
and blood sugar has an average risk of dying of a heart attack. While this is ‘normal’
in Europe, we did not find any such cases in our Papua New Guinea study and no
one died of a heart attack. We believe that this is due in large part to dietary habits,
although the role of other lifestyle factors need to be addressed as well.

When traditional ethnic groups switch to a Western lifestyle, they suffer from
exactly the same ills as we do, including abdominal obesity, hypertension, diabetes
and cardiovascular disease. The spread of stroke after urbanisation in Africa and
Papua New Guinea is only one of several noticeable examples.

6.3 Insulin resistance is more than abdominal
obesity and diabetes

Our diet begins to make its marks on us early in life. Today’s young people are
becoming unnaturally tall and most girls are having their first menstruation before
they are mentally mature enough to become mothers. Nearsightedness and acne are
common occurrences. There is a lot to suggest that these health problems, similar
to the most common forms of cancer in the West, are related to our current dietary
habits. The mechanisms seem to be closely related to insulin resistance, a disorder
that supposedly develops very early in the lives of Westerners.

Atherosclerosis is a disease that affects almost all Westerners. Animal experiments
show that it is strongly dependent on the foods we eat. All types of fat have a
negative impact, with the possible exception of omega-3 fat. Moreover, the types
of protein in the diet are also significant factors. The milk protein casein has been
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shown to accelerate this process in many animal experiments, while protein from
meat provides a preventive effect. The effect of ‘foreign’ proteins fits with the
picture of atherosclerosis as an inflammatory or autoimmune disease. If grains also
contribute to the disease, as has been suggested, it is plausible that plant lectins in
seeds also have a negative impact.

6.4 Non-Europeans are affected the hardest

By all appearances, non-European ethnic groups have an especially low resistance
to unhealthy food. Therefore, they often develop type 2 diabetes in adolescence and
are 2-3 times more likely to develop nearsightedness than Scandinavians are. This
indicates that the foods that have been eaten regularly by European populations
since they became settled in the area are a contributing factor to insulin resistance,
diabetes and myopia. Over time, descendants with the least resistance were elim-
inated according to the usual principles of natural selection. What remains today
are northern Europeans who develop diabetes, but at a relatively older age.

It has been suggested that cow’s milk contributes to type 2 diabetes, which would
explain why this disease is less common after urbanisation in ethnic groups that have
consumed milk for a long time. The hypothesis is supported by the fact thar milk
contributes to insulin resistance among beef calves and rats — effects that perhaps
are not primarily dependent on milk fat.

6.5 ‘Foreign’ proteins in the food

Proteins in meat, fish and shellfish are probably expected to be healthier than those
in dairy products or beans. This is because the latter kinds of proteins seem to yield
biologically active peptides with potential ability to disrupt various physiological
processes. The most well-known example is gluten intolerance. The disease likely
develops because a segment of gliadin in wheat is identical to a cellular protein in
the gut. In the end, this can lead to the intestinal villi being broken down by an au-
toimmune process that cannot distinguish between the two proteins. When gliadin
is excluded from the diet, the disease is alleviated, and the intestinal membrane
completely recovers in terms of its appearance and function.

Other autoimmune diseases that potentially develop in the same way include type
1 diabetes, multiple sclerosis and rheumatoid arthritis. Among the biggest suspects
in terms of type 1 diabetes are dairy products and wheat. Consuming grains or
beans probably increases the amount of proteins that are not completely broken
down before being absorbed into the body. This may also be significant in terms
of the development of allergies, a group of diseases that are closely associated with
autoummunity.

6.6 Effects of an ancestral diet

Ancestral diets are characterised by a low content of salt, a high amount of minerals
and vitamins, as well as a high percentage of omega-3 fatty acids. An important
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characteristic is that the diet can curb hunger with a moderate amount of calories
and thereby counteract overeating. This essentially helps support a form of calorie
restriction, which is a desirable approach for most middle-aged and older Swedes.

Available studies support the idea that this type of diet prevents cardiovascular
diseases and type 2 diabetes, as well as improves blood pressure and blood lipids.
One of several plausible mechanisms is improved insulin sensitivity. It may also be
possible to prevent osteoporosis and various cancers such as breast, prostate and
colorectal cancer, but more research is needed.

Therefore, humans are genetically suited to lean meat, fish, vegetables and fruits.
These foods, preferably generated in a more organic manner than is currently the
case, can be recommended as a staple diet, while the rest can be seen as compro-
mises. Identifying and addressing the risks of common foods for common health
problems should have a high priority in medical research.

6.7 The ancestral diet: a new concept

The optimal human diet is more than just the diet of our ancestors; it appears to
have the potential to prevent many of the common public health problems of the
West. Established experts in nutrition seem to be in agreement that this diet is very
healthy. Some of them have certain reservations, however. In particular, it is feared
that the calcium intake may sometimes become too low, and some feel that the
protein intake 1s a little excessive — two problems that are discussed primarily in
Sections 4.12 and 4.4. Others feel that the importance of fat and fibre has been
overlooked.

The most common objections, however, do not apply to the use of lean meat,
fish, fruits and green vegetables; rather, they apply more to the supposed absence
of grains and low-fat dairy products. There is no doubt that a lot remains to be
proven in terms of the theories and warnings that are proposed in this book. But it
Is important to point out that there are no nutrients in whole-grain bread and skim
milk that cannot be just as easily obtained from an ancestral diet.

Another objection, and a highly relevant one, relates to sustainability. If the
majority of humans on this planet shall avoid grains and increase their meat intake,
then we clearly have a problem (although cutting dairy products is helpful). With
or without such dietary changes, we will have to eat more locally produced foods,
more starchy root vegetables and less ruminant meat, and we need to travel less.
In our clinical experience, an ancestral-like dietary model does not require a higher
meat intake than the present average {100 and 130 g/day for Swedish men and
women, respectively).



7 Healthy eating

7.1 Non-recommended foods?

Non-recommended foods may be the ones that were rarely or never staple foods
during human evolution. If diseases like overweight, type 2 diabetes and cardiovas-
cular disease are partly caused by such foods, moderation of these foods is expected
to be beneficial, while more severe restriction could be even more favourable. For
diseases like autoimmune diseases, more strict avoidance of the specific culprits,
whichever they are, may be necessary.

Grains

Humans can support themselves on a staple diet of various root vegetables supple-
mented with leafy vegetables and small amounts of fish, as they do in some parts
of the Pacific. They can also support themselves on an extreme meat-based diet, as
they used to do in the Arctic. However, neither humans nor other animals can live
exclusively on grains without the risk of pellagra and beriberi. Even with a diet that
is only half-based on cereals, there is still a risk of developing marginal deficiencies
for certain nutrients. Not even specialised seed-eating mammals should be solely
fed seeds in the long run.

Even if cereals, in particular whole grains, are more nutritious than some other
Western foods, they still appear to be capable of damaging our health in several
respects. I shall not repeat all the possible effects that have been discussed through-
out this book. Some of the health risks are specific for certain types of seeds, but
other risks apply to seeds in general.

Cereals have a low water content and are therefore rich in energy, which po-
tentially explains why they seem to contribute to overfeeding of mammals, birds
and even humans. We also suspect other components of grains to directly inter-
fere with satiety mechanisms by way of endocrine disruption. The phytic acid in
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grains inhibits the absorption of iron, calcium, zinc and magnesium. Grains have
a disadvantageous omega-6/omega-3 ratio and are low in many vitamins. They
can theoretically contribute to autoimmunity and allergies due to their protein
composition and their lectins.

Oats may possibly reduce a few of the problems that are associated with an
exclusive wheat diet. Oats include soluble fibre, which are more healthy than fibre
from wheat. However, oats still share many of the potential nutritional problems
with different seed types. The problem with phytic acid is particularly pronounced
in oats. Pasta often has a low glycaemic index, but otherwise it has no known
advantages over other cereals. There is no convincing support that rice is more
healthy than other cereals.

Dairy products

No free-ranging mammals drink milk as an adult apart from modern humans.
Although human milk is good for babies and cow’s milk is good for calves, a lifelong
daily consumption of dairy products, or even human milk, may pose considerable
risk for humans. There are indications from animal experiments and some human
observational studies that milk products, even low-fat varieties, are a cause of
atherosclerosis and hence myocardial infarction, and some forms of stroke, heart
failure and dementia. They may also be possible causes of insulin resistance and
autoimmunity. Their effect on bone density is not clear, as discussed in Section 4.12.
Although the isolated exclusion of milk from an otherwise unhealthy Western diet
may hypothetically carry some health risks, possibly including decreased bone
strength, its incorporation into an ancestral diet is probably of no use. The mixture
of wheat and milk as staple foods is common in many populations with Western
disease, but not in any population where Western disease appears to be absent.

Refined fats

Margarines and oils supply empty calories with very little or no nutrients, thereby
contributing to excess caloric intake and weight gain. Rapeseed oil, olive oil and
linseed oil may be slightly better than other fats.

Sugar

Refined sugar, sweets and soft drinks only supply calories without minerals, vi-
tamins or other nutrients, and probably increase the risk for overweight, insulin
resistance, type 2 diabetes and the metabolic syndrome.

Beans

Beans probably were not eaten in large quantities during primate evolution. The
risks associated with beans include their high levels of phytic acid, lectins, protease
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inhibitors, alkylresorcinols and phytoestrogens. Rats who are fed soya beans after
weaning have limited growth, partly due to the effect of lectins.

These apprehensions certainly apply to soya beans. Two experts on health ef-
fects of soya beans at the US Food and Drug Administration (FDA), Doerge
and Sheehan, the former chief of the Oestrogen Base Program, wrote in 1999
a public letrer in protest of the FDA’s approval of health claims for soya prod-
ucts (htep://www.dcnutrition.com/news/Detail. CFM?RecordNumber=546). The
researchers were concerned about the results of animal experiments where
flavonoids in soya (genistein and daidzein) were found to have toxic effects on
oestrogen-sensitive tissues and on the pancreas**!. Particular caution is needed for
children and adolescents children, but this has not prevented the large-scale develop-
ment and marketing of soya-based infant formulas. Consumption of soya products
during pregnancy has been suggested to increase the risk of abnormal development
in the nerve system and reproductive organs of the offspring. It has been shown
that realistic doses of genistein cause atrophy of the thymus in mice!'*®3. Ishizuki
et al. reported goitre and elevated individual thyroid-stimulating hormone levels,
although still within the normal range, in 37 healthy iodine-sufficient adults with-
out known thyroid disease, who were fed 30 g of pickled sova beans per day for
as little as 1 month**!. One study found genistein to distupt female reproductive
function in mice, but the effect in humans has not been examined?”.

On the other hand, it has also been suggested that flavonoids in soya beans have
beneficial effects, including inhibiting the growth of cancer, but none of these effects
have been proven convincingly®??. With regard to breast cancer prevention, soya
can no longer be recommended, as discussed in Section 4.11.

In old Chinese cuisine, soya products were eaten with caution, and the intake of
genistein, e.g., is thought to have been well below the intake of ‘health conscious’
Westerners>©?.

7.2 Recommended foods

Recommended foods are the ones that correspond to what was eaten during human
evolution. Possibly, they play no important role in themselves for most Western-
ers, except replacing unhealthy staple foods. If the majority of modern humans
consume enough calories and essential nutrients, as much evidence suggests, then
the most efficient way to improve diet would be to avoid harmful dietary items,
including the ones that may lead to overconsumption of food.

Lean meat

A reasonably high intake of lean meat, preferably from free-ranging animals with-
out fortified feeds, ensures a high intake of high-quality proteins. Lean meat is sati-
ating and combats obesity and thereby, likely, insulin resistance and the metabolic
syndrome. Hypothetically, the risk for stroke and other cardiovascular diseases
is reduced. The risk that undigested peptides could potentially be absorbed from



228 Food and Western Disease

meat and start an autoimmune or allergic reaction is probably quite low. Apart
from protein, meat also supplies a high degree of iron, vitamin By, and zinc.

Fish

Fish has the same advantages as lean meat and also contains omega-3 fatty acids,
which have a number of more or less proven health effects. Fatty fish is particularly
rich in these fatty acids.

Vegetables

A high intake of vegetables probably reduces the risk for many diseases. Compared
with most other foods, vegetables are rich in a long list of nutrients with potential
significance for reducing cardiovascular disease, dementia, cancer and osteoporosis.

Fruit

Fresh fruit is almost as beneficial as vegetables with the same type of nutritional
benefits. The nutrient density (amount per unit of energy) of fruit is generally higher
than in cereals but lower than in vegetables. Fructose poses no real threat since you
need to consume huge amounts in order to exceed the safe limits.

Root vegetables

Humans are apparently well adapted for starchy root vegetables, which can be rec-
ommended as a staple food. Nevertheless, a certain amount of caution is advisable.
They can sometimes contain more antinutritional substances than vegetables and
fruits, although some of these are deactivated during boiling. Potatoes easily yield a
high glycaemic load, which can be problematic for people with diabetes, at least in
the short run, which is why some caution may be necessary. Varying the intake of
different root vegetables and green vegetables as much as possible is recommended.
Root vegetables are best cooked in a pressure cooker to deactivate the lectins and
other bioactive proteins.

Tap water

The best drink at mealtime is tap water. Drinking water instead of juice, pop or
beer helps to maintain a trim figure and combat insulin resistance. When you get
used to it, tap water is an excellent mealtime drink. Mineral water provides too
much unnecessary salt.

Nuts

Nuts are almost as beneficial a treat as fruit, but they should not be eaten in excess.
Peanuts are not strictly nuts in a botanical sense and should be avoided. Even raisins
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and dried fruits are acceptable, but due to their low water content, just like nuts,
they can provide an unnecessarily high-energy intake if you are not careful. Nuts
also have the disadvantage of being a source of phytic acid and omega-6 fat.

7.3 Variation

One important issue is to increase the variation of plant foods in the diet, i.e. to
spread the risks from biologically active substances as much as possible. When each
of them is eaten in low amounts, they may be safe, whereas daily consumption of
large amounts could pose a risk. Particular care needs to be taken with seeds and
beans, and to a lesser extent with root vegetables.

In this context, the relationships between plant species may be critically impor-
tant. For example, peanuts and soya beans belong to the same family (Fabaceae),
which is why their lectins have a preference for similar hormone receptors!84S.
Hence, it is more important for people who are allergic to peanuts to be aware of
this relationship than to reflect over what is meant by the word ‘nuts’. Similarly,
if a protein or a bioactive substance in potato turns out to be a health hazard,
then other foods from the same nightshade family (Solanaceae), such as tomatoes,
should be carefully considered. This kind of reasoning lay behind the scholarly
warnings of potato and tomato when they were introduced into Europe in the
eighteenth century: Was consumption of close relatives of the deadly nightshade
really advisable?

Another aspect is the individual variation between human beings, families and
even ethnic groups with regard to the upper safety level of a particular food. If you
suffer from an illness, e.g. an autoimmune disease, you may wish to exclude your
former staple foods because you suspect one of them to be the culprit. The obvious
illustration is coeliac disease: If you exclude seeds containing gliadin and gliadin-
like proteins from the diet, you are cured. In other cases, where the connection is less
obvious, the ideal would be to test each person and each food for compatibility.
In the future, this will perhaps be possible by means of genomics, proteomics,
nutrigenomics and nutriproteomics.

7.4 Compromises

Very few people are able to follow this kind of dietary advice without compromises
(I cannot manage this, for example). However, the greater the portion of our diet
that is made up of ancestral-like foods, the better. For the majority of people, most
of the suspected harmful dietary factors are, in all likelihood, benign in low doses.
The problem is that no one knows what they are or what a safe limit is. No one
knows which of our fears will turn out to be baseless. Much of this uncertainty will
last for many years in the future.

A good start is to switch to an ancestral diet for everyday meals, with one or
two compromises per week in the form of some favourite old food. The greater
your illness (previous myocardial infarction, type 2 diabetes, autoimmunity, serious
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bowel disorder, etc.), the more important it is to be strict, particularly with the most
suspicious food substances.

One way of making hot dishes more tasty, especially shortly after salt restriction,
is to allow for limited amounts of sweet and hot sauces, pickled beets and the like.
Although they contain some salt, the overall intake can be keprt at reasonable levels
if we do not overindulge, and if food is prepared without added salt. Oven baking,
e.g. in earthenware dishes, can reduce the number of fried meals.
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Abdominal obesity Obesity concentrated around the abdomen that is associated
with insulin resistance and increased risk for high blood pressure, cardiovascular
disease and diabetes.

Academic medicine Scientifically based medicine that is taught at universities and
colleges.

ACE inhibitors Drugs that inhibit angiotensin-converting enzyme (ACE), thereby
countering arterial constriction, high blood pressure and its complications, in-
cluding heart failure.

Acne Inflammation of the sebaceous glands in the skin, typically seen as red pimples
in the face, and particularly prevalent among teenagers.

Adaptation A change by which an organism or species becomes better suited for
its environment. Adaptation in an individual organism is typically caused by
reversible physiological changes, while (genetic) adaptation in a species is by way
of natural selection.

Adhesion The sticking together of cells or particles.

Agonist (Foreign) substance that triggers activity in a specific receptor.

Agglutination Lumping together, usually cells.

Alkaloids A class of substances containing nitrogen that are found in certain plants,
especially in the plant families of buttercup, poppies and potatoes. They have
pronounced physiological actions on humans.

All-cause death Death from any cause; total mortality.

Dietary advice by the American Heart Association Dietary standards accord-
ing to the American Heart Association; total fat intake <30 E%, saturated
fat 8-10 E%, dietary cholesterol <300 mg/day, polyunsaturated fat up to
10 E%.

Amylase An enzyme in saliva and pancreatic fluid that breaks down starch into
glucose.
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Amyloid Substance that is stored in different organs in the body and shares com-
mon histologic features in terms of colour and appearance, but can consist of
various proteins or peptides.

Anabolic Relating to anabolism, the building of complex molecules from simple
nutrients in the cells.

Anaemia ‘Blood loss’, low blood count, or percentage of haemoglobin (Hb) in the
blood (a protein that transports oxygen throughout the body) that is too low.

Angina pectoris Chest pain caused by ischaemic heart disease.

Angiography Contrast X-ray of a blood vessel, carried out after introduction of a
radiopaque substance.

Angiotensin II A protein whose presence in the blood promotes aldosterone pro-
duction and tends to raise blood pressure.

Animal protein Dietary protein from the animal kingdom, including proteins from
meat, fish, shellfish and dairy products. In my opinion, this is an inappropriate
term, since milk proteins are relatively new forus as a species and have completely
different effects than muscle proteins.

Antigen A substance that is foreign to the body and stimulates the creation of
antibodies. The foreign substance is recognised by the organism via specific
receptors on the surface of certain lymphocytes. During a reaction between the
antigen and the receptors, either an antigen immunity or its opposite response,
antigen tolerance, is generated. In the case of immunity, the immune system partly
produces an increased number of lymphocytes that can combat the antigen in
question, and also produces antibodies against the same antigen.

Apolipoproteins Proteins that are part of the blood’s lipoproteins and are di-
vided into four main groups, A, B, C and E, as well as other subgroups. The
apolipoproteins are important for transporting lipoproteins through the cell
membrane in connection with cell secretion or cell absorption. In addition,
they control the activity in the enzymes that affect the fats in the lipoprotein
particles.

Apoplexy A former name of (severe) stroke.

Arboreal Living in trees.

Arrhythmia A disorder with irregular or otherwise abnormal rhythm of the heart.

Ataxia Inability to coordinate muscle movement caused by disease in the cerebel-
lum or by disturbed sense of touch.

Atherosclerosis An arterial disease, where fatty material is deposited in the inner
layer of the vessel wall, which progressively becomes enlarged. It affects primarily
large and average-sized arteries, e.g. aorta, coronary arteries and the large arteries
in the legs and neck. It is the most common underlying cause of myocardial
infarction, heart failure, stroke, non-Alzheimer dementia and many cases of renal
failure.

Atherosclerotic Suffering from atherosclerosis.

Atrial fibrillation Continuous, exceedingly rapid contractions (fibrillation) of the
musculature of the two upper cavities (atria) of the heart; a common disorder in
Western populations.

Atrophy Thinning, degeneration of organs or tissue.
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Autoimmune reaction Misdirected immune response where the immune system
attacks the body’s own structures, which can lead to autoimmune disease. Ex-
amples of such diseases include gluten intolerance, rheumatoid arthritis, type 1
diabetes and multiple sclerosis.

Baseline A minimum or starting point used for comparisons.

BBdp Diabetes prone BioBreeding mouse, a mouse with a high incidence of type 1
diabetes.

Benign Well intentioned.

Betel Mild, commonly occurring drug in Asia and Oceania. Areca nuts (Areca
catechu) chewed together with leaves or seed mixture from betel tree (Piper
chavica betel) and a pinch of slaked lime (calcium hydroxide) from, e.g., burnt
coral. Areca nuts contain arecoline, a fluid oil with parasympathomimetic effects.

Bias A false interpretation of a statistical result due to a factor which correlates
with the culprit factor and which is not properly allowed for in the analysis.

Bioactive substances Chemical substances that are synthesised by plants or animals
and have a biological effect on the animals that consume them.

Bipedal Using only two legs for walking.

BMI See Body mass index.

Body mass index BMI, body weight in kg divided by the square of the body height
expressed in meters (kg/m?). One person who weighs 73 kg and is 1.70 m tall
has a BMI of 73/(1.7)*> = 25.3.

Bovine Relating to cattle (family Bovidae).

Bypass operation Aorto-coronary bypass operation, coronary artery operation; an
operation method in the event of constricted hardening of the coronary artery,
where oxygenated blood from the aorta is routed past the blocked or constricted
sites by means of a vascular transplant, commonly surface veins taken from the
patient’s legs, or arteries from the inside of the rib cage or from the arm.

Cachexia Severe emaciation as a result of significant, long-term malnutrition. In the
West, the most common causes are cancer and other wasting diseases and con-
ditions, where the general effect is the inability to eat sufficiently to compensate
for the loss of energy, e.g. severe heart failure.

Calcium density See Nutritient density.

Cardiac Of or relating to the heart.

Cardiac arrest Heart stops due to sudden arrhythmia. Sometimes the arrest is
temporary, and sometimes it leads to sudden death.

Cardiovascular diseases Diseases associated with the heart and blood vessels. Gen-
erally refers to diseases related to the hardening of the arteries in the heart and
blood vessels.

Casein The dominant protein in milk.

Case—control study Retrospective study where patients who have fallen ill (cases)
are compared with healthy control persons in terms of a particular variable, e.g.
something in their lifestyle, which is suspected of causing the disease in question.
A plausible source of errors is that awareness of the suspected lifestyle factor
can influence the recollections of those who have fallen ill more than the control
subjects.
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Cereals Generic name for different types of seeds or grains (wheat, rye, corn, oats,
rice, etc.).

CI See Confidence interval.

Coagulation (of blood) Clotting.

Cochrane Collaboration The Cochrane Collaboration is an international not-for-
profit organisation, providing high-quality information about the effects of health
care in accordance with the principles of evidence-based medicine (see this word).
In the Cochrane Library, the collaboration regularly publishes systematic reviews,
which are often referred to as ‘Cochrane reviews’ or ‘Cochrane meta-analyses’.

Coenzyme Molecule needed in certain cases for the enzyme to be able to catalyse
a chemical reaction.

Cognitive Having to do with cognition, i.e. knowledge or understanding.

Cohort A group of people; in epidemiological studies one that is followed over a
period time (prospectively). Hence, cohort studies are prospective epidemiologi-
cal studies analysing associations between exposure and outcome within separate
populations.

Comparative studies Interdisciplinary studies of disease among different animal
species.

Confidence interval The numeric range in which the true value for the population
lies with a given probability; 95% confidence interval = 1-10 means that the
true value has a 95% probability of being between these two limirs.

Confounder Confounding factor, a factor (e.g. yellow fingers), which shows a sta-
tistical connection with a disease {lung cancer) and which covaries with the actual
cause (smoking) without actually contributing to the development of the disease.
Often the term ‘residual confounding’ is used, indicating the presence of unknown
or unmeasured associated variables, after adjustment for the known ones.

Consecutive Following each other in time.

Controlled study Comparative study where a new treatment is given to one group
of people (intervention group); this is compared with the best treatment thus far,
which is given to another group (control group).

Coronary arteries The medium-sized blood vessels at the surface of the heart,
supplying its musculature with nutrients and oxygen.

Coronary angiography X-ray of coronary artery using a contrasting agent that is
injected into the coronary artery; can highlight atherosclerosis which constricts
the blood flow.

Coronary heart disease Ischaemic heart disease, coronary disease; the most com-
mon type of cardiovascular disease and includes vascular spasms (angina pec-
toris) and heart attacks (myocardial infarctions). The main cause is hardening
(atherosclerosis) in the coronary arteries of the heart.

Correlation Common variation between two variables (quantities) x and y, e.g.
age (x) and blood pressure (y). This example shows a positive correlation, i.e. the
blood pressure rises with age. In the case of a negative correlation, y drops while
x rises. The degree of explanation, i.e. the size of the variation in y that can be
explained by x is indicated in the correlation coefficient » or the determination
coefficient R%. The former can vary between —1 and +1, and the latter is the



Glossary 235

square of the former. Where r = 0, the two variables are not correlated. If
r=—1or +1,then x and y are in a straight line. If » = 0.5, then R? = 0.25. The
latter can be expressed so that 25% of the variation in y can be explained by the
variation in x.

Cortical bone The compact outer layer of the bone tissue.

Cross-sectional survey Epidemiological study ata specific point in time, in contrast
to a prospective study that runs over a longer period of time.

Density Tightness, mass per volume.

Determination coefficient See Correlation.

DHA Docosahexaenoic acid; 22:6 omega-3; one of the two dominant omega-3
fatty acids in fatty fish.

Diagenesis Changes to the skeleton while it is interred in the ground through the
effects of animals, roots, the earth’s pressure, chemical reactions or temperature
variations.

Diastolic blood pressure The lower value of the two values in a blood pressure
reading, e.g. 140/90 mm Hg.

Digest To dissolve (food); chemically break down larger molecules into smaller
ones.

Disease incidence See Incidence.

Domesticate Gradually taming wild animals. The process, which historically has
continued for many generations, involves controlling plant propagation by grad-
ually selecting the desired hereditary characteristics.

Double-blind study Study where the patients are randomly assigned into either
a treatment group, which receives active treatment (often a drug) or a control
group, which receives inactive substances that have the same look and taste
of the active substance, i.e. a placebo. Both the patient and the examiner are
‘blind’, since the group to which each patient belongs is not revealed until the
measurements are completed and the protocol can be broken. This technique
spreads the effects of psychological anticipation equally across the treatment and
the control groups, which helps when interpreting the results.

Dyslipidaemia Bad levels of blood lipids, i.e. high total cholesterol, high LDL
cholesterol or low-HDL cholesterol.

DXA Dual-energy X-ray absorptiometry: a method for measuring bone density.

ECG Electrocardiography; recording of the electrical activity of the heart.

Ecological study An epidemiological study which compares populations, typically
in different countries, with regard to associations between an exposure or a risk
factor and an outcome variable, such as death or disease. One famous ecological
study is the Seven Countries Study.

EGF Epidermal growth factor, a mammalian protein acting in the regulation of
cell growth, proliferation and differentiation, among other things. Like several
other endogenous and exogenous ligands, including milk-derived B-cellulin, it
binds to and activates the EGF receptor, a tyrosine kinase receptor.

Ejection fraction A measurement within cardiology to measure how much of the
blood in the heart’s left ventricle is pumped out during the ventricular contraction
{systole).
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Elimination diet Diet where a person consciously avoids one or several foodstuffs
for diagnostic purposes in order to clarify which foods are causing allergic re-
actions, or for treatment purposes, in order to avoid allergic or autoimmune
reactions.

Endocytosis Absorption in a cell of bacteria, dead tissue or foreign particles.

Endometrium The mucus membrane lining the inside of the uterus.

Endothelial function Function of the endothelial cells in the blood vessel, i.e. the
cells that cover the inside of the vessel against the blood stream. In addition
to regulating vascular tone by releasing nitrous oxide, the endothelium has a
number of other functions, which include, e.g., forming a barrier between the
blood stream and the tissues, participating in the process of coagulation and
fibrinolysis (processes that affect blood clot formation), as well as remaining
metabolically active in the conversion of triglycerides to free fatty acids and
glycerol via the enzyme lipoprotein lipase.

Endothelial dysfunction Reduced endothelial functioning (see Endothelium); con-
sidered an early sign of atherosclerosis, possibly because the reduced amount of
nitrous oxide has a negative effect on macrophages and smooth musculature. Fur-
ther evidence of the significance of endothelial dysfunction is its association with
various risk factors for ischaemic heart disease, such as smoking, hypertension,
type 2 diabetes and dyslipidaemia.

Endothelium Interconnected layer of cells that coat the inside of blood vessels, the
lymph system and the inside of the heart. (In this book, it only refers to the
cellular layer in the blood vessel.)

Energy-dense foods Foods with a high calorie content per unit of weight. Typically,
the term refers to processed foods that are high in sugar, starch or fat and low in
micronutrients.

Energy percent (E%), percentage of the total dietary energy consumption.

Epidemiology The study of the incidence (occurrence) and prevalence (distribution)
of diseases in the population in relation to measurable factors such as blood
pressure or dietary habits. Epidemiological studies are most often observational
studies, L.e. the surrounding environment is studied as it is, without intervening
n it.

Epithelial cell cancer Cancer radiating from the epithelial cells, a large group of
cancers that most often cover the surfaces of glands or build up on the surface
of them; the most common forms of epithelial cell cancer include breast cancer,
prostate cancer and colorectal cancer.

Essential amino acids Amino acids that are necessary for normal life functions but
cannot be formed by an organism. The term generally applies to animals since
bacteria and plants, in most cases, can form all 20 amino acids that are included in
proteins. The essential amino acids for humans include arginine, phenylalanine,
histidine, isoleucine, lysine, methionine, threonine, tryptophan and valine.

Evidence-based medicine EBM, trend in academic medicine without connections
to the industry (1) based on clinical and patient-related issues and not just those
that research by chance becomes interested in, (2) places easily accessible and
continuously updated knowledge bases at the disposal of the clinic and (3) in
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cases where systematic compilations are absent, they provide the tools needed
for each doctor to gain an acceptable understanding of answer to his or her
clinical question. Some of the founders of the movement have defined EBM as,
‘the conscientious, explicit, and judicious use of current best evidence in making
decisions about the care of individual patients’>3!.

Excretion The elimination or expelling of waste matter. Undigested food residues
are excreted in faeces, while the waste products of metabolism are excreted by
the liver and kidneys.

Explanatory variables In medical statistics, the factor(s) that explain the variation
in sickness in a population. For example, blood pressure is one of the explanatory
factors behind stroke, i.e. blood pressure and the risk of stroke covary.

Extinct Having no living members.

Fasting insulin The amount of serum insulin in a fasting person.

Fatty liver Liver steatosis, fatty degeneration in the liver; abnormal accumulation
of fat in the liver cells (hepatocytes). Most often caused by lipotoxicity/insulin
resistance. Can also be caused by overconsumption of alcohol.

Ferritin A protein that absorbs and stores iron.

Fibrinolysis Enzymatic dissolution of blood clots; a process in the body that com-
bats blood coagulation.

Fibrosis Increased storage of connective tissue.

Fitness Anorganism’s ability to survive and reproduce in a particular environment.

Folate The salt of folic acid, a vitamin.

Follicle Smaller, bag-shaped hole, e.g. hair follicle or ovarian follicle.

Follicular Referring to the follicle.

Forage To obtain food, to search (widely) for food.

Founder population A small parent population with distinctive genetic feature(s),
emerging from a larger population.

Frequency formula Food frequency questionnaire, questionnaire to be completed
indicating how often and how much a person eats of a certain food.

Funnel plot A scatter graph showing the relationship, in a meta-analysis of ran-
domised controlled trials, between treatment effect and some measure of trial
weight, such as sample size or standard error.

Gastrointestinal tract Relating to the stomach and intestines (gut).

GI See Glycaemic index.

Glitazones Thiazolidenediones; a group of drugs that intensify the effects of insulin
and improve the use of glucose in the musculature, while halting the creation of
new glucose in the liver; used primarily for type 2 diabetes.

Glucose A simple sugar that is an important energy source for living organisms; a
component of starch and other carbohydrates.

Glucose tolerance The body’s capacity to metabolise (dietary) glucose. Impaired
glucose tolerance, or glucose intolerance, leads to high levels of blood sugar
after a carbohydrate-rich meal. Most often, insulin resistance is present (see
this term). Approximately one-third of people with glucose intolerance later
develop diabetes, one-third become normalised, while the remainder continue to
have impaired glucose tolerance. Glucose intolerance, which is a risk factor for
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cardiovascular disease, is present in most patients with ischaemic heart disease
and stroke.

Glucose tolerance test Laboratory test to determine the body’s glucose tolerance
(see this term). The blood sugar on an empty stomach is measured, and then
a 75-g glucose solution is ingested, usually per-orally {through the mouth, i.e.
drunk). The blood sugar is checked one or several times thereafter for up to
2 hours. In the intravenous glucose tolerance test, glucose is injected instead of
drunk.

Gluten A mixture of two proteins in some cereal grains, one of which causes gluten
intolerance. In wheat, the responsible protein is gliadin while in rye and barley
they are, respectively, secalin and hordein. The other protein is glutenin, which
1s important for baking properties of leavened bread.

Glycaemicindex G, indicates how quickly and how high the blood sugar rises after
consuming carbohydrate foods. The blood sugar is measured repeatedly after a
person has ingested a quantity that is estimated to contain 50 g of digestible
carbohydrates. The area between the starting value and the final blood glucose
curve is an expression of the GI, which is expressed numerically in relation
to a corresponding area after consuming 50 g of pure glucose which is set to
GI = 100 (sometimes white bread makes up the reference level).

Glycaemic load Glycaemic index (see this term) multiplied by the total amount of
carbohydrates in the meal. If high glycaemic index foods are rich in water and
fibre, they may exert a rather low glycaemic load.

Glycation The attachment of sugar residues on proteins; a proposed cause of vari-
ous inflammatory and toxic conditions.

Glycoalkaloids A group of alkaloids that are found in potatoes and tomatoes in the
form of a-chaconine and a-solanine (these are also called solanidine glycosides).

HbA1lc Glycated haemoglobin; provides diabetics with a picture of their average
blood sugar over the past few weeks.

HDL High-density lipoprotein; particles in the blood that transport blood lipids,
primarily cholesterol. The risk of cardiovascular disease drops with rising con-
centration of HDL cholesterol, and hence the name ‘good’ cholesterol.

Haemochromatosis Unhealthy storage of iron in various organs of the body.

Herbivore An animal that feeds on plants.

Heterocyclic amines The substances that are formed during frying or grilling food
and which have been shown to produce cancer in animal experiments.

Heterozygote In terms of a particular hereditary trait (e.g. eye colour or carrier of
haemochromatosis), a heterozygote is the individual who carries different genes
in the chromosomal pair in question. This differs from homozygotes who have
double sets of the gene. Heterozygote carriers often have no or mild symptoms
of the disease.

Histochemistry Science that combines biochemical and histological methods to
identify, localise and, if possible, determine the amount of various substances in
the microscopic building blocks of the tissues, particularly in the cells.

Histology The study of tissue; study of the microscopic structure of normal tissues
(cell types, interstitial material and fibrous structures, architecture, as well as
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the structural and functional coordination of the cells). The term is often used
synonymously with microscopic anatomy (in reality, the microscopic structure
of the organ) and also includes cytology in this case (study of cells).

Histopathology The study of unhealthy changes in the tissues of the body. The
term is now used only in a limited sense to indicate the method of diagnosing
disease from microscopic slices of tissue either during an autopsy or in samples
from living persons (biopsy).

HLA Human leucocyte antigen; a system of hereditary, tissue-bound structures
that can constitute an antigen for the recipient during transplantation. The HLA
genotype also affects the risk for autoimmune reactions.

Hominin Hominid, a primate of the family of humans and their bipedal ancestors,
including various species of Homo, Australopithecus and Ardipithecus. The term
is increasingly replacing the older word ‘hominid’, which often includes chimps
and gorillas. Unfortunately, some researchers refer to these as hominins. Thus, at
present, both terms are not precisely defined. Graslund has employed the family
name Prebomo for all early human ancestors living between 6 and 2 million years
ago {until the emergence of Homo).

Hunter-gatherer lifestyle The traditional prehistoric human lifestyle, where meat,
fish, fruits, vegetables, nuts, leaves and shellfish, in varying proportions, were
staple foods.

Hyaline Structureless, transparent substance without inflammatory cells that are
formed by breaking down body tissue.

Hyaline sclerosis Hyaline storage and necrosis in small arteries and arterioles, very
common in the heart musculature of dogs. In humans, a form of hyaline sclerosis
develops in the smaller blood vessels of the kidneys in patients with diabetes or
hypertension.

Hydrolysis Chemical breakdown of a substance through reaction with water.
Hyperinsulinaemia Elevated concentration of insulin in plasma, often secondary
to insulin resistance; risk factor for type 2 diabetes and cardiovascular disease.
Hyperplasia Enlargement of the organs through increased number of (normal-
sized) cells in a tissue (cf. hypertrophy). Unhealthy hyperplasia can contribute to

the development of tumours.

Hypertrophy Organ enlargement through increased cell size, without the addition
of new cells (cf. hyperplasia). The increase in the size of individual cells is con-
nected to the new production of cell components and is not solely the result of
cellular swelling (absorption of fluids). Sometimes hypertrophy is a physiological
response to increased performance requirements, e.g. increase in the muscle mass
during training.

Hypertension High blood pressure.

IGF-1 Insulin-like growth factor-1, somatomedin C; the body’s own hormone with
effects similar to growth hormone and insulin.

In vitro Indicates that experiment or observation is made in a reaction vessel, test
tube, petri dish, etc., and not in a living body (in vivo).
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Impaired fasting glucose Slightly increased blood/plasma/serum glucose when 2-
hour glucose is normal at the oral glucose rolerance test; fasting plasma glucose
6.1-6.9 mmol/L and 2-hour plasma glucose <7.8 mmol/L.

Incidence A measure used in epidemiology for the occurrence of a disease within a
population; the incidence indicates how many new cases occur during a certain
period of time within a specific population group. See Prevalence.

Induce Call forth, cause, start.

Intestinal permeability Ability of large molecules that have not been broken down
to pass through the intestinal mucous membrane.

Intravenous treatment Injection of medicine directly into the blood veins.

Initiation First state in the development of cancer caused by a carcinogenic sub-
stance; includes pre-neoplastic changes in the cell’s genetic material.

Insulin An anabolic (body-building) hormone that facilitates the storage of glucose,
fat and protein in certain tissues. It is formed in B-cells in the Langerhans’ islet
cells of the pancreas.

Insulin sensitivity See Insulin resistance.

Insulin resistance Reduced sensitivity to insulin in the receiving tissues, which can
lead to the so-called metabolic syndrome with abdominal obesity, hypertension,
dyslipidaemia, reduced glucose tolerance and type 2 diabetes. It can also con-
tribute to excessive tissue growth and abnormal height, early puberty, myopia,
acne, infertility, prostate enlargementand certain common forms of cancer (see
Section 4.6).

Intervention Treatment or similar action to produce a given effect, such as reduced
risk of becoming sick (see Randomisation).

Ischaemic heart disease Heart disease caused by atherosclerosis of the coronary
vessels of the heart; includes myocardial infarction, angina pectoris and silent
myocardial ischaemia, i.e. insufficient blood supply to heart musculature without
chest pain.

L Litre

Lactase Enzyme found in the mucous membrane of the small intestines that breaks
down lactose in the food.

Lactose Milk sugar, a disaccharide made from galactose and glucose.

LDL Low-density lipoprotein, particles in the blood that transport blood lipids,
especially cholesterol. The risk of cardiovascular disease increases with rising
concentration of LDL cholesterol, hence the name ‘bad’ cholesterol.

LDL/HDL ratio The ratio berween the concentration of LDL and HDL cholesterol
in the blood; the higher the ratio, the lower the risk for cardiovascular disease.
LDL oxidation Oxidation of LDL molecules in the blood vessel wall that is then

thought to gradually cause hardening of the arteries.

Lectin See Plant lectin.

Left ventricular hypertrophy Enlargement of the heart’s left chamber.

Lipoprotein Particles in the blood which transport fats and lipids.

Lymphocyte A type of whire blood cell that is part of the body’s immune response.

Lymphoma Generic term for malignant tumours originating from the lymphocytes
in the lymphatic tissue; often originates in the throat.
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Macronutrient Energy-providing nutrient: protein, fat or carbohydrate (alcohol is
usually not included although it also provides energy). Macronutrient composi-
tion refers to the proportion of fat, carbohydrate and protein in a food (alcohol
is usually not included).

Malignant Dangerous, deadly; used primarily for cancer.

Median The value that divides a set of ordinal data into two equal parts, i.e. there
are the same number of values above the median as below it. See Quartile.

Menarche Age of first menstruation.

Menopause The ceasing of menstruation; the period in a woman’s life when this
occurs (typically between 45 and 50 years of age).

Meta-analysis A combined analysis of all published studies that compare a certain
treatment, often after excluding those studies that do not meet certain scientific
requirements. The strength of the analysis is that the number of trial subjects
increases, which reduces the number of random factors. The weakness is the
effect of error sources (see Section 3.2), which can be intensified if they recur in
multiple studies. For example, health-conscious Westerners in different countries
can have the same misunderstanding of what should be eaten, which can intensify
the effect of confounders.

Metabolism Conversion of substances in the body; all biological reactions that
take place in living organisms.

Metabolite A substance formed by metabolism of another, primary substance.

Metformin A drug against type 2 diabetes.

Microvilli Fibrous growths of the membrane on certain cells of the surface of the
mucous membrane, which gives it the appearance of a tightly clipped brush.
This greatly increases the surface of the cell, which is significant in terms of
exchanging substances between the cell’s insides and the surrounding area, e.g.
in the intestines.

Mineral density See Nutritient density.

Mitogenic Causing cell division (mitosis).

Mitosis The most common form of cell division.

mmol Millimole, thousandth mol; SI unit for amount of a substance.

Monosaccharide The basic sugar unit of disaccharides and complex carbohydrates;
consists of glucose, fructose, galactose and maltose.

Monounsaturated fat Unsaturated fatry acid with a double bond; the most com-
monly occurring fatty acid in nature, which is the dominant fatty acid in olive
oil.

Mortality Death rate.

MRI Magnetic resonance tomography; radiological diagnostic method that is pri-
marily used to diagnose diseases in the brain, spinal marrow, as well as slipped
discs and tumours in the skeleton and musculature.

n Abbreviation of number, such as number of subjects in a study in humans.

Negative correlation The more of one thing, the less of the other (see Correlation).

Nested case-control study An observational study where cases and controls are
taken from within a cohort study.

NOD Non-obese diabetic mouse, a mouse with a high incidence of type 1 diabetes.
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Normal distribution Distribution of large group of randomly selected measure-
ments, which in a biological context, are regularly distributed in such a way that
the graphic image forms bell-shaped mathematical curve, the so-called Gauss
curve. Body height, e.g., has a perfectly normal distribution, while body weight
and many other biological variables must be put through logarithms before they
display a normal distribution.

Nutrient density Concentration of nutrients calculated per unit of energy (kcal,
MH) instead of per unit of weight.

Nutrients The substances that are part of food and are needed for the body’s
normal metabolism. They can be divided into those that primarily provide en-
ergy (energy-producing nutrients) and those that are needed to cover the body’s
energy needs. There are also those that are needed for growth (growth and main-
tenance) of tissues, and which cannot be formed in the body (essential nutrients),
e.g. proteins and certain fatty acids, vitamins and minerals. Nutrients are often
divided into macronutrients, i.e. those that occur in large amounts (e.g. proteins,
fats, carbohydrates, calcium) and micronutrients, which are only needed in very
small amounts, e.g. trace elements and vitamins. The energy-producing nutrients
include carbohydrates, fats and proteins, and even alcohol.

Nut (1) Type of plant fruit, characterised by being dry and usually having a single
seed. It does not open when it ripens; rather the entire fruit is spread around and
opens when the seed starts to germinate. Sometimes the nuts have wings (as with
birch trees) or brush-like structures (as with dandelions), which allows them to
be spread by wind. Some nuts have spurs, which makes them stick to animal fur.
Some fruits that are commonly called nuts, e.g. coconut and walnuts, are not
nuts in the botanical sense.

Nut (2) Fruit, which when ripe, consists of an (often brown) hard, dry shell and
an (often) edible fat core with a mild taste and which falls from trees or bushes
unopened.

Observation study See Epidemiology.

Odds ratio The odds of an event occurring in one group divided by the odds in a
reference group. An approximate estimate of relative risk in case—control studies
(of rare events).

Omega-3 fatty acids The type of polyunsaturated fatty acids that are typical for
fish and that are thought to protect against cardiovascular disease.

Oligopeptide Peptide which is made up of 10-20 amino acids. The limit up towards
polypeptides is therefore fluid.

Oral glucose tolerance test See Glucose tolerance test.

Optimal Best or most favourable.

Osteoclast Cells that help break down bone tissue, which is a condition for normal
metabolism and creation of new bone tissue. Osteoclast activity is stimulated by
several factors, especially PTH and vitamin D.

Osteology The study of the vertebrate skeleton. Comparative osteology has a close
connection to Palaeontology. Functional osteology deals with the shape of the
skeleton in terms of function. Osteology is also used to determine the species from
animal remains, e.g., in archaeological excavations (historical osteology) from
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the dung of wild animals, and crime scene investigations. Human osteology, i.e.
the study of the human skeleton, is very important in the field of archaeological
research.

Osteoporosis A disease with brittle bone; the most common cause of low-trauma
fractures in elderly Westerners.

Lacto-ovo-vegetarian Person who does not eat meat or fish, but eats eggs and dairy
products.

P Probability; a number between 0 and 1 that indicates the different outcomes of
a random trial. If P = 0.09, there are 9 chances in 100 that the findings were
the result of chance. The limit for statistical significance is often set to P < 0.03,
where the chance is less than 1 in 100 that the findings were random.

p for trend The probability that there is a continuous and graded relationship
between an explanatory variable, e.g. nut intake, and outcome, e.g. risk, for
myocardial infarction.

PAI-1 Plasminogen activator inhibitor 1, a substance that contributes to clot for-
mation and increases with metabolic syndrome.

Palaeolithic Old Stone Age; archaeological period covering the time between when
hnmans started making tools, approximately 2.3 million years ago and the end
of the last Ice Age, approximately 10000 years ago.

Pancreas Organ that produces enzymes to break down the fat in various foods
(lipase), starch (amylase), sugar (maltase) and protein (trypsinogen), as well as
hormones such as insulin and glucagon, which are secreted in the blood and
regulate blood sugar level.

Parathyroid glands (Glandulae parathyreoideae), pea-sized glands on the back side
of the thyroid that produce parathyroid hormones (PTH). Internal secretion of
PTH increases with falling calcium concentrations and vice versa. PTH increases
the amount of calcium in the blood by increasing the absorption of calcium
from the skeleton and intestines in conjunction with vitamin D, and reduces the
amount of phosphate in the blood by increasing the urinary secretions.

Parathyroid hormone See Parathyroid glands.

Pathogenesis How a disease develops and grows.

PCO See Polycystic ovaries.

Peptide Chemical compound that consists of two or more amino acids, united
through peptide bonds. Many peptides are created due to incomplete breakdown
of proteins.

Peripheral arterial disease Disease of the large arteries in the legs or, more rarely,
the arms; involves primarily reduced circulation due to atherosclerosis.

Permeability Ability to penetrate something,

Personal communication Piece of information given informally or at a conference,
as opposed to published, peer-reviewed data.

Person-years Measure of incidence; indicates the number of persons per year. Often
the number of people suffering from a discase is given per 100 000 person-years,
1.e. per 100 000 persons per year.

Pesticides Chemical agents commonly used to protect plants against pests, similar
to herbicides, fungicides and insecticides.
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Phytate See Phytic acid.

Phytic acid Hexaphosphoric acid ester of meso-inositol; occurs in nature as calcium
and magnesium salts; phytates. These appear to a large extent in plant seeds,
where they probably constitute a way of storing phosphorus, which is released
by the effect of the enzyme phytase when the seed germinates. A large amount
of phytates in the food can inhibit the absorption of iron, calcium, zinc and
magnesium from the digestive tract and thereby contribute to a lack of these
minerals.

Phytochemicals Substances in (edible) plants which may be absorbed when ingested
by humans and which are bioactive, i.e. have drug-like effects. In nutritional
science they have generally been described as beneficial (or harmless), while plant
ecologists often see them as part of the plant’s defence system against herbivory.

Phytoestrogens Substances with oestrogenic or, in some cases, anti-oestrogenic
effects that are formed by certain plants (phyto = plant); part of the larger group
xenoestrogens (DDT metabolites, certain dioxins, etc.). The two main classes of
phytoestrogens are the isoflavones (e.g. genistein and daidzein in soya) and the
lignans.

Plant lectin Plant proteins that bind to certain type of sugar, and whose most
important function is to protect against attack by plant-eating animals. The
highest concentration is found in seeds, beans, potatoes and peanuts. Plant lectins
are resistant to breakdown in the stomach/intestinal tract and can penetrate the
mucous membrane of the intestines and become deposited in the internal organs,
where they are thought to have a long list of significant, negative consequences
including atherosclerosis, insulin resistance, cancer and autoimmune reactions.

Plant sterols Sterols formed by plants; includes phytoestrogens, campesterol, sitos-
terol, etc.

Plaque A small raised patch, such as one caused by atherosclerosis, i.e. an
atherosclerotic plaque.

Plasma The pale, yellow or grey-yellow, fluid portion of blood, as distinguished
from the serum obrtained after coagulation. Blood includes plasma and blood
cells.

Platelet A type of cell in the blood involved in clotting.

Polyclonal Having many different cell clones, ‘cell families’. Contact with an anti-
gen normally affects many different B and T lymphocytes, which then propagate
and form a polyclonal immune response.

Polycystic ovary syndrome PCOS, disease with numerous small cysts in the ovaries.
Hormone production in the ovaries is disturbed with increased secretion of male
sex hormones as a result. Normal ovulation cannot take place and infertility is
common. Missed or scant menstruations are also common, as well as increased
hair growth and abdominal obesity.

Polycyclic aromatic hydrocarbons PAH, the substances that are formed during
frying or grilling food and which has been shown to produce cancer in animal
experiments.

Polysaccharide Large carbohydrate molecules consisting of a large number of
monosaccharides; the most common ones are cellulose, starch and glycogen.
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Porosity The characteristic of a material being porous, filled with holes; defined as
the volume of the holes by volume of the entire material.

Positive correlation The more of one thing, the more of the other (see Correlation).

Post hoc analysis A statistical term for an analysis that was not pre-specified in the
original design of the study.

Postmenopausal After menopause.

Potassium density See Nutrient density.

Prevalence Term in epidemiology for the percentage of the population that has a
certain disease for a certain period of time (see Incidence).

Primary prevention Preventive measures designed to prevent the occurrence of
disease in healthy people, as opposed to secondary prevention aiming at hindering
further progression of manifest disease.

Prospective study An epidemiological study where a group (cohort) of individu-
als are followed prospectively, i.e. forwards in time. A common approach in
observational studies (cf. Case—control study).

Prostatic hyperplasia Enlargement of the prostate; appears in benign (benign pro-
static hyperplasia) and malignant form (prostate cancer).

Proteoglycan A compound consisting of a protein bound to large carbohydrates
(polysaccharides).

PTCA Percutaneous transluminal coronary angiography (per = trough; cutis =
skin; trans = across/through/beyond; lumen = central cavity, in this case the
artery; coronary = one of the arteries that surround and supply the hearg;
angio- = relating to blood vessels; graphia = writing), X-ray of the blood vessels
after injection of a radiopaque substance through a catheter introduced into the
coronary arteries of the heart.

PTH Parathyroid hormone (see Parathyroid).

Publication bias Source of errors because published studies do not necessarily dis-
play the same results as those that are not published; the results from studies that
do not support a researcher’s results, e.g., may be published more seldom.

PubMed A free search engine for accessing the MEDLINE database of citations
and abstracts of biomedical research articles.

Pulmonary Of or relating to the lungs (pulmones).

Quartile The value in statistical material that indicates the top or bottom 25% of
values. The botrom quartile, the median and the top quartile divide the material
into four equal parts. The first quartile constitutes the 25% with the lowest
value, the second quartile are those with higher values up to the median, and so
forth.

Quintile The value in statistical material that indicates the top or bottom
20% of values. The four quintiles divide the material into five equally large
(fifchs).

r, R? See Correlation.

Rickets Rachitis; older name was *English disease’, skeletal disease due to insuffi-
cient calcification of newly formed organic bone tissue.

Randomisation Random distribution of a material (e.g. trial subjects) in order to
compare different forms of treatment.
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Randomised controlled trial RCT, A random process determines who receives
the new treatment (intervention group) and who receives an inactive treatment
(placebo) or an older, established treatment (control group).

Receptor Either structure on/in cells or cell/cell systems designed to capture and
transmit signals. Specific substances bind to the receptor which either activate
(agonists) or block its effects (antagonists).

Regress Moving in reverse, in this sense, removing the formation of hardened
arteries.

Renal Of or relating to the kidneys.

Relative risk The risk of a study group becoming ill divided by the risk of a control
group. A relative risk of 1.0 means an equally high risk in both groups, and
thereby no effect of the studied intervention or exposition, while a relative risk
of 0.75 means 25% reduced risk. Relative risk is synonymous to risk ratio.
In this textbook, the mean relative risk is generally presented in conjunction
with its 95% confidence interval (see Confidence interval), i.e. relative risk 0.80
(0.64-0.97).

Replication Lat. Replica’tio ‘repetition’, ‘circulation’, ‘circular motion’, from
re’plico meaning ‘reproduce’, ‘unroll’, ‘unfold’. In the event of replication, the
chemical bonds between both strands of the DNA coils are broken, and func-
tion as templates for the creation of new DNA by means of the enzyme DNA
polymerase. The result is two identical DNA molecules with one old and one
newly formed strand. Replication of the total genetic make-up of the cell is a
preparatory stage for cell division, while smaller parts of the genetic material are
replicated to repair incorrect or damaged DNA.

Residual confounding See Confounder.

Retinoids Natural and synthetic A-vitamin analogues which inhibit cell prolifera-
tion and facilitate apoprosis (programmed cell death).

Retinoid receptors Receptors in the cell nucleus that are divided into retinoic acid
receptors (RAR) and retinoid X receptors (RXR). The body’s natural retinoids
(trans-retinol acid and 9-cis-retinol acid) work by binding to these two receptor
families. Retinol receptors activate genetic transcription by bonding as RAR/RXR
heterodimers or RXR homodimers to elements in the promoter region of the
target genes, whose function is to limit the growth of certain types of cells.

Retrosternal Behind the breast bone (sternum).

Rheumatoid factor Antibodies against immunoglobulins; appear especially with
rheumatoid arthritis.

Rheumatoid arthritis RA, chronic rheumatism of the joints, a joint disease with
chronic inflammation in the joint capsule, leading to deterioration of adjacent
articular cartilage and bone tissue.

Risk compensation Increased risk-taking behaviour among people randomised to
a certain kind of lifestyle change, due to the feeling of belonging to the best of
two or more comparable groups.

Rodent A gnawing mammal of an order that includes rats, mice, squirrels, ham-
sters, porcupines and their relatives, distinguished by their strong, constantly
growing front teeth and no canine teeth.
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Sarcopenia Loss of skeletal muscle mass, usually referring to age-related loss.

Satiation Satisfaction of appetite to the full; the process of bringing eating to an
end. It mainly affects the amount of food eaten at that particular meal.

Satiety The feeling of fullness between meals. The higher satiety, the longer appetite
is suppressed and the less likely a person is to eat between meals.

Saturated fat Fat with a high percentage of saturated fatty acids, i.e. those that are
missing double bonds in their carbon chains. Saturated fat occurs foremost in
dairy products and animal depot fat (lard).

Sclera The outer layer of the wall of the eyeball (apart from the front of the eyeball)
consisting of strong connective tissue.

Secondary prevention Preventive treatment in the case of established diseases (e.g.
myocardial infarction) in order to prevent becoming ill again (e.g. another heart
attack).

Selection pressure Within the field of evolution, it means partly the impact that
environmental factors have on a population which leads to natural selection,
and partly the intensity of natural selection, measured, e.g., as the change in the
frequency of a gene from one generation to another.

Serum Yellowish fluid that is extracted when blood is slowly compressed. Serum
contains almost all the components of blood plasma except for fibrinogen. Most
clinical-chemical laboratory tests are performed on serum, which is marked with
S-, e.g. S-cholesterol.

Seven Countries Study A famous, international epidemiological, observation study,
which was one of the first to study, on an international level, the possible rela-
tionships between eating habits and cardiovascular disease. The countries in the
study included both Crete and Japan, which were found to have a particularly
low risk of ischaemic heart disease.

Sickle cell anaemia Genetic lack of blood due to unusual haemoglobin structure.
The disease is common in areas with widespread malaria. Heterozygous carriers
have increased resistance to malaria, and have thereby had an survival advantage
during evolution.

Significant A difference or a relationship is statistically significant if it is improbable
that it is the result of chance (see P).

Single-blind study A comparative study where the test managers, but not the test
subjects, know who receives which treatment. This is in contrast to double-blind
study, where neither of the parties involved knows.

Squamous cell Flat cells in a single layer or multiple layers that line many of the
body’s surfaces, e.g. the skin.

Squamous cell carcinoma Cancer that originates from the squamous cell. The or-
gans where squamous cell cancer most commonly develops include the skin,
cervix, lungs, trachea and oesophagus.

SLU Statens Lantbruksuniversitet (Swedish University of Agricultural Sciences).

Spinal cord A long bundle of nerves inside the vertebral column. It is connected to
the brain with which it forms the central nervous system.

Spontaneously hypertensive Becoming spontaneously hypertensive, i.e. developing
hypertension (high blood pressure). Somewhat of a misleading term that often
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refers to a special breed of rats that always develops high blood pressure, without
exception, when fed salty food.

STA Solanum tuberosum agglutinin, potato lectin.

Standard deviation Statistical measure of the distribution of data; the larger the
distribution, the lower the certainty of group comparisons.

Standard error A measure of the statistical accuracy of an estimate, equal to the
standard deviation of the theoretical distribution of a large population of such
estimates.

Starch A type of carbohydrate consisting of long chains of glucose. There are
two forms of starch: amylopectin and amylose. Amylopectin, which constitutes
75-80% of starch in most plants, has a high GI, while amylose has a low GIL.

Statins A type of medicine used for dyslipidaemia, e.g. Zocord, Pravachol and
Lipitor.

Statistically significant A difference or a relationship is statistically significant if it
1s improbable that it is the result of chance (see P).

Sterols A subgroup of steroids, defined on the basis of certain structural details. In
humans, cholesterol is the quantitatively dominant sterol.

Streptozotocin diabetic rats Rats who are rendered diabetic by use of strepto-
zotocin, a toxic substance which destroys the insulin-producing B-cells of the
pancreas; an animal model of type 1 diabetes.

Systolic blood pressure The upper value of the two, in, e.g., 140/90 mm Hg.

T-cell T-lymphocytes; lymphocytes that are responsible for a specific immune re-
sponse transmitted via the cells, in contrast to B-lymphocytes, which form circu-
lating antibodies.

Taurine A sulfur-containg amino acid important in the metabolism of fats.

Thermodynamics The study of the conversion of energy into heat and different
forms of work (essentially mechanical work and chemical reactions).

Thoracic kyphosis Exaggerated backward arching of the thoracic spine in the
direction of a hunchback.

TIA Transient ischaemic attack; ministroke; a temporary blockage of the blood
supply to the brain with symptoms lasting a maximum of 1 hour, usually less
than § min.

Trabecular bone The same as porous or spongeous bone; the part of the skeleton
that is inside the compact (cortical) bone. Vertebrae consist mostly of trabec-
ular bone. The bone-generating effects of oestrogen are more pronounced on
trabecular bone rather than cortical bone.

Trace elements Micromineral substances, i.e. mineral substances that the body
only needs in very small amounts, with a daily requirement of 1-2 mg down
to microgram amounts. Trace elements in humans and animals include fluoride,
iodine, iron, copper, chromium, manganese, molybdenum, selenium and zinc.

Transcription The process where information in the DNA is transmitted to
messenger-RNA; a stage in gene expression before, e.g., protein synthesis.

Triceps skinfold For example, triceps skinfold thickness; the thickness of the skin
folds over the triceps muscle on the backside of the upper arm measured with a
so-called calliper. A measure of the amount of a person’s subcutaneous fat.
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Triglycerides Esters formed from glycerol and three fatcy acids; the most common
form of stored fat in the body.

Thymus Organ inside the breast bone made of lymphatic tissue. Grows during
childhood, and is largest during puberty when it gradually regresses. Important
for the maturation of T-lymphocytes, and the immunity to infection connected
with cells.

Type 1 diabetes Insulin-dependant diabetes; characterised by a lack of insulin,
debuts most often before the age of 35.

Type 2 diabetes Non-insulin-dependent diabetes, age-related diabetes, generally
debuts after the age of 30.

Ultrasonography A technique using ultrasound echoes to identify objects of distinct
density in the body (tumours, fetuses, etc.).

Urate Salts from uric acid. Elevated amount of urate in the blood can cause gout
and is a risk factor for cardiovascular disease (see also Section 4.6 under ‘Gout’).

Uric acid Organic acid containing nitrogen, which is formed when the purine
bases adenine and guanine (which are part of DNA and RNA) are broken down.
Uric acid in humans and primates, which primarily appears as urate, is not
metabolised further; urate is primarily secreted in the kidneys. In mammals other
than primates, uric acid is converted to a soluble compound (allantoine) before
being excreted. In birds and certain reptiles, whose liver is unable to bind urine
substances, uric acid is the most important end product of protein metabolism.

Vascular Referring to the blood vessel.

Ventricular fibrillation Flickering of the ventricle; cardiac dysrhythmia that is due
to disorganised electrical activity in the ventricles of the heart. The electrical
activation signals in the ventricular musculature are irregular and very rapid, with
a frequency of approximately 300-500 per minute. The mechanical activation
of the ventricles is uncoordinated and is no longer able to pump out blood.
Ventricular fibrillation is characterised by the sudden loss of consciousness and
arrested arterial pulse and breath. It is the most common cause for sudden,
unexpected death and often occurs in the initial hours after a heart attack.

Vertebra Each of the small bones forming the backbone, or the spine.

Western diseases Diseases, such as cardiovascular disease, obesity and diabetes,
that are prevalent in Western societies and are thought to be more or less caused
by a Western lifestyle.

WGA Wheat germ agglutinin, whear lectin.
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