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Foreword

The practice of rheumatology has been tremendously modified over the past 
10–15 years. Fifteen years ago, the relative lack of effective treatments and treatment 
strategies meant that the rheumatologist was mainly managing the disease and its 
consequences on the patient’s life, sometimes even “running after” the inflammatory 
process rather than controlling it. Today, thanks to new management strategies, more 
tight control, and more effective treatments, the prognosis of rheumatic disorders 
and in particular inflammatory rheumatic disorders has been profoundly improved.

It is in this context of an overall lower disease burden that comorbidities have 
taken on an increasing importance. Comorbidities are both more frequent and less 
well screened for in inflammatory rheumatic disorders than in the general popula-
tion. Comorbidities can be related to the disease process itself, to the consequences 
of the disease, or to the treatments given for the disease such as glucocorticoids. The 
responsibility for dealing with these comorbidities is shared between the patient 
himself or herself, the general practitioner, and the rheumatologist.

It is in this context that the publication of this book is both timely and important. 
In this book, readers will learn about the prevalence and incidence of comorbidities 
in different rheumatological diseases and current guidelines and best practice to 
better screen for these comorbidities, ultimately leading to better care for our 
patients.

Sorbonne Universités, Pitié Salpêtrière Hospital� Laure Gossec 
Paris, France



ix

Preface

This book describes the real-life story of our patients living with arthritis. The story 
begins when a young healthy person starts to feel joint pain and finds it difficult to 
do simple things, things that most people take for granted, like sleeping, getting 
dressed, brushing teeth, or driving. After learning more about arthritis and its treat-
ment, the person may feel overwhelmed or angry. At some point, most people with 
arthritis realize that the disease is, indeed, a fact of their lives. With this awareness, 
they may become depressed. As the disease course continues, it becomes clear that, 
typically, it involves pathology affecting almost all organs of the body, resulting in 
highly heterogeneous disease patterns, which not only affect the person’s physical 
ability but also self-esteem, roles, relationships, organ fitness, control perceptions, 
and mood – briefly, life.

Unfortunately, neither the recently published rheumatology textbooks nor the 
multiauthored books on different rheumatic diseases have dedicated chapters on 
comorbidity in different rheumatic diseases. Nevertheless, this topic is of interest 
since associations not only could contribute to the understanding of the pathogene-
sis of the conditions, but it also gives a warning signal to the clinician to scrutinize 
some patients for potential risks. As a clinical professor, who has had special inter-
est in getting to know my patients and how to set up treatment plans tailored to their 
needs, I felt it was time to compile a book focusing on comorbidity in rheumatic 
diseases with its different patterns, ways of assessment, and management.

The main theme of this book is to deliver a very practical and reader-friendly 
guide. On one hand, it delivers the science-based evidence and advanced knowledge 
of comorbidity in different rheumatic diseases; on the other hand, it provides the 
most recent in this field and examples of recent tools which the readers/researchers 
can use for their standard practice and clinical trials. With its 19 key chapters, this 
book is expected to fill an important void in the current literature. It represents what 
can be considered the best current thinking on comorbidity in different rheumatic 
diseases. Therefore, Comorbidity in Rheumatic Diseases can serve as both excellent 
introductory and a very good reference, as well as resource for implementation in 
standard clinical practice and future reading.



x

This work has been the outcome of the cooperative effort of a large international 
group of leaders in musculoskeletal medicine and expertise in comorbidity assess-
ment and management. They have done a superb job to produce authoritative chap-
ters including vast amounts of scientific and clinical data to create state-of-the-art 
descriptions of comorbidity encompassed in different rheumatic diseases. Special 
thanks to my colleagues and family for their support throughout the whole project, 
which helped to make this book complete.

Personally, I feel privileged to have compiled this work and am enthusiastic 
about all that it offers our readers. I hope you too will find this edition a uniquely 
valuable educational resource.

Meopham, Kent, UK� Yasser El Miedany

Preface
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Chapter 1
Comorbidity in Rheumatic Diseases

Rajesh Gopalarathinam, Mais Arwani, Mary Chester M. Wasko, 
and Tarun S. Sharma

Comorbidity is a condition that coexists along with the disease of interest. 
Comorbidities could be related to the primary disease, its treatment, or be com-
pletely independent. Comorbidities could also be a historic medical condition that 
is presently active or inactive. The relationship between rheumatic diseases and 
comorbidities is intriguing in that whereas certain comorbidities occur more fre-
quently in rheumatic diseases, the rheumatic diseases and their treatments could 
themselves lead to some of these comorbidities. Higher prevalence of comorbidities 
in rheumatic disease patients compared with those without rheumatic disease could 
be partly due to a higher inflammatory burden, an overlapping pathophysiology 
with rheumatic diseases, or increased prevalence as a result of frequent monitoring 
and screening, and improved survival among these patients. An example of this 
would be the higher incidence and prevalence of cardiovascular disease (CVD) and 
traditional cardiovascular (CV) risk factors like dyslipidemia, diabetes and insulin 
resistance in rheumatoid arthritis (RA), and systemic lupus erythematosus (SLE). 
Another example would be systemic sclerosis (SSc)-related lung involvement or 
lupus nephritis where early recognition and management of these disease-related 
complications has a potential to improve survival. While recent advances have been 
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invaluable to the therapeutic armamentarium of rheumatic diseases, long-term 
treatment-related risks like infection and malignancy have emerged as concerns. 
The use of medications like disease-modifying antirheumatic drugs (DMARDs), 
nonsteroidal anti-inflammatory drugs (NSAIDs), and glucocorticoids for inflamma-
tory arthritis also contribute to comorbidities.

Comorbidities can impact the primary disease in multiple ways. Often they influ-
ence the patient’s quality of life and prognosis of the primary disease itself. For 
example, CVD, pulmonary and renal involvement, and infection lead to premature 
mortality in rheumatic diseases. Comorbidities and the complexity they add in man-
agement of the primary disease influence therapeutic decisions on a daily basis. 
High-risk comorbidities like malignancy, CVD, and infection limit the treatment 
choices available in rheumatic diseases and thereby adversely affect disease out-
comes. On the other hand, comorbidities like osteoporosis need addition of new 
therapy to prevent fractures and functional limitation. Comorbidities have been 
known to be managed suboptimally in rheumatic diseases, and the above complex-
ity could be contributing to this.

Some measures of comorbidity utilized in studies include the Charlson comor-
bidity index. This tool estimates the burden, severity, morbidity and mortality, cost, 
and hospitalization-related impact of comorbidities [1]. At point of care in clinic, 
there are no such comprehensive indices, but rather comorbidities are captured 
mostly via effective history-taking and chart review.

In this introductory chapter, we hope to provide the readers with a broad over-
view of some of the common and high-impact comorbidities encountered in rheu-
matic diseases. Subsequent chapters will elaborate on these topics individually in 
detail.

�Cardiovascular Disease in Rheumatic Disease

�Epidemiology

CVD-related mortality is known to be high in patients with rheumatic diseases. This 
has been studied in detail in RA and SLE. While RA has a twofold increased overall 
mortality, with CVD being the leading cause of death in RA patients [2], SLE has a 
bimodal peak of mortality – once during younger age due to the disease and its 
complications and then again while older secondary to atherosclerotic coronary 
artery disease (CAD) [3]. A meta-analysis of 24 observational studies of CVD-
related mortality in patients with RA reported a 50%, 59%, and 52% increased risk 
of CVD, ischemic heart disease, and cerebrovascular accident (CVA) death, respec-
tively [4]. RA patients are twice as likely to experience unrecognized myocardial 
infarctions and sudden death [5]. While CVD mortality appears to be declining over 
recent years in RA, the overall gap between CVD risk in RA and the general popula-
tion seems to be widening [6, 7]. Women with SLE in age group of 35–44 years are 
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over 50 times more likely to have a myocardial infarction compared to age- and 
sex-matched controls [8]. SLE patients also have a twofold to tenfold increase in 
risk of stroke [9]. Accelerated atherosclerosis has also been noted in other rheumatic 
diseases like vasculitis, psoriatic arthritis (PsA), ankylosing spondylitis (AS), and 
SSc [10–14]. Patients with PsA and AS have been found to have an increased CV 
risk [13, 15]. Patients with RA have been found to have twice the risk of developing 
congestive heart failure (CHF) compared with general population, and this excess 
risk is not explained by traditional CV risk factors and/or clinical ischemic heart 
disease [16]. A high proportion of RA patients are reported to have heart failure 
with preserved ejection fraction (EF ≥ 50%) and less likely to have a history of 
obesity, hypertension (HTN), or ischemic heart disease compared with non-RA 
individuals with heart failure [17]. The association between gout and CVD and an 
estimate of the comorbidity burden has also been elucidated in epidemiological 
studies [18, 19].

�Pathophysiology

Atherosclerosis is known to have a central role in the pathophysiology of CVD in 
rheumatic diseases. The inflammatory/immunologic response observed in athero-
sclerosis and RA synovitis is found to be similar [20–22]. Accelerated atherosclero-
sis and vessel inflammation in the form of vasculitis could have a role in cardiac 
ischemia [23]. The Feiring Heart Biopsy Study found that inflammatory cell infil-
trates in the outer vascular and perivascular layers of the aorta of patients were 
associated with CAD and infiltrates in the adventitia and media were more common 
in patients with rheumatic diseases especially in those with a history of smoking and 
aortic aneurysms [24]. Vascular endothelial cell apoptosis which contributes to vas-
cular dysfunction is seen in SLE and SSc vasculopathy [25, 26].

�Risk Factors

Traditional CV risk factors known to increase CVD risk in the general population 
include increasing age, male gender, smoking, HTN, diabetes, hypercholesterol-
emia, body composition, and insulin resistance. RA is independently associated 
with increased CVD after adjusting for traditional CV risk factors [27]. In addition 
to most traditional CV risk factors, which are more prevalent and deleterious in 
rheumatic diseases, several other factors including systemic and vascular inflamma-
tion and medications like corticosteroids and NSAIDs contribute to increased CV 
risk. In RA, smoking is known to be more prevalent [28], is a risk factor for develop-
ment of seropositivity, and is associated with a worse prognosis [29, 30]. Whereas 
compared with the general population the evidence regarding prevalence of hyper-
tension in RA [28, 31] and AS [13] is mixed, it has been found to be higher in SLE 
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patients [32]. RA is associated with an abnormal lipid pattern especially low HDL 
levels [33], and while the CVD risk is elevated, the levels of total cholesterol (TC) 
and LDL are usually low with active disease [34]. Lipid levels in AS and PsA are 
similarly affected with active disease [13]. Prevalence of diabetes is also found to be 
higher in some studies of RA [28] and SLE [32]. Insulin resistance is more prevalent 
in SLE [35] and in RA has been shown to have a direct correlation with disease 
activity [36, 37]. Low BMI has been reported to have a paradoxical effect on sur-
vival in RA with as much as a threefold increase in CVD death [38]. Most NSAIDs 
and cyclooxygenase-2 (COX-2) inhibitors have been associated with increase CV 
risk [39]. Corticosteroids increase CV risk due to negative effects on the above risk 
factors [40], and the increased risk is found to be highest in patients treated with 
long-term and higher doses (>7.5 mg/day prednisone equivalent) [41]. HTN is a 
known side effect of cyclosporine and leflunomide [42]. In RA, markers of inflam-
mation such as erythrocyte sedimentation rate (ESR) have been correlated with CV 
risk [34, 43], and C-reactive protein (CRP) and tumor necrosis factor (TNF)-α lev-
els have been shown to predict CVD and its severity and possibly even have a causal 
role [44]. Disease activity and severity have been found to correlate with CV events 
[45, 46]. By the same token, DMARDs such as methotrexate (MTX) and TNF-α 
inhibitors that lower disease activity have shown to reduce CV risk [47, 48] 
(Table 1.1).

�Assessment and Prediction

The 1998 Framingham Risk Score allows prediction of multivariate coronary heart 
disease risk in patients [56]. A 2008 version can predict 1-year global risk of CVD 
and specific CVD end points [57]. A CV risk management guideline from the 
EULAR taskforce, based on expert consensus opinion, recommends the SCORE 
algorithm and using a 1.5 multiplication factor when estimating CV risk in patients 
with RA when a patient meets two or more of the following three criteria: disease 
duration longer than 10 years, positivity for rheumatoid factor or ACPA, and pres-
ence of extra-articular manifestations [58]. Like the Framingham risk score, with 
this SCORE algorithm, a 10-year risk of incident CV events can be estimated after 
accounting for gender, age, smoking status, blood pressure, and TC or TC/HDL 
ratio [59]. In experienced hands, the addition of carotid ultrasonography to detect 
carotid intimal thickening/plaque could improve cardiovascular risk assessment in 
patients with RA and PsA [60, 61]. A number of biologic markers for CV risk pre-
diction including genetic, inflammatory, immunologic, and markers of endothelial 
function have been identified and, although remain to be validated and studied in 
rheumatic diseases, could have potential role in CV risk prediction models [62].

R. Gopalarathinam et al.
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�CV Risk Management

CV risk management in high-risk rheumatic disease patients consists of two main 
principles – tight control of disease activity, thus reducing systemic inflammatory 
burden, and minimizing traditional CV risk factors. Tight control of disease activity 
by early and effective use of DMARDs, such as TNF-α inhibitors and MTX in 
inflammatory arthritis, has been shown to be independently associated with a lower 
CV risk [63–69] and has been recommended as part of the treat-to-target principles 
for management of RA [70]. Hydroxychloroquine has been shown to have pleiotro-
pic beneficial effects, antithrombotic, lipid lowering, and favorable glycemic prop-
erties, and may reduce incident CV events in RA [71, 72].

European League Against Rheumatism (EULAR) evidence-based recommenda-
tions for cardiovascular risk management in patients with RA and other forms of 
inflammatory arthritis recommend that patients should be screened for CVD and 
traditional CV risk factors should be aggressively managed to try to reduce this 
excess risk [58]. It is conceivable that since CVD risk in RA is similar to that in 
diabetes, primary prevention and CV risk factor management should be similar to 
that in diabetes, as others have proposed [27, 31]. Routine CV risk assessment in 
rheumatic diseases should be strongly considered, along with emphasis on 
appropriate management of metabolic syndrome, smoking cessation, minimizing 
use of corticosteroids, and cautious use of NSAIDs. While further research in this 

Table 1.1  Traditional CV risk factors in RA and SLE

CV risk factor RA SLE

Smoking Risk factor for RA and seropositivity, 
worse RA prognosis; higher 
prevalence in RA [28–30]

Risk factor for atherosclerosis and 
vascular events in SLE [49, 50]

Hypertension Similar prevalence as general 
population [28]

Higher prevalence than general 
population [32] and a predictor of 
mortality and CV events [49, 51]

Dyslipidemia Low HDL cholesterol (CV protective 
cholesterol) levels seen [33]

Hypercholesterolemia associated 
with higher CV events [8, 52]

Diabetes Possible higher prevalence [28]  
but inconsistent results in other 
studies [53, 54]; related to abdominal 
obesity, disease activity and 
corticosteroid use [37]

Higher prevalence [32]

Insulin  
resistance

Higher prevalence [37] and related to 
RA disease activity [36], abdominal 
fat [55]

Higher prevalence and related to 
higher BMI, ESR, TNF-α levels 
[35]

Body  
composition

Low BMI associated with threefold 
increase risk of CVD deaths [38]

Obesity is risk for atherosclerotic 
vascular events [49]

CV cardiovascular, RA rheumatoid arthritis, SLE systemic lupus erythematosus, HDL high-density 
lipoprotein, ESR erythrocyte sedimentation rate, TNF tumor necrosis factor, CVD cardiovascular 
disease, BMI body mass index
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area is underway, systematic screening for CV risk via collaboration of care between 
rheumatologists, cardiologists, and primary care physicians is imperative to achieve 
optimal management of CVD in rheumatic disease patients.

�Infection in Rheumatic Diseases

Infections are a major cause of morbidity and mortality in patients with rheumatic 
diseases. Although the presence of rheumatic diseases can cause impaired immunity 
and subsequent infections in the host, the most important risk factor for developing 
serious infections is the use of immunosuppressive therapy for the treatment of the 
underlying rheumatic disease [73]. Immunosuppressive drugs such as glucocorti-
coids induce immunodeficiency at a cellular level and predispose the host to a wide 
variety of bacterial, viral, fungal, and parasitic infections [74]. The clinical manifes-
tations of infections in rheumatic disease patients are often difficult to appreciate 
clinically due to diminution of fever and other signs of inflammation by the immu-
nosuppressive therapy. Nonetheless, early diagnosis and treatment is critical to 
avoid disastrous consequences. This increased risk of infections is due to the fact 
that various drugs such as traditional DMARDs and glucocorticoids, which are 
commonly used to treat RA patients, are all associated with immunosuppression 
[75]. A longitudinal follow-up study on an incidence cohort of 609 RA patients 
identified advanced age, male sex, increased disease severity, smoking history, leu-
kopenia, presence of extra-articular manifestations of RA, and presence of other 
comorbid conditions (such as diabetes, chronic lung disease, alcoholism, and 
dementia) to be strong risk factors associated with an increased infection risk [76]. 
Among the DMARDs, infection rates appear to be minimal with low-dose MTX 
[77]. Studies have shown that the use of TNF-α inhibitors is associated with 
increased risk of serious bacterial infections requiring hospitalization and antibiotic 
therapy [78, 79]. Results from a meta-analysis of 70 trials that included over 32,000 
RA patients showed that there is a small but significant risk (pooled odds ratio [OR], 
1.79; 95% confidence interval [CI], 1.17–2.74) of opportunistic infections (for 
mycobacterial and viral infections) that occurs with biologic drugs without affect-
ing the overall mortality [80]. Patients with RA-associated interstitial lung disease 
especially those on prednisone >10 mg daily are found to be at higher risk of serious 
infection in a recent study [81].

Similar to patients with RA, patients with SLE have a greater risk of infection 
that is related to significant morbidity and mortality. In a large prospective multi-
center European study involving 1000 SLE patients over a 10-year follow-up period 
(from 1990 to 2000), 360 patients (36%) developed infections, and among the 68 
patients who died, 25% of the deaths were attributed to infections. Along with active 
SLE, infections were the most common cause of death (28.9%) among patients in 
the initial 5-year follow-up [82]. Disease duration, disease activity, leukopenia, 
nephritis, hypocomplementemia, concomitant use of steroids with cyclophosphamide 
have been linked in different combinations to an increased risk of infection [83]. A 
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nested case-control study that involved 83 lupus patients to investigate the clinical 
predictors of infections showed the most frequent bacterial agents involved in caus-
ing major infections requiring hospitalization were Escherichia coli, Staphylococcus 
aureus, Mycobacterium tuberculosis, and Streptococcus pneumonia [84]. In this 
section, we will review the pulmonary, cutaneous, joint, and other site-specific 
infections related to rheumatic diseases.

�Site-Specific Infections

In general, RA patients have an increased incidence of infection compared with the 
general population [85]. Respiratory tract infections are the most frequent type of 
infections that occur in RA patients. These can be deadly; lower respiratory tract 
infections in RA are associated with mortality of almost 22.5% [86]. A dose-related 
relationship between prednisone use and pneumonia risk has been described [87].

Tuberculosis (TB) deserves a special mention among the pulmonary infections 
seen in patients with rheumatic diseases. Studies have shown that RA patients have 
an increased risk of pulmonary tuberculosis, independent of treatment with TNF-α 
inhibitors [88, 89]. TNF-α plays a crucial role in phagocytosis and killing of myco-
bacterium tuberculosis by activated macrophages and is also responsible for con-
fining of mycobacteria within granulomas, thereby maintaining a latent state for 
TB [90]. The use of TNF-α inhibitors is associated with a significant increase in the 
reactivation of latent TB, resulting in an active TB infection [91, 92]. TNF-α affects 
both the activation of immune cells and their response to intracellular infection in 
several different ways, thereby impacting both the innate and adaptive immunity 
[93]. The British Society for Rheumatology Biologics Register, a large national 
prospective observational study, reported the rates of TB in RA patients treated 
with TNF-α inhibitors compared with traditional DMARDs, and investigators con-
cluded that the incidence rate of TB was three to four times higher in RA patients 
who were treated with infliximab and adalimumab compared to those who received 
etanercept [94].

In a large, prospective cohort of SLE patients, 25% developed an infection in a 
5-year follow-up period with the most common type of infection being pneumonia 
due to bacterial etiology [95]. Immunosuppressive therapy, particularly corticoste-
roids, was significantly associated with an increased risk of infection (P = 0.029) in 
this study. Another study demonstrated that the TNF-238A allele and a related hap-
lotype have a strong influence on the risk of developing pneumonia among SLE 
patients in a large multiethnic cohort [96]. In this study, bacterial pathogens were 
responsible for 75% of all pneumonia events followed by mycobacteria (12%), 
fungi (7%), and virus (5%).

Pulmonary infections with other rheumatic diseases such as SSc, Sjögren’s syn-
drome (SS), granulomatosis with polyangiitis, eosinophilic granulomatosis with 
polyangiitis, Goodpasture’s syndrome, and AS may be less common or at least have 
not been well studied. The clinical manifestations of infectious pulmonary diseases 
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in RA and SLE are often non-specific and similar to the noninfectious complica-
tions such as interstitial lung disease, acute lupus pneumonitis, and diffuse alveolar 
hemorrhage. Therefore, workup should be aggressive to identify the infectious eti-
ology in suspected cases and should include chest X-ray, blood and sputum cultures, 
and bronchoscopy with bronchoalveolar lavage (BAL) if needed. Patients with sus-
pected pneumonia should always be started on empiric antibiotics, with focused 
treatment once an infectious organism is identified.

Studies have shown that the incidence of cutaneous infections secondary to bac-
terial, viral and fungal organisms can occur at an increased rate in patients receiving 
TNF-α inhibitors [97, 98]. Most skin infections (fungal [dermatomycosis], bacterial 
[folliculitis, erysipelas], and viral [herpes zoster]) in one large series occurred dur-
ing active treatment with TNF-α inhibitors [99]. Herpes zoster deserves a special 
mention among these cutaneous infections seen in patients treated with TNF-α 
inhibitors. It manifests as a painful dermatomal vesicular rash and occurs due to 
reactivation of the varicella zoster virus in patients with impaired cellular immunity. 
A recent study showed that the incidence of herpes zoster is increased in RA patients 
compared to the general population [100]. The impact of TNF-α inhibitor treatment 
on risk of herpes zoster infection is controversial, with evidence both supporting 
and refuting an increased risk with this class of medications [101–104].

Biologic agents have been associated with increased risk of bone and joint infec-
tions, mainly septic arthritis. Although rare, a serious infection of the bone and 
joints is surgical site infection of total joint arthroplasty in patients receiving TNF-α 
inhibitors [105].

Very few studies have described the incidence of urinary tract infections (UTI) in 
rheumatic diseases. A retrospective study confirmed the increased rate of UTI 
among patients with RA (especially elderly females) and attributed the increased 
risk as a complication to the long-term use of oral steroids [106]. Another study had 
shown the association of UTI with secondary SS [107].

Chronic hepatitis B and C can be serious comorbid conditions in patients with 
rheumatic diseases [108]. Reactivation of hepatitis B virus (HBV) leading to serious 
consequences such as hepatic failure is a well-recognized and frequently occurring 
complication in HBV infected patients with rheumatic disease undergoing immuno-
suppressive therapy [109, 110]. Reactivation of HBV infection in patients undergo-
ing immunosuppressive therapy is characterized by an increase in serum HBV-DNA 
and alanine transaminase (ALT) level [111]. Rheumatic disease patients with hepa-
titis C virus (HCV) should always be referred to a hepatologist for appropriate anti-
viral treatment.

�Corticosteroids and Risk of Infection

Corticosteroids predispose patients to a wide variety of infections, both mild and 
serious [112]. In a meta-analysis of 71 clinical trials that compared treatment with 
steroids and nonsteroids, corticosteroid recipients had a significantly higher rate of 

R. Gopalarathinam et al.



9

infection (12.7%) compared to nonsteroid recipients (8%), with a dose-related 
increase in risk [113]. The susceptibility to infection may begin within the first few 
weeks of corticosteroid therapy [114]. Corticosteroids can predispose to opportu-
nistic infections such as listeria, reactivation of pulmonary TB, and pneumocystis 
jiroveci pneumonia (PJP) [115–117]. Haraoui et al. concluded that although corti-
costeroids induce remission in RA patients, long-term corticosteroid treatment was 
not associated with the benefit of sustained remission but rather increased risk for 
infection [118].

�Key Recommendations for Clinical Practice

•	 For treatment of RA patients with moderate or high disease activity and previous 
history of serious infections, the American College of Rheumatology (ACR) 
guidelines conditionally recommend using a combination of traditional 
DMARDs or abatacept rather than TNF-α inhibitors [119].

•	 The ACR guidelines recommend screening all patients for pulmonary TB with a 
tuberculin skin test or an interferon-γ release assay prior to starting TNF-α inhib-
itors [119]. Latent or active TB warrants referral to a TB specialist for further 
evaluation and management. In these patients, a minimum of 1 month of antitu-
berculous therapy prior to starting or resuming biologic drug therapy is generally 
recommended.

•	 Based on the American Association for the Study of Liver Disease (AASLD) 
practice guidelines and clinical experience, the ACR guidelines strongly recom-
mend treating RA patients with active HBV infection (who are receiving or have 
received antiviral treatment) similar to RA patients without HBV infection [119]. 
Current literature recommends screening of all rheumatic disease patients for 
HBV infection prior to initiation of biologic DMARDs and hepatology evalua-
tion for antiviral therapy if positive for active infection [120]. During the course 
of biologic therapy, it is imperative to frequently monitor for viral reactivation in 
HBV-infected patients and initiate antiviral therapy if necessary [121]. The ACR 
guidelines conditionally recommend (1) treating RA patients with HCV infec-
tion (who are receiving or have received antiviral treatment) similar to RA 
patients without HCV infection and (2) the use of traditional DMARDs like sul-
fasalazine and hydroxychloroquine rather than TNF-α inhibitors in RA patients 
with HCV not requiring or receiving antiviral therapy [119]. Rheumatic disease 
patients with HCV infection should always be referred to a hepatologist for 
appropriate antiviral treatment. Currently, there are no strong guidelines 
suggesting universal screening for HCV prior to starting biologic DMARDs 
[122], but this testing is advisable.

•	 Regarding vaccinations, the current ACR guidelines (1) strongly recommend the 
use of inactivated/killed vaccines (such as pneumococcal vaccine, influenza vac-
cine, and hepatitis B vaccine) in RA patients receiving biologic therapy, (2) con-
ditionally recommend against the use of live attenuated vaccines (such as zoster 
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vaccine) in RA patients receiving biologic therapy, and (3) conditionally recom-
mend the use of zoster vaccine in RA patients ≥50 years prior to initiating bio-
logic therapy [119].

•	 The role of corticosteroids should be limited to bridge therapy to achieve remis-
sion when long-term DMARDs or biologic therapy are initiated, with a rapid 
steroid taper to follow.

�Malignancy in Rheumatic Diseases

Increased risk of malignancy has been reported in different rheumatic diseases par-
ticularly in RA, SLE, SSc, and idiopathic inflammatory myopathies. This associa-
tion is partly explained by the presence of common risk factors such as genetics, 
viruses, and smoking, as these have been implicated in the pathogenesis of both 
cancers and rheumatic diseases [123, 124].

The inflammatory burden of the autoimmune disease itself and immunological 
defects associated with rheumatic diseases can play a role in the development of 
cancers, particularly lymphoproliferative malignancies [125]. The chronic activa-
tion of B cells and T cells is a driving force for the development of cancer in rheu-
matic diseases, especially in primary SS [126] where B cells and autoantibodies are 
implicated in the disease process and the risk of B-cell lymphoma is increased 
40-fold [127].

On the other hand, the immune response can function as an effective extrinsic 
tumor-suppressor system [128]; when we suppress the immune system with chemo-
therapeutic agents, we increase the risk of cancer in patients with rheumatic 
diseases.

�Malignancy and Systemic Lupus Erythematous

SLE is associated with increased incidence of different malignancies, particularly 
hematologic malignancies, more specifically non-Hodgkin lymphoma (NHL) [129]. 
Aggressive histological subtypes are found to predominate in SLE patients who 
develop NHL, with the most commonly identified NHL subtype being diffuse large 
B cell [130].

Lu M et al. conducted a large international SLE cohort, published in 2013, to 
further study non-lymphoma hematological malignancies in SLE.  The most 
common non-lymphoma hematological malignancies were found to be myeloid 
types (myelodysplastic syndrome and acute myeloid leukemia) [131]. This con-
trasts to the general population, where lymphoid types are more common than 
myeloid non-lymphoma hematological malignancies.

The incidence of certain non-hematologic malignancies has also been found to 
be elevated in SLE. Observational studies in SLE suggest increased risk of cancer 
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of the vulva, lung, thyroid, and possibly liver, whereas a decreased risk for breast 
and endometrial and possibly ovarian cancer [132, 133].

Oncogenic viral infections were found to play a role in SLE, an example would 
be human papillomavirus (HPV)-associated malignant and premalignant condi-
tions. Patients with SLE that were HPV positive were found to be at high risk for 
anal cancer, vaginal/vulvar cancer, epithelial dysplasia/carcinoma in situ of the uter-
ine cervix, and non-melanoma skin cancer [134].

�Malignancy and Rheumatoid Arthritis

Increased risk of lymphomas, leukemia, and myeloma in patients with RA was first 
reported in 1978 [135]. Subsequently, many studies were conducted to support this 
linkage. A systematic review of the literature and meta-analysis by Smitten et al. 
published in 2008 using a Medline search from 1990 to 2007 suggested that RA 
patients have approximately twofold increase in lymphoma risk (SIR 2.08) with a 
greater risk of Hodgkin than non-Hodgkin lymphoma. This study also suggests 
increased risk of lung cancer and decreased risk for colorectal and breast cancer 
compared with the general population in RA patients [136]. Additional data evalu-
ated using a literature search of relevant observational studies published between 
2008 and 2014 conducted by Simon T.A et al. supported previous data of increased 
risk of lymphoma and lung cancer and decreased risk of colorectal and breast cancer 
in RA compared with the general population [137]. Others have underscored these 
associations [138, 139].

Interestingly, a large Danish cohort study published in 2014 included RA patients 
recruited from a primary care resource and suggested no increased risk of lympho-
proliferative or solid cancers during a 4-year follow-up period [140].

�Malignancy and Systemic Sclerosis

Increased risk of malignancy in patients with SSc has been observed; however, fur-
ther studies might be required as data are conflicting. Increased risk of lung and 
hematologic cancer has been reported [141–143]. A cohort study published in 2006 
reported increase in the incidence of esophageal and oropharyngeal cancers [144] 
(Table 1.2).

A retrospective study conducted in a UK cohort for patients with scleroderma 
showed increase in frequency of cancers among patients with anti-RNA polymerase 
III (anti-RNAP) antibody compared with those with anti-Scl-70 antibodies and anti-
centromere antibodies (ACAs). The malignancies reported in this study were breast, 
hematologic, gastrointestinal, and gynecologic [145].
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�Malignancy and Inflammatory Myopathies

A linkage between polymyositis (PM) and cancer was first reported in 1916. Since 
then, several studies have identified this association in both PM and dermatomyosi-
tis (DM) [146–148]. A higher incidence of cancer was identified with DM com-
pared with PM [149, 150]. In contrary to the increased risk of malignancy with time 
in other connective tissue diseases, the risk of malignancy has been found to dimin-
ish with time in inflammatory myopathies [151]. Malignancy occurrence has been 
reported after the diagnosis of PM, whereas it can precede or follow the diagnosis 
of DM, which leads many to consider DM to be a paraneoplastic syndrome [150].

Given this increased risk of malignancy in DM and PM, many recommend evalu-
ating newly diagnosed patients with DM and PM for the possibility of an underlying 
malignancy. Some further recommend extensive search for malignancy, particularly 
with computed tomographic scans, to identify an elusive cancer [152].

�Malignancy and Sjögren’s Syndrome

It is known that primary SS (pSS) is associated with increased risk of lymphoprolif-
erative disorder. This association was first published in the late 1970s and according 
to that study, patients with pSS have 40 times higher relative risk of developing 
lymphoma, particularly NHL, compared to the general population [127]. Subsequent 
studies published since then have described this association with a relative risk of 
lymphoma in pSS compared with the general population ranging between 6 and 44 
[125]. There is some discrepancy regarding the most common NHL among 
pSS. Whereas most studies ranked mucosa-associated lymphoid tissue lymphoma 
(MALTL), a subtype of indolent marginal zone B-cell lymphoma (MZBCL), as the 
most predominant lymphoma among pSS [153, 154] and high-grade diffuse large 

Table 1.2  Rheumatic diseases and associated malignancies

Rheumatic disease Associated malignancy

SLE Hematologic malignancies particularly NHL
Non-hematologic malignancies: vulva, lung, liver, and thyroid 
cancer

RA Hematologic malignancies particularly Hodgkin lymphoma
Non-hematologic malignancies: lung and possibly liver and 
esophageal cancer

SSc Lung, hematologic, esophageal, and oropharyngeal cancers
Inflammatory myopathies Ovarian, lung, gastric lymphoma

Nasopharyngeal carcinoma in Asian populations
Primary SS Lymphoproliferative disorders particularly MALT lymphoma

SLE systemic lupus erythematosus, RA rheumatoid arthritis, SSc systemic sclerosis, SS Sjögren’s 
syndrome, NHL non-Hodgkin’s lymphoma, MALT mucosa-associated lymphoid tissue
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B-cell lymphoma (DLBCL) as the second most common lymphoma subtype of 
pSS-associated NHL [155, 156], DLBCL was found the most common pSS-
associated NHL in others [157, 158]. This discrepancy could be a result of genetic 
and geographical variations of the recruited patients. The occurrence of MALTL in 
younger pSS patients compared with the occurrence of DLBCL suggests that 
DLBCL emerges as an event of gradual transformation from undetected low-grade 
lymphomas [158].

�DMARDs and Malignancy

Both non-biologic and biologic DMARDs have been commonly used in patients 
with rheumatic diseases. The oncogenic effects of immunosuppression lead many to 
assess the risk of malignancy associated with the use of both non-biologic and bio-
logic agents in patients with rheumatic diseases. However, the increased risk of 
malignancies in patients with rheumatic disease and the intensive use of DMARDs 
in patients with advanced diseases who might already have a higher risk of develop-
ing cancer complicated and challenged this assessment [125].

Increased risk of malignancies with cyclophosphamide (CYC) has been reported. 
Bladder cancer is one of those malignancies and it is thought to be due to CYC 
metabolites especially acrolein [159]. A higher risk of lymphoma was also sug-
gested in SLE patients treated with CYC and high cumulative dose steroids [160]. 
Increased incidence of cervical intraepithelial neoplasia in women with SLE treated 
with intravenous cyclophosphamide and steroid was also reported [161].

Increased risk of lymphoproliferative disorders in patients with rheumatic dis-
eases treated with MTX has been suggested in many reports [162–165]. This 
increased risk has been especially observed in EBV-positive patients and was fur-
ther suggested by the remission of lymphoma after stopping MTX therapy [166, 
167]. Increased risk of a second non-melanoma skin cancer (NMSC) in RA patients 
treated with MTX has also been suggested in a retrospective cohort study published 
in 2016 [168].

With the increased use of TNF-α inhibitors in rheumatic diseases, their associ-
ated risk factors such as the possible increased risk of malignancy has been increas-
ingly studied. Suggested data varies among those studies with few studies reporting 
higher incidence [169, 170] and many finding no association between malignancy 
and TNF- α inhibitor use [171–175]. Several studies have shown association of 
melanoma and non-melanoma skin cancer (NMSC) with TNF-α inhibitor use 
[176–178].

Risk of malignancy has been compared between DMARDs and biologic agents 
in few studies [179–181]. Based on some of the previous studies [165, 172, 174, 
176], ACR published 2015 guidelines for the treatment of RA patients with a past 
history of treated or untreated malignancy although the level of evidence was con-
sidered very low [119]. They conditionally recommended the use of traditional 
DMARDs over biologics and tofacitinib in patients with previously treated or 
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untreated skin cancer (melanoma or non-melanoma). They also recommended for 
previously treated lymphoproliferative disorders the use of rituximab over TNF-α 
inhibitors and combination of traditional DMARDs or abatacept or tocilizumab 
over TNF-α inhibitors in such patients. For patients with previously treated solid 
organ malignancy, the conditional recommendation is the same as in patients with-
out history of malignancy. Given low-level evidence and conditional recommenda-
tions, further studies might be required to better assess the risk of malignancy 
associated with the use of TNF-α inhibitors especially for long-term use.

�Rheumatic Disease and Osteoporosis

Increased risk of osteoporosis in patients with RA has been reported in many studies 
[182–185]. This increased risk is attributed to the use of glucocorticoid [182, 
184–186] in addition to the disease activity itself including the production of pro-
inflammatory cytokines mainly TNF-α, interleukin-1 (IL-1), IL-6, and IL-17, given 
their role in osteoclast dysfunction and bone homeostasis [187–191].

In addition to blocking local and systemic inflammatory cascades in rheumatic 
diseases, biologic treatment has also been reported to provide beneficial effects 
against bone degradation and the development of osteoporosis [189, 192–194].

The ACR 2010 guidelines for prevention and treatment of glucocorticoid-induced 
osteoporosis (GIOP) elaborate on the risk of developing GIOP, based on FRAX 
scores, the glucocorticoid dosage, and duration of use [195].

�Insulin Resistance and Rheumatic Diseases

The association between RA and insulin resistance (IR) has been reported in many 
studies [196–200]. This association is attributed to an overlapping pathophysiology 
of IR and RA, as both are characterized by inflammation. The inflammation in RA 
is mainly mediated by pro-inflammatory cytokines, TNF-α, and IL-6 which are also 
found to be overproduced in visceral adipose tissue in patients with IR and lead to 
impaired insulin receptor signaling [201–203].

IR has been well reported in several RA studies; however, data regarding the 
association between other rheumatic diseases and diabetes is still controversial, as 
this association was found in some studies [204–206], though not in others [53, 54].

Glucocorticoids are widely used in rheumatic diseases. Although cumulative 
glucocorticoids dose was shown to have a negative impact on glucose tolerance 
state, its role in inducing IR in patients with rheumatic diseases is controversial. 
Data from many studies consider the use of glucocorticoids, especially long-term 
use or at high doses, to play a role in inducing IR [207, 208]; however, most data 
consider the use of low doses [209] and some studies low to medium doses of glu-
cocorticoids not to be associated with glucose metabolism impairment in RA 
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patients as metabolic syndrome is already modified by other processes in RA 
[210–212]. The use of low doses glucocorticoids might also improve glycemic con-
trol through enhanced pancreatic insulin secretion and peripheral insulin sensitivity 
by its anti-inflammatory effects [201]. Some data suggest that the use of even 
high dose but for short term is not associated with the deterioration of glucose toler-
ance [213].

Data from different studies suggests favorable changes in measures of insulin 
sensitivity with the use of traditional DMARDs [214], such as MTX [215, 216] and 
hydroxychloroquine [217], mainly by their anti-inflammatory effects. However, the 
effects of DMARDs on IR might require long-term use as some data suggests no 
changes in IR with short-term treatment [218]. No clear-cut impact of TNF-α inhib-
itors on IR has been identified [219–224].

�Interstitial Lung Diseases in Rheumatic Diseases

Interstitial lung disease (ILD) represents a diverse group of lung diseases that occur 
as a frequent and a serious complication associated with significant mortality and 
morbidity in patients with rheumatic diseases. ILD associated with rheumatic dis-
eases occur commonly in SSc with an incidence of about 45%, followed by PM/DM 
(20–50%), mixed connective tissue disease (20–60%), RA (20–30%), and less fre-
quently in SS (up to 25%) and SLE (2–8%) [225]. About 25% of all ILD-related 
deaths are associated with underlying rheumatic diseases [226]. The underlying 
pathogenesis of ILD is incompletely understood and involves inflammation, fibro-
sis, or a combination of both under the influence of several pro-inflammatory and 
pro-fibrotic cytokines [227, 228]. The most common types of ILD associated with 
rheumatic diseases are non-specific interstitial pneumonia (NSIP) and usual inter-
stitial pneumonia (UIP) followed by lymphocytic interstitial pneumonia (LIP), 
cryptogenic organizing pneumonia (COP), and less frequently diffuse alveolar dam-
age (DAD) [229]. The distinct histopathological and radiologic patterns in high-
resolution computed tomography (HRCT) associated with each type of ILD are 
highlighted in Table 1.3. Understanding these features is important for diagnosis as 
well as to predict prognosis among the various types of ILD.

Clinically, ILD manifests as insidious onset and non-specific symptoms such as 
progressive dyspnea and dry cough. Bronchoalveolar lavage (BAL) can be helpful 
to rule out infection or malignancy in suspected cases [234]. When the combination 
of HRCT findings with other investigations does not help in establishing a diagnosis, 
a lung biopsy is done through bronchoscopy or video-assisted thoracic surgery 
(VATS). By identifying the specific type of ILD, lung biopsy helps to predict the 
prognosis and guide treatment [235].

ILD associated with rheumatic diseases are treated with immunosuppressive 
drugs such as cyclophosphamide, azathioprine, tacrolimus, and mycophenolate 
mofetil. The Scleroderma Lung Study (SLS) I showed that 1 year of oral cyclophos-
phamide was effective in improving lung function, dyspnea, and quality of life but 
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Table 1.3  Rheumatic diseases and associated ILD types

Rheumatic 
disease Type of ILD

Histopathologic 
findings [230]

HRCT findings 
[225] Comments

SSc NSIP NSIP: uniform 
appearance with 
varying proportion 
of inflammation 
and fibrosis

Ground glass 
opacities and 
reticular markings 
prominently in the 
lung bases

ILD is the leading 
cause of death in SSc 
patients [225]

PM and 
DM

NSIP
COP is less 
common

NSIP: as above
COP: interstitium 
has less 
inflammation and 
alveolar ducts 
have inflammatory 
debris

NSIP: as above
COP: ground 
glass opacities 
with patchy areas 
of consolidation

ILD in myositis 
patients has a strong 
association with 
anti-Jo-1 antibodies 
[225]

MCTD NSIP NSIP: as above NSIP: as above
Septal thickening 
may be seen.

PAH is the most 
common cause of 
death [231]

RA UIP UIP: patches of 
marked fibrosis in 
subplural areas 
and 
honeycombing 
with less 
inflammation in 
the interstitium

Overlapping 
reticular and 
nodular opacities 
with 
honeycombing 
pattern in the 
periphery and 
basilar areas

The 5 year survival 
rate in RA patients 
with UIP is less than 
50% [225]

Sjögren’s 
syndrome

Most common 
ILD is NSIP 
followed by 
LIP

NSIP: as above NSIP: as above
LIP: cystic pattern 
with ground glass 
opacities and 
nodules mostly in 
the centrilobular 
areas

LIP can also be seen 
in abnormal immune 
system states such as 
HIV, dysproteinemia 
and CVID [232]

SLE Most common 
ILD is 
NSIP. DAD is 
less common 
and is seen 
usually in the 
setting of acute 
lupus 
pneumonitis

DAD: edema with 
Interstitial 
inflammation and 
intra-alveolar 
hyaline membrane 
formation [226]

Diffuse ground 
glass opacities in 
DAD

ILD presenting as 
the initial feature of 
SLE is very rare 
[233]

ILD interstitial lung disease, RA rheumatoid arthritis, SSc systemic sclerosis, SS Sjögren’s syn-
drome, SLE systemic lupus erythematosus, MCTD mixed connective tissue disease, DAH diffuse 
alveolar hemorrhage, NSIP non-specific interstitial pneumonia, UIP usual interstitial pneumonia, 
LIP lymphocytic interstitial pneumonia, COP cryptogenic organizing pneumonia, HIV human 
immunodeficiency virus, CVID common variable immunodeficiency, DAD diffuse alveolar dam-
age
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with the effects lasting only for 6 months after the drug was stopped [236]. A retro-
spective study involving a large number of patients with rheumatic disease-
associated ILD demonstrated that mycophenolate mofetil is well tolerated with low 
rate of discontinuation when used either as a second- or third-line steroid-sparing 
drug in the setting where cyclophosphamide and azathioprine are discontinued 
because of increased toxicity [88]. There is limited data to suggest the utility of 
rituximab in the treatment of refractory ILD [237]. Lung transplantation is a treat-
ment option for SSc patients with ILD who fail to respond to immunosuppressive 
therapy [238].

In general, ILD associated with rheumatic diseases has a more favorable progno-
sis compared to idiopathic ILD [239]. It is therefore important to evaluate for the 
presence of an underlying rheumatic disease in all patients with ILD. Among the 
various types of ILD associated with rheumatic diseases, UIP carries the worst 
prognosis compared to those with NSIP [240]. A multidisciplinary approach involv-
ing a pulmonologist, rheumatologist, pathologist, and radiologist and close moni-
toring with lung function tests and imaging is required [241].

�Anemia in Rheumatic Diseases

Anemia is a frequent comorbidity in patients with systemic rheumatic diseases and 
is associated with a negative impact on the overall functional status and quality of 
life of the patients [242]. The etiology of anemia in patients with rheumatic diseases 
is often multifactorial and commonly related to immune dysregulation leading to 
alteration in the iron homeostasis [242, 243]. Data suggests that about 50% of RA 
patients have anemia and the most common type is anemia of chronic disease (ACD) 
followed by iron deficiency anemia (IDA) [244].

ACD also known as anemia of inflammation occurs in chronic inflammatory 
disease conditions. The pathophysiology of ACD is complex and incompletely 
understood. However, it is believed to be mostly immune mediated resulting in iron 
trapping in the reticuloendothelial system leading to impaired erythropoiesis, 
blunted erythropoietin response, and reduced red cell survival [245]. Several inflam-
matory cytokines, particularly TNF- α, IL-1, IL-6, IL-10, interferon gamma and 
hepcidin (which is an acute phase reactant) play a role in the pathogenesis of ACD 
[245–247]. The results from a longitudinal study involving 225 RA patients showed 
that among the 144 patients (64%) who had anemia, 88 patients (77%) had ACD, 
making it the most frequent cause of anemia in RA [248]. ACD in patients with 
rheumatic diseases is usually mild, normocytic, and normochromic. Diagnosis of 
type of anemia is usually by mean corpuscular volume (MCV), plasma iron, total 
iron-binding capacity, transferrin saturation, transferrin, ferritin, and bone marrow 
exam (not necessary for diagnosis).

IDA in rheumatic diseases is often caused by chronic blood loss from gastritis or 
peptic ulcer disease secondary to concomitant use of NSAID, glucocorticoid, and/
or aspirin [249–251]. The risk of upper gastrointestinal (UGI) tract bleeding or per-
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foration increases around twofold with the use of oral steroids or low-dose aspirin 
and increases around fourfold with the use of NSAIDs. However, the risk appears to 
be more than eightfold higher for concomitant users of both steroids and NSAIDs 
or aspirin, compared with nonusers of either drug [251]. Iron deficiency anemia can 
also be seen in associated conditions like inflammatory bowel disease [252] or auto-
immune gastritis, celiac disease, or Helicobacter pylori infection, all of which can 
cause decreased iron absorption [253]. Patients with SSc can also develop iron defi-
ciency anemia from chronic UGI bleed secondary to a condition called gastric antral 
vascular ectasia (GAVE) [254].

Less frequently, megaloblastic anemia can be seen in patients with rheumatic 
diseases due to deficiency of vitamin B12, folic acid, or secondary to the use of 
MTX or sulfasalazine [255]. Hemolytic anemia which is a complement-/antibody-
mediated destruction of red cells is seen in about 10% SLE patients [256] and in 
Felty’s syndrome (a combination of RA, splenomegaly, and neutropenia) [257]. In 
patients with adult onset Still’s disease, systemic onset juvenile idiopathic arthritis, 
and SLE, anemia can be caused by hemophagocytic syndrome, a condition that 
involves widespread activation of macrophages by T-cell-derived cytokines, leading 
to uncontrolled phagocytosis of red cells by macrophages [258]. Immunosuppressive 
drugs (such as azathioprine, MTX, mycophenolic acid) can cause anemia in rheu-
matic disease patients by various mechanisms including suppression of erythropoi-
esis, reduction of erythrocyte life span, and reactivation of chronic latent infections 
(such as HBV, HCV, HIV, parvovirus B19, mycobacteria, or intestinal helminths) 
which in turn can lead to bone marrow suppression, hemolysis, or intestinal bleed-
ing [242].

The management of ACD in inflammatory rheumatic disease patients involves 
treatment of the underlying disease which often results in improvement of the ane-
mia [259]. Management of IDA involves iron supplementation and treatment of the 
underlying cause [260, 261]. In patients requiring NSAID treatment, the American 
College of Gastroenterology (ACG) recommends using alternative therapy or selec-
tive COX-2 inhibitors with a proton pump inhibitor depending on the risk for 
NSAID-related GI complications [262].

�Comorbidity Pattern, Effect on Outcomes, 
and Recommendations for Clinical Practice

Rheumatic diseases are often associated with comorbidities that significantly 
worsen the prognosis of the primary disease, effectiveness of the treatment, quality 
of life, frequency of hospitalization, medical costs, and the risk for mortality [263]. 
While new emerging therapies enable tighter control of disease activity, they are 
accompanied by potential risk of toxicity especially in an aging rheumatic disease 
population given the absence of long-term experience and safety data. Patients with 
higher number of comorbidities are less likely to respond to treatment and often 

R. Gopalarathinam et al.



19

have poor outcomes [264]. A large study by Wolfe et al. involving 11,704 patients 
with rheumatic diseases showed variations in the pattern comorbidities among rheu-
matic disease [265]. The study results showed that comorbidities were most com-
mon among patients with fibromyalgia followed by patients with SLE compared to 
RA and non-inflammatory rheumatic disorders. Among the SLE patients, the most 
frequent comorbidities were hypertension, cataract, depression, CVD, fractures, 
neurologic, lung, gall bladder, and endocrine disorders. In addition to these find-
ings, the investigators also noticed four major patterns of comorbidities which are 
(1) those related to aging process, (2) those related to aging but worsened by the 
presence of the underlying primary rheumatic condition (e.g., CVD would be 
related to aging but enhanced by the presence of SLE or RA), (3) those being a part 
of the spectrum of the symptoms related to the primary rheumatic disease, and (4) 
those that represent life-long characteristics of the underlying disease.

The lack of clear evidence adds to the complexity of managing high-risk comor-
bidities like malignancy, heart failure, and infection, as these patients are often 
times excluded from randomized control trials. ACR and EULAR update their rec-
ommendations for management of rheumatic diseases every few years taking into 
account newly accrued evidence. The guidelines mentioned previously in this chap-
ter are developed by expert rheumatologists utilizing advanced guideline develop-
ment methodologies and after systematically reviewing the literature  – they are 
valuable tools of reference while managing comorbidities in complex rheumatic 
diseases.

The logical method to address comorbidities would be by raising awareness 
among providers and patients, regular screening, tight control of rheumatic disease 
activity while bearing in mind the risks and benefits of treatment choices, and close 
collaboration between multiple disciplines including the rheumatologist, primary 
care physicians, and other specialists. Working in partnership with healthcare pro-
viders such as nurses and extenders has also shown to facilitate identification of and 
timely intervention of comorbidities among rheumatic disease patients. Longitudinal 
data by cohort studies and surveillance registries would also help gain further insight 
into comorbidities. Subsequent chapters will elaborate on these and other related 
topics in detail.
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Chapter 2
Impact of Comorbidity

Maha Azeez and Peter C. Taylor

Rheumatic diseases comprise a heterogeneous group of disorders that have in 
common a varying degree of musculoskeletal involvement. Classification has tradi-
tionally been based on pattern recognition with respect to symptoms and signs of 
disease. However, advances in understanding of the aetiopathogenesis of these dis-
orders and observations of the range of therapeutic responses to targeted therapies 
implicate particular inflammatory pathways in the clinical presentation in which the 
expressed tissue tropisms of disease are likely to be dependent on both genetic and 
environmental factors. Many rheumatic diseases can be considered systemic inflam-
matory disorders which in some cases, exemplified by rheumatoid arthritis and 
ankylosing spondylitis, have their predominant manifestations in the peripheral 
synovial joints and axial skeleton, respectively. But being chronic, systemic inflam-
matory disorders, involvement of other tissues can occur. And for those clinical 
phenotypes that share a common immune dysregulation in a major inflammatory 
pathway, there may be overlapping tissue involvement. For example, inflammatory 
bowel disease may occur with ankylosing spondylitis; spondylitis may occur with 
psoriasis, and uveitis may be a feature of a range of rheumatic diseases. Endothelial 
activation, with accompanying atherosclerosis, is increasingly recognised as a 
comorbidity across the spectrum of rheumatic disorders. In this chapter we will take 
an overview of current thinking regarding comorbidities across the range of rheu-
matic diseases, and subsequent chapters will focus on individual primary rheumatic 
disorders.
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�Comorbidity in Rheumatic Diseases

The management of rheumatic diseases has improved significantly over recent 
decades with enhanced knowledge of disease pathogenesis, diligent disease activity 
monitoring and availability of advanced treatment options. With improved disease 
outcomes and longer survival rates, the impact of comorbidities associated with 
these conditions and their influence on quality of life and mortality have become 
apparent. In addition, data from surveillance registries and multinational cohort 
studies have enabled capturing and recognising the significance of comorbidities 
associated with rheumatic diseases.

Comorbidity can be defined as the existence or occurrence of any distinct addi-
tional entity during the clinical course of a patient who has the index disease under 
study [1]. Comorbidities can be described in terms of active, past or transient condi-
tions. Chronic inflammation, traditional cardiovascular risk factors, genetics and 
medications used to treat these conditions all contribute to the increased number of 
comorbidities observed. Comorbidities commonly encountered in patients with 
rheumatic diseases are listed in Table 2.1.

It is estimated that the average patient with rheumatoid arthritis (RA) has 1.6 
comorbid conditions [2], and the number of conditions increases with age, disease 
duration and disease activity. The presence of comorbidities has been linked to 
reduced life expectancy, decreased quality of life, greater functional impairment 
and decreased quality of life [2, 3]. In addition, comorbidities can impact on disease 
outcome, patient’s self-management and utilisation of healthcare and have a major 
impact on personal and health system-related costs.

More recently, the concept of multimorbidity has been introduced to describe 
patients with multiple co-existing diseases and incorporates potential interactions 

Table 2.1  Comorbidities in rheumatic diseases

Main comorbidity Related complication

Cardiovascular Ischaemic heart disease, hypertension, heart failure, arrhythmias, 
peripheral vascular disease, deep vein thrombosis and stroke

Lung disease Interstitial lung disease
Gastrointestinal disease Peptic ulcers, hepatitis, fatty liver disease, diarrhoea, colitis, 

perforation
Osteoporosis Fractures
Oral disease Periodontitis
Renal disease Interstitial nephritis, acute/chronic injury
Endocrine Diabetes, thyroid disease
Infection Bacterial sepsis
Malignancy Lymphoma, solid tumours
Depression Chronic pain syndrome, anxiety
Neurological disorders Carpal tunnel syndrome, mononeuritis multiplex
Obesity Metabolic syndrome
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between the co-existing diseases and their impact on patients’ wellbeing [4]. The 
multimorbidity model focuses on a more holistic and patient-centred approach, 
where treatment emphasis is on the patient and effectiveness of treatment is accessed 
by indices such as quality of life or physical function. Comorbidity is considered 
with reference to the patient’s index disease, with treatment strategies centred on 
that disease, while the effectiveness of treatment is evaluated by changes in disease-
specific indices. The approach to managing patients with comorbidity has to be 
tailored not only toward the disease of interest but must also incorporate all condi-
tions and aspects that might affect clinical outcomes. There is a pressing need to 
develop effective and efficient strategies to screen for, prevent and manage comor-
bidities, in order to provide optimum quality of care for our patients.

�Prevalence

The prevalence of comorbidities in patients with rheumatic diseases has been stud-
ied in different populations, with comparably high rates being reported. Most of the 
studies are based on patients with RA. A large international population based, cross-
sectional study (COMORA) evaluated prevalence of comorbidities in patients with 
RA (n = 3920) from 17 countries around the world [5]. The most commonly reported 
comorbidities (past or current) were depression 15%, asthma 7%, cardiovascular 
events (myocardial infarction, stroke) 6%, solid-organ malignancies 5% and chronic 
obstructive pulmonary disease 4%. They also reported wide intercountry variability 
for prevalence of these comorbidities, e.g. prevalence of depression was 2% in 
Morocco compared to 33% in the USA.

Data from the British Society of Rheumatology Biologics register evaluated 
7818 patients with RA initiating biologic therapy [6]. They reported 58% of patients 
having at least one comorbidity and 25% having more than one, with cardiovascu-
lar, respiratory disease and depression being the most frequent comorbid condi-
tions. Another UK-based study evaluated baseline prevalence and cumulative 
incidence of comorbidity in 1460 patients with RA [3]. Baseline prevalence was 
32% for all comorbidities, and 15-year cumulative incidence was 81%, which was 
associated with mortality and functional decline. Similarly, a Swedish study evalu-
ating patients with early RA (symptoms <12 months) reported 53% of patients to 
have one or more comorbidity at onset of RA, and 41% had developed a new comor-
bidity after 5 years of diagnosis [7]. The study also described associations between 
inflammation and development of a new comorbidity. Similar figures for prevalence 
of comorbidities in early RA cohorts have been reported in studies from North 
America (58%) [8], the Netherlands (66%) [9], the UK (31.6%) [3] and Southern 
Sweden (43%) [10].

The prevalence of comorbidities in spondyloarthritis is also high compared to the 
general population. Spondyloarthritis (SpA) comprises diseases such as psoriatic 
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arthritis, arthritis related to inflammatory bowel disease, reactive arthritis and anky-
losing spondylosis. A large cross-sectional study involving 3984 patients with 
spondyloarthritis across 22 countries showed the commonest comorbidities to be 
hypertension (34%), hypercholesterolaemia (27%), osteoporosis (13%) and gastro-
duodenal ulcer (11%) [11].

There are several factors contributing to the increased frequency of these comor-
bidities observed in rheumatic conditions. Chronic active inflammation or disease-
related organ damage may predispose to the development of comorbidities. In 
addition, medications used to treat these conditions, especially corticosteroids and 
other immunosuppressants, can add to the high prevalence observed. Traditional 
risk factors for cardiovascular disease, such as hypercholesterolaemia and hyperten-
sion, are more frequent in this patient population, as well as lifestyle behaviours 
such as smoking and physical inactivity which can all contribute to the high preva-
lence of comorbidities observed in patients with rheumatic diseases.

An additional factor which needs to be acknowledged is the close contact which 
many of these patients with Rheumatic diseases have with healthcare professionals. 
This may increase their likelihood to be screened for certain comorbidities e.g. 
osteoporosis, hypertension, hypercholesterolaemia.

�Multidimensional Impact of Comorbidity

The simultaneous presence of multiple pathological conditions in the form of 
comorbidity and multimorbidity is present in all populations of patients with rheu-
matic disease [12]. Hence, the way we understand the concept of comorbidities 
associated with rheumatic diseases needs to be adapted. The impact of comorbidi-
ties on rheumatic diseases is multidimensional [13], incorporating almost every 
aspect of patient care, including quality of life, effectiveness of treatment, physical 
function, work disability, side effects, disease outcome and healthcare utilisation 
costs. Not all comorbidities have the same effect; CVD, malignancy, infections and 
respiratory diseases have a significant impact on mortality, whereas depression and 
fibromyalgia increase the risk of work-related disability [13]. Comorbidities should 
be considered an umbrella term, which has several facets, significantly impacting 
upon how we manage our patients (Fig. 2.1).

In contemporary practice, the focus in the management of RA has increasingly 
emphasised ‘treating rheumatoid arthritis to target’ [14], where early diagnosis and 
titration of treatment until low disease activity or remission are achieved, is the 
primary objective. The role and impact of comorbidities on achieving these targets 
has received less attention both in the literature and often in the clinic. Furthermore, 
the management guidelines for rheumatic disease such as those by the European 
League Against Rheumatism (EULAR) and American College of Rheumatology 
(ACR) do not comprehensively address the complexity or any trade-off between 
efficacy and safety issues when treating patients with comorbidities [15].
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Rheumatologists involved in caring for patients with rheumatic diseases are in a 
unique position to take the lead role in coordinating the management of comorbidities, 
in conjunction with other specialities and primary care colleagues. The multifaceted 
approach suggested in Fig. 2.1 incorporates treating symptoms and complications 
of the rheumatic disease in question, while anticipating, observing and managing 
the effects on other organs and balancing the risk-benefit ratio of a given medica-
tion. In order to optimise the recognition and management of comorbidities, the 
current model of care, where the focus is on the primary diagnosis, needs to be 
adjusted to incorporate the multiple aspects that affect the conditions being treated. 
Furthermore, given the impact of comorbidities on overall disease outcome, which 
is the main means used to evaluate effectiveness and costs of treatments, it is vital 
to identify and optimally manage comorbidities.

�Impact on Prescribing Medications

Recent advances in pharmacotherapy for rheumatic diseases have resulted in mark-
edly improved clinical outcomes, and patients are living longer. Modern treatments 
are primarily based on modulating or suppressing the immune system; therefore, 
managing side effects forms a significant part of therapeutic decision-making in 
these patients. Moreover, the presence of comorbidities adds to the challenge of 
balancing the risk-benefit ratio associated with any given treatment. Depending on 
the comorbidity in question, additional treatments may be required or drugs may 
need to be withdrawn. Even the most commonly prescribed medications such as 

Fig. 2.1  Multidimensional 
aspects of comorbidity 
assessment in rheumatic 
diseases
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glucocorticoids or nonsteroidal anti-inflammatory drugs (NSAIDs) can be problem-
atic with comorbidities such as diabetes or renal disease. Some comorbidities are 
also drug-related, for instance, NSAIDs and peptic ulcer disease and corticosteroids 
and osteoporosis. Furthermore, comorbidity can affect the ability to tolerate certain 
treatments, such as bronchiectasis and the risk of infection secondary to either cor-
ticosteroids or biologic therapies [16].

A Japanese study evaluated the impact of comorbidity on treatment decisions in 
a RA cohort [17]. They reported that the use of methotrexate (MXT) and biologics 
was lower in patients with several comorbidities, despite having high disease activ-
ity levels. They also observed lesser degrees of improvement in disease activity, 
physical function and quality of life measures in patients with comorbidities. Other 
studies have also reported RA patients with several comorbid conditions and 
advancing age to be less frequently treated with either MXT or biologics [18, 19]. 
Another study evaluated the influence of comorbidities on prescribing different 
medications in RA patients [20] and reported that many comorbidities were not 
considered when using certain medications.

�Financial Impact

The financial burden of comorbidities is a major consideration for healthcare payers 
across the globe. The chronic nature of these conditions, coupled with an ageing 
population, makes finding the most cost-effective and efficient healthcare solutions 
for patients one of the biggest challenges for contemporary healthcare systems. 
Having a condition such as RA is associated with a significant impact on the cost of 
care for both patient and society [21–23]. The annual direct healthcare costs of RA 
in England is estimated to be approximately €780 million per year, and indirect 
costs related to work disability is up to €6.75 billion per year [24]. Given the high 
prevalence of comorbidities associated with rheumatic diseases, the influence on the 
overall cost of healthcare may be even greater [25]. General population studies have 
highlighted the burden of having multiple chronic conditions on healthcare resources 
and costs. Similarly, multimorbidity has been associated with increased utilisation 
of primary care, medications, outpatient specialist services, emergency department 
presentations and hospitalisations [26]. Similarly, utilisation and cost of medica-
tions are also reported to be higher in patients with multiple chronic conditions [27].

Health economic studies are crucial in making decisions with regard to resource 
allocation, healthcare models and national policies. Trial-based health economics 
data, which are used to evaluate cost-effectiveness of medical interventions, have to 
date not adequately assessed the impact of comorbidity on rheumatic diseases. 
Selection criteria of certain trials may result in underrepresentation of patients with 
multiple chronic conditions [26] and may not reflect the true impact on health 
resources and cost.
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�Impact on Clinical Research

In clinical research studies, the primary outcome is based on disease or patient out-
comes. Comorbidities can be a major confounding factor, influencing validity or 
acting as effect modifiers in studies [28]. Furthermore, patients with multiple 
comorbidities are often excluded from eligibility to participate in clinical studies. It 
has been suggested that clinical trial recruitment criteria should mandate characteri-
sation of the participants according to their total morbidity burden and patterns of 
types of illnesses [12].

�Effect of Comorbidity on Mortality

Comorbidities in rheumatic diseases are associated with increased mortality [29]. In 
general, mortality rates are 1.5–1.6-fold higher in patients with RA than in the gen-
eral population. The presence of comorbidities is identified as one of the most sig-
nificant predictors of premature death, more so than shared epitope, rheumatoid 
factor and erosions [29]. Studies evaluating risks for excess mortality in RA popula-
tion have identified three factors [30]: (1) RA patients experience more serious 
comorbid conditions with worse outcomes, (2) RA patients receive suboptimal pre-
ventive care for their comorbidities, and (3) systemic inflammation together with 
immune dysfunction seems to promote and accelerate comorbidity and mortality.

A large prospective study evaluated the association of specific comorbidities 
with mortality in patients with RA [31]. The reported hazard ratio (HR) was 1.6 
(confidence interval [CI] 1.15–2.22) for cardiovascular disease, 1.4 (CI 1.09–1.89) 
for respiratory conditions, 2 (CI 1.28–3.12) for cancer and 1.35 (CI 1.06–1.72) for 
depression. The association of depression with mortality has also been shown in 
other studies [32, 33], as well as being a predictor of myocardial infarction in RA 
patients [31].

Cardiovascular disease (CVD) is the most common and the most severe comor-
bidity with the greatest impact on mortality [34]. Mortality rates after a myocardial 
infarction are significantly higher in patients with RA compared to non-RA popula-
tions, with a HR of 1.46 (CI 1.01–2.10) [35]. Similarly, mortality at 1 year following 
a diagnosis of heart failure was higher in patients with RA compared with non-RA 
patients, HR 1.89 (CI 1.26–2.84) [35].

The increased risk for CVD comorbidity is partly attributed to traditional risk 
factors such as hypertension, hyperlipidaemia, diabetes mellitus, smoking, obesity, 
age and gender. Systemic inflammation, genetic factors and medication have all 
been linked with increased risk [36]. Epidemiology and pathogenesis of CVD 
comorbidities in rheumatic diseases have been extensively studied, especially in 
relation to RA. CVD comorbidity has been described in all rheumatic diseases, with 
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atherosclerosis being the common denominator; however, clinical presentation and 
pathogenesis of CVD vary between different rheumatic diseases. There are a number 
of cardiac manifestations observed in patients with rheumatic diseases, the most 
prevalent being ischaemic cardiovascular disease and others include heart failure, 
conduction abnormalities and microvascular disease. Despite the advances in treat-
ing rheumatic diseases with improved outcomes, the mortality associated with CVD 
and infections has remained the same [37].

Given the negative impact of comorbidities on mortality, there is a huge need for 
careful screening, monitoring and treating comorbidities, which could substantially 
improve outcome and survival of these patients.

�Effect of Comorbidity on Physical Function

Physical function is one of the most important predictors of patient outcomes, 
including mortality, work disability, healthcare resource utilisation as well as per-
sonal financial status [38, 39]. Improving or maintaining function is one of the main 
treatment goals both in terms of efficacy of treatments and patient-reported out-
comes. There is strong evidence to suggest an association between comorbidity and 
increased disability in patients with chronic diseases such as RA.  The chronic 
course of the disease and advancing age also has a negative impact on physical func-
tion. The Health Assessment Questionnaire Disability Index (HAQ-DI) is the most 
widely used tool to assess functional disability [40]. The HAQ score ranges from 0 
to 3, where lowest score reflects better function, and is based on assessing function 
within eight domains (dressing, rising, eating, walking, hygiene, reach, grip and 
errands). Studies utilising HAQ to measure disability [39, 41] demonstrated that 
having one comorbidity increases the mean HAQ score by approximately 0.2 and 
multiple comorbidities increase mean HAQ by approximately 0.8. In addition, eval-
uation of factors that predict the rate of progression of disability showed that base-
line comorbidities such as CVD, diabetes and hypertension as well as number of 
comorbidities were independently associated with progression of HAQ score [38].

Furthermore, a prospective study involving 380 patients with RA showed physi-
cal disability to increase significantly with higher levels of comorbidity, and this 
effect was independent of disease activity [39]. In this study, comorbidity was mea-
sured using Charlson Comorbidity Index (CCIA) [42], which is a modification of 
CCI that includes original CCI plus one extra point for each decade of age above 50 
years (potential range 0–38). Functional disability was assessed using serial mea-
surements of HAQ over a year. The results showed that with increasing levels of 
comorbidity (CCIA 0, 1–2, 3–4, 5–9), the HAQ scores were significantly worse 
(0.67, 0.80, 1.24, 1.40, respectively; p < 0.001). In addition the authors had previ-
ously reported increasing level of comorbidity to increase disability within each 
domain of HAQ [43].

Specific comorbidities can have a different impact on physical and mental func-
tion and can have long-term negative outcomes on both. A study evaluated long-
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term associations between a wide range of comorbidities with physical and mental 
function in patients with RA [44]. They used both HAQ, (which is disease specific) 
and physical scale of Medical Outcomes Study Short Form (SF-36) [45], which 
measures function in general. The results showed circulatory conditions and depres-
sion were associated with worse HAQ scores. Respiratory, musculoskeletal condi-
tions, cancer and depression were associated with worse physical function as 
assessed by SF-36. Respiratory conditions and depression were associated with 
worse mental functioning. They concluded that SF-36 was better at assessing the 
full effect of comorbidity on physical function compared to HAQ and recommend 
combining both scales to identify the whole spectrum of functional disabilities asso-
ciated with comorbidities. Other studies have also shown a strong association 
between chronic or even intermittent depression and long-term disability [46]. 
These studies highlight the need to target specific comorbidities in order to prevent 
long-term physical and mental disabilities.

Physical function is usually assessed in terms of disease activity, and in theory, 
with appropriate treatment, physical disability due to high disease activity should be 
reversible; however, this is not the case for a lot of patients. The data suggests the 
impact of comorbidity is independent of disease activity and may remain constant 
throughout the course of disease [39]. This is particularly relevant when assessing 
treatment responses and setting goals for low disease activity (LDA) or remission in 
these patients. In chronic diseases, physical function is central in terms of measur-
ing disease outcome, as well as work productivity, healthcare costs and mortality. 
Given the evidence of high prevalence of comorbidity in populations such as RA 
and its impact on physical function, the approach to assessing disability in such 
patients should include the presence of comorbidities. Evidence suggests that 
improvement in HAQ used in both clinical practice and clinical trials to assess effi-
cacy of treatments may not reflect the multifactorial nature of disability. Furthermore, 
health economics including cost of treatments and health policy decisions are based 
on disease outcomes; hence, incorporating all aspects that reflect patient’s physical 
disability including comorbidity is crucial.

�Comorbidity and Disease Outcomes

There are several methods used to measure disease outcome in rheumatic disease. 
These include disease activity indices, radiological changes and measures of physi-
cal and mental function, mortality, hospitalisation, work disability, medical costs 
and quality of life. Comorbid conditions influence such outcomes in different ways 
[41]. For example, comorbidities such as cardiovascular and pulmonary diseases 
have the greatest impact on mortality, and work disability is more associated with 
depression [41].

With advances in treatment for RA, the goal is treat-to-target in order to achieve 
low disease activity or remission. However, the presence of comorbidities can nega-
tively influence reaching these treatment targets. Several studies have demonstrated 
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presence of comorbidities to be associated with poor disease outcomes. A study 
from the North American (CORRONA) registry evaluated the impact of 
comorbidities on achieving remission in RA patients commencing either DMARD 
or a biologic therapy [47]. Change in clinical disease activity index (CDAI) and 
CDAI remission were the primary outcomes. The results showed that the patient-
reported comorbidities independently correlated with lower CDAI improvement or 
remission. Similarly, a large multinational cross-sectional study involving 5848 
patients with RA showed number of comorbidities to be independently associated 
with CDAI (odds ratio 0.75; CI 0.68–0.83) [48].

Another study involving 6610 active RA patients treated with adalimumab for 3 
months evaluated predictors for achieving disease activity score (DAS28) remission 
[49]. The odds ratio for achieving DAS28 remission was 0.86 for patients with just 
one or no comorbidities compared to those who had more than one. Similar results 
were also observed in etanercept studies, where a number of comorbidities were asso-
ciated with reduced responses as measured using the Health Assessment Questionnaire 
Disability Index (HAQ-DI) and CDAI [50]. Furthermore, a study utilising the multi-
morbidity concept also reported lower rates of remission or low disease activity in 815 
RA patients with multiple comorbidities, 1 year after commencing DMARDs [4].

Rheumatic diseases have a significant impact on health-related quality of life 
(HRQOL), which has been shown to include not only physical aspects but also psy-
chological and social functioning [51]. A Dutch study evaluated the effect of inci-
dent comorbidity on HRQOL among 679 RA patients over 2 years. HRQOL was 
assessed with Dutch version of SF-36, which is a validated self-administered ques-
tionnaire used to measure different domains of health status. They reported the 
effect of comorbidity on HRQOL depended on both types of comorbid condition 
and the dimension of HRQOL. For instance, cancer was associated with deteriora-
tion of physical component of the scale, and gastrointestinal diseases (GI) together 
with dizziness were associated with worsening of mental component of the scale. 
Overall, GI diseases, cancer, dizziness with falling and less severe chronic pulmo-
nary conditions and heart complaints resulted in significant changes in HRQOL. They 
also concluded that summary measures of comorbidity might not reveal the true 
impact of certain comorbid conditions on HRQOL.

Similar negative effects on quality of life (QOL) have also been reported in 
RA cohorts in different countries. A UK-based study evaluated the association of 
comorbidities to QOL in 114 RA patients using the self-administered question-
naire, Euro-QOL (EQ-5D) [52], which is a generic instrument that measures 
QOL as a single score based on five health domains (mobility, self-care, usual 
activities, pain/discomfort and anxiety/depression). The EQ-5D single summary 
score can range from zero (death) to 1.0 (full health). Their results showed 
EQ-5D scores to be inversely correlated with the overall number of co-existing 
conditions. Similar low scores of EQ-5D associated with comorbidity in patients 
with RA have been reported in studies from North America [53], South Korea 
[54] and Italy [55].

The exact mechanism of comorbidities affecting response to treatment is not 
fully understood. Disease activity in RA is evaluated using composite indices which 
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include patient global assessment (PGA) and tender joint count, which can be 
influenced by certain comorbid conditions such as fibromyalgia, OA, back pain and 
depression [47]. Studies have shown that PGA is a limiting factor for reaching 
remission [56], and having multiple other conditions associated with their disease 
can effect patients’ perceptions and influence patient-reported outcomes. A cross-
sectional and observational study compared patient-reported outcomes in two RA 
cohorts recruited from the same clinic, one between 1998 and 1999 and the other 
from 2011 to 2012 [57]. The later cohort showed better functional and work capa-
bility but poorer patient-reported general health and higher comorbidities compared 
to the late 1990s cohort. This unexpected finding may in part reflect expectation bias 
on the part of patients and also a greater awareness and reporting of comorbidities 
by rheumatologists.

Current evidence suggests interplay of comorbidities, advancing age, drug-
related risks and patient perceptions to have a significant influence on treatment 
targets and disease outcomes. Therefore, all these factors need to be accounted for 
or incorporated when setting treat-to-target goals for these patients. One such model 
of care has been illustrated for RA, incorporating patient remission, structural 
remission, medication remission and low incidence of comorbidities in addition to 
disease activity remission (Fig. 2.2) [58].
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Fig. 2.2  Redefining health outcomes (Reproduced from El Miedany [58], with permission from 
Springer)

2  Impact of Comorbidity



44

�Medical Guidelines and Comorbidities

Recommendations for the management of specific comorbidities associated with 
rheumatic diseases are lacking. Most of the recommendations are extrapolated from 
general population studies. Furthermore, recommendations for certain comorbidi-
ties can be country specific, dependent on national health policies. Literature on 
managing comorbidities is focused mainly on CVD, malignancy, infections and 
osteoporosis. Both NICE [59] and EULAR [14] have published guidelines empha-
sising the importance of screening patients with RA regularly for associated comor-
bidities in daily clinical practice. However, uptake or adherence to medical 
guidelines remains poor [5, 60].

The COMORO study reported high variability not only in the prevalence but also 
adherence to recommendations for screening, managing and preventing comorbidi-
ties among different countries [5]. They reported 9.5% of the total number of 
patients enrolled in the study did not have their CVD risk optimally managed. 
Similarly, only 10.3% of patients received influenza and pneumococcal vaccination 
as per recommendations, and overall screening for malignancies was also low.

EULAR guidelines recommend annual cardiovascular screening for patients 
with RA [61]. However, evidence shows that management of CVD risk factors is far 
from ideal [62], with 30–50% patients with RA lacking optimal CVD risk monitor-
ing and management [5]. Similarly, EULAR guidelines recommend influenza and 
pneumococcal vaccinations in all patients with autoimmune diseases [63], and vac-
cination uptake rates are suboptimal in RA populations [64, 65].

Patients with RA are at increased risk of developing osteoporosis, with studies 
reporting double the risk compared to the general population [66]. Glucocorticoid- 
induced osteoporosis is the most common cause of secondary osteoporosis [67], 
with risk of vertebral fractures increased up to two to five times, which is dose 
dependent [68]. EULAR has published guidelines for safe use of glucocorticoids 
[69, 70]; however, studies report continued high prevalence of osteoporosis in RA 
patients despite use of aggressive management and biologic therapy [60].

Several population-based studies have shown that RA patients have an increased 
risk of lymphoma and lung cancer [16, 71, 72]. Patients treated with TNF inhibitors 
have a significantly increased risk of developing melanoma and non-melanoma skin 
cancer [71]. Despite the known risk, RA patients receive less cancer screening com-
pared to the general population [5, 60].

Similarly, data has shown poor adherence to recommendations for comorbidities in 
relation to spondyloarthritis [11]. In a study of 3984 patients with spondyloarthritis 
across 22 countries, investigators reported high rates of non-compliance to recom-
mendations for monitoring patients, as well as intercountry variability in screening for 
comorbidities. Only 50% of patients received optimal CVD monitoring, 11–44% 
patients were screened for cancer, and low rates were observed for vaccination uptake.

These discrepancies observed between recommendations and daily clinical prac-
tice with regard to the screening and management of comorbidities can be attributed 
to several factors. One of the main barriers is the time constraint in a clinical con-
sultation, where the main focus is on the index disease, assessing effectiveness of 
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treatment and managing symptoms and adverse effects. Hence, time can be limited 
to address other aspects of disease management such as comorbidities. Another 
factor is the reduced attention on medical prevention in these patients compared to 
general population [73], as the medical focus is on their rheumatic disease. Data on 
breast cancer screening (which is more prevalent in rheumatic conditions compared 
to general population) have shown that mammography is performed less frequently 
in women with rheumatic diseases [60]. Other contributing factors include unclear 
role of responsibility between primary and secondary care for screening and manag-
ing comorbidities, as well as a lack of awareness among both health professionals 
and patients on the impact of comorbidities. Furthermore, most of the recommenda-
tions on comorbidities (particularly outside of osteoporosis, cardiovascular disease 
and malignancy, which are addressed in EULAR guidelines) are based on the gen-
eral population and may not always be relevant to rheumatic diseases. Similarly, 
global recommendations may not be applicable to some countries depending on 
local healthcare policies.

�Management of Comorbidities

Over the last 20 years, RA disease burden has decreased, owing to the fundamental 
changes in disease management and novel treatments; however, the level of comor-
bidities has not changed. Evidence has shown effective management of these 
comorbidities to be suboptimal [5, 74]. Some of the key points to consider when 
discussing management of comorbidities are worth highlighting: (1) Who should 
be responsible for carrying out the screening process? (2) What is the best method 
for capturing the data? (3) What is the optimal strategy for preventing and manag-
ing comorbidities?

One of the main issues raised around managing comorbidities is the question of 
responsibility, and this varies depending on the set-up of healthcare systems. 
Evidence show that most rheumatologists agree that it is their responsibility to 
assess for comorbidities and liaise with another appropriate health professional 
(general practitioner or other specialists) [75]. In an ideal set-up, the rheumatologist 
in their daily interactions with the patient would be able to address all issues sur-
rounding the main disease, including disease manifestations, treatment responses 
and adverse events. In addition to focusing on the main disease, they would identify 
comorbid conditions, adjust treatments accordingly and promote healthy lifestyle 
measures. However, the complex nature of some of the cases and the pressures on 
healthcare systems can make this task challenging at a rheumatology clinic visit.

Recently, EULAR [75] has published points to consider for reporting, screening 
for and preventing selected comorbidities in chronic inflammatory rheumatic dis-
eases in daily practice. They recommended 15 points to consider and emphasised on 
three main principles: (1) Comorbidities such as cardiovascular diseases, malignan-
cies, infections, osteoporosis, peptic ulcer and depression should be carefully 
assessed and managed in patients with chronic inflammatory rheumatic diseases. (2) 
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All clinicians including health professionals such as nurses, treating general practi-
tioners and rheumatologists and patients through self-administered questionnaires 
and self-management programmes play a key role in the screening and detection of 
comorbidities. (3) Comorbidities should be subject to a systematic, standardised 
periodical review (e.g. at least every 5 years) for those with a chronic inflammatory 
rheumatic disease. They also provided a detailed practical form that can be used in 
daily clinical practice, which focused on six selected comorbidities: CVD, malig-
nancies, infections, gastrointestinal diseases, osteoporosis and depression [75].

Rheumatologists in France have aimed to implement these EULAR guidance 
points to collect and report comorbidities [76]. They also developed management 
recommendations for selected comorbidities for the treating rheumatologist to use 
in daily practice, along with a document highlighting collecting and the manage-
ment of each comorbidity. One of their aims was to provide the rheumatologist a 
pragmatic guide with specific systemic screening questions but also direct when and 
which patient requires input from other specialities.

The Canadian Dermatology-Rheumatology initiative has also developed 
evidence-based recommendations for the management of comorbidities in RA, pso-
riasis and psoriatic arthritis [77]. They proposed 19 recommendations based around 
eight common comorbid conditions. The eight focus topics included risk of CVD, 
effect of treatment on CVD, smoking, weight, malignancies and infections, risk of 
cancer recurrence or new cancer linked to treatment, osteoporosis and depression. 
The recommendations centred on diagnosis, management and prevention of comor-
bidities. Similarly, the Brazilian Society of Rheumatology has also developed rec-
ommendations for the management of comorbidities in patients with RA [78]. They 
included 13 recommendations based on early diagnosis and management of comor-
bidities, including hypertension, diabetes, metabolic syndrome and atherosclerosis. 
They also proposed a multidisciplinary approach when managing comorbidities and 
made drug-specific recommendations for certain comorbidities.

�Screening

There are validated screening tools to collect comorbidities. The two main ways to 
collect the information is to either document them as individual entities (e.g. diabe-
tes, hypertension, etc.) or summarise the comorbidity information into a single 
score that provides a single parameter for measuring multiple comorbidities, e.g. 
comorbidity indices and self-administered morbidity questionnaires (this will be 
discussed in detail in a separate chapter in this book) [79].

Comorbidity indices are useful in predicting outcome, for example, the Charlson 
Comorbidity Index (CCI) is a validated tool most commonly used to predict 1-year 
patient mortality [80]. The score is based on 19 predefined comorbidities that were 
assigned weights 1, 2, 3 and 6, according to the magnitude of the adjusted relative 
risk associated with each comorbidity [58]. Similarly, FRAX scores in osteoporosis 
have been successfully applied to predict 10-year probability of a major or hip 
fracture [81], as well as to guide treatments.
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There have been proposals to develop a disease-specific comorbidity scoring sys-
tem that would be able to predict morbidity, mortality and utilisation of health and 
cost. As the currently used risk assessment tools such as Framingham Risk Score 
may not reflect the true CVD risk in patients with rheumatic diseases, one such 
model has been proposed for RA (RA comorbidity index), which includes parame-
ters such as DAS28 and HAQ scores, steroid therapy, seropositivity, elevated eryth-
rocyte sedimentation rate, age >50 and several cardiovascular diseases [58, 82, 83].

There are several different models of care being used to monitor or screen for 
comorbidities associated with rheumatic diseases. It is also worth noting the timing 
of screening for comorbidities; in general population studies, early detection and 
treatment prevents mortality [84]. For optimal management of comorbidities, 
patients need to be assessed early and regularly in clinics. The QUEST-RA pro-
gramme [85] was developed to promote quantitative monitoring of RA patients in 
daily clinical practice. The assessment included patient self-reported questionnaires 
incorporating questions on functional and psychological capacity, life style, joint 
pain and stiffness and work status. This was combined with physician’s clinical 
evaluation, which included disease activity scores, record of extra articular RA fea-
tures, medication review and past and current comorbidities.

It is worth noting that systemic screening for certain comorbidities may raise 
concerns regarding anxiety induced by false-positive tests, risk of overtreatment and 
also the impact on health and financial resources [75]. Furthermore, screening pro-
grammes need to be cost-effective, as they have a marked impact on healthcare utili-
sation and costs. A Canadian study reported routine screening for depression leading 
to increased treatment rates, but not necessarily reduced impact of depression [75].

Systemic screening is a comprehensive approach to capture comorbidities; how-
ever, it can be time-consuming and always not possible to carry out in a busy rheu-
matology clinic. Some of the suggested models include dedicated systemic yearly 
review clinics run by rheumatologists or specialist nurses. Use of electronic medical 
records and screening forms may enhance the impact of screening programmes.

Nurse-led screening programmes have been shown to be effective in managing 
CVD risk, vaccination uptake and osteoporosis. In a recent study, the impact of 
nurse-led programme on comorbidity management and patient self-assessment of 
disease activity was evaluated in 970 patients with RA [60]. In the comorbidity arm, 
the nurses assessed the patients for comorbidities and reported the results to the 
rheumatologist and the general practitioner. The number of measures taken per 
patient was significantly higher in the comorbidity group compared to self-
assessment group, 4.54 ± 2.08 versus 2.65 ± 1.57 (p < 0.001).

Recently, it has been shown that patient-reported outcome measures (PROMs) are 
a valuable, efficient and cost-effective method for screening for comorbidities [58]. 
These measurements can be incorporated into the comorbidity index scores, which 
will improve capturing all aspects of the disease as well as the comorbidities.

The current knowledge on influence of comorbidities in rheumatic diseases has 
emphasised the importance of moving away from a disease-orientated model of care to 
a more multifaceted, goal-orientated approach. One such model of care has been pro-
posed to include comorbidities, patient-reported outcomes, shared decision-making, 
disease activity measures, early treatment strategies and patient education [58].
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�Conclusion

Our knowledge on the impact of comorbidity on rheumatic diseases is improving. It 
is suggested that moving attention away from managing one single disease model to 
a more holistic approach will likely result in better quality of care for the patients. 
Consensus recommendations on screening and optimal management of comorbidi-
ties require expansion and updating to reflect the more global approach outlined in 
this chapter. It is likely that increasing focus on pragmatic solutions for managing 
these patients in a multi-specialty, multidisciplinary clinical setting will enable us to 
reduce complications related to comorbidities, improve quality of care and reduce 
mortality and burden on health systems.

Managing comorbidities should incorporate patient education and health promo-
tion as well as coordination with other specialities and primary care. The develop-
ment and implementation of standardised programmes to detect, manage and prevent 
comorbidities in daily clinical practice may greatly facilitate the identification of and 
interventions to reduce the prevalence of comorbidities among patients with RA.

In future, the influence of comorbidities on outcome measures in relation to clin-
ical trials and clinical practice should encourage development of disease-specific 
outcome measures that account for comorbidity. Moreover, disease-specific risk 
assessment tools will enhance screening and preventative strategies, as well as tar-
get at-risk groups early. Improving adherence to screening for comorbidities can be 
achieved by implementing efficient, comprehensive and realistic care plans.

Finally, development of new treatment models, which are goal orientated and 
integrate all aspects that influence outcome, including comorbidities, will enrich the 
quality of care for patients with rheumatic disease.
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Chapter 3 
Rheumatoid Arthritis

Andrew Rutherford, Elena Nikiphorou, and James Galloway

There has been an explosion in the available evidence base for managing rheuma-
toid arthritis in the last 30 years. However, it is notable that the majority of clinical 
trials have recruited highly selected cohorts of people with active rheumatoid, with 
patients with multiple comorbidities excluded from study. This is not a criticism of 
the research, which sets out to test specific hypotheses (e.g. is anti-TNF effective for 
RA?), but an acknowledgement that such designs limit the external validity of find-
ings: i.e. is the research relevant to the patient I am currently seeing in clinic?

The burden of societal comorbidity has been rising in recent decades, driven by 
two key factors: (1) increasing population longevity and (2) increased intensity of 
risk factors (smoking, alcohol, obesity). In rheumatoid arthritis, our patients are not 
exempted from these factors. Although historically RA was considered a cachectic 
state, associated with weight loss, this is now the exception. When we look in our 
clinic waiting rooms, we are perpetually reminded of the western epidemic of 
‘diabesity’.

Perhaps the most valuable pieces of recent research come from the COMORA 
study [1]. This is an international cross-sectional study of over four and half thou-
sand patients. The population was representative of a contemporary RA cohort, with 
an average disease duration of 10 years. The most frequently associated diseases 
(past or current) were depression, 15%; asthma, 6.6%; cardiovascular events (myo-
cardial infarction, stroke), 6%; solid malignancies (excluding basal cell carcinoma), 
4.5%; and chronic obstructive pulmonary disease, 3.5% (Fig. 3.1).

The ‘Questionnaires in Standard Monitoring of Patients with Rheumatoid 
Arthritis’ (QUEST-RA) project was another multicentre international study that 
investigated the prevalence of comorbidities in RA. This showed that individuals 
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with RA had a median of two comorbid conditions with hypertension (31.5%), 
osteoporosis (17.6%), osteoarthritis (15.5%) and hyperlipidaemia (14.2%) the most 
prevalent [2]. The prevalence of comorbidities was greatest in countries with a high 
gross domestic product (GDP) which may represent a surveillance bias.

As a community, we must come up with cohesive strategies to best care for our 
patients, and part of this requires consideration of where responsibility lies. Is 
comorbidity management the responsibility of the primary care physician or the 
rheumatologist? There are two sides to this question: as experts in the field, we are 
likely to be more cognoscente of potential comorbidities; however, countenancing 
this, many rheumatologists would feel ill equipped to actively manage many comor-
bidities: what is the latest evidence base for managing hypertension, asthma and 
depression? What constitutes appropriate age-related screening for malignancy? 
Perhaps the pragmatic solution is to acknowledge that the role of the rheumatologist 
should be primarily in recognition of comorbidity rather than comprehensive dis-
ease management. After all, as a specialist community, we are not strangers to mul-
tisystem disease; indeed this could be considered to be one of our great strengths 
within our subspecialty.

The aim of this chapter is to highlight the relationship between RA and the major 
comorbidities that are encountered, considering prevalence, mechanistic relation-
ships, impacts upon the disease and treatments and finally providing pragmatic 
strategies for screening and guidance on management.

Fig. 3.1  Prevalence of evaluated comorbidities in the 3920 patients with rheumatoid arthritis. 
COPD chronic obstructive pulmonary disease (From Dougados et al. [1], with permission)
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�Cardiovascular Disease

Cardiovascular disease in RA is common and associated with higher morbidity and 
mortality risk compared to the general population [3]. Data from the QUEST-RA 
project (n = 4363, 48 sites, 15 countries) suggest that the prevalence for lifetime 
cardiovascular events was 3.2% for myocardial infarction, 1.9% for stroke, and 
9.3% for any cardiovascular event [4]. The prevalence for hypertension was 32% 
and for diabetes 8% [4]. The role of inflammation in the development of heart dis-
ease in RA is now better understood, with the recognition that the immune-related 
and mechanistic pathways of heart disease and RA have many similarities. 
Therefore, optimal control of the inflammation and metabolic changes in RA is 
crucial in preventing potentially lethal cardiovascular complications.

�Pericardial Disease

Pericardial disease represents the most common autoimmune cardiac involvement 
in RA, seen in 30–50% of RA patients to some degree. It is often present concur-
rently with pleuritis, and myocardial and endocardial inflammation may also be 
seen [5]. Pericardial disease is associated with severely destructive patterns of RA, 
with nodulosis, other extra-articular manifestations and also male gender [6]. In the 
majority of cases, pericarditis seems to occur after the onset of arthritis; however, 
pericarditis can be a presenting symptom in some patients with RA. In these cases, 
a full workup including screening for autoantibodies is important. In patients with 
confirmed RA, treatment with NSAIDs, corticosteroids and/or other immunosup-
pressive drugs is appropriate and if severe, then pericardiectomy may need to be 
considered. The prognosis of RA patients with pericarditis appears to be impaired, 
especially in the first year after diagnosis, and is highest in those with constrictive 
or rapidly progressive effusive pericarditis [7].

�Ischaemic Heart Disease

RA is a significant independent risk factor for premature ischaemic heart disease 
(IHD). Up to 50% of the excess mortality seen in RA is secondary to ischaemic 
heart disease (IHD) [8], with a 1.5-fold increase in the standardised mortality ratio 
due to cardiovascular events compared with the general population [9]. This is 
thought to be partly due to the enhancement of the atherogenic process in RA, with 
evidence of endothelial dysfunction culminating in increased arterial stiffness, 
plaque formation and coronary artery calcification [10]. Traditional cardiovascular 
risk factors alone (smoking, high lipid levels, diabetes, hypertension and BMI) do 
not seem to explain the presence of atherosclerotic disease, suggesting the 
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implication of RA-related factors in the development of cardiovascular disease in 
RA. Furthermore, the higher frequency of ischaemic heart disease seen in estab-
lished compared to early RA supports this concept [11].

Aside from acute coronary syndromes, cardiac ischaemia can result in ventricu-
lar arrhythmias, which can subsequently result in sudden cardiac death. Although 
abnormalities involving the coronary vessels in RA are mainly due to atherosclero-
sis, coronary vasculitis has been reported in up to 20% of post-mortem studies pub-
lished in the early 1960s [12], although during life it is rarely diagnosed. 
Differentiating between cardiac vasculitis and atherosclerosis can be challenging 
but may be obtained via electron beam CT or through endomyocardial biopsy, and 
if the former is confirmed, prompt treatment with immunosuppressive drugs should 
be instituted.

Recent studies suggest that RA-associated inflammation may have a direct effect 
on lipoproteins such as HDL and also on the endothelial integrity. Effective treat-
ment of RA has been associated with increased lipid levels, particularly total and 
HDL cholesterol levels. Studies have shown a significant inverse correlation of 
HDL and total cholesterol levels with disease activity in patients receiving nonbio-
logic DMARDs. Improvement in disease activity was linearly associated with the 
total cholesterol/HDL ratio (‘atherogenic index’), due primarily to increases in 
HDL-C levels [13]. A study evaluating the effects of etanercept therapy in RA dem-
onstrated an increase in overall lipid levels but a significant and sustained decrease 
in the apoB/apoA-I ratio in patients with good or moderate EULAR response [14]. 
This may have a beneficial effect on the cardiovascular risk in patients with 
RA. Other studies have shown that amongst RA patients on anti-TNF not receiving 
lipid-lowering therapy, there were increases in mean and total cholesterol [15]. 
Other possible roles of TNF-alpha in the development of atherosclerosis include the 
recruitment of inflammatory cells to the site of injury or the promotion of adverse 
vascular smooth muscle cell remodelling. TNF-alpha may also act as a proinflam-
matory factor in plaque rupture [16]. Tocilizumab (IL-6 receptor monoclonal anti-
body) has been associated with increased levels in total, HDL and LDL cholesterol 
with a recent study demonstrating an increase in these levels during the first year of 
tocilizumab treatment but no further increase during extension studies and stable 
atherogenic index [17]. Despite raised lipid profile levels, the anti-TNF agents and 
tocilizumab have been associated with potential cardiovascular protective effects 
including reduced arterial stiffness [18], reduced blood pressure [19], improvement 
in peripheral insulin sensitivity [20] and improvements in haemoglobin A1C in the 
case of tocilizumab [21].

Data from the Consortium of Rheumatology Research of North America 
(CORRONA) registry (n = 10,156) showed a reduced cardiovascular risk in anti-
TNF users compared to users of nonbiologic DMARDs [22]. In contrast, data 
from the British Society for Rheumatology Biologics Register (BSRBR) cohort 
study showed no protective cardiovascular benefits in anti-TNF users compared 
to nonbiologic DMARD users [23], although an earlier study showed a reduced 
risk of myocardial infarction amongst anti-TNF patients with established (not 
early) RA [24].
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Use of NSAIDs, COX-2 inhibitors and corticosteroids has also been implicated 
in ischaemic heart disease in RA, and they should be used with caution. However, 
prolonged use of treatments such as methotrexate, sulfasalazine, leflunomide, glu-
cocorticoids and anti-TNF agents appears to be associated with a reduced risk of 
cardiovascular disease [4], through reduction of the inflammation and better control 
of disease activity.

�Cardiomyopathy

RA-related cardiomyopathy is rare, and its aetiology can be challenging to unravel. 
It is thought to be the result of focal non-specific, diffuse necrotizing or granuloma-
tous myocarditis based on post-mortem evidence [5]. Amyloid deposition has also 
been implicated as a rare cause of restrictive cardiomyopathy, more frequently asso-
ciated with male gender and longer disease duration [25]. In these patients, early 
and intensified immunosuppressive therapy is crucial. Drugs used in RA have also 
been implicated in the onset of cardiomyopathy, as, for example, with corticoste-
roids and antimalarial drugs. In particular, antimalarial drug-related cardiotoxicity 
in the form of restrictive or dilated cardiomyopathy has been described, leading to 
heart transplantation [26]. Furthermore, corticosteroid exposure, NSAID use and 
anti-TNF agents could all contribute to ventricular dysfunction and cardiomyopa-
thy, necessitating caution with their use in RA and other rheumatic diseases.

�Congestive Cardiac Failure

Emerging evidence suggests that congestive cardiac failure appears to be an impor-
tant contributor to the excess mortality seen in RA [27]. This is thought to be due to 
the increased incidence of CCF in RA compared to non-RA patients, rather than the 
increased mortality associated with CCF [28]. The risk of developing CCF in RA is 
twice that of developing CCF in non-RA persons, and this is not explained by tradi-
tional cardiovascular risk factors and/or clinical ischaemic heart disease [29]. 
Furthermore, studies have shown that left ventricular systolic dysfunction is three 
times more common than in the general population and is associated with abnormal 
electrocardiography, suggesting the latter as a useful means for evaluating these 
patients [30]. The observation for an increased acute-phase response prior to the 
new onset of cardiac failure suggests that inflammatory stimuli may be involved in 
the onset of CCF in RA [31]. Corticosteroids should be used with caution in CCF in 
RA, balancing the potential side effects with the advantages of corticosteroid use, 
namely, the reduction in inflammation, lipid-lowering effects and thereby the reduc-
tion in the pro-atherogenic effect of inflammation [13]. The use of anti-TNF in RA 
with cardiovascular disease has been debated due to the observation of an increased 
mortality in these patients, resulting in specific recommendations for the use of anti-
TNF in patients with known CCF.
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�Valve Disease

Mitral valve insufficiency is the most prevalent valve disease seen in RA (30–80%), 
followed by aortic valve insufficiency (9–33%) [32]. Mitral valve disease appears to 
be associated with nodular RA. In a small study of 34 volunteers with RA undergo-
ing transesophageal echocardiography, various different types of valve lesions were 
seen, with valve nodules and thickening being its distinctive features; others 
included valve regurgitation and stenotic valve lesions [33]. Even though the num-
bers were small, valvular heart disease was not found to correlate with duration, 
activity, severity, pattern of onset and course, extra-articular disease, serology or 
therapy of RA.

�Arrhythmia Including QT Effects of Drugs

Arrhythmia in RA can be secondary to ischaemia, conduction defects as a result 
infiltration of the AV node or other conducting tissue by mononuclear cells or rheu-
matoid granulomas or rarely amyloid, vasculitis of the arterial supply to the conduc-
tive tissue, haemorrhage into a rheumatoid nodule, extension of an inflammatory 
lesion from the aortic or mitral valve and congestive cardiac failure [34]. Coronary 
vasculitis, superimposed coronary thrombosis, myocarditis and pulmonary hyper-
tension further contribute to rhythm disturbances [34]. Infiltration of the atrioven-
tricular (AV) node can cause right bundle branch block in 35% of patients [34]. AV 
block is usually complete but is rarely seen. If present though, it does not respond to 
anti-inflammatory and immunosuppressive therapy [34]. Complete heart block 
(CHB) has been described in 0.1% of RA patients, mainly in females, and appears 
to be more prevalent in patients with subcutaneous nodules [35]. However, in the 
small proportion of patients who are anti-Ro/SSA positive, no major conduction 
disorders were noted [36].

Studies have shown that QT intervals are longer in RA compared to healthy con-
trols, suggesting that QT dispersion may be a useful marker of cardiovascular mor-
bidity and mortality due to complex ventricular arrhythmias in RA [37].

�Hypertension

Hypertension in RA is highly prevalent although it is often under-recognised and 
under-treated [38]. Studies suggest that hypertension associates with subclinical 
atherosclerosis in RA and is one of the most significant independent predictors of 
cardiovascular disease. Hypertension in RA seems to be driven, amongst other fac-
tors, by inflammation, physical inactivity but also polypharmacy [39]. Drugs impli-
cated in the development or worsening of hypertension in RA include NSAIDs, 
coxibs, glucocorticoids and some disease-modifying drugs, and cautions should be 
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taken especially if used concurrently and in the presence of underlying cardiovascu-
lar disease. Hypertension, including other cardiovascular risk factors such as smok-
ing and hyperlipidaemia, should be specifically targeted for screening and 
treatment.

�Stroke and Peripheral Vascular Disease

RA is associated with an accelerated cerebrovascular (as well as coronary artery) 
atherosclerosis and is a risk factor for ischaemic stroke [40]. The pathogenic mecha-
nisms driving ischaemic stroke and peripheral vascular disease in RA include, 
firstly, atherosclerosis as an immune-mediated inflammatory process [41] and sec-
ondly by impaired endothelial dysfunction [42]. Furthermore, traditional cardiovas-
cular risk factors are more prevalent in patients with systemic autoimmune diseases 
like RA, and finally, the higher risk of atherosclerosis and generally cardiovascular 
risk may be iatrogenic, as, for example, with use of NSAIDs and corticosteroids. 
Smoking is a common risk factor for RA and stroke, and in addition, the involve-
ment of heart valve structure in RA may lead to atrial fibrillation, a well-documented 
risk factor for stroke [43].

�Thromboembolic Disease

RA, like many other autoimmune-driven diseases, can be considered as a prothrom-
botic state, with a higher risk for cardiovascular disease and venous thromboem-
bolic events. Based on data from a systematic review and meta-analysis, the pooled 
risk ratios of deep venous thrombosis, pulmonary embolism and venous thrombo-
embolism in RA patients compared to non-RA persons were 2.08 (95% CI 1.75–
2.47), 2.17 (95% CI 2.05–2.31) and 1.96 (95% CI 1.81–2.11), respectively [44].

Increased rheumatoid factor has been shown to be associated with up to a three-
fold increased long-term risk and up to a ninefold increased 1-year risk of deep 
venous thrombosis [45].

�Respiratory Disease

Respiratory complications are common in rheumatoid arthritis. They can affect any 
part of the lung including the interstitium, airways and pleura. There is increasing 
evidence to suggest that the lung is an important site for inflammation induced by 
external triggers such as smoking which leads to generation of rheumatoid arthritis-
specific immunity with secondary targeting of the joints [46]. However, there is also 
evidence suggesting that hypoxia is an important regulator of angiogenesis and 
inflammation in RA [47].
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�Interstitial Lung Disease

In routine clinical practice, the reported incidence of interstitial lung disease is esti-
mated at about 4% [48]. This is likely to be an under-representation as imaging 
studies using computed tomography have shown that evidence of ILD is present in 
15–20% of RA patients [49, 50]. Clinical examination and plain radiographs of the 
chest are both insensitive at detecting interstitial lung disease. Dawson et al. found 
that just 11% of patients with radiographically confirmed ILD had abnormalities on 
clinical examination [49].

Antibody status has long been associated with interstitial lung disease with both 
rheumatoid factor and anti-citrullinated protein antibodies (ACPA) conveying an 
increased risk [51]. Meta-analysis has shown that the risk of developing ILD is 
approximately three times higher in RA patients who are ACPA positive compared 
with those who are ACPA negative [52].

A British study found that articular disease usually predated the onset of ILD 
(83% of cases). Lung disease predated joint disease in 10% of cases, and the two 
conditions occurred simultaneously in 7% of cases [51]. ILD is associated with a 
threefold increase in mortality rates amongst patients with rheumatoid arthritis 
though the risk will vary depending on the ILD subtype [53].

�Subtypes of ILD

The two most common subtypes of ILD seen in RA are usual interstitial pneumonia 
(UIP) and non-specific interstitial pneumonia (NSIP) though cryptogenic organising 
pneumonia is also seen. A multicentre study in the UK found that UIP accounted for 
65% of ILD in RA, NSIP 24% and COP 5% [51]. The remaining 6% represented 
overlap syndromes. Lung biopsy is the gold standard for diagnosis of ILD, but with 
improved high-resolution CT scanning, this has become less common. There is good 
correlation between CT appearances and biopsy findings particularly with UIP [54].

�Treatment of ILD in RA

Lung biopsies in RA patients show a different histological pattern with increased 
CD4+ T-cells when compared with idiopathic cases of ILD [55]. As such, treatment 
of interstitial lung disease in RA with immunosuppressive drugs is usually recom-
mended irrespective of the subtype of ILD detected. This is in contrast to idiopathic 
pulmonary fibrosis where immunosuppressive therapy has not shown significant 
benefit. There are no high-quality randomised controlled trials comparing treat-
ments, but azathioprine, cyclophosphamide and rituximab have all been used in 
patients with RA-associated ILD with varying degrees of success [56].
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�Treatment Considerations in ILD

The link between methotrexate and interstitial lung disease is controversial. Whilst 
there is good evidence that methotrexate can cause an acute pneumonitis, its role in 
the development of ILD is less clear [57]. Historically methotrexate was given to 
individuals with more severe RA who were more at risk of developing ILD leading 
to potential channelling bias in observational studies. A meta-analysis of over 1600 
patients with psoriasis, psoriatic arthritis and inflammatory bowel disease found no 
increase in the incidence of lung disease [58]. A larger meta-analysis of RA patients 
did find an increased incidence of lung disease (RR 1.10, 95% confidence interval 
1.02–1.19), though this was driven largely by an increase in the number of respira-
tory infections as opposed to ILD [57].

There are case reports linking leflunomide with the onset of ILD in RA, but a 
recent meta-analysis of eight RCTs containing 4579 participants did not show an 
increased risk of developing any form of lung disease [59]. In this study, there were 
six cases of pneumonitis reported but all were in the comparator arm [59].

Early RCTs of anti-TNF therapies did not show increased rates of ILD, but they 
were designed to demonstrate efficacy and were not powered to show a difference 
in rates of rare events such as ILD. However, there have been over 100 case reports 
of either incident ILD or worsening of existing ILD in patients commencing TNF 
inhibitors for the treatment of RA [60]. A large observational study of over 8000 
patients found that anti-TNF did not increase the occurrence of ILD when compared 
with nonbiologic therapies, but this study did not examine the impact of anti-TNF 
on patients with existing lung disease [61].

Case reports have suggested that rituximab may be associated with the develop-
ment of interstitial lung disease in patients with RA and lymphoma [62]. The most 
common presentation was acute/subacute hypoxaemic organising pneumonia start-
ing 2 weeks after the last infusion and resolving with glucocorticoid therapy [62]. 
Rituximab has also been increasingly used as a potential treatment for ILD associ-
ated with RA, though the results have been mixed [63].

�Airways Disease

Obstructive airways disease is common in RA affecting between 8% and 32% of 
patients [64, 65]. Smoking is a potential confounder but does not fully explain the 
increased risk of airways disease in patients with RA [66]. One study looking only 
at non-smokers found that patients with RA were significantly more likely to have 
obstructive spirometry compared with matched controls seen in a rheumatology 
clinic with degenerative or infective arthritis (16% vs 0%, P < 0.001) [67].
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�Bronchiectasis

Bronchiectasis and rheumatoid arthritis seem to occur together more often than one 
would expect by chance [68]. One of the earliest studies of bronchiectasis in RA 
found that it affected 3.1% of individuals compared with 0.3% of controls with 
osteoarthritis [69]. It also appears to be associated with increased mortality. A 
British case-control study found that patients with RA-bronchiectasis were 7.3 
times more likely to die than the general population, 5.0 times more likely than the 
RA group and 2.4 times more likely than the bronchiectasis-only group [68].

�Pleural Disease

Some degree of pleural disease is common in rheumatoid arthritis, but it is usually 
asymptomatic. Autopsy studies have shown that up to 70% of RA patients have a 
small pleural effusion, but only less than 5% of patients will develop symptomatic 
effusions [70].

�Pulmonary Nodules

Rheumatoid nodules are thought to affect up to a third of seropositive patients with 
RA. Normally they are subcutaneous over extensor surfaces, but in approximately 
0.4% of patients, they will occur in the lungs [71]. Pulmonary nodules do not gener-
ally cause any symptoms or require specific treatment. Case reports have shown 
regression with rituximab or tocilizumab.

�Malignancy

�Cancers and Rheumatoid Arthritis

A number of studies have contrasted the incidence of malignancies in people with 
rheumatoid arthritis to the general population, using standardised incidence ratios 
(SIRs). Overall the SIR appears to be increased by around about 30% with lung 
cancers and non-Hodgkin’s lymphomas accounting for the bulk of the excess risk of 
cancer. Historically, cancers, such as bowel and breast, were reported as occurring 
at reduced frequency in rheumatoid arthritis, although more contemporary datasets 
have not confirmed this, perhaps due to historic protection from non-steroidal use, 
which has declined in recent years.
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The excess risks in lung cancer are largely attributed to the shared risk factor of 
smoking whilst the risks of non-Hodgkin’s lymphoma are attributed to the underly-
ing disease process. A large case-control study of over 300 rheumatoid arthritis 
patients with lymphoma and over 300 rheumatoid arthritis patients without lym-
phoma found that those with lymphoma were 60-fold more likely to have been in 
the highest decile of cumulative disease activity [72]. Perhaps the most extreme 
example of the disease itself, causing lymphoma, comes from the example of Felty’s 
syndrome – triad of seropositive rheumatoid with an enlarged spleen and agranulo-
cytosis. It is now recognised that Felty’s syndrome lies on the spectrum of an indo-
lent T-cell large granular lymphoma, which occurs in the setting of long-standing 
untreated autoimmune disease.

The impact of drugs on cancer risks is less clear. There are some striking exam-
ples where drugs have definitely been implicated in cancer formation. For example, 
methotrexate-associated lymphoproliferative disorder – a condition which develops 
in people who have usually been on long-standing methotrexate and develop a dis-
ease that is clinically and histologically very similar to diffuse large B-cell lym-
phoma, but which regresses spontaneously (usually within 4 weeks) upon withdrawal 
of the methotrexate and does not recur. The methotrexate-associated lymphoprolif-
erative diseases are more commonly EBV positive than the general B-cell lympho-
mas (44% versus 15%) [73]. This pattern of lymphoma however is very rare and 
looking at immunosuppressive treatments in more general manner, and their risk 
upon cancer has been less revealing. A significant amount of work has been done to 
look at biologic therapies and in particular the anti-tumour necrosis factor agents.

Data from numerous pharmacovigilance studies provide us with answers regard-
ing biologic therapies and cancer risk, and indeed the British Society for 
Rheumatology Biologics Register (BSRBR-RA) was conceived and powered spe-
cifically to be able to detect a doubling in the risk of lymphoproliferative disease 
over 5 years.

�Solid Cancers

The evidence regarding solid malignancies with biologic therapies is overwhelm-
ingly reassuring. The data from the UK registry has shown no signal whatsoever of 
any excess risk of solid malignancies [74]. An important caveat to a number of these 
registries is that at the time the registries recruited patients there were recommenda-
tions in place that individuals with a prior history of malignancy should be excluded 
from receiving biologic therapy. In light of this, there may have been a selection 
bias earlier on in the registry removing at-risk individuals from the cohort. In order 
to address this, additional analyses were also conducted to look at survival after 
cancer diagnosis in patients enrolled in the register. It could also be argued that 
blocking the TNF pathway may not predispose people to more frequent incident 
cancers but might alter the body’s ability to control the cancer if it developed, 
thereby cancer mortality may be different. The data were again reassuring, showing 
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no difference in survival after a cancer diagnosis. This observation was replicated in 
the Swedish Biologics Register which confirmed any association between survival 
after a cancer diagnosis and biologic exposure. The Swedish dataset was able to 
take this one step further by looking at the recurrence rates in people with prior 
breast cancer who were initiated on an anti-TNF therapy within 5 years of their 
original tumour diagnosis [75]. A cohort of 120 rheumatoid arthritis individuals 
were matched to another group of patients without rheumatoid arthritis who had a 
cancer of similar stage and were never exposed to an anti-TNF therapy. Subsequent 
follow-up was then looked at to determine whether there was any difference in the 
rate of occurrence in the RA cohort who subsequently received anti-TNF after their 
cancer diagnosis (within 5 years of treatment) and demonstrated no difference: a 
further reassuring observation.

�Skin Cancers

The relation between skin cancers and immune suppression is well established in 
the transplant field. It is known that in the general population approximately 80% of 
skin cancers are basal cell carcinoma, whilst 20% are squamous cell carcinomas. In 
the transplant literature, the skin cancer rate has increased by around 300-fold and 
that the ratio of squamous cell to base cell carcinomas is inverted. In the RA litera-
ture, no such excess risk is observed. Pulling the data from across the observational 
registries that have reported on skin cancers shows the hazard ratio is increased by 
approximately 30% and that there is no reversal of the ratio of squamous cell carci-
nomas and basal cell carcinomas – i.e. there appears to be a small but significant 
increase in the risk of predominantly basal cell skin cancers in patients on anti-TNF 
therapy. It is hard to know exactly how much this impacts on treatment decision as 
most basal cell carcinomas can be managed simply with topical therapy, cryother-
apy or minor surgical resection. We know from the clinical trials and from the reg-
istry data that most people who have a basal cell skin cancer, whilst on anti-TNF 
therapy, remain on treatment.

Melanoma represents a distinct skin cancer in which there is a specific biological 
plausible link with anti-TNF therapy: indeed this has been shown that in people 
with limb melanoma, single limb perfusion with TNF itself can result in tumour 
regression. For this reason, specific research looking at melanoma has been con-
ducted in countries with higher background rates of melanoma. In the UK, for 
example, melanoma is an exceptionally rare cancer, and there have simply been too 
few cases in the registry data to draw any conclusions. In the Scandinavian data in 
Sweden, the risk of melanoma with anti-TNF therapy has been reported at approxi-
mately 50% higher than the background rate [76]. However, a pooled analysis of 
over 130,000 patients from 11 different registers in Europe with over 500,000 
patient years of follow-up did not show a significant link (standardised incidence 
ratio 1.2, 95% CI 0.99–1.60) [77].
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�Lymphoma

Lymphoma risk in rheumatoid arthritis has already been established to be increased, 
and it is associated with disease severity. Given that biologics tend to be adminis-
tered to those with the most severe disease, there is important confounding that 
needs to be borne in mind when looking at analysis. However, to date data from the 
British registries as well as data from European collaboration have shown no signal 
for the increased risk of lymphoma that can be attributable to the drug [78]. However, 
all of these analysis come with two important caveats: one, lymphoma is a very rare 
event and the studies continue to lack robust power to be sure that they have excluded 
small risk differences; and two, the current duration for most of these studies aver-
ages around 5 years and the data thus far cannot exclude more delayed risks of 
cancer.

To summarise these findings, it would be reasonable to say that the research to 
date has not shown significant excess risk of cancers with biologics, but it must be 
emphasised that the data predominantly relate to TNF inhibitors and that for the 
rarer cancers (melanoma and lymphoma) further research is still needed. It is clear, 
however, that a prior malignancy in recent years, particularly of solid malignancies 
such as breast cancer, should not be considered as a contraindication to treatment 
with an anti-TNF in a patient in whom active rheumatoid is present and treatment is 
indicated.

�Monitoring for Malignancy and Routine Care

It is always important to contextualise comorbidities, both in terms of relative and 
absolute risk and in the context of rheumatoid arthritis; although the relative risks 
for a number of cancer have increased, the absolute risk overall remains small, and 
there is no indication for extending screening beyond what is routinely done in the 
general population for most patients. For example, in the UK, there is a national 
breast screening programme for adult females aged between 50 and 73 years of age, 
bowel screening programme for people aged between 60 and 69 years of age and a 
cervical screening programme for women aged 25–64 years of age. Signposting 
patients to these services is important, particularly given the anecdotal reports from 
patients that they will see their rheumatologist, more often than their primary care 
practitioner and particularly a year of intensive management where we may be see-
ing patients three or four times a year; it is vital that they do not miss out on the 
standard screening interventions that are recommended for the general public.
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�Management of Patients Who Develop Malignancy 
During Treatment

Clearly, when someone is commenced on chemotherapy or is about to undergo sur-
gery for the management of cancer, immunosuppression should be interrupted. In 
addition, many of the chemotherapy regimens are complemented by a biologic 
immune modulation targeting the cancer (e.g. checkpoint inhibition), and these may 
be aiming to directly activate the immune system, which can result in exacerbation 
of underlying autoimmune disease. In general, during active cancer treatment, the 
current dogma is to use cautious amounts of corticosteroids but avoid targeted 
immunosuppression. Once the cancer has been treated and cancer-specific immuno-
suppression is withdrawn, then cautious introduction of standard antirheumatic 
treatment is indicated. In this setting, most data available support the reintroduction 
of anti-TNF therapy, particularly in the context of solid malignancies. However, 
there are clear examples where a cancer subtype might prompt a change of treat-
ment from the rheumatoid perspective – e.g. preferential use of rituximab in people 
who have had B-cell malignancies or avoidance of TNF pathway drugs in patients 
with prior melanoma.

�Infections

Infections can be a major problem in patients with RA. A UK-based survey found 
that 7.7% of patients reported an admission to hospital for serious infection in the 
preceding 12-month period [79]. Many more experienced infections that didn’t 
require hospitalisation with 40% of respondents reporting that they had received at 
least one course of antibiotics over the same period [79]. An American cohort study 
found that individuals with RA were approximately 50% more likely than matched 
non-RA controls to suffer from serious infections (rate ratio 1.53, 95% CI 1.41–
1.65) [80].

There are several proposed mechanisms as to why patients with RA are more 
susceptible to infections but broadly speaking these fall into two categories, first the 
disease itself and second treatment effects.

Rheumatoid arthritis has long been associated with neutropaenia which may 
occur due to either to the presence of circulating immune complexes or to a reduced 
marrow neutrophil reserve [81]. Studies examining T-cell homeostasis have shown 
premature ‘immunological ageing’ with RA patients in their 20s and 30s having 
levels of TREC CD4 + ve T-cells similar to those found in health controls in their 
50s and 60s [82].

The strongest predictor of infection in RA patients is a past history of hospital-
ised infection though increasing age, disability, active disease and drug treatments 
have all been shown to significantly increase the risk of developing infections [83].
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�Nonbiologic DMARDs and Infections

Whilst nonbiologic DMARDs have long been linked with an increase in risk of 
infection, the evidence is less clear cut. A large Canadian observational study con-
taining over 27,000 individuals with 162,000 patient years of follow-up did not find 
an increased risk of infection in individuals on DMARDs alone (adjusted RR 0.92, 
95% CI 0.85–1.0) [84]. A limitation of this study is that it did not differentiate 
between the type and dose of DMARD being used.

Most studies looking at individual DMARDs are of methotrexate users and have 
shown contradictory findings. This may be due to variations in the dose used as well 
as the choice of control and degree of adjustment for potential confounders. A pro-
spective cohort study in the Netherlands found that the risk of infection and antibi-
otic usage amongst methotrexate users was increased compared with RA controls 
not on methotrexate [85]. A more recent analysis of methotrexate users in the REAL 
database in Japan did not find an increased risk of infection compared with indi-
viduals using alternative treatments [86]. However, the comparator group in this 
study was a very heterogeneous group of patients using different synthetic DMARDs 
and biologics to control their RA.

An early phase 3 trial of leflunomide found that the rate of serious infection was 
not any higher in those taking leflunomide than those taking either placebo or sul-
fasalazine [87]. However, this study was powered to assess efficacy and not rarer 
safety outcomes. Larger-scale registry data have since shown that leflunomide 
appears to be associated with an increased risk of developing infections in particular 
pneumonia [88].

Glucocorticoids have long been associated with an increased risk of infection. 
However, a large meta-analysis of 21 RCTs found no increase in the rate of infec-
tion amongst glucocorticoid users (RR 0.97–95% CI, 0.69–1.36) [89]. Small num-
bers of events and inconsistent reporting of adverse events in the trials meant that a 
clinically important increase or decrease in infection rates could not be ruled out. 
Interestingly the same meta-analysis looked at 42 observational studies and found a 
significant increase in infection rates amongst glucocorticoid users (RR of 1.67–
95% CI, 1.49–1.87) [89].

�Biologics and Infections

Biologics have revolutionised the treatment of RA but are associated with an 
increased risk of infection. Registry data from the UK has shown that the risk of 
infection is approximately 20% higher in anti-TNF users than in similar RA patients 
treated with DMARDs [90]. The risk appears to be greatest in the first 6–12 months 
of therapy, and by 3 years, there was no longer an increased risk [90]. The impact of 
anti-TNF on infection risk is bigger for some infections than others. Soft tissue, skin 
and joint infections are all seen significantly more frequently in patients treated with 
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anti-TNF than matched controls [91, 92]. In early studies of anti-TNF drugs, there 
was an increase in the incidence of reactivation of latent TB [93]. However, with 
better screening techniques for latent TB now available, this risk appears to be fall-
ing [94].

A small proportion of infections in patients treated with biologics will be oppor-
tunistic infections. Opportunistic infections occur at a rate approximately tenfold 
higher than the general population though the absolute risk is small affecting 
approximately 0.1% of biologic-treated RA patients each year [95].

�Viral Hepatitis and Rheumatoid Arthritis

Treatment of rheumatoid arthritis in patient with hepatitis B and hepatitis C can 
present a unique challenge. DMARDs such as leflunomide and methotrexate can 
cause direct liver injury, whilst other immunosuppressants such as glucocorticoids 
and biologics alter the host’s immune response to the hepatitis infection [96, 97]. In 
a prospective study of over 500 RA patients with evidence of previous hepatitis B 
infection, the risk of hepatotoxicity was approx. 3% [96]. The risk was the same in 
those treated with nonbiologic DMARDs as those treated with biologics (2.6% vs 
2.8%, p = 0.87). Of those who developed hepatotoxicity, there were no cases of liver 
failure, hepatic encephalopathy or liver transplant [96].

�HIV and Rheumatoid Arthritis

With improving survival in HIV, we are likely to see more patients with coexisting 
HIV and rheumatoid arthritis. HIV itself can lead to the development of rheumatoid 
factor and anti-cyclic citrullinated peptide antibodies but usually at low titres of 
doubtful significance [98]. There is insufficient safety data to recommend use of 
specific DMARDs in RA patients with HIV [98]. One of the main concerns in HIV 
patients is the potential for drug interactions. Ritonavir in particular is a potent 
inhibitor of the cytochrome P450 3A4 and can dramatically increase the serum con-
centration of drugs cleared by this pathway including methotrexate and glucocorti-
coids [99]. There are case reports of patients on ritonavir developing cushingoid 
features following a single intra-articular injection of triamcinolone.

�Rheumatoid Vasculitis

Rheumatoid vasculitis is an extra-articular manifestation of the disease and not a 
comorbidity per se. The incidence appears to be falling with data from the Norfolk 
Vasculitis Register showing an incidence of 9.1 cases annually per million 
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population between 1988 and 2000 compared with 3.9 cases annually per million 
population between 2001 and 2010 [100]. This is likely to represent better treatment 
of RA since the advent of biologics as well as lower rates of smoking. Smoking and 
extra-articular manifestations such as rheumatoid nodules are strongly associated 
with the development of rheumatoid vasculitis [101]. Presentation usually occurs in 
patients with long-standing RA and is unusual in those with a disease duration of 
less than 5 years. Rheumatoid vasculitis affects small- and medium-sized vessels 
and most commonly presents in the skin but can affect any organ system [101]. 
There are no validated diagnostic or classification criteria for rheumatoid vasculitis, 
and it is a relatively rare entity making high-quality trials of treatments a challenge. 
An open trial of 45 patients with rheumatoid vasculitis suggested that cyclophos-
phamide and methylprednisolone were superior to conventional treatment at heal-
ing leg ulcers and neuropathy with a lower rate of relapse [102].

�Secondary MSK Disease

�Osteoporosis

Individuals with rheumatoid arthritis are at increased risk of fractures. A large study 
of primary care patients in the UK found that the risk of hip and vertebral fractures 
was doubled in RA patients compared with age- and sex-matched controls [103]. 
The reason for this increased risk is multifactorial with disease-specific effects on 
bone mineral density, treatment side effects and an increased risk of falling due to 
sarcopaenia all playing a role [104]. There is evidence to suggest that effective treat-
ment of RA can help to prevent the loss of bone mineral density [105]. However, 
larger-scale trials with longer duration are required to assess the impact of treatment 
on fracture rates.

�Osteoarthritis

Secondary osteoarthritis is a problem in many patients with RA. There is evidence 
that the number and volume of joint erosions correlates positively with the num-
ber and volume of osteophytes in patients with RA [106]. Even in an early RA 
patients, the prevalence of osteoarthritis on baseline hand and feet radiographs is 
40–50% [107].

�Fibromyalgia

Fibromyalgia is thought to affect approximately 2% of the general population but is 
seen in approximately 17% of RA patients [108]. This is a major challenge for clini-
cians as typical disease measures such as DAS28 do not distinguish between active 
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inflammatory arthritis and fibromyalgia. A recent study of RA patients with a 
DAS28 score above 2.6 found that those with concurrent fibromyalgia had higher 
disease activity scores, worse disability but significantly less power Doppler and 
greyscale synovitis on ultrasound [109]. Whilst patients with fibromyalgic RA may 
show response to treatment, they are much less likely to achieve remission or low 
disease activity states [110]. Managing patients with persistent physical symptoms 
in the absence of inflammation is an increasing challenge in RA.

�Psychological Comorbidity

Psychological comorbidity is a major problem in RA.  With intensive treatment 
strategies, we are getting better at treating the inflammatory component of RA but 
we are not seeing the same degree of improvement in quality of life outcomes. A 
multicentre observational study over 18 years in the UK showed that the average 
DAS28 had fallen from 5.2 to 3.7 between 1996 and 2014 but HAQ remained 
unchanged (1.30–1.32) over the same period [111]. This shows that focussing treat-
ment entirely on reducing synovitis is insufficient and a more holistic approach to 
RA is required addressing biological, psychological and social factors.

�Depression

Depression is a common feature in many chronic diseases. A large meta-analysis of 
72 studies with over 13,000 participants found that the incidence of major depres-
sive disorders in RA was 16% [112]. The same meta-analysis found significant 
depressive symptoms present in 38.8% using the Patient Health Questionnaire 
(PHQ-9) [112]. This compares to the general population where the lifetime inci-
dence of major depressive episodes is reported as 6.7% [113]. The presence of 
depression in RA is important as it associates with clinical outcomes and the prob-
ability of responding to treatment [114]. Secondary analysis of a recent RCT showed 
that those with baseline depression had higher DAS28 scores at follow-up, and this 
was driven mainly by the subjective components of the disease activity score 
(patient global and tender joint count) [114]. There are several potential explana-
tions including lower rates of treatment concordance in patients with depression 
though there is also evidence to suggest that pro-inflammatory cytokines, including 
IL-17, may play a role in the development of depression [115].

Depression and anxiety levels will vary over time in response to changes in dis-
ease activity and other life events. A study by Norton et al. found that patients could 
be divided into four distinct groups based on the trajectory of their hospital anxiety 
and depression scale (HADS) scores [116]. They found that the majority of patients 
(68%) will have low-stable HADS scores with a small but significant reduction in 
HADS scores over time. The other three groups were roughly equal in size with 

A. Rutherford et al.



71

11% experiencing initially low scores but increasing significantly over time, 12% 
having high scores that remained stable and 9% having initially high scores that 
improved over time. Unsurprisingly, this study found most rapid changes in psycho-
logical distress levels occurred early in the disease course and then tended to stabi-
lise over time.

There is good evidence for both psychotherapy (mainly cognitive behavioural 
therapy) and anti-depressants for the treatment of major depressive disorders. A 
large meta-analysis of 30 RCTs found that the degree of improvement from psycho-
therapy and anti-depressants was similar [117]. Combination treatment with psy-
chotherapy and pharmacotherapy has been shown to be superior to individual 
therapy with either modality and can be used when one or other modality is insuf-
ficient alone [118, 119].

�Anxiety

Anxiety is more common in patients with RA than in the general population. An 
international study looking at HADS scores in RA found that over a third of patients 
reported significant anxiety with 21.8% reporting depression and anxiety and 13.5% 
reporting anxiety without depression [120]. Anxiety is associated with worse out-
comes including higher levels of arthritis pain and functional disability [114].

�Psychosis

Psychosis is relatively rare in rheumatoid arthritis. When it does occur, it is often 
unrelated or related to therapy for RA rather than the underlying disease. The most 
common drug class associated with psychosis in RA is corticosteroids, though there 
are sporadic case reports linking methotrexate and hydroxychloroquine with the 
onset of psychosis.

�Impact of Comorbidities in RA

Comorbidities have a direct impact on outcomes in patients with rheumatoid arthri-
tis. A prospective cohort study of 380 patients from Austria found that physical 
disability, measured using HAQ, increased with increasing levels of comorbidity 
[121]. This remained significant even when adjusting for disease activity, gender 
and disease duration. A sensitivity analysis from the same study found that the phys-
ical component score of the SF-36 worsened with increasing comorbidity but the 
mental component score did not. Data from the CORRONA registry has shown that 
patients with comorbidities experience smaller responses when starting a new 
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treatment and are less likely to achieve states of remission [122]. Unadjusted analy-
sis from the same study also found that older patients were also significantly less 
likely to achieve remission states, but this was no longer significant when adjusting 
for comorbidities suggesting that comorbidity may be the mechanism through 
which age influences the likelihood of achieving remission.

�Assessment and Management of Comorbidities in RA

The EULAR guidelines for the management of rheumatoid arthritis state specifi-
cally that rheumatologists are the specialists who should primarily care for RA 
patients. They recommend that when therapy needs to be adjusted the rheumatolo-
gist should not just consider disease activity but should consider factors such as 
comorbidities. The guidelines implicitly state ‘reaching the outcome of low disease 
activity or remission is not an absolute prerequisite and that it is equally important 
to account for comorbidities and other contraindications when targeting a good out-
come’ [123].

In 2016 EULAR produced guidelines for the reporting, screening and prevention 
of selected comorbidities in chronic inflammatory rheumatic diseases (CIRDs) 
[124]. These guidelines highlight six comorbidities of particular importance that are 
more common in individuals with CIRDs and where the management is often sub-
optimal. These comorbidities were cardiovascular disease, malignancy, infection, 
peptic ulceration, osteoporosis and depression. Whilst there are not specific 
guidelines for each individual comorbidity, there are EULAR recommendations for 
cardiovascular risk management in patients with RA [125]. There are ten recom-
mendations based on three overarching principles. These principles state that (1) 
clinicians should be aware of the increased risk of CVD in patients with RA, (2) the 
rheumatologist should ensure CVD risk assessment is done in all patients with RA 
and (3) the use of NSAIDs and corticosteroids should be in line with existing 
EULAR recommendations. A key point in these guidelines is the importance of 
controlling disease activity which will reduce the overall risk of cardiovascular dis-
ease. The guidelines suggest an assessment of cardiovascular risk be carried out 
every 5 years, though in many countries screening will be done more frequently 
than this as part of an annual review process.

�Conclusion

Rheumatoid arthritis remains a lifelong condition without any cure. With increasing 
life expectancy in the general population being mirrored in the RA population, it is 
unsurprising that we are seeing an increasing number of patients with multiple 
comorbidities. This is a major challenge for the clinician as remaining up to date 
with guidelines for relatively common comorbidities such as hypertension, diabetes 
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and asthma can be difficult. As a rheumatologist, one cannot expect to be an expert 
in managing each individual condition but should at least be aware of the complex 
interplay between these comorbidities and the management of RA itself and be able 
to signpost the patient to the appropriate care.
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Chapter 4
Psoriasis

Anna Chapman and Yasser El Miedany

Psoriasis is a chronic, hyper-proliferative, immune-mediated inflammatory skin dis-
ease affecting approximately 1–3% of the population worldwide [1–3]. Chronic 
plaque psoriasis, the most common form of psoriasis vulgaris, is characterised by 
sharply demarcated erythematous papules and plaques with scales. It has a variable 
severity, distribution and disease course [3, 4]. Over the past few years, there has 
been an increasing evidence to substantiate that psoriasis is not just a disorder of the 
skin but a systemic inflammatory disease [4–8], with systemic manifestations that 
look similar to, and shared with, other chronic inflammatory conditions, such as 
rheumatoid arthritis. Being an immune-mediated inflammatory disease, psoriasis 
has been linked to a wide range of comorbidities [1–5]. Recently, several comorbid 
conditions have been reported as related to the chronic inflammatory status of pso-
riasis. The understanding of the pathophysiology of these conditions and their treat-
ments will certainly lead to better management of the disease [3, 5–8]. Figure 4.1 
depicts how psoriasis starts with genetic predisposition and environmental triggers 
causing the known skin disease. It also shows a list of its associated comorbidities. 
This chapter will give a background to psoriasis, pathophysiology linked to its asso-
ciated comorbidities and the new concept of “psoriatic march”. It will also discuss 
the scientific evidence for each comorbidity, its therapeutic implications and 
approaches to screen in standard daily practice.
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�Inflammatory Pathway: “The Psoriatic March” from Gene 
to Clinic

There is growing evidence indicating that psoriasis is more than “skin-deep” and 
that it is associated with systemic manifestations, similar to other chronic inflamma-
tory diseases, such as rheumatoid arthritis [9]. Of emerging significance is the rela-
tionship between cardiovascular disease and severe psoriasis, which may explain 
the increased mortality in the psoriatic patients. Studying the inflammatory path-
way, psoriatic patients revealed a cascade of inflammatory processes, called the 

Fig. 4.1  Psoriasis disease and its associated comorbidities: starts with genetic predisposition and 
environmental triggers. (1) Skin and musculoskeletal disease (arthritis, enthesitis, spondylitis, dac-
tylitis), IBD (inflammatory bowel disease). (2) Systemic inflammation: insulin resistance, DM 
(diabetes mellitus), obesity, NAFLD (non-alcoholic fatty liver disease); cardiovascular: atheroscle-
rosis, hypertension, dyslipidemia, metabolic syndrome, myocardial infarction, stroke. (3) 
Psychologic: depression, anxiety, self-helplessness. (4) Quality of life (QoL) and lifestyle. (5) 
Other comorbidities: sleep apnoea, COPD (chronic obstructive pulmonary disease), malignancy, 
erectile dysfunction, osteoporosis, parkinsonism, celiac disease. (6) Treatment-associated comor-
bidities*: dyslipidemia (acitretin and cyclosporine), nephrotoxicity (cyclosporine), hypertension 
(cyclosporine), hepatotoxicity (methotrexate, leflunomide, and acitretin), skin cancer (PUVA)
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“psoriatic march”, linking the psoriatic skin disease and its associated comorbidities 
particularly the cardiovascular ones. A recent review outlined a suggested scenario 
for how the march of psoriasis unfolds from gene to clinic [10]. Genetic factors 
drive disease-specific processes (step 1), possibly triggered by environmental fac-
tors, involving both innate and adaptive immune responses (step 2) and leading to 
disease expression (step 3); comorbidity would then “likely result from chronic 
inflammation” (step 4). The chronic inflammatory status will lead to a cascade of 
systemic inflammatory pathways starting with insulin resistance which in turn lead 
to type 2 diabetes mellitus as well as endothelial cell dysfunction and consequently 
atherosclerosis (Fig. 4.2). At the level of coronary, carotid or cerebral arteries, this 
cascade will result in myocardial infarction or stroke [11].

As shown in Fig. 4.1, psoriasis-associated comorbidities can be classified into 
those linked to the skin disease such as psoriatic arthritis, inflammatory bowel dis-
ease, uveitis and dactylitis or related to the inflammatory process itself. This includes 
cardiovascular, obesity and metabolic syndrome. It also includes psychological 
comorbidities, other systemic disorders as well as comorbidities associated with the 

Fig. 4.2  From gene to clinic “The psoriatic march”: simplified mechanism of the inflammatory 
pathway. According to the hypothesis, severe psoriasis is a chronic systemic inflammatory disor-
der, which increases the inflammatory burden and causes a state of insulin resistance, resulting in 
endothelial cell dysfunction and atherosclerosis
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treatment given to psoriatic patients. The next part of the chapter will discuss each 
of these comorbidities individually, presenting the science-based evidence and ther-
apeutic implications for each one.

�Psoriatic Arthritis

�Background and Pathophysiology

Psoriatic arthritis (PsA) is a heterogeneous, usually seronegative, chronic inflamma-
tory spondyloarthritis associated with psoriasis. The prevalence of PsA ranges from 
20 to 420 cases per 100,000 in the Western countries [12, 13]. The wide variability 
in its prevalence rates might be attributed to the existence of five different diagnostic 
criteria with considerable variations in sensitivity and specificity: (1) Moll and 
Wright, (2) Bennet, (3) Vasey and Espinoza, (4) Fournié and (5) CASPAR (classifi-
cation criteria for psoriatic arthritis) [14–18]. PsA prevalence varies from 6% to 
42% among patients with psoriasis.

A combination of genetic predisposition and environmental factors has been pro-
posed as a possible etiopathogenesis for psoriatic arthritis. In contrast to psoriasis, 
which is associated with specific HLA antigens, single nucleotide polymorphisms 
in the IL-13 gene have been recently associated with specific risk of PsA, without 
correlation with psoriasis [19, 20].

Environmental factors, including infection (gram-positive bacteria such as 
Streptococcus or retroviruses such as HIV), drugs and joint trauma (particularly in 
children) and emotional stress, play an important role as a trigger for both skin and 
joint psoriasis; however, the neuro-immuno-endocrine mechanisms involved in this 
process still need to be elucidated [19, 21, 22]. From the immunological point of 
view, changes are observed both in humoral and cellular immunity [23]. Most lym-
phocytes are of type CD4+, whose CD4+/CD8+ ratio reaches 2:1 in the synovial 
fluid. CD8+ cells are most commonly found at the enthesis sites [24].

�Science-Based Medicine

The peak incidence of PsA occurs between ages 30 and 50 years. Clinically PsA is 
characterized by joint pain, swelling as well as stiffness, surrounding soft tissue 
pain mainly in the form of ligament and tendon inflammation (enthesitis and dacty-
litis), spinal pain and limited range of motion as well as nail changes. The associa-
tion between synovitis and enthesitis of tendons and ligaments of a single finger/toe 
is called dactylitis or “sausage digit”, and it is identified in 30% of PsA patients [21, 
25]. Up to 20% of affected patients suffer from severely destructive and mutilating 
forms of the disease [26].
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In about 75% of the cases, skin affection precedes arthritis, whereas it occurs 
concomitantly in 10%. In the other 15%, arthritis may precede the skin lesion. A 
correlation between the type or severity of skin lesions and the presence, type or 
extent of joint affection is not common [27]. When skin lesions appear after articu-
lar affection, eventually after 10–5 years, it is called “PsA sine psoriasis” [28]. Nail 
changes are seen in up to 90% of individuals with PsA but only in 45% of patients 
with psoriasis [29, 30]. In 2006, the classification criteria of psoriatic arthritis 
(CASPAR) study group set up a highly sensitive (91–100%) and specific (97–99%) 
set of criteria that allow for the diagnosis of PsA even in cases of PsA sine psoriasis 
and in patients with positive rheumatoid factor [18, 31].

Different tools have been developed to screen patients with psoriasis for their 
musculoskeletal affection. The Psoriatic Arthritis Screening and Evaluation (PASE) 
is a screening tool that has been developed to increase detection of PsA by derma-
tologists. It is a self-administered questionnaire whose score greater than or equal to 
47 has a sensitivity of 82% and a specificity of 73% for symptoms of PsA [31]. 
Multidimensional Patient-Reported Outcome Measures for spondyloarthritis has 
been published in 2010 [32] to be completed by the patient, and it includes patient 
self-reported assessment for the painful joints and soft tissue spots, record of the 
patient’s functional ability and quality of life and measure for the patient psoriatic 
global assessment and psoriatic quality of life (Fig. 4.3).

Radiographic features of peripheral PsA are asymmetric distribution, involve-
ment of the distal interphalangeal joint, periostitis and pencil-in-cup deformity in 
advanced cases of the disease. Ultrasonography (US) is a reliable method to detect 
signs of subclinical Achilles tendon enthesopathy and confirm diagnosis in patients 
with symptoms [33]. A recent study was carried out aiming at identifying the clini-
cal predictors of arthritis in patients with psoriasis and to evaluate the use of muscu-
loskeletal ultrasonography (US) as a predictor for inflammatory structural 
progression in psoriatic patients [34]. Results revealed that family history of psori-
atic arthritis, large BMI (>25), high percentage of psoriatic body surface area and 
nail involvement were significantly associated with early-onset psoriatic arthritis. 
Baseline US grayscale score of ≥2, power Doppler score of ≥2, presence of enthesi-
tis, enhanced vascularity at enthesitis, higher enthesitis score (GUESS score was 
used in that study) and onychopathy, as well as persistent synovitis and enthesitis at 
6 months, were predictors of progressive early psoriatic arthritis. On another front, 
MRI helped in identifying that synovial inflammation in PsA is usually a secondary 
phenomenon to extra-synovial inflammation (primary affection), which aids to dif-
ferentiate it from rheumatoid arthritis [35]. Therefore, it can be summarized that 
“radiography detects more erosions and osteoproliferation, but is less sensitive in 
the detection of changes in general. Effusions and synovitis are often detected by 
MRI and US” [36–38].

4  Psoriasis



86

Fig. 4.3  Multidimensional Patient-Reported Outcome Measures for patients with psoriasis/psori-
atic arthritis (From El Miedany et al. [32], with permission)

2. How much JOINT PAIN have you had
OVER THE PAST WEEK?

I do not have Psoriasis: □        Please go to Q.7

Patient Reported Outcome Measures for Spondyloarthritis (Psoriasis)
This questionnaire includes information not available from blood tests, X-rays, or any source other than you. Please try to 
answer each question. There is no right or wrong answer. Please answer exactly as YOU think or feel. 

1.We are interested in learning how your illness affects your ability to function in daily life. Please tick (√ ) the ONE 
best answer that describes your usual abilities OVER THE PAST WEEK:

Over the LAST WEEK, were you able to Without           With With Unable
ANY             SOME MUCH      TO DO

Difficulty       Difficulty  Difficulty
1. Drink from a glass ..……… ……….. ……….. ……….
2. Dress yourself, including tying shoelaces & putting on socks ..……… ……….. ……….. ……….
3. Bend down to pick up object off the floor ..……… ……….. ……….. ……….
4. Sit for long periods of time e.g. working on flat topped ..……… ……….. ……….. ……….

table or desk
5. Walk outdoors on flat ground including crossing the road ..……… ……….. ……….. ……….
6. Go up 2 or more flights of stairs ..……… ……….. ……….. ……….
7. Play with / look after children ..……… ……….. ……….. ……….
8. Do outside work (such as DIY/ gardening/ lifting) ..……… ……….. ……….. ……….
9. Lie down / sleep on your back ..……… ……….. ……….. ……….

10. Turn your head whilst reversing your car or ..……… ……….. ……….. ……….
use the rear view mirror?

Not Applicable
1. Get a good night’s sleep? ..……… ……….. ……….. ………. ………
2. Deal with the usual stresses of daily life? ..……… ……….. ……….. ………. ………
3. Cope with social/ family activities? ..……… ……….. ……….. ………. ………
4. Deal with feelings of anxiety or being nervous? ..……… ……….. ……….. ………. ………
5. Deal with feelings of low self esteem or feeling blue? ..……… ……….. ……….. ………. ………
6. Get going in the morning? ..……… ……….. ……….. ………. ………
7. Do your work as you used to do? ..……… ……….. ……….. ………. ………
8. Deal with any worries about your future? ..……… ……….. ……….. ………. ………
9. Continue doing things you used to do, despite tiredness? ..……… ……….. ……….. ………. ………

10. Continue your relationship with your partner (husband/wife)? ..……… ……….. ……….. ………. ………

2. How much SPINE PAIN have you had
OVER THE PAST WEEK?

3. Consider all the ways your Disease may be affecting 4. How much of a problem has UNUSUAL FATIGUE or
you AT THIS TIME. Please put a circle around the tiredness been for you OVER THE PAST WEEK?
number that best indicates how well you are doing: (please put a circle around the number that best

indicates your fatigue).

5. Over the Past Week, how much has your skin problem affected 6. How would you rate the severity of your psoriatic 
your life (felt embarrassed, influenced the clothes you wear, skin rash Over the Past Week:
affected you doing a sport, caused problems with your partner
or friends.

NO SEVERE
STIFFNESS STIFFNESS

0 10 20 30 40 50 60 70 80 90      100 0 1 2 3 4 5 6 7 8 9 10

Sp.  Pain

J. Pain

PGA

Fatigue

Fn. 
Disability

MS

QoL

5         15       25         35        45         55      65        75         85         95

7. OVER THE PAST WEEK how would you
rate the severity of your morning stiffness?

OVER THE PAST WEEK for how long 
(min./hours) did you feel stiff in the morning?
0 min                         30 min                        60 min                       90 min             ≥2h

El Miedany et al,  Joint Bone Spine 2010;  77(6): 575

NO
PAIN

0.5      1.5        2.5   3.5        4.5        5.5      6.5       7.5 8.5       9.5
SEVERE

PAIN

0 1 2 3 4 5         6 7 8 9 10

NO
PAIN

0.5      1.5        2.5   3.5        4.5        5.5      6.5       7.5 8.5       9.5
SEVERE

PAIN

0 1 2 3 4 5         6 7 8 9 10

Very
Poorly

0.5      1.5        2.5   3.5        4.5        5.5      6.5       7.5 8.5       9.5

0 1 2 3 4 5         6 7 8 9 10

Very
Well

0.5      1.5        2.5   3.5        4.5        5.5      6.5       7.5 8.5       9.5
Fatigue

No 
Problem

A Major 
Problem

0 1 2 3 4 5         6 7 8 9 10

Very
much

0.5      1.5        2.5   3.5        4.5        5.5      6.5       7.5 8.5       9.5

0 1 2 3 4 5         6 7 8 9 10

Not
at all

0.5      1.5        2.5   3.5        4.5        5.5      6.5       7.5 8.5       9.5
No

Rash

Severe
rash 

affecting
my body & 

scalp0 1 2 3 4 5         6 7 8 9 10

Ps.GA

Ps. QoL
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7. Please tick (√ ) if you have experienced any of the following OVER THE LAST MONTH:

Fever Dry Eye Vertebral Fracture(s) Cardiovascular Risk Assessment

Weight gain  (> 10 lbs) Dry Mouth Weakness/Paralysis of arms or legs Age > 50 years old
Weight Loss (> 10 lbs) Pain in the eye / photophobia Numbness or tingling High Blood pressure
Night Sweat Headache Muscle pain, ache or cramps High Cholesterol
Loss of appetite Wheezing in the chest Problems with thinking/memory Current Smoker
Soreness in the mouth Cough Absent from work due to spine pain Ischemic heart Disease
Genital Ulcers Blood in your Phlegm Short plans for having a baby Stroke
Skin Rash Shortness of breath Sexual relationship Problems Irregular Heart Beats
Psoriasis Heartburn Problems with erection (for men) Diabetes Mellitus
Painful Swollen finger/ toe Dark or bloody stools Falls Risk Assessment
Change color/ thickening of your nails Feeling Sickly / Nausea >1 Fall in the last year Take steroids > 5mg/day
Inflammatory bowel Disease Constipation Problems with your sight Ulcer or stomach problem
Heart Valve lesion Diarrhea Loss of your balance Lung Disease
Problems with hearing Problems with urination Change in Gait / Walking Speed Admitted cos of infection
Ringing in the ears > 3 Alcoholic drinks per day Weakness of your grip strength Liver Disease

8. The statements below concern your personal beliefs. Please circle the number that best describes 
how do you feel about the statement. 0 = Not at all; 10 = Strongly Agree

1. I understand the nature of my condition, the reasons for the 
symptoms, the course it runs and the consequences if left untreated.
2. I am aware of the different treatment options available to me and I 

understand what each of my medications do.

3. Overall I understand I am in charge of managing my condition and I 
feel confident I would know when to seek medical advice.

4. I am aware of my role in my own care, and feel able to stop the 
disease symptoms from interfering with my everyday activities.

5. I have the confidence to discuss any questions I may have or raise any 
concerns regarding my condition or treatment with my Doctor/nurse.
6. I am confident I am able to take any tablet and/or administer any 
injection prescribed for me.

7. I am able to self-manage my condition, ease the symptoms and 
overcome some of the difficulties associated with my condition.
8. I feel confident and able to find a solution to any new problem 
related to my condition

9. I am able to maintain life style changes like diet and exercise and 
feel confident I can continue these during difficult times.
10. I am confident I can find reliable sources of information about my 
condition and  health choices.

Pt. Activ.

Please 
place (√) 
at the 
most 
painful 
area(s)  
over your 
body 
which you 
feel 
painful 
TODAY.

Shoulder

Elbow

Hip

Knuckles
/ Fingers

Knee

Ankle

Top Foot

Wrist

Neck

Shoulder Blade

Rt Lt

Toes

Low Back

Sacroiliac Joint

Right Left
Upper Limb

Tip of the Shoulder Tip of the 
Shoulder 

Outer side of the 
Arm

Outer side of the  
Arm

Outer/ inner side 
of the elbow

Outer/ inner side 
of the elbow

Lower Limb
Outer Hip Area Outer Hip Area
Front of the knee Front of the knee
Back of the ankle Back of the ankle
Heel Heel

Jaw
Jaw (Rt.) Jaw (Lt.)

Trunk
Neck Chest
Upper Back Abdomen
Lower Back Other:

Please 
place a (X) 
in the 
appropriate
box to 
indicate in 
which of 
your joints 
you feel 
painful 
TODAY.

Enthesitis
score

Tender
Joints

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

□ I consent to my clinical data being used for research/audit. Signature: Date:       /       / 20

Fig. 4.3  (continued)
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�Therapeutic Implications

Counseling should be offered to all PsA patients regarding their illness, in addition 
to physiotherapy and psychological support. Treatment protocols should adopt 
treat-to-target approach aiming at disease remission. Mild forms of the disease may 
respond to nonsteroidal anti-inflammatory drugs with or without intra-articular or 
local soft tissue steroid injections [39]. Moderate to severe forms of PsA should 
initially be treated like the mild form of the disease; disease-modifying antirheu-
matic drugs (DMARDs) are commenced in persistent arthritis case [40]. Refractory 
cases, which did not achieve remission or showed satisfactory response to one or a 
combination of DMARDs after at least 6 months of use, should be offered biologic 
therapy.

In a study carried out by Queiro-Silva and coauthors [41], PsA patients were fol-
lowed up for more than 10 years. Fifty-five percent of the cases had five or more 
joint deformities. It was suggested that patients with initial presentation of five or 
more affected joints exhibit worse prognosis in relation to erosion and deformity. 
On the other hand, male gender, beginning in “early “age, small number of inflamed 
joints and improved functional class were associated with a higher chance of remis-
sion [27].

Wong et al. [42] identified increased rates of mortality among patients with PsA 
(59% and 65% in women and men, respectively), when compared to the healthy 
population. Jamnitski et al. [43] found a higher prevalence of risk factors and car-
diovascular disease in patients with PsA, when compared with the general popula-
tion. However, suppression of inflammation and changes in lifestyle have shown 
positive impact on the patient’s mortality as well as morbidity.

�Inflammatory Bowel Disease

�Background and Pathophysiology

Inflammatory bowel disease, namely, Crohn’s disease and ulcerative colitis, have 
been demonstrated to be significantly higher in patients with psoriasis than in the 
normal population, suggesting the possibility of a genetic link and share of the 
chronic inflammation process [44, 45]. Th17 cells in psoriatic skin produce IL-23, 
which is an essential cytokine for intestinal inflammation [46]. Polymorphisms in 
IL-23 and IL-12B receptor genes are also thought to play a role in all three disease 
processes [47–50].

Although individual susceptibility to psoriasis, Crohn’s disease and ulcerative 
colitis has been located in close chromosomal loci, several other genetic loci have 
also been reported in each of these conditions. In a recent study, seven susceptibility 
loci shared by psoriasis and Crohn’s disease were identified [45]. The susceptibility 
loci of psoriasis, Crohn’s disease and ulcerative colitis all lie in the 6p21 locus, 
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which encompasses the major histocompatibility complex. The IBD3 locus associ-
ated with Crohn’s disease and ulcerative colitis and the PSORS1 locus of psoriasis 
lie at the same place as well [46, 51, 52].

�Science-Based Medicine

Cohen et al. [45] examined the prevalence of inflammatory bowel disease in 12,502 
patients with psoriasis and 24,287 age- and sex-matched control group members. 
They found a significantly higher prevalence of both Crohn’s disease and ulcerative 
colitis in psoriatic patient group compared to the control group. These associations 
are biologically plausible, as systemic inflammation and TNF-alpha play an impor-
tant role in all three diseases.

In a Nurses’ Health Study (NHS) of 174,476 women with psoriasis or psoriatic 
arthritis, psoriasis was associated with an increased risk of developing Crohn’s dis-
ease during both NHS I (1996–2008) (RR 4.00; 95% CI, 1.72–9.27) and NHS II 
(1991–2007) (RR 3.76; 95% CI, 1.82–7.74). The risk of Crohn’s disease was high-
est among women with concomitant psoriatic arthritis (RR 6.43; 95% CI, 2.04–
20.32) [53].

Other digestive diseases, such as celiac disease, also show a higher prevalence in 
the psoriasis population. In a case-control study by Birkenfeld et al. [54], the preva-
lence of celiac disease in patients from Israel with psoriasis was 0.29%, compared 
to 0.11% in controls (P < 0.001). Psoriasis was associated with celiac disease with 
an OR of 2.73 (95% CI, 1.65–4.53). Wu et al. [55] also found an association between 
psoriasis and celiac disease, with an OR of 2.2 (95% CI, 1.5–3.2) in a population of 
25,341 Southern California Kaiser Permanente psoriatic patients.

�Therapeutic Implications

Systemic medication, both DMARDs and biologic therapies, used to stop the 
inflammatory process and treat moderate to severe psoriasis is also indicated in 
inflammatory bowel diseases.

Methotrexate is used for treating active Crohn’s disease in steroid-dependent 
patients. TNF-alpha inhibitors such as infliximab, adalimumab as well as golim-
umab have been employed for severe active Crohn’s disease/ulcerative colitis that 
has not responded to conventional treatment [56].

Paradoxically, TNF-alpha inhibitors have been shown to induce psoriasis in 
some studies [51, 56–58]. All three TNF-alpha inhibitors that are US Food and Drug 
Administration approved for psoriasis (infliximab, etanercept and adalimumab) 
were associated with the induction of psoriasiform lesions, with a mean time of 9.5 
months for the appearance of the lesions [57, 58]. It is thought that TNF-alpha 
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inhibitors could favour the recruitment of activated T-cells in the skin of patients 
genetically predisposed to an enhancement of the chemokine receptor CXCR3 [59].

Certain psoriasis treatments can cause gastrointestinal side effects, and it could 
be difficult to separate a diagnosis of inflammatory bowel disease from these side 
effects. Infliximab, adalimumab, ustekinumab, methotrexate, acitretin and cyclo-
sporine have side effects of abdominal pain, diarrhoea, dyspepsia and nausea.

�Obesity

�Background and Pathophysiology

Noninvasive imaging technique developments enabled the differentiation of two 
different depots of abdominal fat: (1) subcutaneous abdominal fat (which is the fat 
located just under the skin) and (2) visceral fat (which is the intra-abdominal excess 
fat present in the abdominal cavity). Furthermore, it is now recognized that abdomi-
nal obesity (central obesity or upper body obesity or android obesity) is the form of 
obesity most likely to be associated with an altered risk factor profile contributing 
to an increased cardiovascular disease (CVD) and type 2 diabetes risk, while gynoid 
obesity (or lower body obesity where fat is located around the buttocks and hips) is 
seldom associated with metabolic complications [60]. Therefore, intra-abdominal 
fat is no more considered as a merely inert mass (storing fat (lipids) as a source of 
energy to meet future needs of the body) but an active metabolic and endocrine 
organ. The discovery of leptin, a hormone secreted by these adipose cells, trans-
ferred that adipose tissue to an active endocrine gland, able to communicate with the 
brain to participate in the regulation of various body functions. Through its produc-
tion of other important proteins (adipocytokines), including prothrombotic products 
such as plasminogen activator inhibitor-1, pro-inflammatory cytokines, such as 
tumour necrosis factor-α (TNF-alpha), (interleukin-6 (IL-6), renin-angiotensin sys-
tem proteins, adiponectin and others; adipose tissue actively participates in disease 
evolution processes which can lead to hypertension, insulin resistance and type 2 
diabetes as well as CVD [61]; promoting inflammation, affecting glucose metabo-
lism as well as vascular endothelial biology [62, 63]. Hyperleptinaemia has been 
also associated with increased common carotid artery intimal media thickness 
(IMT) and arterial thrombosis. Besides, subcutaneous fat cells (adipocytes) bear 
Toll-like receptors which behave as a component of innate immunity and allow an 
immediate response to foreign pathogens and release cytokines [63]. As systemic 
inflammation continues and with increasing BMI, adiponectin is downregulated, 
while leptin and resistin are upregulated, which induces insulin resistance and 
causes endothelial cells to produce adhesion molecules, promoting a hepatic release 
of both fibrinogen and C-reactive protein and augmenting the procoagulant effects 
on platelets [2, 62–64]. Hence, obesity is considered a chronic, low-grade inflam-
matory condition [65].

A. Chapman and Y. El Miedany



91

Several studies have shown that psoriasis may be linked to obesity; however, 
controversy still exists as to whether obesity is a result or a causative factor of pso-
riasis [1, 3, 66]. Either way, this strong association makes psoriasis an important 
healthcare issue.

�Science-Based Medicine

A strong and significant association between obesity, increased adiposity and pso-
riasis has been reported over the past years [67–69]. A recent study showed that 
increased body mass index (BMI) was a predisposing factor for developing psori-
atic arthritis and severe psoriasis [70–73]. Other studies have shown that psoriatic 
patients have increased levels of leptin, and psoriasis itself is an independent risk 
factor for hyperleptinaemia [74–78].

The relationship between psoriasis and obesity is hypothesized to be bidirec-
tional, with obesity predisposing patients to psoriasis and psoriasis increasing the 
risk of obesity [79, 80]. A meta-analysis of 16 observational studies [81] assessed 
the epidemiological associations between obesity and psoriasis in a population of 
2.1 million patients (201,831 of them were patients living with psoriasis). The 
pooled OR for obesity among patients with mild psoriasis was 1.46 (95% CI, 1.17–
1.82) and 2.23 (95% CI, 1.63–3.05) for severe psoriasis. One incidence study found 
that psoriatic patients have an HR of 1.18 (95% CI, 1.14–1.23) for new-onset obe-
sity. In comparison with the general population, psoriatic patients in that study had 
a higher prevalence and incidence of obesity. Patients with more severe psoriasis 
have higher odds of obesity compared to those with mild psoriasis.

�Therapeutic Implications

Advice on weight loss and leading healthy, active lifestyles should be given to all 
patients living with psoriasis. Patients should be counseled should they fail to adopt 
a reasonable dieting program to lose weight. In a randomized clinical study [71], 
mild-to-moderate psoriatic patients with body mass index (BMI) in the range of 
27–40 kg/m2 were allocated to either a standard routine dietary guidance group or 
an intensive weight loss therapy group. After 16 weeks, the dieting patients had a 
significantly less BMI with a statistical weight loss difference between the two 
groups of 15.4 kg (95% CI, 12.3–18.5 kg; P < 0.001). Dieting patients experienced 
a greater mean reduction in their PASI score compared to the control group (−2.3 
versus 0.3), although this difference was not statistically significant (P = 0.06).

Several studies have found that TNF inhibitors such as adalimumab, etanercept 
and infliximab can cause weight gain [82–86]. The mechanism of weight gain 
among patients treated with TNF inhibitors is still unclear, although TNF-alpha is 
known to be involved in body weight homeostasis and is purported to influence 
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appetite by modulating leptin release from adipocytes [87]. On another front, psori-
atic patient weights can have cost-effectiveness role as it affects the dosing of IV, 
and sometimes subcutaneous, biologics. Furthermore, it may be one of the factors 
in the biologic therapy choice for psoriatic patients. A study revealed that weight-
dosed IV biologics (such as infliximab) demonstrated consistent clinical responses 
in overweight and obese patient populations, while fixed-dosed biologics (such as 
etanercept) may not [88].

�Diabetes Mellitus/Insulin Resistance

�Background and Pathophysiology

Type 2 diabetes mellitus (DM) is a metabolic disorder characterized by increased 
insulin resistance and hyperglycaemia. Th1 cytokines, which have been reported to 
be overproduced in psoriasis, are thought to promote insulin resistance as well [89–
91]. On another front, obesity, which, as mentioned above, is a comorbidity com-
monly reported in psoriatic patients, is a major risk factor for both type 2 DM and 
psoriasis [92]. Another possible contributing factor for the association between pso-
riasis and diabetes is the presence of chronic inflammation that occurs due to secre-
tion of TNF-alpha and other pro-inflammatory cytokines such as IL-1 and IL-6, 
which precipitate both psoriasis and diabetes.

�Science-Based Medicine

Psoriatic patients have been found to be more insulin resistant and to have impaired 
glucose tolerance and higher fasting insulin levels than healthy subjects [89, 93–95].

Azfar et al. [92] conducted a large cohort study of 108,132 psoriatic patients. 
After controlling for age, sex, BMI, hypertension and hyperlipidaemia, psoriasis 
was found to be an independent risk factor for incident type 2 DM (HR 1.14; 95% 
CI, 1.10–1.18). The risk was greatest in patients with severe disease (HR 1.46; 95% 
CI, 1.30–1.65).

A large observational study by Brauchli et al. [90] demonstrated an increased 
risk of incident diabetes mellitus in patients with psoriasis when compared to a 
psoriasis-free study group. Among 1061 incident cases of diabetes mellitus, 59% 
had a history of psoriasis. Also, results of that study revealed that the risk was higher 
for patients with a longer psoriasis disease duration.

Coto-Segura et al. [88] published a recent report involving observational studies 
assessing the relationship between psoriasis or psoriatic arthritis and type 2 diabetes 
mellitus; their findings supported the association between psoriasis, psoriatic arthri-
tis and type 2 diabetes mellitus. Another study carried out by Armstrong et al. [94] 
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demonstrated an increased prevalence and incidence of diabetes among patients 
living with psoriasis and indicated that this association is stronger among those with 
severe psoriasis. In another study carried out by Cohen and his colleagues [95], 
results were in concordance with the previous reports as it showed that the 
age-adjusted proportion of diabetes was found to be significantly higher in psoriatic 
patients as compared to the control group, suggestive of an association between 
psoriasis and diabetes mellitus. This was supported by the findings of a forth study 
[96] which revealed that the prevalence of type 2 diabetes mellitus in mild and 
severe psoriasis and in controls in a case-control study of 1835 psoriatic patients 
was 37.4%, 41% and 16%, respectively (P < 0.00001).

�Therapeutic Implications

In addition to its role in inflammatory arthritis, TNF has also been reported to medi-
ate insulin resistance [97]. As a result of their higher TNF levels, diabetic patients 
living with chronic inflammatory conditions such as psoriasis may need higher 
insulin doses. When anti-TNF therapy is started, insulin sensitivity is thought to 
improve, and insulin requirements are lowered [98]. There have been multiple case 
reports of hypoglycaemia associated with etanercept, an anti-TNF treatment, in 
patients with psoriasis and type 2 diabetes mellitus [99, 100]. Treating dermatolo-
gists as well as rheumatologists should be aware that diabetic patients on both anti-
TNF and insulin therapy may experience hypoglycaemia.

Thiazolidinediones (e.g. pioglitazone and rosiglitazone) are antidiabetic drugs 
that improve insulin sensitivity and have anti-inflammatory effects [101, 102]. They 
activate peroxisome proliferator-activated receptor-gamma, which leads to inhibi-
tion of proliferation of psoriatic keratinocytes [103]. A meta-analysis of the efficacy 
of thiazolidinediones on psoriasis found a significant decrease in mean PASI scores 
of people on pioglitazone, whereas the improvement on rosiglitazone was not sig-
nificant [104].

�Metabolic Syndrome

�Background and Pathophysiology

Metabolic syndrome is a cluster of risk factors for cardiovascular disease, such as 
hypertension, central obesity, glucose intolerance and dyslipidemia. The National 
Cholesterol Education Program’s Adult Treatment Panel III (NCEP ATP III) pub-
lished the diagnostic criteria diagnosis of metabolic syndrome [105]. Diagnosis is 
made when a person has at least three of the following five conditions: (1) Fasting 
glucose of 100 mg/dL or greater (or receiving drug therapy for hyperglycaemia); 
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(2) Blood pressure of 130/85 mmHg or higher (or receiving drug therapy for hyper-
tension); (3) Triglycerides of 150 mg/dL or higher (or receiving drug therapy for 
hypertriglyceridemia); (4) HDL cholesterol (high-density lipoprotein cholesterol) 
less than 40 mg/dL in men or less than 50 mg/dL in women (or receiving drug ther-
apy for reduced HDL cholesterol); (5) Waist circumference of 102 cm (40 inches) or 
greater in men or 88 cm (35 inches) or greater in women (if Asian-American, 90 cm 
(35 inches) or greater in men or 80 cm (32 inches) or greater in women)

The metabolic syndrome is an important driver of adverse cardiovascular out-
comes. Metabolic syndrome confers double the risk for coronary artery disease and 
increases the risks of stroke, fatty liver disease and cancer [106, 107]. The preva-
lence of metabolic syndrome in the general population has been estimated to be 
between 15% and 24% [108]. Psoriatic patients have an increased prevalence of 
metabolic syndrome [109].

The underlying pathophysiology linking psoriasis and metabolic syndrome may 
involve overlapping inflammatory pathways and genetic predisposition. While the 
pathophysiology of all metabolic syndrome components has not been clarified fully, 
metabolic syndrome is considered to be a heterogeneous and a complex disorder, 
developed on the basis of insulin resistance which, in large part, is a consequence of 
the increased pro-inflammatory cytokine levels, such as TNF-alpha, which play a 
central role in psoriasis pathogenesis [64, 110].

Chronic inflammation and dysregulation of cytokines not only promote epider-
mal hyperplasia in psoriasis but may also antagonize insulin signaling, alter adipo-
kine expression and mediate insulin resistance and obesity [111].

�Science-Based Medicine

A meta-analysis of 12 observational studies found a pooled OR of 2.26 for meta-
bolic syndrome among a population of 41,853 patients living with psoriasis. The 
prevalence of metabolic syndrome ranged from 14% to 40%. A population-based, 
UK-based, cross-sectional study assessed the prevalence of metabolic syndrome in 
correlation with psoriatic disease severity. The OR for mild psoriatic patients was 
1.22 (95% CI, 1.11–1.35), whereas for severe psoriatic patients, it was 1.98 (95% 
CI, 1.62–2.43) [67]. A cross-sectional study of a random sample of the US popula-
tion found that 40% of psoriatic patients had metabolic syndrome, which was almost 
double the control prevalence of 23% [109].

�Therapeutic Implications

Psoriatic patients should be screened and regularly monitored for obesity, hyperten-
sion, dyslipidemia and diabetes. Patients with suspected metabolic syndrome should 
be referred to a specialist for management. Advice regarding lifestyle and medical 
management are important to avoid any negative cardiovascular consequences.
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�Cardiovascular

�Background and Pathophysiology

Along with other chronic inflammatory systemic diseases, psoriasis, rheumatoid 
arthritis and systemic lupus erythematosus have been linked to increased cardiovas-
cular disease risk. This has been attributed to the shared inflammatory and patho-
genic pathways.

�T-Cell Activation

Psoriasis and atherosclerosis share a common pattern of Th1 and Th17 cytokine upreg-
ulation, T-cell activation and local as well as systemic expression of adhesion mole-
cules and endothelins [112, 113]. Activated T-cells in the vicinity of inflammation 
areas produce type 1 cytokines such as interferon (IFN)-alpha, interleukin (IL)-2 and 
tumour necrosis factor (TNF)-alpha. IFN-alpha inhibits apoptosis, thus contributing to 
the hyperproliferation of keratinocytes. IL-2 stimulates T-cell proliferation [113, 114].

�Tumour Necrosis Factor

TNF-alpha became under focus as an inflammatory cytokine involved in both psoria-
sis and atherosclerosis pathogenesis. In psoriasis, TNF-alpha activates and increases 
keratinocyte proliferation. TNF-alpha has also been found to induce neutrophil che-
motaxis, macrophage cytokine and chemokine production and superoxide produc-
tion, which can result in endothelial inflammation and dysfunction [115, 116].

�C-Reactive Protein (CRP)

CRP is a marker of systemic inflammation that has been associated with atheroscle-
rosis and cardiovascular disease. Elevated CRP is a result of excess formation of 
pro-inflammatory cytokines IL-6, IL-1 and TNF-alpha [117].

CRP was also reported to be elevated in association with cardiovascular risk fac-
tors such as smoking, obesity and diabetes [118]. Several studies have shown that 
CRP can be used as a predictor of the adverse cardiovascular event risk in both healthy 
individuals and those with a previous history of myocardial infarction. Psoriatic 
patients have been shown to have higher baseline CRP levels than healthy controls in 
two studies (P < 0.004 and P < 0.001) [119, 120]. In another work, CRP levels were 
found to correlate significantly with the disease severity. Patients with mild and severe 
psoriasis had higher levels of CRP in comparison to controls (mean ± standard devia-
tion: 0.31 ± 0.02 mg/dL versus 0.90 ± 0.27 mg/dL; P < 0.001). In concordance, 
patients with severe psoriasis had higher CRP levels than those with mild psoriasis 
(mean ± standard deviation: 1.16 ± 0.07 versus 0.63 ± 0.03 mg/dL) [121].
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�Vascular Endothelial Growth Factor (VEGF)

Another possible mechanism of psoriasis-associated atherosclerosis is the VEGF 
produced by keratinocytes, which is increased in psoriasis. VEGF is a mitogen for 
endothelial cells and has been linked to intimal hyperplasia. VEGF is also positively 
associated with the severity of psoriasis [122–124].

As rapid skin turnover and increased keratinocyte activity occur in psoriasis, 
folate is consumed excessively in order to methylate DNA, a requirement for the 
rapidly dividing cells [125]. Patients with psoriasis were reported to have lower 
folate levels and, subsequently, higher homocysteine levels than normal controls 
[126]. Hyperhomocysteinaemia is an independent risk factor for cardiovascular, 
peripheral vascular as well as cerebrovascular diseases [127, 128]. High homocys-
teine levels are able to damage endothelial cells, promote clot formation, decrease 
the flexibility of the blood vessels and consequently increase aortic stiffness. 
Elevated homocysteine may be another pathway of how psoriasis can be linked to 
the increased risk of cardiovascular disease [125]; however, the data on whether 
higher homocysteine levels correspond to the severity of psoriasis are conflicting 
[126, 129, 130].

�Science-Based Medicine

The risk of developing cardiovascular disease in patients living with psoriasis has 
been studied in several publications. In the work carried out by Kimball and co-
workers [131], the 10-year risk of coronary heart disease and stroke was assessed in 
1591 psoriatic patients and was found to be significantly higher in patients with 
psoriasis when compared to the general population. The risk was estimated at 28% 
greater for coronary heart disease and 11.8% greater for stroke. In another study, 
Gelfand et al. [132] examined the incidence of myocardial infraction among patients 
with and without psoriasis. They monitored 130,976 psoriatic patients in compari-
son to 556,995 healthy subjects as a control group. Follow-up period lasted for a 
mean of 5.4 years. The authors showed that psoriatic patients had a higher incidence 
of myocardial infarction compared to control patients and that patients identified to 
have severe psoriasis had the highest rate.

In a Danish study [133] which included 36,765 mild psoriatic patients, 2793 
severe psoriatic patients and 4,478,926 other individuals, atrial fibrillation and isch-
emic stroke incidence rates were increased in the psoriasis population. Atrial fibril-
lation rates were found to be 3.03 per 1000 observational years for normal controls, 
4.67 for mild psoriatic patients and 5.96 for severe psoriatic patients (P < 0.05). 
Ischemic stroke incidence rates were 3.06, 4.54 and 6.82 per 1000 observational 
years for reference patients, mild psoriatic patients and severe psoriatic patients, 
respectively (P < 0.05).
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Increased intima-media thickness (IMT) and carotid plaque are considered to be 
intermediate risk factors for subclinical atherosclerosis and a predictor of stroke and 
myocardial infraction [134]. One recent study found a significant association 
between psoriasis and increased common carotid artery IMT (beta 0.016; CI, 
0.004–0.028; P < 0.008) after controlling for cardiovascular risk factors. However, 
carotid plaque’s association with psoriasis was not significant (OR 1.12; 95% CI, 
0.85–1.47) [135]. Three other case-control studies detected a similar increase in 
IMT and no significant atherosclerotic plaque difference when psoriatic patients 
were compared to controls [136–140].

Increased arterial stiffness has also been linked to psoriasis. One study [139] 
found a significantly higher pulse wave velocity (a marker for arterial stiffness) in 
psoriatic patients versus normal controls (8.78 ± 1.98 versus 7.78 ± 2.0 m/s; P < 
0.03) after controlling for cardiovascular risk factors. Another study by Balta et al. 
[113] reported a pulse wave velocity of 7.63 versus 6.96 (P < 0.01) for psoriasis 
versus control patients. The authors also reported increased levels of CRP in psori-
atic patients versus controls (2.54 ± 2.6 versus 1.22 ± 0.94; P < 0.01). CRP levels 
were found to be independently predictive of increased arterial stiffness.

Coronary artery calcification was also reported prevalent in psoriatic patients. In 
a study by Ludwig et al. [141], there was an increased prevalence (59.4% versus 
28.1%, P < 0.015) of coronary artery calcification in 32 psoriatic patients compared 
to controls. Other studies [142, 143] have found that coronary artery calcification 
scores predict atherosclerotic cardiovascular disease events independently of stan-
dard risk factors and CRP levels. A study by Osto et al. [144] found that, in young 
patients with severe psoriasis and no heart disease, coronary flow rate was reduced, 
suggesting early coronary microvascular dysfunction. The risk of coronary micro-
vascular dysfunction correlated with Psoriasis Area Severity Index (PASI) scores 
independently of other cardiovascular risk factors.

�Therapeutic Implications

Because cardiovascular disease represents an important comorbidity in psoriasis, 
screening patients for cardiovascular risk factors, reviewing the current medica-
tions, monitoring the risk factors and offering counseling to patients regarding 
healthy lifestyle habits (diet, exercise and smoking cessation) are important to pre-
vent any serious negative consequences.

In managing skin psoriasis, and its associated musculoskeletal manifestations, 
disease activity is vital to minimize the cardiovascular risk. Methotrexate is the 
most common medication used for the treatment of psoriasis. Controlling for the 
disease activity and inflammatory process was found to decrease the risk of 
cardiovascular disease in chronic inflammatory diseases [145]. However, long-term 
methotrexate use was also found to cause hyperhomocysteinaemia, which is an 
independent risk factor for vascular disease [146]. In a retrospective study of US 
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veterans with psoriasis and rheumatoid arthritis, methotrexate was found to signifi-
cantly reduce the risk of vascular disease (psoriasis, RR 0.73; 95% CI, 0.55–0.98). 
When folic acid was taken concurrently with methotrexate to lower homocysteine 
levels, the incidence of vascular disease in psoriatic patients decreased even further 
(psoriasis, RR 0.56; 95% CI, 0.39–0.80). In a meta-analysis of 10 studies, metho-
trexate was associated with a 21% lower risk of total cardiovascular disease (n = 10 
studies; 95% CI, 0.73–0.87; P < 0.001) and an 18% lower risk of myocardial infarc-
tion (n = 5; 95% CI, 0.71–0.96; P < 0.01) [145].

In contrast with disease-modifying drug therapy agents (DMARDs), biologic 
therapy agents showed even better impact on cardiovascular risk in patients with 
chronic inflammatory conditions. TNF inhibitors have been associated with a 
reduced incidence of myocardial infraction to a greater degree than methotrexate 
[147]. A retrospective cohort study of 8845 psoriatic patients found that treatment 
with TNF inhibitors resulted in a 55% reduction in myocardial infraction incidence 
when compared to the topical therapy group (P < 0.001) [148]. A literature review 
of TNF inhibitors in the treatment of psoriasis concluded that TNF inhibitors have 
beneficial effects on cardiovascular biomarkers (CRP and erythrocyte sedimenta-
tion rate [ESR]) and may prevent myocardial infarction. A combination of metho-
trexate and TNF inhibitors is thought to provide the largest cardioprotective effect. 
In a study by Piaserico et al. [149], biologics were found to be more effective than 
traditional treatments (methotrexate, acitretin, cyclosporine and psoralen ultraviolet 
A [PUVA]) in the elderly population.

�Hypertension

�Background and Pathophysiology

Although psoriasis and hypertension share common risk factors, such as smoking 
and obesity, psoriasis has been found to be independently associated with hyperten-
sion. The exact mechanistic link underlying the relationship between psoriasis and 
hypertension is unknown, but there are a number of hypotheses regarding this 
association.

�Renin-Angiotensin System

Alterations to the renin-angiotensin system in psoriasis may contribute to poor 
blood pressure control. Earlier studies revealed that psoriatic patients tend to have 
elevated plasma renin activity and elevated angiotensin-converting enzyme (ACE) 
activity [150–152]. High ACE levels may play a role in altering cytokine regulation 
of the vascular system. Certain ACE gene polymorphisms have also been associated 
with increased susceptibility to psoriasis, but these results are controversial [153].
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�Endothelin

Endothelin-1, which is a potent vasoconstrictor, was also found to be elevated in the 
serum and psoriatic skin lesions [154]. Increased oxidative stress in psoriatic 
patients is also hypothesized as a contributing factor causing impairment of the 
vasodilatory mechanism of the endothelium [155, 156].

Although doing less physical activity was suggested by some investigators as a 
contributing factor to increased cardiovascular risk in psoriatic patients, psoriasis 
was found to be independently associated with hypertension even after controlling 
for physical activity level [81, 89, 90]

�Science-Based Medicine

In a meta-analysis of 24 observational studies, the pooled ORs for hypertension 
among patients with mild and severe psoriasis were 1.30 (95% CI, 1.15–1.47) and 
1.49 (95% CI, 1.20–1.86), respectively [81]. In a case-control study of 12,502 pso-
riatic patients, the prevalence of hypertension was significantly higher in psoriatic 
patients than in controls (38.8% and 29.1%, respectively, P < 0.001) [157]. In a 
multivariate analysis, hypertension was associated with psoriasis after controlling 
for other risk factors (OR 1.37; 95% CI, 1.29–1.46). Other studies have reported 
hypertension prevalence of 40.3%, 32% and 11.55% in severe psoriasis, mild to 
moderate psoriasis and controls, respectively (P < 0.00001) [92]. A cross-sectional 
UK study reported an OR of 1.03 (95% CI, 1.01–1.06) for hypertension in patients 
with mild psoriasis [6].

�Therapeutic Implications

Given the advanced technology and the fact that every patient can have a blood pres-
sure machine at home, patients living with psoriasis should be encouraged to moni-
tor their blood pressure. The importance of healthy lifestyle habits should also be 
highlighted by the treating physician whether dermatologist or rheumatologist. 
Patients who have been diagnosed to have hypertension, and started medical man-
agement, should follow up with their primary care provider and adhere to 
treatment.

Hypertension is a commonly reported side effect of the anti-psoriasis drug cyclo-
sporine. Cyclosporine has been found to significantly increase blood pressure in a 
dose-dependent fashion. A meta-analysis [158] of 17 trials found that lower doses 
(1–4 mg/kg/day) increased mean blood pressure by an average of 5 mmHg, and 
higher doses (10 mg/kg/day) increased mean blood pressure by an average of 11 
mmHg. Therefore, care must be taken to monitor patient blood pressure while using 
cyclosporine to control their psoriatic skin lesions.
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Beta-blockers have been reported to exacerbate psoriasis [159]. Beta-blockers 
reduce intracellular concentrations of calcium, which may lead to an accelerated 
proliferation of keratinocytes and polymorphonuclear leukocytes [160]. However, a 
case-control study in the UK did not find a significant association between antihy-
pertensive medications and psoriasis [90].

�Dyslipidemia

�Background and Pathophysiology

Dyslipidemia is a broad term incorporating abnormalities of plasma lipid levels or 
composition. Dyslipidemia is a well-known and established cardiovascular risk fac-
tor for stroke, coronary artery disease, myocardial infarction as well as cardiovascu-
lar mortality [161–164]. Classically, it presents as increased low-density lipoprotein 
(LDL), very low-density lipoprotein (VLDL) and triglyceride levels and decreased 
high-density lipoprotein (HDL) levels.

Several mechanisms were suggested regarding the possible link between dyslip-
idemia and psoriasis. The activation of Th1 cells, autoantibodies recognizing oxi-
dized LDL and psoriasis medications such as oral retinoids and cyclosporine was 
named as purported mechanisms [165]. Specifically, the cytokines IL-1, IL-6 and 
TNF-alpha that mediate psoriasis may alter the function of hepatocytes and arterial 
smooth muscle cells, resulting in altered lipoprotein compositions, enhanced 
expression of cellular adhesion molecules and increased lipid deposition on arterial 
walls. These processes ultimately lead to the development of arterial plaques. 
Cytokines increase the expression of matrix metalloproteinases, causing degrada-
tion of the plaque’s fibrous cap, which, eventually, may cause rupture of the plaque 
leading to the formation of life-threatening embolia [166].

Furthermore, IL-1, IL-6 and TNF-alpha are also involved in the inhibition of 
lipoprotein lipase activity, which results in decreased triglyceride clearance and 
increased plasma triglyceride levels [167–169]. Some studies suggest that these 
cytokines may elevate lipid levels by augmenting lipolysis and stimulating hepatic 
de novo fatty acid synthesis [170, 171].

Psoriasis is associated with an increased production of reactive oxygen species 
that overwhelm the body’s antioxidant capacity [172]. Levels of lipid peroxidation 
products can indirectly measure the production of reactive oxygen species. Lipid 
peroxidation markers such as malondialdehyde, oxidized LDL (ox-LDL), thiobar-
bituric acid and anti-ox-LDL autoantibody were found to be elevated in patients 
with severe psoriasis compared to those with mild psoriasis [173]. Ox-LDL, which 
is found in the upper epidermis of psoriatic skin, is also an initiator of inflammation 
and influences the adhesion and oxidant status of endothelial cells. This mechanism 
is thought to implicate ox-LDL in early atherogenesis [174].

A. Chapman and Y. El Miedany



101

�Science-Based Medicine

A systematic review of 25 cross-sectional and case-control studies found that psoriasis 
was associated with greater odds of dyslipidemia [175]. Twenty of the twenty-five stud-
ies reported a positive association between psoriasis and dyslipidemia, with ORs rang-
ing from 1.04 to 5.55. The three studies that accounted for psoriasis severity found that 
greater psoriasis severity was associated with a higher prevalence of dyslipidemia, with 
the ORs for mild and severe psoriasis ranging from 1.10–3.38 to 1.36–5.55, respec-
tively. Multiple measures of dyslipidemia were affected, with studies showing increased 
triglycerides, LDL, total cholesterol and lipoprotein levels, as well as lowered HDL.

�Therapeutic Implications

Treatment with the anti-TNF drugs etanercept, infliximab and adalimumab has been 
shown to reduce the levels of inflammatory markers (CRP) and lipid peroxidation 
products while increasing serum antioxidant capacity [176]. These effects are asso-
ciated with an increase in the level of paraoxonase 1 (PON1), an antioxidant enzyme 
and anti-inflammatory enzyme associated with HDL.  HDL levels also increased 
after treatment.

Anti-TNF drugs have also been reported to induce structural changes in the HDL 
protein composition [177]. During inflammation, the HDL protein composition 
changes so that it is unable to protect LDL from oxidation. Anti-TNF drugs were 
found to restore HDL’s protein composition back to an atheroprotective state in 
patients with rheumatoid arthritis. However, other studies have found no favourable 
change in lipid profiles of psoriatic patients with TNF inhibitors [178–182].

Drugs that have an unfavourable effect on lipid profile include retinoids and 
cyclosporine. Retinoids increase triglyceride levels as well as total, LDL and VLDL 
cholesterol and decrease HDL levels [183–188]. Cyclosporine has also been linked 
to hypertriglyceridemia, although the mechanism of this association is unclear. 
Eighty percent of plasma cyclosporine is bound to VLDL, and cyclosporine is 
hypothesized to either increase hepatic output of VLDL or interfere with the clear-
ance of VLDL [189].

Statins, which lower LDL and maintain plaque stability, also modulate the 
inflammatory response and are thus of interest in psoriasis. Statins lower CRP and 
TNF-alpha levels while downregulating adhesion molecules on leukocytes and 
endothelial cells and inhibiting major histocompatibility complex II expression and 
chemokine receptors on Th1 cells [190]. Statins can differ by ninefold in their abil-
ity to block nuclear factor kappa B, a transcription factor needed for pro-inflammatory 
cytokine production [191]. This may explain why there have been conflicting reports 
on whether statins help or hurt in psoriasis [192, 193]. One small pilot study evalu-
ated the efficacy of simvastatin in treating plaque psoriasis and found a significant 
reduction in PASI scores of 47.34% [194]. Fibrates, another class of lipid-lowering 
drugs, may exacerbate psoriasis [195, 196].
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�Non-alcoholic Fatty Liver Disease (NAFLD)

�Background and Pathophysiology

NAFLD is defined as an excessive accumulation of triglycerides in hepatocytes of 
patients without a history of excessive alcohol consumption [197]. NAFLD is clas-
sified according to severity: simple NAFLD only consists of fatty infiltration; NASH 
(non-alcoholic steatohepatitis) is characterized by fatty infiltration and lobular 
inflammation; NAFLD with fibrosis or cirrhosis is the most severe stage and can 
progress to hepatocellular carcinoma. NAFLD is considered the hepatic expression 
of metabolic syndrome and is also associated with type 2 diabetes mellitus and dys-
lipidemia [198, 199]. The pathophysiology behind the association of NAFLD with 
psoriasis is thought to be related to chronic inflammation – pro-inflammatory adipo-
kines and skin-derived cytokines (TNF-alpha, IL-17/IL-23)  – which induces the 
development of insulin resistance, which in turn promotes hepatic lipid accumula-
tion [65, 148].

�Science-Based Medicine

The relationship between non-alcoholic fatty liver disease (NAFLD) and psoriasis 
severity has been established. NAFLD is found to be highly prevalent among psori-
atic patients, where it is closely associated with obesity and metabolic syndrome 
[200–204]. Gisondi et al. [202] have demonstrated a significant association between 
psoriasis and NAFLD with higher frequency of NAFLD in 130 patients with plaque 
psoriasis compared to a control group (47% versus 28%). This association was pres-
ent after controlling for BMI, suggesting that NAFLD is linked to psoriasis indepen-
dently of obesity. Patients with psoriasis and NAFLD also had higher serum 
C-reactive protein concentrations and greater severity of psoriasis and revealed a 
higher frequency of metabolic syndrome than those with psoriasis alone. Miele and 
co-workers [200] prospectively examined the prevalence and characteristics of 
NAFLD in 142 patients with psoriasis and found NAFLD in 59.2% of the patients. 
The study revealed that NAFLD in psoriatic patients was significantly correlated 
with metabolic syndrome.

�Therapeutic Implications

NAFLD should be suspected in psoriatic patients with an associated comorbidity 
such as metabolic syndrome, obesity, diabetes, dyslipidemia or hypertension. Liver 
enzyme tests should be ordered if risk factors for NAFLD are present, and the 
patient should be referred to the appropriate specialist.
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Methotrexate is known to be hepatotoxic and has been linked to the development 
of fatty liver disease, fibrosis and cirrhosis. Patients on methotrexate may develop 
elevations of serum aspartate aminotransferase and alanine aminotransferase; how-
ever, these are usually mild and self-limiting and disappear with dose modification 
of methotrexate [205, 206]. Methotrexate depletes hepatic folate stores. Although a 
relationship between hepatic toxicity and folate depletion has not been established, 
oral folic acid supplements were found to reduce serum transaminase levels in 
patients on low-dose, long-term methotrexate therapy [206, 207].

In the past, the American Academy of Dermatology and National Psoriasis 
Foundation recommended that all patients with psoriasis undergo liver biopsies 
after every 1–1.5 g of cumulative methotrexate [208]. In 2009, these recommenda-
tions were updated. However, though histological evaluation of a liver biopsy speci-
men is currently the gold standard for diagnosing, staging and monitoring liver 
fibrosis due to any cause, the procedure of liver biopsy carries significant morbidity 
and mortality and is disliked by patients. The need for liver biopsy is commonly 
cited as a reason for dissatisfaction with treatment by patients or for discontinuing 
therapy when biopsy is felt to be necessary [209]. In addition, other limitations 
include the following: the biopsy technique is subject to sample errors, the samples 
collected are very small, pathological change may not be evenly distributed and, 
lastly, the interpretation may vary among histologists depending on level of experi-
ence, size of biopsy and use of staging/scoring system.

Given the limitations of liver biopsy, significant effort has been invested in iden-
tifying clinically useful and noninvasive markers of liver fibrosis that allow identifi-
cation and quantification of liver fibrosis [210]. Fibroelastography (achieved using 
the FibroScan) gives a measure of liver elasticity (and therefore fibrosis) by measur-
ing reflected ultrasound echoes before and during compression of the liver. The 
degree of displacement is related to the tissue elasticity stiffness. This method has 
been used to evaluate and track fibrosis in chronic liver disease [211] and, as indi-
cated in recent systematic review and economic analysis by the NHS Centre for 
Evidence-based Purchasing, may have clinical utility for the detection and monitor-
ing of fibrosis due to other causes.

Serum biomarkers of liver fibrosis focus on indirect markers of liver function or 
direct markers of extracellular matrix components or the enzymes involved in their 
turnover. Indirect markers of liver function include aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), c-glutamyl transpeptidase (c-GT), hyal-
uronic acid, apolipoprotein A1, bilirubin, alpha-2-macroglobulin, haptoglobin, cho-
lesterol, homeostasis model assessment of insulin resistance, platelets and 
prothrombin time [212]. Direct markers of liver function include collagen IV, col-
lagen VI, tissue inhibitor of metalloproteases-1 (TIMP-1), laminin, human cartilage 
glycoprotein-39 (YKL-40), tenascin, undulin, matrix metalloproteinase-2 (MMP-2) 
and procollagen III propeptide (P3NP) [213]. Some of these biomarkers have been 
combined to improve clinical utility (e.g. the European Enhanced Liver Fibrosis 
(ELF) panel which combines hyaluronic acid, TIMP-1 and P3NP measurements).

For the last 5–10 years, serial measurement of procollagen III (P3NP) has 
become a standard practice for monitoring liver fibrosis in patients on methotrexate, 
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with elevated levels indicating the need for treatment cessation and/or consideration 
of liver biopsy. Continually raised P3NP concentrations were found to be associated 
with fibrosis in 78–100% of cases but were seen in 15–18% of subjects with a nor-
mal liver on biopsy. Current guidelines on the use of methotrexate in psoriasis sug-
gest P3NP measurements be carried out annually and trimonthly after a raised 
value. P3NP is a sensitive indicator of hepatic fibrosis but may be raised in other 
conditions, particularly active connective tissue disease [214].

A liver biopsy should be considered if (1) there are three P3NP levels above 4.2 
ug/L or (2) two levels above 8.0 ug/L over a 12-month period. A liver biopsy should 
also be considered if the pretreatment level is above 8.0 ug/L, whereas withdrawing 
methotrexate should be considered if three samples are >10.0 μg/L in a 12-month 
period [215].

�Malignancy

�Background and Pathophysiology

The chronic, inflammatory state induced by psoriasis has been purported to initiate 
the development of certain neoplastic diseases. As psoriasis is an immune-mediated 
disease, its pathophysiology has been linked to an increased risk of lymphoma 
[216]. This association has been reported in other Th1-mediated diseases, such as 
rheumatoid arthritis [217, 218]. Patients with more severe psoriasis may also be 
receiving treatment with PUVA therapy, which has been associated with malignan-
cies [219]. A higher prevalence of alcohol or cigarette abuse, risk factors for cancer, 
has also been reported in psoriatic patients [220, 221].

�Science-Based Medicine

The relationship between psoriasis and increased cancer risk is still debated. A large 
population-based study found an association between duration and severity of pso-
riasis and specific cancers. Patients with a long duration of psoriasis were at an 
increased risk of colorectal, bladder, kidney, pancreatic and lymphohematopoietic 
cancers. Patients with more severe psoriasis who were receiving oral therapy were 
also at an increased risk of developing cancer (OR 10.17; 95% CI, 3.24–31.94). An 
analysis of patients without oral treatment (azathioprine, cyclosporine, methotrex-
ate, acitretin, hydroxyurea, mycophenolate mofetil or UV/PUVA therapy) yielded 
adjusted ORs of 1.59 (95% CI, 1.01–2.50) for patients with psoriasis of under 
2-year duration and 2.12 (95% CI, 1.45–3.10) for those with psoriasis of greater 
than 2-year duration for lymphohematopoietic cancers [219].

A recently reported meta-analysis of epidemiological studies [222], including 
1080 articles, indicated that there may be an increased risk of some solid cancers, 
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such as lung cancer, in psoriatic patients, particularly smokers and alcohol users; 
however, the large heterogeneity between these studies regarding study population 
and follow-up constituted the limitation of that report. A cohort study of 7061 
Taiwanese psoriatic patients found that psoriatic patients were more likely to 
develop non-melanoma skin cancer and lymphoma. Patients who had never received 
systemic therapy were also more likely to develop non-melanoma skin cancer and 
lymphoma, suggesting that psoriasis could be an independent risk factor for these 
malignancies [223].

�Therapeutic Implications

Systemic treatments such as PUVA and cyclosporine have been linked to increased 
risk of cancer. The PUVA follow-up study [224], which tracked 1380 psoriatic 
patients for 30 years, found a dose-dependent increase in the risk of squamous cell 
carcinoma (SCC) and a moderate increase in the risk of basal cell carcinoma after 
PUVA therapy. More than one-half of patients who received 350 or more PUVA 
treatments developed squamous cell carcinoma, and a significant risk was noted 
after 150 treatments. The risk of malignant melanoma also increased about 15 years 
after initiation of PUVA treatment, especially among patients who underwent more 
than 250 treatments [225]. Therefore, physicians should weigh the benefits and 
risks for each patient, taking into account their baseline risk for skin cancer and the 
number of PUVA treatments needed [224]. The PUVA follow-up study also found 
an increased incidence of lymphoma in patients who were taking high doses of 
methotrexate in addition to receiving PUVA therapy (incidence rate ratio 4.39; 95% 
CI, 1.59–12.06). Patients who were on PUVA therapy only had rates of lymphoma 
comparable to those of the general population (incidence rate ratio 0.85; 95% CI, 
0.37–1.67) [226].

A cohort study of 1252 severe psoriatic patients [227] found that low-dose cyclo-
sporine (2.7–3.1 mg/kg/day) was associated with a sixfold increase in the risk of 
squamous cell carcinoma within a 5-year follow-up. Patients at greatest risk were 
those who were treated with cyclosporine for more than 2 years or previously 
exposed to PUVA, immunosuppressants or methotrexate. Cyclosporine should not 
be used together with phototherapy, before or after PUVA or in patients with a his-
tory of squamous cell carcinoma or melanoma [228].

Some meta-analyses and observational studies have found that TNF-alpha inhib-
itors are associated with an increased risk of malignancy in rheumatoid arthritis 
patients, although the evidence is conflicting [229–231]. In concordance with rheu-
matoid arthritis patients who are usually on concomitant systemic immunosuppres-
sants, this could be also the case in psoriatic patients who are usually treated with 
combination therapy. However, it is unclear if safety data from rheumatoid arthritis 
studies can be generalized to psoriasis. One meta-analysis of data from 20 random-
ized clinical trials of adult patients with plaque psoriasis and psoriatic arthritis 
treated with anti-TNF-alpha agents did not find a statistically significant increase in 
the risk of malignancies [232].
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�Anxiety and Depression

�Background and Pathophysiology

Psoriasis is a physically, socially and psychologically disabling disease that nega-
tively impacts quality of life [233–238]. Psoriasis impairs ability to carry out activi-
ties of daily living which require the use of hands, walking, sitting and standing for 
long periods of time. Its negative impact extends also to include work performance, 
sexual activities and sleep [233, 234]. The visibility of psoriatic lesions can often 
result in feelings of embarrassment, social withdrawal and lack of self-esteem. 
Psoriatic patients reported significantly higher degrees of depression and more body 
cathexis problems. In addition, the risk for developing psoriasis increased signifi-
cantly in patients with moderate and severe depression [234, 236].

Increased levels of pro-inflammatory cytokines such as IL-1, TNF-alpha and 
IFN-gamma that are seen in psoriasis are purported to act as neuromodulators and 
may mediate depressive disorders [239].

Administration of pro-inflammatory cytokines in cancer and hepatitis C thera-
pies, and other chronic inflammatory diseases such as rheumatoid arthritis, has been 
associated with depression. Researchers have generally found higher levels of 
depression in patients with a greater percentage of their skin affected by psoriasis 
[240]. Higher rates of suicidal ideation that correlate with higher self-ratings of 
disease severity have also been reported [241].

�Science-Based Medicine

Depression and anxiety are important psychological comorbidities of psoriasis. 
Krueger and co-workers [242] assessed patients’ perspectives on the impact of pso-
riasis using a self-administered questionnaire to be completed by the patients living 
with psoriasis. Seventy-nine percent of the patients reported that psoriasis had a 
negative impact on their lives, and 40% felt frustrated with the ineffectiveness of 
their current therapies.

Using the Psoriasis Life Stress Inventory, Gupta and Gupta [243] surveyed 217 
patients with a range of psoriasis severity. The most commonly reported stressor 
was due to disfigurement. Over one-half of patients reported feeling self-conscious 
around strangers. In another study by Gupta et al. [244], 26% of patients noted that 
they had experienced an episode in which people “made a conscious effort not to 
touch them” in the previous month. Another study [245] found that 83% of patients 
with moderate to severe psoriasis felt they “often” or “always” needed to hide their 
psoriasis. Seventy-four percent reported that their self-confidence was “often” or 
“always” affected by their psoriasis, and 83% would “often” or “always” avoid 
social activities such as swimming.
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Analysis of the Psoriasis Life Stress Inventory revealed that psoriatic patients 
experienced stress from anticipating the reaction and avoidance of others and stress 
from fear of being evaluated exclusively on the basis of their skin. Psoriatic patients 
also had significantly higher levels of experiences of stigmatization compared to 
other dermatology patients [245].

�Therapeutic Implications

Physicians should screen their patients for anxiety and depression and explore 
patients’ perceptions of their disease. Various psychosocial interventions have been 
demonstrated to help patients. In a large study, pharmacotherapy plus a 6-week 
program of cognitive behavioural therapy led to significantly greater decreases in 
psoriasis severity, self-reported disability and psychological distress than pharma-
cotherapy only [239]. These improvements were maintained for more than 6 months 
after the completion of cognitive behavioural therapy. Effective treatment for pso-
riasis should involve a multidimensional approach that integrates psychosocial 
well-being and patients’ perceptions of their disease [246].

�Osteoporosis

�Background and Pathophysiology

Several mechanisms may be implicated as a possible cause for the association between 
psoriasis and osteoporosis, such as systemic inflammation, anti-psoriatic drug intake 
and joint dysfunction (attributed to PsA). It is suggested that chronic inflammation 
associated with psoriasis and psoriatic arthritis affects bone metabolism and may lead 
to an imbalance between bone resorption and bone formation. Earlier studies [247, 
248] revealed that, similar to rheumatoid arthritis, inflammatory cytokines and pro-
inflammatory proteins are able to induce bone mineral loss. Both TNF-alpha and IL-6 
act by stimulating bone reabsorption. Elevated levels of these cytokines are found in 
menopausal women and in children with idiopathic osteoporosis.

�Science-Based Medicine

Millard et  al. [248] observed no statistically significant difference between the 
Z-score of lumbar vertebrae of individuals with and without psoriasis. However, 
among psoriatic patients, those with arthropathy showed lower bone density. 
Hofbauer et al. [249] reported that one-third of PsA patients had low bone density, 
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and osteoporosis was about six times more frequent in men. These findings are in 
concordance to another subsequent study [250], which identified increased preva-
lence of osteoporosis in both genders. This, however, was statistically significant 
only for men. Bone mass loss in PsA still seems to be related to the duration of the 
disease, its severity (measured by PASI) and the number of joints affected. In a 
study which included post-/menopausal women, Pedreira et al. [251] observed simi-
larity in bone density among healthy controls, individuals with psoriasis and indi-
viduals with PsA. However, osteoporotic fractures were more common in patients 
with psoriasis and PsA. It is clear, therefore, that the data in the literature are con-
troversial; this might explain why some authors still advocate that there is no asso-
ciation between psoriasis and osteoporosis [252]. In a recently published review, 
Ogdie and colleagues [253] cited studies showing that the prevalence of osteoporo-
sis in patients with psoriatic arthritis was higher than previously thought and com-
parable to that in patients with rheumatoid arthritis and ankylosing spondylitis. The 
authors urged a “high index of suspicion” for osteoporosis in patients with psoriatic 
arthritis “as complications of undertreated osteoporosis can be devastating”. 
Therefore, it is advised that psoriatic disease patients, especially those with a long 
history of the disease, should get screened for bone loss.

�Uveitis

Although psoriasis is associated with intraocular inflammatory disease, especially 
uveitis, only few studies have assessed the ophthalmic pathologies that accompany 
vulgar psoriasis. Its prevalence has been estimated around 2% in patients with cuta-
neous psoriasis. Most of the published research emphasized its higher prevalence in 
males and patients with late disease onset [254].

Uveitis has been reported in association with pustular psoriasis, PsA (especially 
axial PsA) and HLA-B27. Uveitis associated with psoriasis is generally insidious 
and, if left untreated, often leads to complications such as hypopyon, posterior syn-
echiae and retinal vasculitis. Thus, although this ophthalmologic manifestation is 
not as frequent as others, it represents a significant problem due to its potential 
complications [254]. It is recommended, therefore, that physicians pay attention to 
ocular symptoms and perform routine eye examination for these patients [255]. 
Urgent ophthalmologic consultation and treatment are highly recommended once 
the patient is diagnosed of inflammatory eye problems.

�Chronic Obstructive Pulmonary Disease (COPD)

Dreiher et al. [256] compared 12,502 psoriatic patients with 24,287 healthy con-
trols, in terms of the presence of COPD, and demonstrated a higher prevalence of 
COPD in patients with psoriasis. A multivariate logistic regression model demon-
strated that psoriasis was significantly associated with COPD, after controlling for 
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confounders including age, sex, socioeconomic status, smoking and obesity. In con-
cordance, another recently performed study from Taiwan [257] reported similar 
results showing that psoriatic patients were at a greater risk of developing COPD 
with significantly lower COPD-free survival rates than the comparison cohort.

�Obstructive Sleep Apnoea Syndrome (OSAS)

Keeping in mind that psoriasis is associated with obesity and CVD, it is likely that 
psoriasis can be related to obstructive sleep apnoea syndrome (OSAS). Recent stud-
ies have reported that the frequency of OSAS was found to be higher in psoriatic 
patients in contrast to the normal population. Karaca et al. [258] demonstrated OSAS 
in 54.5% of patients living with psoriasis. They also reported higher Psoriasis Area 
Severity Index (PASI) in the OSAS group than in the non-OSAS group. Papadavid 
et al. [259] explored the association between OSAS and psoriasis in their study and 
found that psoriatic patients with OSAS presented more frequently with snoring and 
had lower sleep quality compared with those without OSAS. They also reported that 
OSAS was associated with increased BMI and hypertension in psoriatic patients.

�Erectile Dysfunction

Current evidence suggests that there is a higher prevalence of sexual dysfunction in 
individuals with psoriasis and, as expected, those with genital lesions suffer an even 
greater negative impact. Psoriasis has a deleterious impact on the overall quality of 
life and, in particular, on the sexual life of individuals, although there is no consen-
sus whether it constitutes an independent risk factor for erectile dysfunction [260]. 
Its association is probably due to incipient pelvic atherosclerosis, and it is, thus, an 
early predictor of cardiovascular disease that is notably frequent in patients with 
psoriasis [261]. Depression does not seem to have an additional negative impact on 
the sexual dysfunction of men living with psoriasis. Decreased libido and erectile 
dysfunction have been reported during the use of methotrexate. Retinoids have been 
also linked to sexual dysfunctions both in humans and in animals. At present, it is 
recommended that the cardiovascular risk of patients with documented erectile dys-
function should be evaluated more carefully [262].

�Parkinson’s Disease

Recently, it was observed that patients with psoriasis are more likely to develop 
Parkinson’s disease. However, the influence of psoriasis severity, lifestyle habits 
and individual factors on the risk of developing the disease has not yet been estab-
lished [263].
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�Comorbidities Related to Lifestyle and Treatments

Patients with psoriasis have a higher frequency of smoking and drinking habits, 
which also contribute to an increased risk of cardiovascular disease [264–267]. 
Smoking habits are strongly associated with pustular forms of psoriasis. The risk of 
developing the disease is 70% higher in smokers compared to non-smokers [261, 
262]. The effect of tobacco would only be nullified after 20 years of abstinence. The 
prevalence of psoriasis is increased among patients who abuse alcohol, and alcohol 
consumption is associated with increased risk of hepatic steatosis, cirrhosis, depres-
sion and anxiety, as well as less response to psoriasis treatments. Studies have asso-
ciated alcohol consumption with worsening of psoriasis [268, 269].

In concordance, the classical systemic drugs used in the treatment of psoriasis 
may worsen comorbidities in these patients and often disable their use [210, 270]. 
Cyclosporine is nephrotoxic and may cause hypertension and dyslipidemia. 
Conditions associated with obesity (such as NAFLD) are contraindications to the 
use of methotrexate. Diabetics, alcoholics and obese patients have a higher risk of 
developing liver fibrosis. On the other hand, some drugs used to treat these condi-
tions have a recognized potential to worsen psoriasis. Flare-up of psoriatic skin rash 
has been reported in patients starting their biologic therapy [271]. Therefore, care 
should be given when biologic therapy is commenced for psoriatic patient. Baseline 
PASI score is important to document any flare-up of the condition.

�Recommendations for Comorbidity Screening in Psoriasis

As comorbidities represent a cornerstone in the management of patients living with 
psoriasis, it is important to screen patients for comorbid risk factors and refer 
patients to the appropriate specialists if any risk was suspected. Recent surveys 
indicated that most physicians are unaware of the connection between psoriasis and 
cardiovascular disease [272, 273], or simply they do not include comorbidity risk 
assessment in their day-to-day practice. Treating healthcare professional should 
also ask psoriatic patients about any management they may have taken in relation to 
a current comorbidity. For example, sleep quality is usually disturbed in patients 
with psoriasis due to itching and problems with depression and mood status. 
Therefore, evaluation and treatment of psoriasis must include psychosomatic 
approaches. In concordance, in clinical practice, psoriatic patients receiving 
medication(s) for associated cardiovascular disease could influence the course of 
their psoriasis therapy; hence, medication history is vital for setting the patient’s 
management plan.

Though highly documented and assessed in clinical research, little has been done 
regarding practical approaches to ensure screening psoriatic patients in the standard 
daily practice. Clearly there is a need to establish recommendations for psoriatic 
patients for early detection of comorbidities. The American Heart Association rec-
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ommends screening for CV risk factors in psoriatic patients as early as age 20. At 
the age of 40, the following risk factors need to be screened every 2 years: pulse, 
blood pressure (target <120/80), body mass index <25 kg/m2, waist circumference 
< 35 inches for women and <40 inches for men, total cholesterol <200 mg/dL, HDL 
cholesterol = or >50 mg/dL, LDL < 100 mg/dL and fasting blood glucose <100 mg/
dL.  Smoking cessation, moderating alcohol intake and exercising three times a 
week for 30 min have also been recommended [274].

When dealing with a psoriatic patient especially before choosing a systemic 
therapy, it is important to make a checklist to detect comorbidities and lifestyle fac-
tors (e.g. smoking habits and alcoholism), to make a clinical examination (body 
weight, height, BMI, waist circumference) and an ophthalmologic examination and 
to assess the severity of psoriasis (PASI and DLQI). Recent published Patient-
Reported Outcome Measures (PROMs) [32] include screening for comorbidities as 
part of the standard monitoring of the patient condition. Electronic PROMs [275] 
offered another step forward giving the patients the opportunity to monitor their 
own comorbidity(ies). Adopting a patient-centred approach in the diagnosis and 
monitoring of comorbidities is vital on the long-term outcomes. Earlier study [276] 
revealed that by the sharing the patient his/her disease activity parameters scores as 
well as comorbidities, led to the patients became more adherent to their medica-
tions, less likely to stop their disease-modifying drug/biologic therapy for side 
effects and made less contact to the secondary as well as primary care. A new pso-
riatic comorbidity index was recently published [277] which will be discussed later 
in further details in a separate chapter in this book.

�Therapeutic Considerations

Therapeutic decision should be discussed with the patient, taking into account his/
her comorbidities and lifestyle. Regardless of the treatment chosen, it is important 
to remember that, since emotional stress is a triggering and exacerbating factor for 
psoriasis, activities such as yoga, meditation and relaxation exercises are recom-
mended. Patients should not only receive individualized drug therapy but also nutri-
tional guidance [278, 279]. General recommendations include a hypocaloric diet 
with low-glycaemic index foods and rich in polyunsaturated fatty acids. Some stud-
ies have shown benefit in the adoption of a vegetarian diet rich in omega-3, vitamin 
C, flavonoids, carotenoids and tocopherols. Gluten should only be removed from 
the diet of positive anti-gliadin/transglutaminase antibodies subjects, especially if 
symptomatic. Supplementation of specific nutrients should be evaluated case by 
case. A shared decision-making approach is vital to ensure good treatment out-
comes as well as adherence to therapy. A recent publication [280] revealed that 
improved patients’ understanding of the disease enabled them to have better com-
munication with their treating clinician as well as the ability to make an informed 
decision.
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In conclusion, there is growing evidence supporting the significant relation 
between psoriasis and associated comorbidities. The concept of psoriasis as a sys-
temic inflammatory disorder provides the pathophysiologic link with many of these 
and highlights psoriasis as a paradigmatic disorder. Affected patients show higher 
mortality and hospitalization rates, which highlights the importance of having a 
multidisciplinary approach in the assessment and management of these patients. 
The integral approach of psoriasis should include the identification of comorbidity 
risk particularly cardiovascular risk factors and metabolic diseases, the adaptation 
of medical therapy to manage the existing comorbidities as well as the valuation of 
existing psychological/psychiatric disorders. This will enable the treating physician 
achieve a long-term control of the disease and improve the cumulative quality of 
life. Early and aggressive treat-to-target approach of severe psoriasis, PsA and asso-
ciated comorbidities may have a positive impact on the patients’ status, his/her well-
being and probably the longevity of patients.
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Introduction

Patients with spondyloarthritis (SpA) constitute a heterogeneous group of 
inflammatory rheumatic diseases with specific clinical characteristics such as inflam-
mation and ankylosis of the axial skeleton and peripheral manifestations such as 
arthritis, dactylitis, or enthesitis [1]. Patients with axSpA often have extra-articular 
symptoms such as anterior uveitis, psoriasis, and chronic inflammatory bowel dis-
ease (IBD) [2]. These are disease manifestations of SpA rather than comorbidities. 
The term “SpA” serves as an umbrella term which includes related diseases such as 
axial SpA (axSpA) and peripheral SpA (pSpA) including reactive arthritis and psori-
atic arthritis (PsA). The term axSpA refers to patients with predominant axial mani-
festations who may or may not have structural changes on sacroiliac joint (SIJ) 
radiographs. According to the current classification criteria, patients who do not (yet) 
have radiographic changes in the SIJ have to show inflammatory activity as visual-
ized by magnetic resonance imaging (MRI) or just carry the HLA-B27 antigen [3]. 
On this basis, axSpA patients are classified as having ankylosing spondylitis (AS) or 
non-radiographic axSpA (nr-axSpA) [3, 4]. However, since this cutoff is artificial 
and the technique unreliable, the terminology should not be used for a clinical diag-
nosis [5]. Finally, AS and PsA are the best studied subtypes, and most research, 
especially related to comorbidities, has been performed in these two subgroups.

In the field of SpA, it is especially important to differentiate disease manifesta-
tions such as psoriasis or IBD from comorbidities of SpA such as cardiovascular 
diseases. The basis for this differentiation is the concept of SpA which has both a 
clinical and a genetic basis [6]. The presence of HLA-B27 seems to be a major fac-
tor for the development of disease manifestations such as uveitis or (much rarer) 
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aortitis in AS [7–10]. AS, psoriasis, and IBD often coexist in the same patient and 
in their families. The genetic associations between axial SpA and psoriasis or IBD 
which are not very strong are driven by a variety of different genes [11]. Overall, 
AS, psoriasis, and IBD seem to share similar pathogenic mechanisms of aberrant 
intracellular antigen processing or elimination of intracellular bacteria and cytokine 
production, especially in the IL-17-IL-23 pathway.

This chapter will mainly focus on comorbidities in patients with AS such as 
osteoporosis or cardiovascular disease (CVD). The risk to develop comorbidities is 
higher for patients with AS than for the general population  – in particular with 
regard to common disorders such as CVD and osteoporosis [12–14]. Development 
of comorbidities might be attributed to high disease activity, resulting in various 
diseases such as amyloidosis. During the past 10 years, knowledge about the preva-
lence of comorbidities has clearly increased. The data presented in this review are 
mainly taken from population-based studies and prospective cohorts [12, 13, 15–20]. 
Data on comorbidities in patients with SpA are mainly available for AS patients, 
while data for patients with nr-axSpA are scarce. As a matter of fact, until 2015, no 
data about comorbidities have been published for patients with axSpA. However, in 
2015, results of three observational trials have been published [19–21]. Only one 
study has recently reported on the prevalence of comorbidities in patients with SpA, 
including patients with axial and peripheral manifestations of SpA (COMOSPA 
cohort) [18]. Here we review the knowledge about comorbidities in patients with 
AS in due consideration of current results of comorbidities in axSpA patients.

�Comorbidities: General Aspects

There is a huge variety of possible diseases which may occur as comorbidities in 
patients with AS. Similar to other inflammatory rheumatic diseases, cardiovascular 
diseases associated with coronary heart disease and myocardial infarction and bone 
loss associated with osteoporosis and fractures occur rather frequently in AS. 
Malignancies and infectious diseases need of course to be carefully looked at since 
clinical implications are important. Reports about renal, pulmonary, or gastrointes-
tinal involvement are scarce, although clinical reasoning would assume an increased 
prevalence. In a nationwide population-based study including 11,701 patients with 
AS and 58,505 matching controls from Taiwan, the most prevalent comorbidities in 
patients with AS were hypertension (16.4%), peptic ulcers (13.9%), and headache 
(10.2%) [15].

The increased risk to develop comorbidities can be explained by various factors 
such as systemic inflammation, treatment (side) effects, and coincidence of other 
conditions. None of the effects has been shown to have a causal effect on the occur-
rence of comorbidities. Very limited number of studies assessed long-term safety 
for treatment options. Our knowledge about treatment effects is based almost solely 
on cohorts receiving tumor necrosis factor inhibitor (TNFi) medications.
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�Mortality

Increased mortality has been reported in patients with AS because of direct factors 
such as radium-224 therapy or indirect factors such as cancer and cardiovascular 
mortality [22, 23]. As in the general population, cardiovascular disease is the lead-
ing cause of death in patients with AS (see discussion of data below). Some investi-
gator found that compared to the general population, mortality in AS patients is 
increased due to alcohol abuse and injury or suicide cause [22]. In any case, data 
consistently show that increased mortality is mainly based on high disease activity 
[24]. In a case-control study from Sweden, the crude mortality among patients with 
AS was 14.5% [24]. The standardized mortality rate (SMR) in this cohort of 677 AS 
patients was increased by 1.61 (95% C.I. 1.29–1.93). Of note, the SRM was signifi-
cantly increased among male patients compared with female patients (1.63 vs 1.38, 
p < 0.001). The most frequent cause of death (40.0%) is CVD, followed by malig-
nant (26.8%) and infectious (23.2%) diseases. Factors independently associated 
with reduced survival were diagnostic delay (Odds ratio (OR) 1.05), increased 
levels of C-reactive protein (OR 2.68), work disability (OR 3.65), and, of major 
interest, not or infrequently using nonsteroidal anti-inflammatory drugs (NSAIDs) 
(OR 4.35). Male gender and higher age independently predicted mortality in another 
AS pooled cohort study from Sweden with 8600 AS patients and 40.460 age-
matched, sex-matched and county-matched general population comparators identi-
fied from the National Patient Register and the census register [16]. Statistically 
significant predictors for death in this cohort were lower level of education, general 
comorbidities (diabetes, infections, CVD, pulmonary and malignant diseases), and 
previous hip replacement surgery.

�Comorbidities: Specific Aspects

�Cardiovascular Disease

Excess mortality has been demonstrated in patients with AS related to an increased 
risk of CVD [25, 26]. Assessment of CVD was done in respect to ischemic heart 
disease, myocardial infarction, and/or stroke. Preliminary evidence suggests that 
subclinical atherosclerosis and arterial stiffness are more prevalent in patients with 
AS compared with controls. Disease duration as well as known contributing factors 
for atherosclerosis (e.g. age, BMI) were identified as a determinant of aortic stiff-
ness indices in AS patients from a Dutch cohort [25], which showed that AS patients 
had a greater intima-media thickness (IMT) (0.62 ± 0.09 mm vs 0.57 ± 0.09 mm in 
controls; p = 0.02) compared to controls, a difference that remained after adjustment 
for traditional CV risk factors. However, no relationship was found between large-
vessel properties and higher Bath AS disease indices or C-reactive protein values. 
Similar results were found in a Spanish AS cohort, comprising of patients without 

5  Ankylosing Spondylitis



128

clinically evident CVD in which disease duration (OR 1.39; 95% confidence 
intervals (CI) 1.01–1.92; p = 0.05) and level of ESR at baseline (OR 1.18; 95% CI, 
1.04–1.33; p = 0.01) were found to be the best predictor for carotid plaques without 
clinically evident cardiovascular disease in patients with AS. In addition, increased 
risk of CVD might be attributed to enhanced inflammatory activity of the arterial 
wall. Some evidence for this hypothesis comes from a small case-control study in 
which the level of carotid arterial wall inflammation in patients with AS using 
18F-fluorodeoxyglucose (18F-FDG) positron emission tomography with CT was 
compared with healthy controls [27]. Patients with AS had a 20% increase in arte-
rial wall 18F-FDG uptake compared with controls which was to change when 
receiving atorvastatin. Three months of atorvastatin 40 mg daily significantly low-
ered low-density lipoprotein cholesterol (baseline 3.55 ± 1.15 mmol/L, −53%) and 
CRP (baseline 5.0 (1.5–9.3) mg/L, −58%) with a concomitant decrease of carotid 
arterial wall inflammation (maximum target-to-background ratio from 1.90 ± 0.30 
to 1.67 ± 0.27; p = 0.009). In AS patients, CVD and their risk factors were more 
common in patients compared to matched controls which could be shown in a US 
database that contains fully adjudicated medical service and prescription drug 
claims [28]. The prevalence ratios of ischemic heart disease (1.2), atherosclerosis 
(1.5), peripheral vascular disease 1.6), congestive heart failure (1.8), cerebrovascu-
lar disease (1.7), type II diabetes (1.2), hyperlipidemia (1.2), and hypertension (1.3) 
were all higher in patients than controls. The COMOSPA trial, comprising the 
whole spectrum of SpA, showed a global prevalence of ischemic heart disease of 
2.7% (95% CI 2.2–3.2) and stroke of 1.3% (95% CI 0.9–1.7). The prevalence for 
any CVD (i.e., ischemic heart disease or stroke) in this cohort was higher in Northern 
European countries and the USA compared to Africa and Asia [18].

Various explanations might be found for the differences between reported risks: 
characteristics of the patient group (especially disease duration), inclusion of prevalent 
and incident patients, and possibility to adjust for a wide range of confounders, includ-
ing the use of NSAIDs. Several factors, i.e., smoking, altered lipid profile, hyperten-
sion, increased fibrinogen level, enhanced number of platelets, and hypercoagulability, 
might explain the enhanced cardiovascular risk with impaired endothelial function in 
AS [25, 29, 30]. The excess risk is probably multifactorial, being related both to 
chronic systemic inflammation and to high prevalence of conventional cardiovascular 
risk factors. Furthermore, there is accumulating evidence for an etiological role of 
inflammation in the AS-related cardiac manifestations [31].

�CV Risk Factors

When talking about CVD, the prevalence of CV risk factors has to be taken into 
account. The most prevalent CV risk factor was hypertension with 33.5% (95% 
CI 32.0–35.0), followed by smoking (29.3% (95% CI 27.9–30.7)), and hypercho-
lesterolemia (27.3% (95% CI 25.9–28.7)) in the COMOSPA cohort [18]. A meta-
analysis by Mathieu et al. (n = 1214 for patients and n = 1000 for controls) showed 
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that AS patients were characterized by a higher weighted mean IMT and higher 
risk of metabolic syndrome and that in AS patients, a significant decrease in tri-
glycerides, total cholesterol, and high-density lipoprotein (HDL) cholesterol were 
measured [26, 32].

A more prevalent atherogenic lipid profile in patients with AS, than in the general 
population, might be a possible explanation for increased CV mortality. The asso-
ciation between disease activity and lipid profile has been explored in 55 patients 
with AS [33]. In this Dutch cohort, an increase in disease activity was associated 
with decreases in lipid levels. The decrease in HDL levels tended to be almost twice 
as large as the decrease in total cholesterol levels, resulting in a more atherogenic 
lipid profile. Hence, effective treatment of disease activity in patients with AS may 
lower the CV risk by improving the lipid profile (see Influence of Therapy on CVD 
below).

Impairment in microvascular function might have a causal relationship as well. 
Inflammation in AS may cause microvascular dysfunction which has been linked to 
several risk factors for CVD. Impairment in microvascular function was detected in 
patients with AS by showing impaired endothelium-dependent vasodilatation and 
capillary recruitment in a case-control study from the Netherlands [34]. Following 
TNFi treatment, microvascular function improved significantly for endothelium-
dependent vasodilatation (p = 0.03) and capillary recruitment (p = 0.006).

�CVD

Ischemic Heart Disease, Myocardial Infarction, and Left Ventricular Dysfunction  An 
increased risk of ischemic heart disease in AS patients was shown to be present in a 
population-based cohort study using data from the British Clinical Practice Research 
Datalink (1987–2012) [13]. At baseline, 4.3% of the patients had ischemic heart 
disease compared with 3.4% of the controls. After exclusion of preexisting ischemic 
heart disease, the incidence rate ratios were 1.18 population-based cohort trial (95% 
CI 0.96–1.46) for ischemic heart disease. Compared with controls, the age-gender-
adjusted hazard ratio (HR) for developing ischemic heart disease was 1.20 (95% CI 
0.97–1.48). It is important to notice that in discussion about CV risk, the risk of 
concomitant medications is sometimes neglected or cannot be addressed adequately 
because of methodological issues. This crucial point can be seen in the study by 
Essers et al. where NSAIDs use interfere with risk of ischemic heart disease [13]. In 
female patients, the risk of developing ischemic heart disease was increased (HR 
1.88, 95% CI 1.22–2.90), but after adjustment for all possible risk factors, only a 
nonsignificant trend was found (HR 1.31, 95% CI 0.83–2.08). In particular, NSAID 
use explained this change (HR IHD adjusted for age-gender-NSAID use 1.57, 95% 
CI 0.99–2.48). However, a meta-analysis (seven longitudinal studies with AS 
patients) did not show a difference in incidence of ischemic heart disease between 
AS patients and controls (2.2 vs 2.3%) [26].
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A cohort study from a Swedish heart clinic showed that prevalence of SpA is 
higher in patients with their first coronary artery bypass grafting (CABG popula-
tion) compared to the general population [35]. SpA was found to be a stronger 
independent predictor of early CABG than traditional CV risk factors [adjusted beta 
−6.2, p < 0.001, 95% confidence interval (CI) −9.5 to −2.8].

The results about myocardial infarction (MI) are conflicting, primarily because 
of small sample sizes and lack of adjustment for concomitant medication (e.g., 
NSAIDs). The abovementioned population-based cohort study from the UK repor
ted a prevalence of 1.8% of acute MI in AS patients compared with 1.4% of the 
controls at baseline [13]. The age-gender-adjusted HR for developing acute MI was 
0.91 (95% CI 0.65–1.28). A meta-analysis in 2011 revealed a nonsignificant increase 
in MI resulting in a risk ratio of 1.88 (95% CI 0.83, 4.28 [26]), whereas the meta-
analysis published in 2015 revealed a significant increase in MI [OR = 1.60 (95% 
CI: 1.32–1.93)] in AS patients [32].

Since the increased mortality in AS patients is largely due to CVD, a systematic 
review investigated if diastolic left ventricular (LV) dysfunction, which serves as a 
precursor to chronic heart failure, was present in patients with AS [36]. An increased 
prevalence rate of diastolic LV dysfunction was reaffirmed in patients with AS by 
reporting a worse E/A ratio (ratio of the early (E) to late (A) ventricular filling 
velocities) [mean difference −0.13 m/s (95% CI: −0.19 to −0.07)], a prolonged 
deceleration time [mean difference 13.90  ms (95% CI: 6.03–21.78)], and a pro-
longed mean isovolumetric relaxation time [mean difference 8.06  ms (95% CI: 
3.23–12.89)]. The increased prevalence rate was reported to be higher compared to 
controls in respect to E/A ratio (9% vs 0%), deceleration time (30% vs 12%), and 
isovolumetric relaxation time (45% vs 18%), all values suggestive of diastolic LV 
dysfunction.

Stroke  The risk of stroke seems to be increased in patients with AS, although con-
flicting results have been published in this field [37–40]. A meta-analysis in 2011 
did not show a difference in incidence of strokes (AS patients, 2.2% (95% CI 1.3%, 
3.4%), controls, 2.3% (95% CI 2.0%, 2.7%) [26]), whereas the same authors 
reported in 2015 a significant increase in stroke (OR = 1.50 (95% CI: 1.39–1.62)) in 
AS patients [32]. A population-based matched-cohort study from Taiwan, compris-
ing 1,479 AS patients and a comparison cohort of 5,916 subjects without AS, found 
HR for subsequent stroke among patients with AS of 2.3 (95% CI 1.9–2.8) [38]. A 
population-based, age- and sex-matched longitudinal follow-up study from China 
found an increased HR of ischemic stroke for the AS group at 1.98 (95% CI, 1.20–
3.29; p = 0.0079) [39]. After controlling for demographic and comorbid medical 
disorders, the adjusted HR was still significant at 1.93 (95% CI, 1.16–3.20; 
p = 0.0110). However, a retrospective cohort study using routine data from the UK 
did not show an increase in the MI or CVD/stroke rates in patients with AS com-
pared to those without AS, despite higher rates of hypertension, which may be 
related to NSAID use [37].
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�Heart Conduction and Aortic Valve Problems

Apart from CVD, heart conduction disturbances and aortic and valve disease have 
been recognized as being associated with AS [7, 41, 42]. Conduction disturbances 
may explain the CV burden, as they are independently associated with cardiac dis-
ease. However, almost no robust data are available on this topic. A small observa-
tional study from the Netherlands (n = 131) reported the occurrence of intraventricular 
conduction disturbances, particularly in patients with long-standing disease [42].  
A first-degree atrioventricular (AV) block was found in six patients (4.6%). One 
(0.8%) patient suffered from a complete right bundle branch block, and one (0.8%) 
patient had a left anterior hemiblock. A prolonged QRS interval was observed in 38 
(29.2%) patients, including those with a complete or incomplete bundle branch 
block. In multivariate analyses, disease duration remained independently associated 
with intraventricular conduction disturbances. Elevated SMR for atrioventricular 
block (3.97, 95% CI 1.90–7.30) was also statistically significant in a cohort study 
from Sweden [12]. The absolute rate difference (observed minus expected) was 
high for atrioventricular block (354 per 100,000 person-years).

Compared with the general population, patients with AS are at increased risk for 
aortic valvular heart disease 1.58 (95% CI 1.31–1.91) and for non-aortic valvular 
heart disease 1.58 (95% CI 1.43–1.74) which was shown in a Canadian AS cohort 
(8,616 individuals diagnosed over the period 1996–2006) [43].

�Influence of Therapy on CVD

There is some evidence that therapeutic agents such as TNFi that downregulate the 
acute phase response also have an effect in reducing CV complications in rheuma-
toid arthritis (RA) as well as in AS.

Changes in lipid levels occur in AS patients when receiving TNFi treatment  
[44, 45]. In a recent trial, increase in total cholesterol (+4.6%), low-density lipopro-
tein cholesterol (+4.3%), and HDL (+3.7%) could be seen after treatment with TNFi 
over a period of 52 weeks [44]. Changes were most evident in patients with substan-
tial reduction in inflammatory levels. Improvement of lipid levels was demonstrated 
in another cohort of AS patients receiving 12 weeks of etanercept treatment [45]. 
CRP levels decreased significantly, whereas total cholesterol, HDL, and apolipopro-
tein A levels increased significantly. This resulted in a better total cholesterol/HDL 
ratio (from 3.9 to 3.7) (although the difference was not statistically significant) and 
an improved Apo B:Apo A-I ratio, which decreased by 7.5% over time (p = 0.008). 
However, change of the atherogenic index could not be confirmed in another study 
including 34 AS patients who started TNFi treatment [46].

Whether subclinical atherosclerosis of the carotid artery in patients with AS was 
reduced after anti-inflammatory treatment with TNFi was investigated in a prospec-
tive observational cohort study [47]. After a median 4.9 years of follow-up, IMT did 
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not change significantly (paired t test +0.011 mm, p = 0.561) in those who continued 
the use of TNF inhibitors, while IMT increased substantially (+0.057 mm, p = 0.069) 
in those who did not continue their use of TNFi. The effect of TNFi was mainly 
mediated by a subsequent decrease in AS disease activity. The use of TNF inhibitors 
might stabilize or slow down the progression of subclinical atherosclerosis in AS 
patients, reflecting a decreased CV risk in these patients.

Improvement of premature arterial stiffening and IMT progression following 
treatment of TNFi has been shown in a small cohort of RA, AS, and PsA patients as 
well [48]. After 1  year of treatment with TNFi, aortic pulse wave velocity was 
improved in the treatment group, but not in the control group (−0.54 ± 0.79 m/s vs. 
0.06 ± 0.61 m/s, respectively; p = 0.004). In multivariable analyses, TNFi therapy 
over time was associated with improved aortic pulse wave velocity and reduced 
IMT progression. However, these promising results could not be confirmed in two 
other trials with a TNFi treatment period of 24 and 52 weeks, respectively [49, 50]. 
Whether TNFi administration results in reduced prevalence of CVD in patients with 
AS still has to be confirmed.

�Osteoporosis

Rate of osteoporotic fractures is clearly increased in patients with AS, and many 
reports about bone loss, osteoporosis, and vertebral fractures (VFs) have been pub-
lished over the last decades [14, 20, 51–56]. Decreased bone mineral density (BMD) 
is a common complication of AS, with a prevalence range of 19–62% [55, 57]. The 
inflammatory osteitis and diffuse ossification of advanced AS creates a fused spine 
that is susceptible to VF.  VF in AS are common but are often not diagnosed. 
Although many case reports and small series have been published on patients with 
AS suffering VF, solid data on clinical outcome are rare, especially about the mag-
nitude of the risk of fracturing.

In the COMOSPA cohort, osteoporosis was the most frequent comorbidity, with 
a prevalence of 13.4% (95% CI 12.3–14.4). However, the prevalence of VF and 
proximal hip fractures was very low (2% and 0.2%, respectively) [18]. In an AS 
cohort from Sweden, a rate of 21% for osteoporosis and 44% for osteopenia accord-
ing to the World Health Organization (WHO) criteria was diagnosed in patients 
≥50 years [14]. In this cohort, VFs were diagnosed in 24 patients (12%) but were 
previously noted clinically in only 3 of the 24. VFs are associated with advanced 
age, long-standing disease, impaired back mobility, syndesmophyte formation, and 
lower BMD in both the central and peripheral skeleton. BMD in the femoral neck, 
total hip, and estimated BMD showed the strongest association with VF.

In a primary care-based nested case-control study, including 231,778 patients 
with fracture and 231,778 age- and sex-matched controls, the prevalence of AS was 
0.18% in patients with fracture and 0.15% in controls [53]. Patients with AS had an 
increased risk of clinical vertebral fracture (OR 3.26; 95% CI 1.51–7.02), whereas 
the risk of fractures of the forearm and hip did not have an increased risk (OR 1.21; 
95% CI 0.87–1.69 and OR 0.77; 95% CI 0.43–1.37, respectively).
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Significant bone loss was also demonstrated in a cohort from South Korea [52]. 
BMD levels of the lumbar spine and femur in patients were significantly reduced 
compared with those of age-matched controls [52]. In a Dutch cohort, more than 
10% of patients with SpA showed moderate to severe VFs before the age of 40 years 
[20]. Almost half of the AS patients had multiple vertebral fractures. Among patients 
with vertebral fractures, 15.2% had a history of trauma with acute back pain 
(p < 0.001 vs no vertebral fractures). Most fractures were localized in the cervical 
spine and resulted from low-energy impact. Delayed diagnosis often occurred due 
to patient- and doctor-related factors.

Reports about the outcome of surgical interventions in patients with vertebral 
fractures showed a high risk of developing neurological defects (10 out of 20 AS 
patients) and a high risk of diagnostic delay since the initial radiological study was 
negative for a spinal fracture in 12 patients [58]. The overall mortality within 
3 months after injury was reported as 17.7% in AS patients [54].

Interestingly, a significant increase in BMD can be achieved in AS patients 
receiving TNFi [59]. In a small study from France, treatment with TNFi was associ-
ated with an increase of BMD, which results from a decrease of bone resorption [60]. 
Although treatment with TNFi decreases inflammation and has shown to be effec-
tive in increasing BMD, no reduced risk to develop VF were seen in a prospective 
longitudinal observational cohort study [56]. In 49 patients with AS, the effects of 
etanercept on BMD and VFs were studied. During this time, hip BMD increased by 
2.2% (p = 0.014) and lumbar spine BMD by 7.0% (p < 0.001). Despite TNFi, the 
number of patients with VFs more than doubled (from 6 to 15 patients, p = 0.003). 
Thus, the favorable bone-preserving effect is accompanied by unfavorable out-
comes on VFs and radiological damage.

�Malignancies

Although increased mortality rates have been seen in patients with AS, malignan-
cies do not seem to be responsible for an excess mortality in SpA [61–64]. 
Historically, most of the data about malignancies have been published focusing on 
the development of lymphoma. Almost no data are available on solid malignancies 
which are more common in the general population than lymphomas. No overall 
increase in cancer risk was found (standardized incidence ratio (SIR) 1.05, 95% CI 
0.94–1.17) [64]. Rectal cancer was less common (SIR 0.41, 95% CI 0.15–0.89), 
while unspecified kidney cancer was more common (SIR 5.90, 95% CI 1.61–15.1). 
Risks for colon, renal parenchymal, and renal pelvic cancer were not significantly 
increased. The findings about solid tumors were confirmed recently by analyzing 
the Danish and Swedish biologics register [62]. In this cohort the site-specific can-
cer risk ratio was for prostate 0.5 (95% CI 0.3–0.8), for lung 0.6 (95% CI 0.3–1.3), 
for colorectal 1.0 (95% CI 0.5–2.0), for breast 1.3 (95% CI 0.9–2.0), for lymphoma 
0.8 (95% CI 0.4–1.8), and for melanoma 1.4 (95% CI 0.7–2.6).
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Results from population-based case-control study in Sweden did not show an 
increased risk of lymphoma in AS patients [61]. This was supported by the findings of 
the Swedish National Patient Register and the Swedish Biologics Register ARTIS 
[63]. For AS patients, the HR of having lymphoma vs the general population was 0.9 
(95% CI: 0.5–1.6) [63]. The numbers and incidence of lymphoma were not different 
in TNFi-exposed vs TNFi-naive AS and PsA patients, although the numbers of lym-
phomas were small. In the absence of radiation or radium-224 therapy, and regard-
less of the other treatments used, the evidence does not support an increased rate of 
lymphoma or other malignancies compared to the general population [65, 66].

In the COMOSPA cohort, overall prevalence for any type of cancer was estimated 
at 3.0% (95% CI 2.46–3.52), and the most prevalent cancer was cervical cancer (1.2% 
(95% CI 0.3–1.7)) [18]. Prevalence of basocellular carcinoma and melanoma were 
0.8% (95% CI 0.6–1.2) and 0.7% (95% CI 0.4–1.0), respectively [18].

There is no increased risk of malignancies among axSpA patients treated with 
TNFi [19, 67, 68]. In patients with SpA, treatment with TNFi was not associated 
with increased risks of cancer, neither overall nor for the six most common cancer 
types [62].

The most prevalent risk factor for cancer was family history of breast cancer 
(15.0% (95% CI 13.1–16.9)), followed by family history of colon cancer (8.0% 
(95% CI 7.2–8.9)) in the COMOSPA cohort [18].

�Infections

No increased risk of infections has ever been demonstrated in SpA, except in some 
patients concomitantly treated with immunosuppressive drugs such as corticoste-
roids and/or TNFi [69]. However, most of the studies showed no increased long-
term risk of infections (especially serious infections) in axSpA patients under TNFi 
therapy [21]. A post hoc analysis of trials in AS patients treated with etanercept 
showed a nonsignificant trend toward serious infections [70]. Rate ratios of serious 
infections during the double-blind studies were 2.19 (95% CI 0.22–107.79) with no 
reports about opportunistic infections.

In the discussion about an increased risk of infections in patients with SpA 
regardless of their current treatment, one has to notice the huge variety of the inci-
dence of infections worldwide. The COMOSPA trial found an overall prevalence of 
3.5% (95% CI 2.9–4.0) of hepatitis B infection, with the highest prevalence observed 
in China and Turkey (12%), and of 1.2% (95% CI 0.9–1.6) of hepatitis C infection, 
with the highest prevalence in Egypt (4%) and Turkey (5%) [18]. In contrast, the 
prevalence of hepatitis is around 1% in Western European countries. The prevalence 
of active tuberculosis (TB) in this cohort was 2.5% (95% CI 2.0–3.0), ranging from 
0% in most countries to 9% in South Korea [18].

However, the increased risk of tuberculosis and hepatitis B reactivation while 
receiving TNFi medications should be taken into account. It has been consistently 
reported that patients who receive TNFi for RA or AS have higher rates of active TB 
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and other infections than RA or AS patients not receiving these medications. Despite 
the higher rates of TB in the general population, incidence rates of TB while receiv-
ing TNFi have been studied less extensively in Asia and Africa-Middle East regions 
[71]. Data from Korea about TB incidence rates of patients with AS receiving TNFi 
medication showed conflicting results [72, 73]. In a cohort from Korea with AS and 
RA, the TB incidence rate ratios for TNFi-treated vs TNFi-untreated patients were 
4.87 for AS (95% CI, 1.50–15.39; p < 0.001) and 3.61 for RA (95% CI, 1.38–8.07; 
p < 0.001) [73]. Another cohort from Korea identified no statistically significant 
difference (risk ratio 0.53; 95% CI 0.144–1.913) in relative risks of TB infections 
between the TNFi-exposed AS cohort and the TNFi-naive AS cohort [72]. However, 
implementation of systematic screening strategies to detect patients with latent TB 
before the start of TNFi medications yields to have a low rate of active TB in TNFi-
treated patients [74].

However, clinical guidelines regarding antiviral prophylaxis for HBV surface 
antigen (HBsAg) carriers starting TNFi are not yet fully established, even in 
endemic regions of HBV infection. One retrospective study from China found that 
in AS patients, the HBsAg prevalence with 25.4% is statistically higher than those 
of other rheumatic conditions or healthy controls (p < 0.05) [75]. The prevalence of 
HBsAg is higher in HLA-B27-positive compared to HLA-B27-negative AS patients 
(26.68 vs 14.49%, p < 0.05). Therefore, hepatitis reactivation can occur in patients 
receiving TNFi and has been described for patients with AS [76].

�Gastrointestinal Disease

Data of gastrointestinal disease manifestation – one can speculate about gastritis or 
colitis – in AS patients apart from concomitant NSAID medication did almost not 
exist. Frequency of peptic ulcer disease has been reported with a prevalence of 
10.7% (95% CI 9.7–11.7), ranging from 1% in Morocco to 47% in Egypt in the 
COMOSPA study [18]. Since peptic ulcer disease is multifactorial, no causal rela-
tionship can be established on this data.

NSAIDs play a crucial role in the management of AS and should be considered 
as the main factor in association with peptic ulcer disease in AS patients [77]. Safety 
data regarding the use of NSAIDs in AS patients are rather limited. However, most 
of the traditional risk factors for peptic ulcer disease like old age or concomitant 
medications with glucocorticoids does not apply for patients with AS. Therefore, 
serious adverse events can be expected to occur in ~1% of patients per year if 
patients are treated with a full dose of an NSAID taking into account the relatively 
young age and the low comorbidity in AS patients. In a national register-based 
cohort study on patients with AS in Sweden, serious adverse events related to non-
selective NSAIDs, etoricoxib, and celecoxib were similar and in the range of what 
would be expected in a group of SpA patients [78]. Patients unexposed to NSAIDs 
had considerably more baseline comorbidities and increased risk for congestive 
heart failure, reflecting a selection of patients being prescribed NSAIDs in clinical 
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practice. In a recent noninterventional prospective study of European patients 
treated with NSAIDs for rheumatic diseases including AS, the investigator could 
show that the incidence (per 100 person-years) was 18.5 per 100 person-years for 
uncomplicated GI events and 0.7 per 100 person-years for complicated GI events 
[79]. It also shows adherence to guidelines for gastroprotection is generally low 
with a 28% of patients with regular proton pump inhibitor use at enrolment, with 
strong variation by practice and country.

�Renal Disease

Data about renal comorbidities associated with SpA have been reported rarely. The 
most frequently reported renal disease is secondary renal amyloidosis (62%)  
(5%) [80]. One 20-year-old study assessed the frequency and clinical significance 
of amyloid deposits in abdominal fat by investigating 137 patients with AS and a 
disease duration of more than 5 years [81]. Abdominal subcutaneous fat aspiration 
was positive in 7% of the patients who developed in 50% over the following years a 
clinical manifest amyloidosis.

In a recent publication, Maksymowych et al. report age- and sex-specific risks of 
renal complications in a population-based cohort of AS subjects in Québec, Canada, 
between 1996 and 2006, relative to the general population [82]. Renal complica-
tions were diagnosed among 3.4% of men and 2.1% of women with AS compared 
with 2.0% and 1.6% of persons without AS, respectively. The magnitude of the risk 
of renal complications was highest among younger individuals and decreased with 
advancing age.

One recent report based on a prospective population-based nationwide cohort 
study reported an increased risk of nephrolithiasis in patients with AS [83]. The 
adjusted HR of nephrolithiasis in AS patients was given as 2.1 (95% CI 1.8–2.4). 
Predictors of nephrolithiasis within the AS group included prior diagnosis of 
inflammatory bowel disease (IBD) (HR 2.3; 95% CI 1.7–3.3), prior diagnosis of 
nephrolithiasis (HR 16.4; 95% CI 11.5–23.4), and patients receiving TNFi (HR 1.6; 
95% CI 1.2–2.1).

�Depression

Psychological status had close interaction with disease activity and quality of life in 
patients with AS.  Although depression has been frequently reported in observa-
tional studies, epidemiological data about the potential increase in risk are lacking. 
One recent study compares the rate of doctor-diagnosed depression in a well-defined 
Swedish cohort of AS (n = 1738) patients to the general population seeking care 
[17]. The observed depression rate was 10% in the AS cohort (n = 172). This was 
higher compared to the expected age- and sex-specific rate of 6% in the general 
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population. The standardized estimate of depression-rate ratio was 1.81 (95% CI 
1.44–2.24) in women men and 1.49 (95% CI 1.20–1.89) in men. Thus, the rate of 
doctor-diagnosed depression was increased by about 80% in female and by 50% in 
male AS patients during a 13-year observation period. However, a case-control 
study from Turkey could not confirm higher depression scores in patients with AS 
when compared to age-, sex- and education-matched healthy controls [84]. Higher 
depression and/ or anxiety scores (measured by Hospital Anxiety and Depression 
Scale (HADS)) indicated poorer functional outcome and quality of life in this study.

Most of the literature regarding depression is based on observational cohorts 
investigating association between disease status and presence of depression, fatigue, 
and sleep disturbances [85–87]. Reports about psychological variables often report 
depression, anxiety, and fatigue coincidentally [88, 89]. In a Turkish cohort it was 
found that the contribution of depression on fatigue was 12% [89]. Even though 
disease activity had a considerable effect on fatigue, the effects of psychological 
factors, especially depression, should be taken into consideration in the manage-
ment of AS.

Conflicting evidence exists whether exercise might be beneficial in reducing 
symptoms of depression. Exercise was proven to be beneficial in reducing self-
reported depression scores in a randomized-controlled trial with an exercise group 
compared to patients with no active exercise (waiting-list group) over a period of 
8 weeks from Korea [85]. In contrast, one parallel-group study from a Turkish reha-
bilitation center showed no differences in self-reported depression scores after 
6 weeks of group-based exercise program or home-based exercise program [86].

Significant time effect for self-reported depression scores were observed  
over 6 weeks in one trial from Turkey in AS patients who started treatment with 
infliximab [90].

�Points to Consider for Daily Care in Patients with AS

Since AS is associated with an increased risk of various comorbidities, risk manage-
ment is an important issue to consider in daily care of patients. EULAR recom-
mends thinking about reporting, screening for, and preventing comorbidities to 
improve the management of comorbidities in patients with chronic inflammatory 
rheumatic diseases [91]. In patients with AS, this recommendation is especially 
valid for CV risk management because of the body of evidence.

Almost all reports about risk management in rheumatology have been published 
for CV risk management in inflammatory arthritides, with some reports focusing on 
AS patients. CV risk management includes identification and treatment of CV risk 
factors. However, whether and to what extent this is done in daily clinical practice 
is unknown. In patients with RA, it has been shown that CV risk factors were less 
frequently identified and managed by rheumatologists in comparison with general 
practitioners (GP) [92]. When managed in primary care, GPs assessed CV risk fac-
tors less frequently in RA than in diabetes. Another report from the Netherlands 
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assessed whether CV risk assessment was managed in accordance with national 
guidelines [93]. The authors report that of the 138 AS assessed patients, 51 patients 
had an indication for CV risk treatment of which 42 patients (82%) received some 
form of CV risk medication. However, 39 (76%) of the 51 patients were treated 
inadequately due to failure to reach treatment targets for hypertension or hypercho-
lesterolemia or due to total lack of CV risk medication. Obviously, there is a clear 
need for improvement of risk management in AS, and this should be a joint effort 
from the rheumatologist and the GP. Special attention should be paid to a system-
atic, standardized periodical review (e.g., at least every 5 years) for those with a 
chronic inflammatory rheumatic disease [91].

EULAR published in 2010 recommendations for CV risk management in patients 
with RA and other forms of inflammatory arthritis [94]. In here, risk assessment, 
considerations about treatment effects, as well as adherence to national guidelines 
in preventing and treating comorbidities is addressed. The authors underpin that 
adequate control of disease activity is necessary to lower the CV risk.

Strategies to adequately address risk assessment and management of the other 
comorbidities are scarce (infections) or do not exist (e.g., osteoporosis, malignan-
cies). Screening for TB is a requirement before starting TNFi treatment which is 
documented in the license of these compounds, and adequate treatment strategies in 
case of either active TB or latent TB have been recommended [95]. Prevention 
strategies for patients with hepatitis have not been systematically implemented 
although antiviral prophylaxis helped preventing HBV reactivation in HBsAg carri-
ers starting TNFi.

�Conclusion

Comorbidities are an important contributor to the burden of disease in patients with 
AS – not only because of its influence on management and treatment decisions. 
Systematic assessment of comorbidities is essential to prevent excess morbidity and 
mortality. If modifiable risk factors are identified, treatment should be adjusted 
accordingly.

While osteoporosis and CVD are more frequently observed in patients with AS 
in comparison to the general population, robust data about higher prevalence 
regarding malignancies and renal and gastrointestinal disorders are scarce. The 
increased risk for infections is mainly associated with immunosuppressive drugs. 
Higher prevalence rates are probably multifactorial, being related both to chronic 
systemic inflammation and to high prevalence of conventional risk factors. Although 
comorbidities do occur very frequent in AS patients, comorbidities are suboptimally 
prevented, screened for, and managed. Nevertheless, CV risk management (CV-
RM) could be an effective method to reduce CV mortality and morbidity in AS 
patients.
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Chapter 6
Systemic Lupus Erythematosus

Isabel Castrejon, Ailda Nika, Winston Sequeira, and Meenakshi Jolly

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease associated 
with severe morbidity and increased mortality. The survival of patients with SLE 
has improved significantly, with a 5-year survival rate increasing from 64–87% in 
the 1980s to over 95% today [1]. The mortality rates however are three times higher 
compared to the general population [2]. SLE can potentially affect any organ but the 
more serious comorbidities and leading causes of death are end-stage renal disease 
(Standardized mortality ratio (SMR) 7.90), infection (Meta-SMR 4.98), and cardio-
vascular diseases (CVD) (Meta-SMR 2.72) [2]. In addition, patients with SLE have 
higher risk of malignancies compared to the general population.

In general, comorbidity imposes an additional burden on SLE patients, reducing 
their quality of life. The presence of comorbidities is a well-known predictor of 
greater healthcare utilization and mortality. The larger the number of comorbidities 
the longer the length of hospital stay and the greater the hospital mortality rates  
compared to patients with no or fewer number of comorbidities [3]. The Charlson 
comorbidity index (CCI), an index that assigns a weight for comorbidity, is higher 
in patients with SLE compared to specific controls matched by age and gender [4]. 
Furthermore, CCI is an independent and significant predictor of hospital mortality 
in SLE (hazard ratio 7.8 for high (≥5) vs none, p < 0.001) [3]. Besides CCI, infec-
tious diseases are the major independent predictor of hospital mortality. In another 
study of hospital deaths in SLE, the major acute comorbidity was sepsis (42%) [5].

A comorbid condition can be related to the primary disease by different causal 
pathways (e.g., end-stage renal disease and SLE) or unrelated to the primary diag-
nosis but a consequence of the treatment (e.g., osteoporosis and glucocorticoids 
therapy or infections and immunosuppressive therapy). Sometimes, however, the 
association and causation is less clear (e.g., cardiovascular or cerebrovascular dis-
eases and SLE).
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In a recent study on the prevalence of self-reported comorbidities in different 
rheumatic conditions including SLE, it was reported that a substantially increased 
prevalence (% adjusted rate (95% CI)) of hypertension (HTN) (25.2 (20.6, 29.8)), 
depression (20.8 (16.9, 24.6)), cataract (7.0 (4.2, 9.8)), thyroid problems (9.8 (7.0, 
12.7)), CVD (8.4 (6.1, 10.7)), and diabetes mellitus (DM) (6.4 (4.3, 8.4)). This was 
reported after adjusting for age and sex in a specific US population with estimates 
for these conditions [6]. A similar study was done in the UK reviewing clinical 
practice health records for evaluating adjusted incidence rate ratios (IRR) for 
comorbidities. In this study, end-stage renal disease (ESRD) was the most common 
comorbidity (IRR 7.83, 95% CI 4.69–13.08), followed by osteoporosis (incidence 
rate ratio 2.71, 95% CI 2.43–3.03) [4]. In the same study, men with SLE showed 
higher rates of CVD and cancer, whereas women had higher rates of infection and 
osteoporosis. In addition, SLE patients younger than 40 years also had a high inci-
dence for ESRD and CVD with an IRR of 63.06 (95% CI 8.29–479.56) and 40.31 
(95% CI 5.11–318.14), respectively, when compared to controls [4].

Among pediatric SLE patients, in a nationwide population-based study in 
Taiwan, infection was the most common comorbidity [7]. Other comorbidities were 
musculoskeletal (17%), CVD (16%), ocular disease (11%), and renal disease (11%). 
Children had a higher risk of heart failure, HTA, osteoporosis, cataracts, glaucoma, 
dyslipidemia, seizures, encephalopathy, and malignancy compared to non-SLE 
population [7]. Some of these comorbidities (cataract, DM, malignancy) are also 
included in irreversible damage assessment in SLE.

In summary, comorbid diseases are prevalent in SLE in comparison with the 
general population (Table 6.1) and have significant impact on patient’s quality of 
life, healthcare utilization, overall outcomes, and mortality. Here we review some of 
the most common comorbidities in SLE.

�Cardiovascular Diseases

Although SLE can potentially affect any organ system, some of the most serious 
complications are related to the CVD. A 2.66-fold increased risk of CVD was found 
in SLE among the Hopkins lupus cohort [13] the risk being fivefold higher in the 
35–44-year-old group of patients [14]. SLE patients not only commonly develop 
coronary artery disease (CAD), but they also frequently develop cerebrovascular 
(CVA) and peripheral arterial disease (PAD). Overall the prevalence of CAD ranges 
from 6–12% in SLE patients [15].

Over time, CVD mortality has decreased in the general population; however, a 
similar level of improvement has not been seen in SLE [2]. It has been estimated 
that patients with SLE have a threefold increased risk of premature cardiovascular 
mortality [2]. Rates of hospitalization for acute myocardial infarction and ischemic 
stroke have increased over time for SLE, while these rates decreased in general 
population [16].
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It is unclear why patients with SLE are at a greater risk of accelerated atheroscle-
rosis, but both traditional “Framingham” and nontraditional risk factors certainly 
play a role. Understanding of pathogenesis and treatment of atherosclerosis in SLE 
remains challenging and is evolving [17].

Traditional risk factors such as smoking, hyperlipidemia, HTN, DM, and obesity 
seem to be enhanced by a series of different pathways including ongoing inflamma-
tion, disease activity, autoantibodies, or deleterious effect of prolonged corticoste-
roid exposure in SLE patients. This is manifest with higher rates of complications, 
such as premature cardiovascular events, including even structural damages, for 
example, myocardial infarction (MI) and strokes (CVA) in younger ages. It is well 

Table 6.1  Risk of different comorbidities in SLE patients versus the general population in 
different publications presented in chronological order

Study and population Comorbidity

Standardized 
incidence ratios 
(95%)a

Rees et al. [4]
Retrospective cohort including 7732 
prevalent cases of SLE

Cardiovascular diseaseb

Strokeb

End-stage renal failureb

Cancerb

Osteoporosisb

Infectionb

1.65 (1.40–1.95)
1.47 (1.20–1.80)
3.41 (1.93–6.05)
1.15 (1.05–1.27)
1.92 (1.70–2.16)
1.10 (1.03–1.18)

Attar et al. [8]
Retrospective cohort including 95 SLE 
patients

Vitamin D deficiency 1.45 (0.53–3.27)

Magder et al. [9]
Hopkins lupus cohort of 1874 SLE 
patients

Cardiovascular eventsc 2.66 (2.16–3.16)

Mok et al. [10]
Scandinavian cohort of 490 SLE patients

Cerebrovascular events 2.02 (1.30–3.81)

Bernatsky et al. [11]
Multisite international SLE cohort 
including 16,409 patients linked with 
regional tumor registries

Cancer: All types 1.14 (1.05–1.23)
Non-Hodgkin lymphoma 4.39 (3.46–5.49)
Vulva 3.78 (1.52–7.78)
Thyroid 1.76 (1.13–2.61)
Leukemia 1.75 (1.04–2.76)
Lung 1.30 (1.04–1.60)
Breast 0.73 (0.61–0.88)
Endometrial 0.44 (0.23–0.77)

Ramsey-Goldman et al. [12]
Self-reported fractures in a large 
population-based cohort of 792 women 
with SLE

Osteoporosis
Self-reported fractures

4.7 (3.80–5.80)

aIn comparison with the general population; bAdjusted for age and sex, plus alcohol, smoking, hyper-
tension, hyperlipidemia, body mass index, prednisolone use, and baseline Charlson index score; 
p < 0.001 for all. cDefined as the occurrence of myocardial infarction, thrombotic stroke, clinically 
definite angina, percutaneous coronary intervention, a coronary bypass procedure, or claudication
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known that traditional Framingham risk factor score (FRS) for CVD risk assess-
ment underestimates the CVD risk for patients with SLE. Efforts in finding a better 
predictor model for SLE patients (e.g., modified FRS in which each item is multi-
plied by 2 [18]) and biomarkers for CVD risk prediction are ongoing [19].

Common risk factors such as smoking can increase the level of disease activity 
in general and atherosclerosis complications in particular. Smokers in SLE have a 
threefold increase in CVD events compared to smokers in general population [20]. 
In addition, smoking can be an environmental trigger for SLE, and it has been asso-
ciated with higher disease activity in SLE patients [21]. It is not clear if the greater 
disease activity and damage (cutaneous) reported among smokers is due to greater 
immunogenicity (as evident with the presence of DsDNA autoantibodies) or inter-
ference with mechanism of action of hydroxychloroquine.

Obesity, an additional cardiovascular risk factor, is more prevalent in SLE and 
may be associated with prolonged prednisone use, especially central obesity, which 
is a relative risk for CVD. Using dual x-ray absorptiometry (DXA), 50% of SLE 
patients reported to be obese, but only 29% were obese when body mass index defi-
nition was used [22]. Weight gain in SLE patients is multifactorial. Musculoskeletal 
manifestations (acute and chronic) may impose physical function limitations con-
tributing to weight gain. Pain, fatigue, sleep, or emotional health issues, fibromyal-
gia, and medication for fibromyalgia and depression may also contribute. However, 
the most common reason for SLE patients to gain weight is attributed to corticoste-
roids used to treat their disease. Petri et al. reported obesity rates in SLE to be mostly 
associated to corticosteroid use. A 10 mg increase in prednisone dose led to an aver-
age 5.50 pounds gain within 3 months [23]. Being overweight is a major contributor 
to atherosclerosis in SLE patients otherwise at low risk for CVD [24].

Hyperlipidemia is a known risk factor for CVD in SLE, and prednisone use can 
result in an increase of total cholesterol. Prevalence of dyslipidemia in SLE ranges 
from 36% at diagnosis to 60% or even higher after 3 years of diagnosis, depending 
on the definition in the SLICC cohort [25]. Decreased level of high-density lipopro-
tein (HDL) is the most common abnormality [20]. In SLE, elevated VLDL and tri-
glycerides and lower HDL have been associated with disease activity. In the course 
of the disease, HDL particles lose their anti-inflammatory and antioxidant proper-
ties and become dysfunctional [26]. Paraoxonase-3 (PON3), a potent antioxidant 
protein, is depleted from the HDL of SLE patients with subclinical atherosclerosis, 
and PON3 expression in HDL was positively correlated with HDL antioxidant 
function [26]. The effect of steroids on hyperlipidemia has been well established, 
but the use of antimalarial drugs on the other hand has been shown to have some 
protective effect [27]. Dyslipidemia needs to be recognized in SLE and addressed 
through patient education and lifestyle modifications and if required with medica-
tions. Although several randomized clinical trials with statins have failed to prove a 
clear benefit in halting progression of atherosclerosis [25], yearly monitoring of 
SLE patients with lipid profile is recommended. In addition, education with life-
style modifications, use of hydroxychloroquine, or steroid sparing, interventions 
when possible, along with primary and secondary CVD prevention strategies, is 
encouraged.
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HTN besides being a comorbid condition in itself can cause progression of 
carotid intima-media thickness leading to strokes and poor renal outcome. Magder 
and Petri have described a higher risk of cardiovascular events (CVEs) in SLE 
patients, 2.66 times higher compared with the general population based on 
Framingham risk scores (95% CI: 2.16–3.16) [9]. In addition, CVE rates were 
positively associated with blood pressure with a 1.26 for every 10 mmHg increase 
in systolic blood pressure above 120 mmHg (p = 0.0054). In an observational 
longitudinal study, HTN was an independent risk factor (OR = 5.01, 95% CI 1.38–
18.23), besides age, smoking, and dyslipidemia, for MI even before the diagnosis of 
SLE or shortly thereafter [28].

Considering the crude and adjusted rates for lifetime comorbid conditions, HTN 
was the most prevalent (55.7%) in SLE followed by other CV events (29.9%) and 
DM (13.8%) [6]. These rates are higher than in other rheumatic conditions, includ-
ing rheumatoid arthritis (RA). While for RA and other rheumatic conditions the 
rates of CVD incidence increase with age, the rates are generally higher in SLE and 
constant among 35–84-year-old age group [6]. SLE patients with HTN may develop 
posterior reversible encephalopathy syndrome in the course of the disease [29]. In 
patients with SLE and HTN, careful workup for renal involvement is suggested 
along with education and management. In patients with proteinuria and HTN, use 
of angiotensin-converting enzyme inhibitors may be considered if possible.

End-stage renal disease (ESRD) is seen in SLE and may be related either to 
greater prevalence of HTN in SLE or directly as result of lupus nephritis.

SLE patients with renal involvement, serositis, Raynaud’s phenomenon, and 
antiphospholipid syndrome have a higher frequency of CV events. The presence of 
APL antibodies, anti-dsDNA, or low serum complement is associated with CV 
events as well. APL antibodies might play a role in the development of atheroscle-
rosis via different mechanisms, such as the pro-inflammatory activity or by enhanc-
ing the lipid peroxidation of lipoproteins or reducing paraoxonase activity [30]. 
SLE patients who were positive for APL antibodies had a 57% greater risk of suf-
fering a CV event [31].

Low vitamin D levels are commonly seen among SLE patients. Besides bone 
health, low vitamin D may have implications for disease activity and CVD in 
SLE. In a large observational longitudinal study of 890 SLE patients, lower baseline 
25(OH)D levels were found to be associated with higher risk for CV risk factors and 
more active SLE at baseline [32]. There was a trend toward a lower likelihood of 
CVD events in those with higher baseline 25(OH) D levels in the same study. In 
another study with 75 women with SLE, higher BMI (p = 0.014) and insulin resis-
tance (p = 0.023) were noted among those with vitamin D deficiency than those with 
25(OH) D > 20 ng/ml [33]. Also, patients with SLEDAI-2 K ≥ 4 had lower 25(OH) 
D than those with SLEDAI-2 K <4 (median 12.9 vs. 20.3 ng/ml, p = 0.031). Aortic 
stiffness was significantly and directly associated with serum 25(OH) D and inde-
pendently of CVD risk factors and insulin. Furthermore, vitamin D deficiency is 
associated with hampered vascular repair and reduced endothelial function and may 
modulate type I IFN responses [34]. Low vitamin D levels are easily modifiable 
through vigilance, screening, education, and intervention.
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Individuals with SLE have a 2.5 times higher risk of cerebrovascular disease 
(CVA or stroke) than the general population, regardless of the type of stroke [35], 
which accounts for 10–15% of deaths in SLE [36]. SLE patients have a twofold 
higher risk of ischemic stroke, a threefold higher risk of intracerebral hemorrhage, 
and an almost fourfold higher risk of subarachnoid hemorrhage compared to the 
general population. Relative risk of stroke was highest among individuals younger 
than 50 years of age [35]. The fact that highest relative risk of stroke was observed 
at younger ages may be partially explained by the accelerated and premature athero-
sclerosis seen in SLE.  Elevated homocysteine levels in SLE patients have been 
implicated in higher rates of stroke and arterial thrombosis as well [9]. In addition a 
more prominent role of thrombotic events in general is becoming evident, affecting 
late morbidity and mortality in SLE. Thrombosis is becoming the most common 
cause of death during the late disease course according to [36]. Platelets bearing 
complement protein C4d (P-C4d) is associated with ischemic stroke (odds ratio 
4.54, 95% CI 1.63–12.69, p = 0.004) after adjusting for age, ethnicity, and APL 
antibodies among SLE patients [37]. Furthermore, P-C4d is associated with all-
cause mortality and stroke in SLE patients.

PAD is noted to be common among SLE patients [38]. In a Chinese study with 
10,144 patients with SLE and 10,144 control patients, incidence of peripheral arte-
rial occlusive disease (PAOD) was 9.39-fold higher (95% confidence interval [CI]  
=  7.70–11.15) in the SLE cohort than in the non-SLE cohort [39]. Moreover, SLE 
was an independent risk factor for PAOD. The adjusted risk of PAOD was highest 
in patients with SLE who were aged ≤34 years (hazard ratio  =  47.6, 95% CI  
=  26.8–84.4). The risk of PAOD was highest during the first year of follow-up and 
decreased over time.

Pulmonary arterial hypertension (PAH) is commonly associated with connective 
tissue diseases including systemic sclerosis and SLE. The prevalence of PAH in 
SLE is estimated to be 0.5–17.5%. Leading predictors of PAH in SLE are Raynaud’s 
phenomenon, anti-U1RNP antibody [40], and anticardiolipin antibody positivity. 
Among Chinese patients with SLE, pericarditis (odds ratio (OR) = 4.248), pleuritis 
(OR = 3.061), and anti-RNP (OR = 2.559) were independent risk factors for PAH 
[41].Although not entirely understood, various elements of SLE, such as vasculitis, 
APL syndrome causing in situ thrombosis, interstitial pulmonary fibrosis, and 
hypoxia due to lung disease, can lead to endothelial and smooth muscle prolifera-
tion causing damage of the pulmonary vasculature and PAH. Addition of immuno-
suppressive agent to vasodilators treatment was found to be useful at 6 months in 
SLE patients with PAH [42].

Some CV events in SLE, particularly heart failure and rhythm disorders, can be 
the result of several causes, such as lupus activity, fluid overload, anemia, PAH, etc. 
Over time, cardiovascular mortality has decreased in the general population, but a 
similar level of improvement was not seen in SLE patients, contributing still to 
10–15% of demise rates in SLE [36]. General survival in SLE and that related to CV 
disease has not improved since 1980 (Centers for Disease Control and Prevention, 
2002) [43]. Rates of hospitalizations for CVD events have not decreased. Results 
from the National Heart, Lung, and Blood Institute Dynamic Registry across 23 
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clinical centers from 28 consecutive SLE patients undergoing percutaneous coronary 
intervention (PCI) and compared with non-SLE patients (n = 3385) may shed some 
light to a few potential reasons [44]. As expected, SLE patients were younger and 
more often female in comparison with non-SLE patients undergoing PCI in this 
study. SLE patients were less likely than non-SLE patients to have hyperlipidemia 
but had a similar prevalence of HTA, DM, and tobacco use. The prevalence of multives-
sel disease was similar between groups. Initial intervention success (by angiographic 
definition) was not significantly different between groups. However, at 1 year, SLE 
patients were more likely to experience a myocardial infarction (15.6% versus 4.8%, 
p = 0.01) and more often required repeat PCI (31.3% versus 11.8%, p = 0.009) than 
non-SLE patients, even after adjustment for important covariates [44].

Some of the other potential hurdles may include decreased physician awareness 
of CVD risks in SLE, lack of a quick CVD assessment risk tool for SLE patients 
that physicians can employ, need for SLE-specific treatment guidelines for CVD 
risk management, and limited physician time. Further research into dominant mech-
anisms underlying CVD in SLE, specific interventions targeting physicians, and 
patients to lower the risk, their efficiency, and effectiveness are required.

�Bone Health and Osteoporosis

Patients with SLE tend more commonly to develop vitamin D deficiency. Because 
of the photosensitivity and sun exposure avoidance, hypovitaminosis D has been 
estimated to be more prevalent in lupus patients. The vitamin D deficiency preva-
lence in SLE patients was reported to be as high as 62.81% in a Chinese population 
study by Gao et al. and severe vitamin D deficiency in up to 34.71% of patients. This 
can affect not only the immune system but also bone metabolism and bone health in 
particular.

SLE patients confront a higher risk of developing bone loss, osteoporosis, and 
subsequent fragility fractures because of the disease itself and glucocorticoids expo-
sure. Osteoporotic fractures may result in significant additional morbidity, includ-
ing severe pain, disability, and decreased mobility, and in certain cases increased 
mortality. Approximately 25–75% of patients with SLE have been found to have 
osteopenia [45, 46], while osteoporosis rate varies significantly in different studies 
ranging from 1.4% to 68% [47].

The risk of fracture is nearly fivefold among women with SLE, compared to 
women from the general US population [48]. The duration of corticosteroid use was 
furthermore associated with a shorter time from SLE diagnoses to fracture [12]. 
SLE itself is associated with deterioration in bone structure, cortical microstructure, 
and bone strength [49]. Besides the traditional risk factors including age, low body 
weight, low body mass index, and postmenopausal status, SLE-related risk factors 
including chronic inflammation, increased levels of TNF-alpha and RANKL, can 
affect osteoclast maturation and activity. Sun avoidance and premature gonadal fail-
ure, which cause vitamin D deficiency, are some additional risk factors that can be 
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seen as SLE related [50]. Low C4 has been associated with low spine bone mineral 
density in the Hopkins lupus cohort [51]. Renal failure, lupus anticoagulant, and 
Raynaud’s phenomenon are other potential risk factors [51]. Daily use of glucocor-
ticoids, not the cumulative dose, was associated with an increased risk of vertebral 
fractures [52]. Studies with SLE patients have demonstrated that for every 36.5 mg 
of glucocorticoids, the risk of osteoporosis increased 1.9-fold [53]. In addition to 
glucocorticoids, other therapeutic agents used in SLE management may promote 
bone loss, such as cyclophosphamide, leading to premature ovarian failure, placing 
young women with SLE at a higher risk for bone loss, heparin used in SLE patients 
which may cause bone loss, via binding to serum calcium, and causing secondary 
hyperparathyroidism.

Avascular necrosis of the bone is another complication that according to “Euro-
lupus project” by Cervera et al. [36] has been noted to be among early complica-
tions of SLE patients, therefore not strictly related to long-term exposure to 
corticosteroid therapy but the current steroid dose exposure as well.

Management of bone health in SLE is particularly difficult, lacking extensive 
data, and given potential side effects of traditional osteoporosis medications during 
reproductive age. Hormone therapy can improve BMD in postmenopausal women; 
however, there has been long-standing concern exposing SLE patients to such thera-
pies knowing that estrogen exposure may enhance SLE itself. How to best treat 
early osteoporosis in younger SLE patients, who have not yet started or completed 
their plans for family, beyond traditional calcium and vitamin D supplements 
remains a clinical dilemma for most treating physicians. Surveillance for bone 
health, dietary intake of calcium and vitamin D, patient education on bone health – 
especially for those who are or have been on glucocorticoids or are at risk for poor 
boner health – are pivotal, as are control of disease activity, use of steroid-lowering/
steroid-sparing treatment strategies, and treatment of vitamin D deficiency.

�Malignancy

The combination of intrinsic immune system defect and the exposure to cytotoxic 
medications are associated with a higher incidence of malignancies in SLE patients. 
Multiple studies have investigated this association. A recent meta-analysis including 
15 studies involving 58,077 patients with SLE summarize the risks of overall and 
site-specific malignancies in patients with SLE [54]. The overall risk of malignancy 
in SLE is elevated, compared with the general population, slightly higher in the hos-
pital-based cohorts (pooled RR, 1.33; 95% CI 1.14–1.55) compared with the popula-
tion-based ones (pooled RR, 1.29; 95% CI 1.09–1.53). Males are at a higher risk to 
develop a cancer than females (pooled RR 2.41; 95% CI, 1.46–3.98 versus 1.62; 95% 
CI, 1.36–1.94). The most frequently observed malignancies were non-Hodgkin’s 
lymphoma, Hodgkin’s lymphoma, leukemia, and laryngeal, lung, liver, vagina/vul-
var, and thyroid malignancies (Table 6.1). The risk was higher for hospital-based 
cohorts probably because patients with a more severe disease were included.
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Diffuse large B-cell lymphoma is the most frequent hematologic cancer seen in 
SLE. Lymphocytes are the cell line responsible for most of the inflammation in this 
autoimmune disorder suggesting that the chronic inflammatory state may play a role 
in the development of cancer. In addition, the Epstein-Barr virus (EBV), which is 
suggested to have a role in the pathophysiology of SLE [55], has been associated 
with hematologic malignancies as Burkitt lymphoma and Hodgkin diseases [56].

The increase in human papilloma virus (HPV)-associated cancers reported in 
women with SLE [57] may be explained by the impaired eradication of this virus 
and the use of immunosuppressive drugs [58]. Although conflicting data have been 
published regarding the risk of cervical lesions among women with SLE, a recent 
meta-analysis has shown a pooled odds ratio for the risk of high-grade squamous 
intraepithelial lesions of 8.66 (95% CI: 3.75–20.00) in SLE patients, compared to 
healthy women [59]. Interestingly, when this meta-analysis was performed accord-
ing to the year of the publication of the study, there was a slight increase in the risk 
in the periods 2001–2011, with stabilization later. Despite no specific screening 
tests are recommended for SLE patients [60], these results suggest that women with 
SLE may benefit from HPV vaccines and specific cervical cancer screening.

Lung cancer also has an increased incidence in SLE patients with an overall 
histologic distribution comparable to the general population [61]. Possible explana-
tions for this increased risk may be genetically shared susceptibility, pulmonary 
involvement in SLE with alveolitis or fibrosis playing a role in the development of 
cancer, or a higher tobacco exposure. Currently there is no robust data showing a 
clear association with either of these.

A reduced risk for breast cancer and endometrial cancer in women [62, 63] and 
prostate in men [64] has also been noted. Though reason for this association is 
uncertain, it suggests a complex interaction between the immune and endocrine 
system and their role in cancer among SLE patients.

Two studies reported mortality from malignancy in SLE patients. The pooled 
estimates showed no increase in the risk of death (meta-SMR 1.16, 95% CI 0.57–
2.35) [2] from malignancy. Another study evaluated the risk of mortality due to 
malignancy by gender, in an inception cohort of SLE patients, in Southern Sweden, 
and compared it with the observed frequencies and spectrum of malignancies in the 
general population [65]. They reported a twofold increase in the risk of death in men 
(SMR 2.24, 95% CI 0.6–5.7) and a comparable risk to general population in woman 
(SMR 1.02, 95% CI 0.4–2.1) from malignancy among SLE patients. Despite con-
flicting results, age, and gender, appropriate cancer screening is encouraged for all 
SLE patients.

�Infections

Regardless of a dramatic change in survival of patients with SLE, from 50% at 4 
years in early studies [66] to 80% at 15 years in more recent studies [67, 68], infec-
tions remain a common cause of mortality and morbidity. In a recent meta-analysis 
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of published observational studies, SLE patients exhibited a nearly fivefold increase 
in the risk of death as a result of infection compared to the general population [2].

Although the etiology of SLE is not completely known, infections can induce the 
onset and exacerbations of the disease in genetically predisposed individuals [69]. 
In addition, SLE patients are at an increased risk of developing infections as a result 
of immunosuppression, the disease activity [70], and some of the medications used 
to treat SLE (e.g., pneumonia in patients with high doses of steroids) [71].

A wide spectrum of infections has been reported in SLE patients, mostly bacte-
rial infections. The incidence of infections may vary from study to study depending 
on the type of patients studied (outpatients or hospitalized), presence of renal dis-
ease, or the treatments they received (high doses of steroids, cytotoxic, or immuno-
suppressive drugs). The most common types of infections are pneumonia, urinary 
tract infection, cellulitis, and bacteremia without focus as in the general population 
and include similar pathogens (Table 6.2). The most frequent bacterial infections 
are those caused by Staphylococcus aureus, E. coli, Salmonella, and Streptococcal 
pneumoniae (Table  6.2). Although most infections reported in SLE patients are 
minor in general, it has been also reported opportunistic infections.

Infections with Salmonella are more common in SLE patients than in the normal 
population, probably due to splenic dysfunction [78]. There is an increased risk of 
mortality if salmonella infection is diagnosed concurrently with the onset of lupus or 
if a SLE patient is reinfected with Salmonella [79]. Patients with active disease (espe-
cially nephritis) on intensified immunosuppression appear to be most at risk [71].

Tuberculosis (TB) infection in SLE patients occurs especially in endemic areas, 
where its prevalence ranges from 5% to 30% [80]. In SLE, TB infections are fre-
quently extrapulmonary and have a higher relapse rate [81]. Mycobacterial infec-
tion may affect the skin and mimic vasculitis posing a diagnostic challenge in some 
lupus patients. In a poor response to more aggressive immunosuppressive therapy, 
an opportunistic infection must be considered, as a skin biopsy may provide the 
appropriate diagnosis [82].

SLE patients are also at an increased risk for viral infections [73, 75]. In addition, 
some viruses such as cytomegalovirus (CMV), Epstein-Barr virus (EBV), and par-
vovirus B19 play a role as environmental agents that trigger the development of the 
disease [55]. In contrast, SLE has a decreased incidence in HIV-infected population 
compared to the general population [83].

A number of factors can increase the risk of infection in SLE patients. The risk 
factors most frequently associated with infections are prolonged therapy with 
immunosuppressives, use of high doses of corticosteroids and cyclophosphamide, 
renal and pulmonary involvement, low complement, and high disease activity.

The first study carefully examining risk factors for infection in SLE patients 
found an overall infection rate ten times greater in SLE compared to RA patients 
and patients with nephrotic syndrome. The number of infections was higher in 
patients with a prednisone dose exceeding 20 mg/day and an impaired renal func-
tion [84]. Studies by Urowitz [85] and Lee [86] similarly noted the association of 
infections with corticosteroid therapy and active renal disease. Although the asso-
ciation of azathioprine with an increased incidence of infections was reported in 
earlier studies [86], this has not been confirmed in more recent ones [80].
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Some studies have found an association between disease activity and increased 
incidence of infections [70, 76], which may have important clinical considerations. 
Infections are difficult to assess in SLE patients because some manifestations of 
infections may be similar to SLE itself. In addition, infections not only may mimic 
a flare but also may precipitate one causing diagnostic and management challenges. 
While treatment of disease flare may require escalation of immunosuppressives, the 
presence of infections may necessitate discontinuation, albeit temporarily, of immu-
nosuppression and use of antibiotics. Some authors have described how high CRP 
(>50 mg/l) may be of help to differentiate infection from disease activity in SLE 
patients with fever [77, 87, 88].

With the use of immunosuppressive medications, SLE patients may develop pro-
gressive multifocal leukoencephalopathy associated with JC virus, a papovavirus 
[89]. In addition, SLE patients receiving B-cell-targeted therapy may also experi-
ence herpes zoster (HZ) infection. Medications associated with greater HZ risk in 
patients with SLE include corticosteroids, hydroxychloroquine, cyclophosphamide, 
azathioprine, methotrexate, and mycophenolate mofetil [90]. Combination immu-
nosuppressive therapy was commonly seen in patients with SLE and was associated 
with greatly increased HZ risk. For oral corticosteroids and hydroxychloroquine, 
the risk of HZ was strongly dependent on the medication dose. HZ may also be seen 
with biologic use such as rituximab.

HPV infection may occur in patients on immunosuppressive medications, as in 
SLE. This has been well reported from organ transplant literature. Odds ratio for 
genital HPV infection in women with SLE was 7.2 (95% CI, 2.9–17.8; p = 0.0001) 
[91]. In this study, no association between HPV prevalence and use of immunosup-
pressive medications was found. In another study, HPV+ viral types were identified 
using PCR: HPV+ was observed in 14.7% of SLE and 30.8% of controls (87). High-
risk HPV types were observed in 11.7% of women with SLE and in 26% of the 
controls. High-risk viral types 58, 35, and 18 were the most frequently identified in 
SLE. Herein an association was observed between methotrexate utilization, longer 
duration of therapy with prednisone, and HPV+ in SLE [92]. In yet another study, 
SLE patients were found to have a threefold increase in HPV infection, mostly 
genotypes 53, 58, 45, 66, 6, 84, 83, and 61, as compared with controls, who pre-
sented types 6, 18, and 61 more frequently [93]. The higher rate of HPV infection 
was associated with immunosuppressive therapy. This study provides evidence that 
SLE patients have a high prevalence of HPV infection, which is even higher with 
the use of immunosuppressive, a condition that might necessitate a more frequent 
cervical cancer screening program for these women. The HPV vaccine is well 
tolerated and reasonably effective in patients with stable SLE and does not induce 
an increase in lupus activity or flares [94]; however, effectiveness of vaccination in 
primary prevention of HPV or cervical dysplasia in SLE is not yet established.

In summary, most of the studies have clearly shown that infection is an indepen-
dent risk factor for death in SLE patients. Because of the independent role of immu-
nosuppressive agents, particularly higher doses of corticosteroids and 
cyclophosphamide, in the occurrence of infection during SLE and their independent 
effect on the long-term outcomes, it is important to identify patients who should be 
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targeted for this treatment. To avoid unacceptably high morbidity and mortality, 
careful follow-up of patients with SLE is recommended, as infection, mainly of 
bacterial origin, can occur at any time during evolution of the disease and can be 
related to SLE disease activity.

�Fibromyalgia

Fibromyalgia (FM) is a chronic pain syndrome more common in women that often 
accompanies SLE posing a diagnostic dilemma [95]. The prevalence of FM in SLE 
patients varies from 22% to 25% in different studies [96, 97] compared to 1–4% in 
the general population [98]. When no formal criteria are applied and the diagnosis 
of FM is made by the treating physician, the prevalence can be even higher, around 
32% [99]. Caucasian SLE patients have been found to be at higher risk for develop-
ing FM compared to African-American and Hispanic ethnic groups in addition to 
the presence of anxiety or affective disorders [100].

Although the presence of FM is not related to disease activity according to the 
SLE Disease Activity Index (SLEDAI), it affects the quality of life of these patients 
as a result of the widespread musculoskeletal pain and pain hypersensitivity [101]. 
In addition, the clinical features of FM may contribute to a misinterpretation of SLE 
activity. Both diseases share many symptoms as musculoskeletal pain, fatigue, stiff-
ness, sleep, and cognitive dysfunction. Distinguishing both entities can be espe-
cially difficult when a patient with FM have a positive antinuclear antibody (ANA). 
This test although sensitive is not specific for SLE. A review of 422 positive ANA 
test at high titers showed that a significant proportion of patients had no connective 
tissue disorder at the time of testing [102].

In terms of additional comorbidity factors, depression has been highly associated 
in patients with SLE and FM, but others also presented are autoimmune thyroiditis, 
arterial hypertension, and dyslipidemia [103].

SLE with FM leads to poorer self-reported health assessments [99] even in early 
stages of the disease [104], probably related to the mentally, socially, and physically 
impairing condition a result of FM. Because SLE remains a challenging disease and 
the prevalence of FM might arise, physicians need to be alert in recognizing the 
onset of FM when depression and widespread pain coexist. Multidisciplinary 
approach involving patient education, psychologist, primary care physician, physi-
cal therapist, and a pain specialist may be beneficial.

�Conclusion

Patients with SLE have experienced a better survival over the last few decades. 
However, they still present an increased risk of premature mortality compared with 
the general population, which highlight the importance of a better management of 
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associated comorbidity. Although cardiovascular mortality has decreased in the 
general population, this improvement has not been seen in SLE patients. For this 
reason, it has been proposed that SLE should be treated as a “CVD equivalent” such 
as DM is, with lower lipid goals, more intense aspiring use and potentially more 
aggressive monitoring. For example, although guidelines recommend a target blood 
pressure of less than 130/80 mmHg for patients with comorbidities as DM or 
chronic kidney disease, SLE experts recommend a lower target in SLE patients 
(120/80 mmHg).

Promotion of preventive measures such as smoking cessation, a low-calorie diet, 
and aerobic exercise to lose weight should be part of the management of patients 
with SLE. In addition, they should be encouraged to follow regular screening pro-
grams for cervical and breast cancer. The higher prevalence of uterine cervix carci-
noma and human papillomavirus infection in lupus patients in comparison with the 
general population supports an early immunization in teenage patients with lupus. 
Meticulous exclusion of infections is mandatory, because the potential of infections 
to masquerade an exacerbation of underlying disease or the catastrophic results if 
immunosuppression is used when concomitant infection. All patients should be 
immunized against Streptococcus pneumoniae given the incidence and severity of 
the infections caused by this pathogen. Many patients with SLE suffer from 
GC-induced osteoporosis, which should prevented by calcium and vitamin D3 sup-
plements and, if necessary, by bisphosphonates. Symptoms affecting quality of life, 
such as fatigue and fibromyalgia, also need to be addressed with new approaches or 
therapeutic options.
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Chapter 7
Systemic Sclerosis

Frank A. Wollheim

Let me start with a case history. In 1935 a boy aged 3 attended a marionette theatre 
for children. Eleven days later he developed high fever and this soon developed into 
typical measles. Ten days after recovering, the boy developed a sore throat, new 
fever, and a rash, easily diagnosed as scarlet fever. Since the parents were physi-
cians, the boy was isolated not in an institution, but at home. Three weeks later the 
young patient developed bilateral otitis media, a condition which carried a serious 
risk for permanent hearing loss but also could spread to meninges and brain. The 
boy was saved these complications by a mastoidectomy which drained the pus to the 
outside and allowed healing with no sequel.

The reader will agree that this patient suffered from three distinct diseases and 
that one was causing the second which was leading to the third. But clearly one 
should not call it comorbidity, although an epidemiologic study would have sug-
gested it. A systemic disease like systemic sclerosis (SSc) typically involves pathol-
ogy in almost all organs of the body resulting in highly heterogeneous disease 
patterns. When classifying pathology, there is a tremendous semantic problem to 
distinguish between true comorbidity, disease manifestation, complication of the 
disease, and just chance co-occurrence.

The problem in SSc is well illustrated by a mortality study from our institution 
(Table 7.1) [1]. A series of 249 patients were followed for at least 10 years. Of the 
49 deaths, only 15 could definitely be classified as caused by SSc and 10 definitely 
as having non-SSc cause. The remaining 24 could only be classified as “possibly” 
or “probably” disease related. These authors are in good company: in 1991 Alan 
Silman wrote “Mortality from any disease reflects the summated risk of death as a 
direct consequence of that disease plus the risks (excess or not) of death from an 
apparently unrelated cause. The problem of defining a ‘related’ cause is a real one 
and the distinction is not always clear” [2]. In other words, comorbidity should be 
distinguished both from disease manifestation and coincidence which is a special 
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challenge in the rare multisystem condition named SSc, where a general vascular 
dysfunction is a central feature of pathogenesis [3].

Access of comorbidity and its consequence requires ideally prospective studies 
of population-based well-characterised patient cohorts or population-based mate-
rial. This is expensive and involves laborious hospital chart work as well as avail-
ability of reliable registers. A questionnaire-based instrument was developed [4]. 
Unfortunately this instrument has been shown to be unreliable [5].

Neither the recent 10th edition of Kelley and Firestein 2000+ page Textbook of 
Rheumatology nor the multi-authored book “Scleroderma” [6, 7] has separate chap-
ters on comorbidity. Nevertheless, this topic is of interest since associations could 
contribute to understanding of the pathogenesis of the conditions and also give a 
warning signal to the clinician to scrutinise some patients for potential malignancy.

�Malignancy

The first report of malignancy in SSc may be that of three cases with pulmonary 
involvement, which at autopsy in addition to fibrosis had alveolar cell carcinoma 
[8]. The literature since then abounds with papers on cancer risk in various organs, 
most often the lung and breast (Table 7.2). Many are case reports or cohort studies 
with or without defined background populations. A Japanese literature search iden-
tified almost 2000 publications on the topic. However, the authors could only find 
six population-based studies published between 1995 and 2012 from Sweden, 
Scotland, Australia, the USA, Denmark, and Taiwan. 4/6 found a significantly 
increased standardised incidence ratio, SIR [9]. An exception was a Detroit-based 
study [10]. The authors commented that their negative result could be explained by 
a high background incidence of malignancy in the city. The most recent and largest 
studies from Denmark and Taiwan, respectively [11, 12], based on over 2000 
patients each, found an SIR of 1.4 and 1.6, respectively. The pooled SIRs were 
higher among male patients in both studies. Five of the studies reported SIR of 3.18 

Table 7.1  Causes of death in relation to SSc in 49 patients

Cause of death Relation with SSc lSSc/dSSc
Definite Probable Possible None

Pulmonary disease 10 7/3
Renal disease 1 0/1
Cardiovascular 1 1 4 4 1/9
Gastrointestinal 3 1 4/0
Cancer 7 5 9/3
Infection 7 1 1 2/7
Suicide 2 1/1
Other 1 1/0
lSSc/dSSc 10/5 4/6 8/6 3/7 25/24

From Hesselstrand et al. [1] with permission
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Table 7.2  SIRs from six population-based studies of malignancy in SSc

Organ

Total Men Women

No. of 
studies

Pooled 
SIR (95% 
CI)

No. of 
studies

Pooled 
SIR (95% 
CI)

No. of 
studies

Pooled SIR 
(95% CI)

All cancers 6 1.41 
(1.18–
1.68)*

6 1.85 
(1.49–
2.31)*

6 1.33 
(1.18–
1.49)*

Lung 6 3.18 
(2.09–
4.85)*

5 4.40 
(2.73–
7.09)*

5 2.73 
(1.70–
4.39)*

Breast 5 1.10 
(0.85–
1.42)

– – 5 1.10 
(0.85–1.42)

Prostate 3 1.62 
(0.75–
3.47)

3 1.62 
(0.75–
3.47)

– –

Bladder 2 2.00 
(1.06–
3.77)*

2 2.51 
(0.19–
32.5)

2 2.80 
(1.36–
5.76)*

Hematologic 4 2.57 
(1.79–
3.68)*

3 3.76 
(1.72–
8.21)*

4 2.55 
(1.24–
5.23)*

Non-Hodgkin’s 
lymphoma

2 2.26 
(1.21–
4.23)*

– – 2 2.07 
(1.00–4.32)

Leukaemia 2 2.75 
(1.32–
5.73)*

2 7.37 
(3.13–
17.34)*

– –

Gastrointestinal 2 0.61 
(0.35–
1.08)

– – 2 0.74 
(0.31–1.76)

Liver 2 4.36 
(2.00–
9.51)*

– – 2 5.81 
(0.68–
49.75)

Cervix 3 1.33 
(0.78–
2.24)

– – 3 1.33 
(0.78–2.24)

Nonmelanoma skin 
cancer

3 2.14 
(0.69–
6.65)

2 2.34 
(1.25–
4.59)*

2 2.45 
(0.45–
13.45)

Corpus uteri 2 0.88 
(0.36–
2.12)

– – 2 0.88 
(0.36–2.12)

From Onishi et al. [9] with permission
SIR Standardised incidence ratio, 95% CI 95% confidence interval
*P < 0.05
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for lung cancer, three found 1.6 for prostate cancer, two 2.0 for bladder cancer, four 
2.57 for hematologic, and two 4.36 for liver cancer. The SIR for breast cancer was 
not significant:1.1 (CI 0.85–1.42). In general, even in these relatively large studies, 
the correlations were modest and confidence intervals wide.

Another meta-analysis published on the same year, 2013, analysed 16 reports 
covering 7000 patients and arrived at similar results with an overall RR of 1.75 and 
most definite correlation between pulmonary and hematologic malignancy [13].

It should come at no surprise that these large population-based inception cohort 
studies yielded somewhat different results. The Swedish study [14] although cover-
ing 85% of the country’s 8.5 million population identified only a total of 29 patients 
with cancer among men and 40 among women. The strongest correlation was with 
lung cancer, based on a total of 15 patients, and yet this represented a fivefold 
increase compared to the general population. To summarise the population-based 
studies confirmed a modest correlation with lung, prostate, liver, bladder, and hema-
tologic cancers. They also confirm higher risks in male patients.

A large prospective cohort study was performed from an SSc centre in 
Philadelphia [15]. 769 patients were followed between 1987 and 2002 or at total of 
3775 patient years. Half of these well-characterised patients were classified as dif-
fuse and half as limited SSc, indicating the influence of referral bias. 90 malignan-
cies were diagnosed. The overall SIR was calculated to 1.55 by using a national 
cancer registry. The unexpected findings in this study were 12 cases of tongue can-
cer and pharyngeal cancers (SIR = 15.9). They also had seven cases of oesophageal 
cancer (SIR 9.63). This could be consequence of the occurrence of Barrett’s oesoph-
agus metaplasia. This association was actually confirmed in a large EUSTAR-based 
study [16]. Similar findings were made in a population-based Australian study [17]. 
A recent large single centre paper lists 154 malignancies among 2177 patients, 657 
of which were diffuse [18]. Breast cancer was most frequent with 65 cases followed 
by lung (n = 16), gastrointestinal (n = 17), genitourinary (n = 6), gynaecological 
(n = 17), skin (n = 6), and haematological (n = 19).

Thus it is safe to conclude that SSc is associated with a significant albeit modest 
increase of cancer. This could be related to increased susceptibility due to environ-
mental or genetic actors or following tissue damage induced by SSc, or to adverse 
influences from therapeutic agents used in treatment. The last would only favour 
malignancy occurring well after onset of SSc. Harmful effects of the malignant 
condition or therapies used to treat them on the other hand would favour SSc onset 
after malignancy. Coinciding clustering would indicate some common pathogenic 
mechanism, e.g. genetic susceptibility. These questions have been the subject of 
some recent work; the temporal clustering of malignancy around the debut of and 
the immunology of SSc patients was analysed [19–22]. The initial observation 
based on six patients with anti-RNA polymerase III (RNAP) was that these patients 
had a short interval between cancer and onset of SSc in contrast to patients with 
anti-TOPO1 or anticentromere antibodies [19]. A strong link between anti-RNAP 
and malignancy in SSc was confirmed in the large British study already cited [18]. 
Multivariable Cox, logistic, and regression analysis all showed RNAP positivity and 
age reacted to malignancy (p  <  0.001). Fourteen percent of anti-RNAP positive 
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patients developed malignancy vs only 6% of anti-TOPO-1 and ACA antibody 
positive patients. The time to cancer onset was significantly shorter among the anti-
RNAP positive patients [21]. These findings prompted closer look at the interval 
between malignancy onsets in relation to SSc onset. The new study showed that 
anti-RNAP III positive patients had the shortest interval in time of onset between 
SSc and cancer and also that SSc often occurred in the months preceding the cancer 
(Fig. 7.1) [19]. The gap was shorter among the anti-RNAP positive patents [19]. 
This observation was soon confirmed in an Italian survey [19]. Anecdotal reports 
that cancer treatment resulted in improvement of SSc has added further support to 
links between the conditions.

An interesting approach was to analyse the gene coding for RNAP in tumours 
from SSc patients with or without anti-RNAP. Mutations in the POLR3A gene were 
found in 6/8 positive but in none of eight negative patients’ tumours [22]. Mutations 
of this gene in cancer are rare, and the authors speculate that tumour caused by anti-
RNAP III antibodies could be instrumental in the triggering of some cases of SSc. In 
other words, SSc could be a paraneoplastic condition. A practical implication is that 
some patients with early SSc should be screened for malignancy [23]. A recent case-
control study from Italy showed a higher incidence of papillary thyroid cancer. The 
six cancer patients in this study all had autoantibodies to thyroid antigens compared 
to 40% in controls. The authors do not disclose interval between onset of the condi-
tions, and the study needs confirmation [24]. In conclusion, SSc like RA and SLE 
shows several associations to malignant disease although the links do differ in detail.

Fig. 7.1  A kernel density function illustrating the distribution of age at cancer n relation to auto-
antibody presence (From Shah et al. [21] with permission)
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�Scleroderma Overlap Syndromes

An extensive literature documents co-occurrence of different systemic autoimmune 
diseases in SSc patients. A recent representative, single referral centre, found 332 
such patients among a total of 1700 SSc patients [25].

The term “SSc overlap syndromes” was used. Myositis was most common 
(42.8%), followed by RA (32%), Sjögren’s syndrome (16.8%), and SLE (8.4%). 
Anticentromere antibodies were present in 40% of the Sjögren’s overlap patients. 
U1RNP was more common in the SLE overlaps. A prospective French cohort study 
of 133 patients identified 85 patients (64%) with subjective dry mouth and/or dry 
eyes, “subjective sicca syndrome”. Sixty-one (46%) had abnormal Shirmer test. In 
all 91 (68%) were considered to have “sicca syndrome” and underwent labial sali-
vary gland biopsy. 50/91 biopsies showed fibrosis, graded as mild, moderate, or 
severe, and 18/91 had a focus score of at least 1. Therefore, the true incidence of 
Sjögren’s syndrome was 14%. The study explains why several other study reports 
of up to 80% of Sjögren’s are misleading, but they confirm an overrepresentation of 
true Sjögren’s syndrome [26].

Many family studies over decades have shown an overrepresentation of autoim-
mune diseases among relatives of patients with such diseases. Shared genetic fac-
tors in MHC and other susceptibility loci are part of the explanation. A French study 
looked at this issue among 400 index cases and 313 controls. Data from their 373 
and 250 families were collected representing 823 and 318 first-degree relatives [27]. 
164 of 373 index cases reported at least one, 35 at least two, and 9 at least 3 first 
degree relatives with an autoimmune disease. The most common were Sjögren’s (72 
cases), autoimmune thyroid disease (n = 49), and RA (n = 41). Vitiligo was found 
in18, SLE in 13, SSc in 9, primary biliary cirrhosis in 8, pernicious anaemia in 5, 
celiac disease in 4, inflammatory bowel disease in 3, and autoimmune hepatitis in 3 
cases. In all 192 index family and 64 control family members had an autoimmune 
disease. Significant positive correlations were found for autoimmune thyroid dis-
ease and “connective tissue disease” (RA, SLE, and SSc) and in apparent protection 
for inflammatory bowel disease, when adjusted for family size. The limits of this 
study were that it was questionnaire based and that the response rate was only 40%, 
but it nevertheless offers a good insight in real-life “poly-autoimmunity”.

�Hepatic Involvement

Reynolds and Murray-Lyon described 6 and 2 cases, respectively, of women with what 
we would classify as limited SSc and primary biliary cirrhosis (PBC) [28, 29]. The 
combination is sometimes called Reynolds syndrome. They postulated a common 
immunologic aetiology. We know now that they were on the right track. In a review 
Kumagi lists a number of comorbidities of PBC [30]. These include other autoimmune 
conditions like SLE and Sjögren’s, but the most common comorbidity was that with 
“CREST”, the limited form of SSc. This was seen in 8% of PBC cases in a 
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population-based study [31]. Among 160 patients with PBC, 12 (8%) has SSc, of 
which 8 were classified as CREST. Not less than 38/160 had Raynaud’s, but it is uncer-
tain how many were related to SSc. Also 40/160 had Sjögren’s, but again, the majority 
may not have been biopsy-confirmed primary Sjögren’s [26]. A surprising observation 
was that patients positive for anti-microsomal antibodies were less likely to express 
other ANAs. In a more recent study of 80 PBS patients, 5 had “definite” SSc with organ 
damage, 10 had “early SSc”, and another 11 had “isolated SSc features” [32]. This 
study was done before the new sensitive EULAR/ACR criteria were established. In this 
study 42/80 patients were ANA positive, 17 had anticentromere antibodies and 15 had 
anti-CENP-B. Also 15 had scleroderma pattern, Nailfold capillary pattern [32].

An earlier study of T-lymphocytes in patients with the combination of “CREST” 
SSc and PBS found an overrepresentation of clonally expanded one T-cell receptor beta 
chain variable region, TCRBV3. The mRNA concentration showed modest increases 
with PBS alone and SSc without PBS, in sharp contrast to those with both conditions. 
This clonal expansion was stable over years and may indicate common trigger or 
pathogenetic pathway [33]. T-cell phenotypic characterisation revealed a defect in the 
generation and prevalence of regulatory CD8+ cells and also an expansion of the TH17 
population [34]. A number of papers have addressed TH17 cell changes in SSc [35–
41]. While several studies show increased production of inflammatory cytokines, one 
also notes a suppression of collagen production, interpreted as a defence against the 
fibrotic process [39]. A general conclusion is that common immune mechanisms are 
deranged in SSc and PBC and that both regulatory and effector T cells are involved. 
However, the detailed pathogenic mechanisms are still not elucidated.

In contrast to PBC, other autoimmune liver diseases, nodular regenerative hyper-
plasia, chronic active hepatitis, and sclerosing cholangitis have only been reported 
in case reports or small series, and all these cases most likely represent chance co-
occurrence [42–45].

Telocyte loss has been documented in both SSc and liver disease [46–49]. This 
fascinating newly characterised cell is normally present in the stroma of all organs 
and interacts with other cells in the tissue. Their long telopods can reach a length of 
100 micrometres, but they are only 20–200 nanometres wide. Thus they are only vis-
ible by electron microscopy (Fig. 7.2). The podomes form extensive networks and 
make contact with capillary endothelial cells, fibroblasts, myocytes, macrophages, 
and stem cells [49]. The aetiology of the telocyte loss in systemic sclerosis and liver 
fibrosis is unknown, but it is evident that telocytes carry important physiologic func-
tions and that their deficiency could contribute to the comorbidity of scleroderma.

�Cardiovascular Disease

Vascular in SSc is manifested by Raynaud’s and pathologic nailfold capillaries. 
Endothelial dysfunction in early SSc was restricted to microcirculation [50]. Digital 
ulcers are a common complication. The key vascular abnormalities are listed in 
Table 7.3 [51]. Dysregulation of coagulation and fibrinolysis, platelet activation, 
and formation of neointima with thickening of vascular walls are some contributors. 
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A consequence is hypo-perfusion and tissue anoxia. Morbidity caused by small 
vessel dysfunction should be regarded as disease manifestations of SSc. Only com-
plications of large vessel abnormality need to be addressed as possible comorbidi-
ties. Considering current evidence that atherosclerotic plaque pathophysiology is 
immune related, it is reasonable to expect an increased prevalence of myocardial 

Fig. 7.2  Scanning electron microscopy (SEM) of monkey left ventricular myocardium, showing 
a typical telocyte with a telopode spanning from a blood vessel (right) over myocytes. Another 
capillary passes under the cell body in the middle (From Wollheim [49] with permission)

Table 7.3  Key vascular abnormalities of SSc

Presence of proliferative vasculopathy with intimal proliferation in peripheral, pulmonary, 
coronary, and renal arteries in the absence of inflammation is a hallmark feature of 
scleroderma
Endothelial cell damage is a key and early process. It precedes fibrosis and particularly involves 
the arterioles
Early detectable changes in the endothelial cells include disappearance of membrane-bound 
vesicles, vacuolisation of endothelial cell cytoplasm, and gaps between endothelial cells
Defective angiogenesis is an early event in the form of drop out of capillaries and abnormal 
capillary architecture without a compensatory process
There are conflicting reports regarding the presence and role of circulating endothelial 
progenitor cells in SSc
There is dysregulation of coagulation and fibrinolysis process
Platelets show enhanced aggregability to various triggers such as type I collagen and adenosine, 
etc. and are activated throughout the clinical course of SSc
LPA and S1P could potentially contribute to the vasculopathy via endothelial cell activation, 
neointimal formation, vascular leakiness, increased vasoconstriction, cardiac fibrosis, and 
hypertension

From Pattanaik et al. [51] with permission
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infarction, MI, and stroke in patients with chronic autoimmune diseases. Increased 
risk has been well documented in RA and SLE. An epidemiologic study based on 
UK primary care data including patients from 1986 to 2011 identified 865 cases of 
SSc without previous MI or stroke. During a mean follow-up time of 5 years, 20 
cases of MI and 22 of stroke occurred. This was significantly more than in the con-
trols with a hazard rate of 1.97 (95% CI 1.21–3.22) for MI and 2.56 (95% CI 1.58–
4.41) for stroke. Adjusting for BMI, smoking, hypertension, diabetes, 
hyperlipidaemia, atrial fibrillation, and aspirin use did not attenuate the correlation 
[52]. The prevalence of peripheral vascular disease was 4 times higher than in the 
control’s. However, as the authors point out, misdiagnosis may affect the estimate 
of true peripheral vascular disease.

A Canadian population-based study identified 1239 SSc patients in a cohort of 
incident cases generated from 1996 to 2010. Each case was matched by 10 non-SSc 
individuals. After a follow-up time of 2  years, MI occurred with a frequency of 
13.0/1000 patient years compared to 4.1 /1000 patient years in the controls. 
Corresponding figures for stroke were 8.0 vs. 4.1. Adjusted hazard rates were 3.49 
(95% CI 2.52–4.83) and 2.35 (95% CI 1.59–348), respectively. In this study the risks 
were significantly higher in the first year of SSc [53]. Together with numerous less 
stringent evidence, it is safe to conclude that there is an increased risk of suffering MI 
and stroke in patients with SSc. This is obviously in part a consequence of the general 
vascular changes of SSc, but could also have other contributing aetiologies.

Postmortem examination performed in the days when this procedure still was in 
use clearly showed widespread changes in large vessels more characteristic of vascu-
lopathy than vasculitis [54]. A connection with SSc and large vessel disease was sug-
gested by case histories in the 1980s and 1990s [55–57]. The hypothesis was supported 
by a case-control study of patients with limited SSc [58]. A study of 33 with limited 
SSc confirmed increasing loss of elasticity in the carotid arteries [59]. An Australian 
retrospective study reported ulnar artery occlusion identified by positive Allen tests in 
patients with digital ulcers [60]. A large French study comparing patients with and 
without active digital ulcers identified small- and medium-sized arterial pathology but 
aortic pulse wave velocity abnormality with the ulcers [61]. A recent clinical paper 
illustrates the mix of causes of ischemic digital ulcers in SSc [62]. Macro vascular 
comorbidity is particularly prevalent in patients with limited SSc.

Data from hospitalised patients with SSc and atherosclerotic cardiovascular dis-
ease (ASCVD) in a sample of 20% of US hospitals analysed data from 1993 to 2007 
involving 61,734 patients with SSc compared to 331,235 patients with SLE, 842,787 
with RA, and 468,913 with controls. The modified Charlson comorbidity index did 
not differ among the disease groups. The in-hospital deaths per 1000 hospitalisa-
tions were 64.5 for SSc, 26.5 for SLE, 26.1 for RA, and 25.0 for the controls. The 
mean age of the SLE patients was lower and that of the RA patients higher, but these 
differences did not explain the higher mortality among the SSc patients. 5.4% of all 
hospitalisations among SSc patients were related to ASCVD. The study illustrates 
the high prevalence and severity of ASCVD and points to the need for further analy-
sis of the causes of more efficient management [63].
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�Myasthenia Gravis

Myasthenia gravis was recognised albeit unusual as a complication of therapy with 
D-penicillamine in patients with SSc, a drug commonly used to treat SSc over 
decades until an RTC failed to show efficacy [64]. But co-occurrence has also been 
observed in patients who were never exposed to this drug. Two such patients were 
reported in 2007 together with a critical review of the literature [65]. The authors 
identified a total of 14 patients including their own. All but one were women aged 
between 24 and 76 years. Eleven were tested for antibodies to the acetylcholine 
receptor and they were all positive. The authors speculate that this co-occurrence 
may be more common than reported due to overlapping symptoms. In the absence 
of recent reports of co-occurrence, it can be concluded that there is no support for 
comorbidity with myasthenia gravis.

�Depression

Anxiety and depression are overrepresented in patients with SSc and not always 
managed adequately. The question is whether the connection is a disease manifesta-
tion, a complication, or a comorbidity or a combination. Mild and transient depres-
sion can be observed in nearly 50% of patients in referral centres [66]. Applying 
stringent criteria and double observation 1 month apart, a recent Canadian study 
diagnosed major depressive disorder in 5% of all patients, whereas only one quarter 
of their patients fulfilled criteria at both examinations, and the conclusion was that 
the majority of depressions were mild and transient [67]. Considering the major 
impact on quality of life in SSc, this may come as a surprise, but the study illustrates 
the diagnostic problem. Several studies find correlations with depression and dys-
functional sexual function [68, 69], sleep disturbance [70], and pain [71]. These and 
several other publications emphasise the reality of increased prevalence of depres-
sion but also to its nature as consequence or complications of the disease rather than 
independent comorbidity. Suicide is probably more prevalent in the general popula-
tion [72].

�Osteoporosis

Osteoporosis is common in SSc and often considered a comorbidity [73–75].  
A number of plausible explanations can be considered including reduced physical 
activity, early menopause, treatment with glucocorticoids and other drugs, malab-
sorption due to GI involvement, and reduced lean body mass. But they all indicate 
osteoporosis as an important disease complication rather than comorbidity.
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�Concluding Remarks

As mentioned in the introduction, comorbidity may often be complication or conse-
quence of SSc. And SSc maybe induced by therapies to other conditions, in particu-
lar cancer. In the end the distinction may be less important than the clinician’s 
awareness of unusual or unexpected features of SSc. Vigilance for malignancy, 
depression, thyroid disease, liver disease, osteoporosis, and Sjögren’s are all rele-
vant in the assessment of patients with SSc.
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Chapter 8
Gout

Lisa K. Stamp and Peter T. Chapman

Comorbidities are common in patients with gout. Data from NHANES 2007–2008 
revealed that of the individuals with gout, 74% had hypertension, 71% had ≥ stage 
2 chronic kidney disease, 53% were obese, 26% had diabetes, 14% had a history of 
myocardial infarction and 10% had a history of stroke [1]. Many people with gout 
have more than one comorbidity. The metabolic syndrome, which comprises hyper-
tension, cardiovascular disease, chronic kidney disease, type II diabetes, obesity and 
hyperlipidaemia, is common with a reported prevalence 62.8% (95% CI 51.9–73.6) 
in people gout compared to 25.4% (95% CI 23.5–27.3) in people without gout in the 
NHANES 1988–1994 data [2]. Five different combinations of the components of 
the metabolic syndrome have recently been reported with the authors suggesting 
these different clinical phenotypes may reflect different pathophysiological pro-
cesses linked to gout [3].

The presence of comorbidities has important implications, particularly with 
respect to the choice of therapy for both management of acute gout and long-term 
urate lowering. The cause-effect relationship between gout/hyperuricaemia and 
these comorbidities is the subject of ongoing investigation. This chapter will review 
the evidence for the relationships between gout and these comorbidities and briefly 
discuss the implications for therapy.
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�Chronic Kidney Disease

Chronic kidney disease is one of the most common comorbidities in gout. A recent 
systematic review and meta-analysis from six studies reported the pooled preva-
lence estimate of stage 3 chronic kidney disease in people with gout was 24% (95% 
CI 19%  – 28%); compared to individuals without gout, the odds ratio (OR) for 
chronic kidney disease stage ≥3 was 2.41 (95% CI 1.86–3.11) after adjustment for 
age, gender, obesity, diabetes and hypertension [4]. Similarly in a study of 5028 
individuals with eGFR 30 – ≤ 60 ml/min/1.73 m2 or eGFR >60 ml/min/1.73 m2 with 
overt proteinuria, the overall prevalence of gout was 24.3% [5]. Chronic kidney 
disease is a risk factor for gout with a hazard ratio (HR) of 1.88 (95% CI 1.13–3.13) 
in men and in women HR 2.31 (95% CI 1.25–4.24) [6].

Hyperuricaemia, a critical factor in the development of gout, has been reported 
to be associated with the development of kidney impairment. In a meta-analysis of 
13 observational studies, hyperuricaemia was associated with development of new 
onset chronic kidney disease in individuals with normal renal function (summary 
OR 2.35; 95% CI 1.59–3.46) [7]. However, it remains unclear whether urate is 
causal of impaired kidney function with a recent Mendelian randomisation study 
failing to show a causal relationship [8].

Impaired kidney function has a significant impact on choice of therapy in gout. 
Non-steroidal anti-inflammatories (NSAIDs) and colchicine, which are considered 
first-line treatments for acute gout [9], are both relatively contraindicated in patients 
with impaired kidney function. Inhibition of prostacyclin and prostaglandin E2 by 
NSAIDs in individuals with pre-existing kidney impairment may lead to renal vaso-
constriction, reduced renal blood flow and hypertension resulting in acute or wors-
ening kidney impairment. Kidney impairment (creatinine clearance ≤50 ml/min) is 
an important risk factor for colchicine-induced myotoxicity [10], and the gastroin-
testinal adverse effects associated with colchicine may be poorly tolerated in those 
with impaired kidney function.

The use of urate-lowering therapy in individuals with chronic kidney disease 
remains a challenging clinical issue. The xanthine oxidase inhibitors allopurinol 
and febuxostat prevent uric acid production and are considered first-line therapy in 
gout [11]. Allopurinol remains the most commonly used urate-lowering therapy. It 
is rapidly converted to its active metabolite oxypurinol, which is excreted via the 
kidneys. Allopurinol can be associated with a rare but potentially life-threatening 
hypersensitivity syndrome. The association between impaired kidney function and 
allopurinol hypersensitivity is well recognised [12, 13]. Furthermore, in patients 
who develop severe adverse reactions with allopurinol, chronic kidney disease is 
associated with poor clinical outcomes and mortality [14]. The risk of allopurinol 
hypersensitivity may be minimised by limiting the starting dose of allopurinol to a 
maximum of 100 mg daily, and lower in those with impaired kidney function, and 
by avoiding allopurinol in individuals positive for HLA-B*5801 [15]. In patients 
who tolerate allopurinol, the use of more than 300 mg daily is uncommon despite 
failure to achieve target urate because of concerns about the risk of allopurinol 
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hypersensitivity. There is increasing evidence that gradual dose escalation is an 
option even in those with kidney impairment [16]. Whilst larger clinical trials are 
awaited, current guidelines support the “start low, go slow” dose escalation of allo-
purinol to achieve target urate even in those with kidney impairment [11].

In comparison to allopurinol, febuxostat is predominantly metabolised in the liver 
and is not dependent on kidney function for excretion. Therefore dose reduction in 
individuals with mild-moderate kidney impairment is not required. Data are more 
limited in individuals with severe kidney impairment (eGFR < 30 ml/min/1.73 m2). 
A recent study of 96 patients with gout and moderate-to-severe kidney impairment 
(eGFR ≥ 15 to ≤ 50 ml/min/1.73 m2) reported that febuxostat up to 80 mg daily was 
safe and effective [17].

For those who fail to reach target urate or have adverse effects with a xanthine 
oxidase inhibitor, the uricosuric agents probenecid or benzbromarone are consid-
ered second-line options, whilst pegloticase, a recombinant uricase, is reserved for 
those individuals with severe gout who have failed or cannot tolerate other urate-
lowering therapies [11]. Because of a more acceptable safety profile, probenecid is 
generally considered the first-line uricosuric and can have a moderate urate-lowering 
effect even in those with eGFR < 50 ml/min/1.72m2 [18]. Benzbromarone is not 
widely available as it has been associated with hepatotoxicity but may be an effec-
tive urate-lowering therapy in those with impaired kidney function [19], although 
efficacy reduces once eGFR is <30 ml/min/1.72m2. There is limited experience in 
using pegloticase in kidney impairment. In a post-hoc analysis of two phase 3 clini-
cal trials which included patients with chronic kidney disease stage 3 and 4, there 
was no significant change in renal function, and the efficacy and safety of pegloti-
case did not appear to be affected by renal function [20].

Urate lowering may also improve kidney function in those with gout. For exam-
ple, in a post-hoc analysis of the FOCUS study in which 116 patients with gout 
received febuxostat for up to 5 years, there was an inverse correlation between 
maintenance or improvement in eGFR and reduction in serum urate [21].

�Hypertension

Hypertension is common in patients with hyperuricaemia and gout and vice versa. 
In a recent large prospective cohort study, this bidirectional association was observed 
with an 18% increased risk of developing hypertension in those with gout compared 
to those without gout (HR 1.18; 95% CI 1.02–1.367), and hypertensive patients had 
an 88% increased risk of developing gout compared to normotensive individuals 
(HR1.88; 95% CI 1.61–2.21) [22]. Although observational studies have suggested 
that hyperuricaemia is associated with development of hypertension [23], a causal 
association was not confirmed in a recent Mendelian randomisation study [24].

Loop and thiazide diuretics which are used in the management of hypertension 
increase serum urate, whilst other antihypertensives such as losartan and amlodip-
ine reduce serum urate. The relationship between diuretic use and incident gout is 
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well established [25–27]. For example, in the Atherosclerosis Risk in Communities 
Study (ARIC), incident gout was associated with use of any diuretic (HR 1.48; 95% 
CI 1.11–1.98), a thiazide diuretic (HR 1.44; 95% CI 1.0–2.01) or a loop diuretic 
(HR 2.31; 95% CI 1.36–3.91) an effect that was mediated by alterations in serum 
urate [28]. The use of other antihypertensives has been associated with a reduced 
risk of gout. In a nested case-control study of 24,768 people with newly diagnosed 
gout and 50,000 controls, the relative risk of incident gout was 0.87 (95% CI 0.82–
0.93) for calcium channel blockers and 0.81 (95% CI 0.70–0.94) for losartan [29].

The use of diuretics may also make urate lowering therapy more challenging. People 
with gout receiving allopurinol and the loop diuretic furosemide have significantly 
higher plasma oxypurinol concentration for any given allopurinol dose compared with 
those not receiving furosemide [30], and those receiving furosemide require higher 
doses of allopurinol to achieve serum urate <0.36 mmol/l [16]. Although there are no 
specific studies on the effects stopping diuretics in people with gout, concomitant use 
may make urate-lowering treatment more difficult, and where possible alternate medi-
cations for hypertension which do not increase serum urate should be used.

Urate-lowering therapies may also have beneficial effects on blood pressure. 
Allopurinol has also been reported to reduce blood pressure in hyperuricaemic 
adults and adolescents with essential hypertension [31, 32], and in a study of hyper-
uricaemic patients undergoing cardiac surgery who were treated with up to 60 mg 
daily of febuxostat for 6 months, a significant reduction in blood pressure was 
observed [33]. In men with gout, 4 weeks of either allopurinol 300 mg daily or 
febuxostat 40 mg, 80 mg or 120 mg daily was associated with a significant decrease 
in diastolic blood pressure compared to placebo [34].

�Cardiovascular Disease

Gout has been associated with an increased risk of coronary artery disease [1, 35–
37], death due to cardiovascular causes [38, 39], stroke [40], peripheral artery dis-
ease [41] and heart failure [42]. The association between gout and cardiovascular 
disease is stronger in women than men [37, 43].

Observational studies have reported associations between hyperuricaemia and 
increased risk of coronary heart disease [44], stroke [45] and cardiovascular and 
all-cause mortality [46]. However, Mendelian randomisation studies are conflicting 
with one reporting no evidence of causal association between uric acid and cardio-
vascular disease [24] and another reporting evidence of causal association between 
uric acid and adverse cardiovascular outcomes, particularly sudden cardiac death 
[47]. Notwithstanding uncertainty around the causal relationship, a recent study 
reported a statistically significant association between the presence of asymptom-
atic monosodium urate crystal deposition in joints and moderate-severe coronary 
artery calcification [48]. Subclinical inflammation associated with monosodium 
urate crystals is one potential mechanism for this observation.

NSAIDs, which may be used for management of acute gout, have been associ-
ated with an increased risk of major cardiovascular events such as myocardial 
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infarction, stroke and death. In a recent meta-analysis of >300,000 participants from 
>600 trials after 1 year, there was a significantly increased risk of major cardiovas-
cular events with diclofenac and the coxibs but not with naproxen [49]. The effect 
of colchicine on risk of cardiovascular events is of considerable interest. In the 
general population, a recent meta-analysis of five studies reported a reduction in 
composite cardiovascular outcomes in patients with established cardiovascular dis-
ease [50]. In an observational study of people with gout, the use of colchicine was 
associated with a reduced risk of myocardial infarction, stroke or transient isch-
aemic attack (HR 0.51; 95% CI 0.30–0.88) [51]. Although large-scale randomised 
controlled trials are required, colchicine may be an appropriate therapy for acute 
gout and prophylaxis when starting urate-lowering therapy in patients with cardio-
vascular disease where NSAIDS may be contraindicated. However, clinicians must 
be cognisant of the interactions between colchicine and cytochrome P45 3A4 
(CYP3A4) and P-glycoprotein (Gp) inhibitors such as verapamil and diltiazem 
which can result in raised plasma colchicine concentrations [52].

Whether urate-lowering therapy reduces cardiovascular events is the subject of 
ongoing clinical trials in people with and without gout. Data in people with gout are 
conflicting. In a retrospective cohort study in Taiwan of people with gout and no 
prior history of cardiovascular disease, allopurinol appeared to increase the risk and 
uricosuric therapy reduce the risk of cardiovascular events [53]. However, whilst 
cases and controls were matched on age, gender, diabetes, hypertension and hyper-
lipidaemia, they were not matched on the presence of chronic kidney disease; there 
were significantly more patients in the allopurinol group with chronic kidney dis-
ease. Details on important cardiovascular risk factors including blood pressure and 
smoking were lacking. In addition, the majority of patients in this study were receiv-
ing ≤100 mg daily of allopurinol with only 15% receiving ≥300 mg daily, and those 
patients receiving higher doses of allopurinol had a lower risk of cardiovascular 
events compared to those on low dose suggesting that the dose of allopurinol and the 
degree of serum urate reduction may be important [53]. In a large cohort study using 
US insurance claims data, initiation of a xanthine oxidase inhibitor in people with 
gout was not associated with an increase or a decrease in composite nonfatal cardio-
vascular outcome (including myocardial infarction, coronary revascularization, 
stroke and heart failure) compared to those with gout not starting urate-lowering 
therapy [54]. However, as the authors comment, adherence with urate-lowering 
therapy was low. In comparison, in a prospective case-matched cohort study, people 
with gout who received urate-lowering therapy had a lower risk of cardiovascular 
disease (HR0.29; 95% CI 0.11–0.80) and all-cause mortality (HR 0.47; 95% CI 
0.29–0.79) compared to those who did not receive urate-lowering therapy [55].

�Hyperlipidaemia

Gout is associated with increased very-low-density lipoproteins (VLDL) triglycer-
ides [56, 57]. An association between the apolipoprotein A1-C3-A4 gene cluster and 
gout has also been observed [58, 59]. Fenofibrate, which is used in the management 
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of hypertriglyceridaemia, increases urinary urate excretion thereby reducing serum 
urate [60–62]. In people with gout receiving urate-lowering therapy with allopurinol 
or benzbromarone, fenofibrate further lowers serum urate [63–65].

�Obesity

Over 50% of people with gout are obese. A recent meta-analysis reported that the 
risk of gout increases as BMI increases with relative risk of 1.78, 2.67, 3.62 and 
4.64 for people with BMI of 25 kg/m2, 30 kg/m2, 35 kg/m2 and 40 kg/m2, respec-
tively, compared with persons with a BMI of 20 kg/m2 [66]. The distribution of fat 
may also be important. Visceral fat obesity, defined as visceral fat area >100 cm2, 
has been reported to be an independent risk factor for gout (OR 2.488, 95% CI 
1.04–4.44) [67]. Furthermore, whilst both subcutaneous fat obesity and abdominal 
fat obesity are associated with hyperuricaemia, the mechanisms appear different 
with reduced urinary urate excretion dominant in those with subcutaneous fat obe-
sity and urate overproduction dominant in those with visceral fat obesity [68].

Obesity is one of the few modifiable risk factors for gout. However, weight loss 
is challenging and difficult to sustain for many people. In obese individuals with 
gout, an average weight loss of 7.7 kg has been associated with a significant reduc-
tion in serum urate (baseline serum urate, 9.6 ± 1.7 mg/dl, falling to 7.9 ± 1.5 mg/
dl; p = 0.001) and a decrease in frequency of gouty attacks (2.1 ± 0.8 attacks/month 
to 0.6 ± 0.7 attacks/month (p = 0.002)) [69]. More substantial weight loss, such as 
is achieved through bariatric surgery, has also been associated with a significant 
reduction in serum urate and gout attacks [70, 71].

�Diabetes

Whilst both insulin resistance and type 2 diabetes have been associated with gout, the 
relationship is complex, and risk appears different for men and women. Using data 
from a US insurance plan, people with gout had an increased risk of developing dia-
betes even after adjustment for co-founders including age and comorbidities (HR 
1.45; 95% CI 1.37–1.54). Furthermore, risk is greater in women (HR 1.78; 95% CI 
1.51–2.09) compared to men (HR 1.41; 95% CI 1.33–1.50) [72]. Similar findings for 
increased risk of diabetes in people with gout and a stronger association in women 
than men has been reported in the UK [73]. The observation that gout and type 2 
diabetes share common genetic risk alleles adds support to the association between 
these conditions [74]. Whether effective urate lowering in people with gout  can 
reduce the risk of developing diabetes is unknown. However, there has been the sug-
gestion that colchicine use in people with gout might reduce the risk of diabetes [75].

Management of acute gout in people with concomitant diabetes can be challeng-
ing. There is a frequent reluctance to use corticosteroids, although many individuals 
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with gout and diabetes also have kidney impairment which precludes the use of 
NSAIDS and colchicine. Intra-articular steroids are a useful option in this group of 
patients, particularly if only one or two larger joints are involved. Oral prednisone 
is an alternative, and in general the associated increase in blood sugars can be man-
aged given the short-term duration of therapy for acute gout.

�Solid Organ Transplantation

Gout can occur in approximately one-quarter of people with renal and cardiac trans-
plants [76]. Cyclosporine which is used for immunosuppression post-transplant is 
associated with an increase in serum urate and an increased risk of gout [77].

The goals of gout management in transplant recipients are the same as the gen-
eral population. However, special care must be given to drug interactions (Table 8.1). 
Concomitant use of NSAIDs and calcineurin inhibitors (e.g. cyclosporine, tacroli-
mus) increases the risk of acute calcineurin nephrotoxicity [79]. Colchicine neuro-
myotoxicity may be more common in renal and cardiac transplant recipients [80]. 
The combination of cyclosporine and colchicine may predispose to myotoxicity 
[81]. Whilst allopurinol and febuxostat remain first-line urate-lowering therapies, 
there is a clinically important interaction between these agents and azathioprine. 
6-Mercaptopurine, the active metabolite of azathioprine, is partly inactivated by 
xanthine oxidase; thus inhibition of xanthine oxidase by allopurinol or febuxostat 
may increase 6-mercaptopurine levels resulting in myelosuppression. This combi-
nation of a xanthine oxidase inhibitor and azathioprine should be used with great 
caution. Changing to an immunosuppressive agent that does not interact with a xan-
thine oxidase inhibitor (e.g. mycophenolate mofetil) may be clinically appropriate.

�Other Comorbidities

A number of other comorbidities are increasingly recognised in association with 
gout. The Charlson index, a general health status measure which has been a predic-
tor of mortality, includes information on different health categories (myocardial 
infarction, congestive heart failure, peripheral vascular disease, cerebrovascular dis-
ease, dementia, chronic pulmonary disease, rheumatological disease, peptic ulcer 
disease, liver disease, diabetes mellitus, renal diseases, malignancy and HIV infec-
tion). A recent case-controlled study using the UK Clinical Practice Research 
Datalink examined the burden of a wide range comorbidities in people with and 
without gout. At gout diagnosis, 38.25% of those with gout had a Charlson index ≥1 
compared to 27.97% of controls (p < 0.001) [82]. The risk of developing incident 
comorbidities was significantly higher in those with gout compared to controls. 
Interestingly there was a higher risk of developing hemiplegia, depression, anaemia, 
hypothyroidism and psoriasis in addition to those comorbidities more traditionally 
associated with gout such as renal and cardiovascular disease [82].
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A number of other comorbidities have been reported to be associated with gout 
including erectile dysfunction [83, 84], atrial fibrillation [85], increased risk of 
depression [86] and increased risk of deep vein thrombosis and pulmonary embo-
lism [87]. Gout has also been associated with a reduced risk of vascular and non-
vascular dementia [88] and Alzheimer’s disease [89]. A recent meta-analysis 
reported no decrease in the risk of Parkinson’s disease in people with gout [90] 
although a reduced risk of gout in people with Parkinson’s disease has been reported 
[91].

�Screening

Screening for comorbidities including obesity, diabetes, hypertension, hyperlipi-
daemia and modifiable risk factors for cardiovascular disease is recommended in 
gout management guidelines [11, 92]. Primary care is an ideal setting for comorbid-
ity screening given the majority of people with gout are managed in primary care. 
However, appropriate systems need to be developed in both primary and secondary 
care settings to ensure screening is undertaken at appropriate intervals. If comor-
bidities are identified, then appropriate management should be instituted with con-
sideration of how therapy may influence gout and its management as discussed in 
this chapter.

�Emerging Therapies

Pegloticase, a recombinant urate oxidase (uricase), was developed for the treatment 
of refractory chronic gout. Uricases convert uric acid to the more water-soluble and 
hence readily excretable allantoin and the potent oxidant H2O2. In the absence of 
glucose-6-phosphate dehydrogenase (G6PD), red blood cells are unable to generate 
sufficient NAPDH to counteract the oxidative stress caused by H2O2, resulting in 
cell lysis and haemolytic anaemia [93]. The use of uricases is therefore contraindi-
cated in G6PD deficiency [94]. H2O2 also oxidises haemoglobulin to cause methae-
moglobineamia which leads to cyanosis and can result in seizures and death. G6DP 
deficiency is the most common enzyme deficiency in the world, affecting over 400 
million people, and both the FDA and EMA recommend individuals at high risk of 
G6PD deficiency are screened prior to therapy with pegloticase and the drug avoided 
in the presence of deficiency [93] (http://www.accessdata.fda.gov/) (http://www.
ema.europa.eu/). Pegloticase and rasburicase (another available uricase) should be 
reserved for patients with resistant gout flares and/or a high urate burden refractory 
to standard therapies. Identifying the ideal patient group, optimal treatment regi-
mens and prevention of neutralising antibody formation remain challenges in uri-
case therapy.

L.K. Stamp and P.T. Chapman
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A number of novel hypouricaemic drugs are in development and/or have recently 
been approved for clinical use. Lesinurad, a proximal tubule urate transport inhibi-
tor (of URAT1 and OAT4) prescribed in combination with allopurinol, has been 
shown to be efficacious, but there is limited data in patients with renal impairment. 
This applies to other selective urate reabsorption inhibitors (SURIs) currently being 
investigated (e.g. arhoalfenate, levotofisospam). As with all clinical studies, 
inclusion of patients with comorbidities will be important in determining their 
safety and efficacy for the diverse group of patients with gout.

�Summary

Screening and management of common comorbidities is strongly recommended in 
the overall treatment strategy of patients with gout. This is particularly relevant in 
gout patients with the metabolic syndrome. Attention to changing wherever possible 
pharmacological therapies which may worsen hyperuricaemia and gout (e.g. diuret-
ics) and avoiding gout medications which may adversely impact on comorbidities 
(e.g. NSAIDs in chronic kidney disease) or enhance drug interactions is important 
for optimal management (summarised in Tables 8.1 and 8.2). Treating to target (sus-
tained urate <0.36 mmol/L, <0.30 mmol/L in tophaceous gout) underpins success-
ful gout therapy and may infer additional beneficial outcomes for several 
comorbidities, particularly those associated with the metabolic syndrome.

(continued)

Table 8.2  Medications used to treat comorbidities associated with gout and their effect on gout 
management

Medications Effect

Interactions with 
medication used in 
gout

Dosing adjustment/
monitoring

Furosemide Increase in serum 
urate

Allopurinol – 
increase plasma 
oxypurinol 
concentration – 
may increase risk 
of AHS in those 
with kidney 
impairment

Start allopurinol at no more 
than 100 mg daily and less in 
those with ≥CKD stage 4Increase risk of gout
May require higher doses of 
allopurinol to achieve target 
SU

NSAIDs – may 
increase risk of 
deterioration in 
kidney function

Thiazide diuretics Increase serum 
urate

Allopurinol – may 
increase risk of 
AHS in those with 
kidney impairment

Start allopurinol at no more 
than 100 mg daily and less in 
those with ≥CKD stage 4Increase risk of gout

8  Gout
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Chapter 9
Osteoarthritis

Cristina Hernández-Díaz, Natasja van Schoor, 
and Adham Aboul Fotouh Khalil

�Epidemiology

Osteoarthritis (OA) can be considered as a disease defined by characteristic struc-
tural alterations of the joint, including focal degradation of articular cartilage and 
remodeling of subchondral bone with the formation of osteophytes at the joint mar-
gins, as well as an illness defined by a person’s symptoms, including pain, fatigue, 
mood alterations, and sleep disturbance [1].

The prevalence of OA depends on several factors such as the definition used and 
site of interest [2]. In the Hertfordshire Cohort Study, the only modest agreement 
between radiographic, clinical, and self-reported methods of diagnosis of knee OA 
(KOA) was observed [3]. The sites most affected by the disease are the knee, hip, 
and hand [2]. In the European Project on Osteoarthritis (EPOSA), using pre-
harmonized data from population-based cohort studies from Germany, Italy, 
Sweden, the Netherlands, Spain, and the United Kingdom, 20.2% of the subjects 
aged 65–80 years had clinical OA of the knee, 6.1% had clinical OA of the hip, and 
17.1% had clinical OA of the hand based on the American College of Rheumatology 
(ACR) criteria [4]. Using data from the National Health and Nutrition Examination 
Survey I (NHANES I), it was estimated that nearly 27 million adults from the 
United States aged 25 years or over had clinical OA of any joint [5].
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Pain, stiffness, and loss of movement and function are important reasons for 
patients to visit their family doctor [2]. According to the Global Burden of Disease 
2010 study, hip and knee OA is one of the leading causes of disability. Out of 291 
conditions, hip and knee OA was ranked as the 11th highest contributor to global 
disability and 38th highest in disability-adjusted life years (DALYs) [6]. Because of 
the aging of the population and consequent increase in the absolute number of older 
persons and as a consequence to the global epidemic of overweight and obesity, the 
number of persons with OA is expected to rise in the coming years [2, 6].

�Obesity

Overweight and obesity are highly prevalent. Worldwide, the proportion of adults 
with a body mass index (BMI) of 25 kg/m2 or greater increased between 1980 and 
2013 from 28.8% to 36.9% in men and from 29.8% to 38.0% in women [7]. 
Overweight and obesity are important risk factors for OA because of the higher 
stress on weight-bearing joints. In a large population-based cohort using primary 
care records, 1,764,061 persons were followed for a median follow-up duration of 
4.45 years [8]. In persons with normal weight (BMI < 25 kg/m2), incidence rates 
(per 1000 person-years at risk) were 3.7, 1.7, and 2.6 for the knee, hip, and hand 
OA, respectively. In persons with obesity grade II (BMI ≥ 35 kg/m2), the incidence 
rates were 19.5, 3.8, and 4.0, respectively [8]. For the knee, this is a more than five-
fold increased risk. Interestingly, also an increased risk for hand OA was observed, 
indicating that the higher mechanical load on the joints is not the only explanation 
for the increased OA risk in case of overweight/obesity.

As weight is a modifiable risk factor, it is interesting to study the relationship 
between weight change and OA.  The Framingham study showed that a weight 
reduction of 5 kg over a period of 10 years decreases the risk for developing KOA 
by more than 50% [9]. A systematic review suggests that weight loss following 
bariatric surgery may improve hip and knee pain in OA [10]. However, as the 
authors indicate, there is a paucity of evidence and large variability between 
studies.

�Cardiovascular Disease

Cardiovascular disease (CVD) is the leading cause of death worldwide with stroke 
and myocardial infarction being among the main mortality factors. By 2030, mor-
tality is expected to increase up to 23.3 million people with CVD. Several reports 
discussed the association of musculoskeletal symptoms with CVD, especially rheu-
matoid arthritis, fibromyalgia, and low back pain, as well as the association between 
CVD and obesity, diabetes, and smoking, which are related to OA [11].
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Very little is known about the association between CVD and OA; its association 
has been described in elderly patients, but no prevalence has been described. 
Association has been attributed to several factors such as the arthritis-associated 
pain, muscle weakness, and NSAID prescription. [12]. By itself, OA pain can lead 
to immobility and consequently considered as an inherent risk for CVD. In concor-
dance, muscle weakness can contribute to stopping physical activities, whereas 
medications to treat pain like nonsteroidal anti-inflammatory drugs (NSAIDs) are 
frequently associated with increased CVD risk. Chronic systemic-related inflamma-
tion due to inflammatory arthritis has been linked to both OA and CVD [11].

Patients known to have hypertension were assessed for a possible pathologic link 
to OA.  It has been proposed that persistent hypertension promotes episodically 
reduced blood flow causing subchondral ischemia, especially at the end of long 
bones, as well as reduced interstitial blood flow in the small bones. These mecha-
nisms can compromise nutrient and gas exchange into the cartilage surface, initiat-
ing degradative changes, apoptosis of osteocytes, and osteoclastic resorption 
[13–15].

Dyslipidemia and cholesterol levels can induce OA by an excessive amount of 
fatty acid in the bone. Similarly, the excessive intake of polyunsaturated fatty acids 
can cause bone marrow lesions. Both scenarios can lead to/influence hand and knee 
OA risk without a clear link with BMI. Earlier studies revealed that in women with 
hypercholesterolemia and hypertriglyceridemia, subchondral bone lesions can be 
detected as early as 2 years of the onset of these metabolic conditions [13, 16].

�Impact of Comorbidity Outcomes in OA

Depending on the comorbidity, OA symptoms are linked to the underlying pathol-
ogy whether inflammatory or mechanical (such as cartilage damage). For example, 
in metabolic syndrome patients, OA is mainly linked to chronic inflammation or an 
insulin-resistance state. Insulin resistance was found able to initiate cartilage dam-
age; this state was also reported in patients with hyperglycemia and hyperinsu-
linemia [17].

Other studies revealed that overweight increases the risk of developing osteo-
phytes and radiographic progression. In women, a 35% higher risk of KOA was 
observed when BMI increased 5 units. This relation was not clear for hip OA [17].

Also, dietary intake can influence developing of the cartilage as well as OA sus-
ceptibility. Nutrients such as vitamin D are linked to cartilage and bone metabolism. 
Results of earlier research studies showed that low levels of vitamin D increase the 
risk of hip OA, was associated with rapid progression of KOA, and predicted loss of 
joint space as well as increase osteophyte formation in KOA. Low levels of vitamin 
K were also associated with joint space narrowing and osteophyte formation, while 
low levels of vitamin C are related to increasing KOA progression and high levels 
prevent radiographic progression [17].
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As mechanical stress is expected to impact mainly on the lower limb joints, liv-
ing longer promotes cumulative joint loads; consequently, chondrocytes release 
inflammatory and degradation-promoting mediators that lead to cartilage matrix 
breakdown. However, this explanation is not fully adequate for OA joints of the 
hands. On the other hand, some theories suggest that osteoblasts release soluble 
mediators with deleterious effects which lead to cartilage breakdown. Another study 
suggested that adipose tissue may act as a specialized endocrine tissue which 
releases cytokines such as adiponectin, leptin, and visfatin that regulates glucose 
and adipocyte metabolism as well as inflammatory and immune responses, hence 
able to modulate the chondrocyte and osteoblast responses to cartilage breakdown. 
In hands’ OA, this adipose tissue response might lead to the inflammatory reaction 
and radiographic progression; in the knee, Hoffa’s fat pad would do the same job 
[16]. This association suggests a systemic link mediated by adipokines. This notion 
is supported by the results of studies carried out on patients with metabolic syn-
drome or any of its components. When having more than one component of the 
metabolic syndrome, there are much higher possibilities to develop hand or knee 
OA.  In women, there is a higher risk for KOA when several components of the 
metabolic syndrome are present as compared with obesity alone; the similar addi-
tive effect was reported in OA of the hand joints, particularly in the combined pres-
ence of obesity and hypertension [16].

Diabetes was suggested as a possible mechanism to develop OA since 1961. 
Considering the several studies carried out to probe this association, glucose intoler-
ance and the insulin-resistance state can increase the risk for KOA progression. The 
difference in the gender, joint affection distribution, and severity were attributed to 
hormonal and anatomical factors as well as the severity of the associated comorbid-
ity. It has also been hypothesized that the association has been linked also to the 
decline in cell function with aging, pancreatic beta-cell decrease function, and 
senescent chondrocytes [13, 18].

Glucose is necessary for chondrocyte homeostasis. Elevation of the serum glu-
cose level can disrupt chondrocyte metabolism mainly by losing the regulation of the 
expression of the main membrane glucose transporter (GLUT-1) and intracellular 
chondrocyte glucose uptake. As a result, larger amounts of reactive oxygen species 
(ROSs) start to form and generate glucose and pro-inflammatory cytokines, such as 
TNFα, which, in association with fibroblast-like synoviocyte (FLS) response, play a 
major role in promoting matrix cartilage breakdown and chondrocyte death. This is 
achieved by inducing metalloprotease 1 and 13 release which will initiate a catabolic 
program [releasing metalloprotease with thrombospondin motifs 4 and 5 (ADAMTS 
4–5)] in an acute response reaction enhanced by TNFα and fibroblast-like synovio-
cyte (FLS) cellular exposure. Chronic hyperglycemia may increase nonenzymatic 
glycation reactions associated with oxidative stress that generates advanced glyca-
tion end products (AGEs) which eventually add to ROSs producing numerous 
inflammatory events (inflammation, tissue remodeling, apoptosis). Meanwhile, FLS 
secretes proteases into synovial fluid which contribute to the degradation of joint 
cartilage matrix. All the events get enhanced in advanced age patients known to have 
chronic diabetes. Insulin was reported not able to inhibit TNFα and IL1B.
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Another theory suggests that glycation of cartilage leads to changing physical 
properties of the cartilage proteins and increase of the cartilage collagen stiffness 
network reducing its resistance to mechanical stress [14].

�Clinical Manifestations Between OA and Comorbidities

Although OA is the disease that most commonly causes pain and physical disability, 
the real extension of the impact of its combination with other chronic diseases on 
the patient may lead to a greater impairment of the patients’ physical functions and 
quality of life, in addition to worsening the prognosis of arthroplasties. Therefore, it 
is important to identify whether the patient’s symptoms reflect the true severity of 
the osteoarthritic process or has been accentuated by the associated comorbidity(ies).

In OA, pain, stiffness, limited range of motion, and decreasing quality of life are 
the general signs and symptoms of the disease, not different for primary or second-
ary OA [19]. Usually, pain is the first and predominant symptom. Buckling of the 
knee joints and sometimes the feeling of instability could influence the fear of fall-
ing, poor balance confidence, and activity limitation. Similarly, varus-valgus motion 
and increasing pain while bending, as well as muscle weakness, are frequently asso-
ciated with poor knee function [20, 21].

Hip OA pain is associated with limited function especially abduction strength; 
the symptom is not always present, but still the limited range of motion can be pres-
ent. In the hand, the poor function and fist limitation with the loss of strength may 
be the reason for consulting [20, 21]. Foot OA presents in early stages associated 
with mechanical factors such as hallux valgus, first interphalangeal hyperextension, 
and decreased metatarsophalangeal dorsiflexion, all accompanied with loss of foot 
arch, which are the main signs; pain is usually the last symptom and consultation 
and is related to worse function or knee pain [20, 21].

Sedentary habits can impact the blood pressure by increasing it and limiting 
exercise habits. Multi-joint or single pain is related to OA severity, especially knee 
OA with no influence of BMI and obesity-associated factors; pain is often charac-
terized by its quality, timing, antecedents, and consequences; and these characteris-
tics are also associated with sleep quality and fatigue [15]. There has not been 
demonstrated that self-limited physical function is present when OA is related to 
obesity, CVD or osteoporosis; instead, obesity and CVD may affect musculoskele-
tal system limiting physical activity especially in the knee or hip for the elderly 
population [22, 23]. Another clinical aspect is the soft tissue rheumatism related 
initially to limited joint activity and therefore OA; in spite of this relation not well 
studied, it has been observed that a higher glucose level is related to a 5.5% risk of 
developing OA, but no clear association between soft tissue lesions and OA [24, 25] 
has been established.

Focusing attention on pain, chronic diabetes associated with neuropathy can 
increase pain perception and thus increase sensitivity and joint damage [16, 18].
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The clinical and functional evaluation is the same as in primary OA; there are not 
any study that has described a different or specific clinical OA pattern that we are 
aware of; published data related to the influence of diabetes, hypertension, or dys-
lipidemia on OA progression or establishment have not proved clearly a different 
core set of symptoms; as we pointed before, these data center on the impact of the 
progression of OA (hand, knee, or hip mainly) related to pain and/or radiographic 
evolution with the associated disease [26, 27].

�Imaging Between OA and Comorbidities

Despite the many studies on imaging in OA, there is relatively few relating OA with 
obesity and/or CVD. Imaging may help to identify whether the patient’s symptoms 
reflect true joint damage or have been aggravated by the disease-associated comor-
bidities. Imaging can help identify the chronicity of the disease and the status of the 
underlying bones and rule out the presence of other local joint disorders. Furthermore, 
it is important to look for early signs in people without any symptom.

Imaging techniques such as conventional radiology (Rx) and ultrasound (US) are 
widely used to evaluate the disease, either in early or late stages, as well as magnetic 
resonance image (MRI) with relaxation time and T2 map generation. Each tech-
nique has set the benefits to using, and each has an advantage over the other. 
However, the whole scenario differs in the presence of comorbidities. For example, 
early in the disease course, and whatever diagnostic technique used, imaging signs 
of cartilage damage may not be related to the presence of pain in patients with meta-
bolic diseases. However, later in the disease course, whether US or MRI was used 
to assess for the risk for developing OA or subclinical lesions, synovitis seen on US 
grayscale with power Doppler enhancement, or MRI with T2 relaxation time, had a 
clear association with the progression or development of knee OA, when compared 
to radiographic progression according to Kellgren-Lawrence (KL) score [27–29].

An MRI study on the hip in obese people without pain has demonstrated that 
bone marrow lesions can be present without any symptom, as well as the increasing 
of 6 mm in the acetabular weight for each year, that causes an increase in the body 
mass index, which lead to reduce cartilage volume and cartilage defects and bone 
marrow lesions located in the central region of the femoral head. This may be 
explained with the axial load and contact stress that obesity causes on the hip that 
can influence early cartilage defects and damage [30].

There is no data related to hand OA and comorbidity.

�Medical Management Between OA and Comorbidity

Current treatment focuses on pain relief and/or control and cartilage damage reduc-
tion; with several guidelines and strategies handling both, no recommendations 
have been published in relation to managing OA patients who have an associated 
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comorbidity(ies). Chronic disease management (CDM) or chronic disease care is 
the wide term used to refer to the treatment of people with chronic diseases.

CDM includes a variety of actions that involve a systematic approach to care 
planning, utilization of multiple treatment modalities tailored to the patient’s needs, 
and use of multidisciplinary teams and if available health-care providers [31]. Such 
strategy in managing patients living with OA and comorbidities such as obesity, 
metabolic syndrome, diabetes, and CVD should be considered to help in overcom-
ing the different challenges.

A meta-analysis performed by Brand et al. in 2014 [31] identified 13 randomized 
controlled trials that mainly focus on generalized or lower limb OA treatment 
sources or primary outcomes with or without surgical intervention; the interesting 
issues in this paper were the focus on knee and hip OA, physiotherapy outcomes, 
strength-training program outcomes, and the many ways a patient with OA can be 
treated. Unfortunately, none of these interventions may influence the outcome mea-
sures in the comorbidities when related to OA.

A smart approach can help to reduce cartilage damage; the individual approach 
is mandatory, and probably even in the lack of meta-analysis or controlled studies 
that associated OA with comorbidity treatment, the recommendations to reduce risk 
in each disease can help relieve OA pain.

Independent of the individualized medication related to OA and each of the 
comorbidities associated, physical activity or aerobic or resistance training is rec-
ommended [32]. As OA joint pain tends to migrate to adjacent joints, a positive 
impact of the physical training can be observed in the affected as well as the nearby 
non-affected joints [32]. In acute inflammation, local management of the affected 
joint might be the best approach. Patients with OA and comorbidities can exercise 
if adequate adaptations in the exercise program are made. In a randomized con-
trolled trial carried out by de Rooij et al. [33] on knee OA and exercise therapy, the 
authors studied the impact of a supervised exercise program, of no more than 60 min 
a week, adapted to the state of the associated comorbid disease in each patient. 
Results reported significant improvement of the patients’ physical as well as clinical 
status and revealed how educational and coaching strategies were important in 
maintaining patients’ adherence to the exercise program and improving physical 
functioning.

While weight loss through physical training, combined with dietary counseling 
and restricted diet, was effective in reducing the mechanical load on the joints, 
amending such programs might be advised in the presence of associated comorbidi-
ties. Walking alone as an exercise for 40–60 min a day, at least 3–5 times a week, 
was recommended to maintain a healthy joint and muscle status as well as reduce 
the risk for CVD. Two studies carried out on OA patients revealed that the patients 
who kept on doing the exercise program for 2–5 years not only maintained their 
weight loss but also had a positive impact on other comorbidities such as cardiovas-
cular disease, diabetes, and depression [33, 34].

On another front, if dyslipidemia was the main disease, training must be up to 
120 min a week to reduce cholesterol levels. Intense exercise is better compared to 
moderate physical activities, and both aerobic and resistance training showed the 
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best outcomes with significant positive impact on serum lipids level [34]. Recently, 
it has been reported that hip OA progression was reduced through time if patients 
are using statins to treat hypercholesterolemia, which is supported by the hypothesis 
that statins reduce subchondral bone ischemia thus causing cartilage degeneration 
[35]; however, further clinical controlled trials are needed to fully support this 
hypothesis.

Metabolic syndrome can be treated with physical activities with training pro-
grams that include walking, running, and cycling in different intensities; diet is 
another factor to add to the exercise program [34]. In diabetes the physical training 
increases insulin sensitivity and muscle glucose uptake, whereas leptin control in 
diet can contribute to reducing inflammatory parameters. This is attributed to the 
finding that skeletal muscles produce IL6 while exercising. Earlier studies revealed 
that this cytokine can regulate energy expenditure and lipolysis, appetite, as well as 
body composition. This also could be the reason why omega-3 and six unsaturated 
fatty acids are now being used as adjuvant treatment in OA. Furthermore, exercise 
induces smooth muscle relaxation and vasodilatation. In patients with associated 
neuropathy, attention should be paid to avoid foot ulcers or signs of ischemia 
[32–34].

Medication either for OA or the comorbid disease is mandatory to treat existent 
symptoms, and it requires individualized approach and follow-up, as needed; asso-
ciations and secondary effects should be observed and a multidisciplinary approach 
established is required. The interaction between medications and the associated 
comorbidities will be discussed in a separate chapter later in this book.

�Conclusions

Osteoarthritis is a multifactorial, multi-joint progressive disease. It requires indi-
vidualized and multidisciplinary approach tailored to the patients’ health status, 
considering the associated comorbidities before advising the management plan. 
Patients should be aware that it is not only a matter of pain but also a matter of func-
tion, quality of life, and long-term actions to keep a good joint health. Knowing how 
comorbid diseases influence cartilage damage is mandatory to improve strategies to 
keep cartilage healthy.
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Chapter 10
Sjögren’s Syndrome

Sadik A. Khuder, Ibtisam Al-Hashimi, and Anand B. Mutgi

Sjögren’s syndrome (SS) is an inflammatory systemic disease characterized by 
lymphocytic infiltration of the exocrine glands leading to a widespread exocrinopa-
thy, often manifested as dry mouth and dry eyes [1, 2]. The prevalence of SS ranges 
from 0.05% to 4.8% worldwide with female to male prevalence of 9:1 [3, 4]. 
However, the majority of patients remain undiagnosed [1].

The pathophysiology and/or the triggering factor(s) of SS are not well known. A 
combination of genetic predisposition and viral infections has been proposed as 
potential triggering factor for the abnormal activation of the inflammatory response 
both locally and systemically in the exocrine glands [5]. It has been suggested that 
the pathogenesis of SS follows a typical multistep model of human autoimmune 
diseases, which is characterized by the loss of immunologic tolerance to self-
antigens leading to the production of autoantibodies with subsequent emergence of 
autoimmune disease [6, 7]. Although the manifestations of SS can be mild and 
subclinical, it often compromises the overall health and well-being of the affected 
individuals [8]. SS can also be associated with serious and potentially life-
threatening complications [9].

�Clinical Manifestations

The clinical manifestation of SS varies widely, ranging from subclinical or mild 
sicca symptoms to a life-threatening disease. SS is primarily a disease of the exo-
crine glands that result in reduction in their secretory capacity and secretory 
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products. The exocrine system includes not only the salivary and lacrimal glands but 
also all the mucus secreting glands in the respiratory and gastrointestinal systems, 
the vagina, sweat glands, gallbladder, and digestive enzymes in the liver and pan-
creas [1]. The reduction of the secretory fluids of the exocrine glands compromises 
the homeostasis, functions, and the physiology of the entire body.

There are two types of SS, primary SS (pSS) and secondary SS (sSS). pSS affects 
primarily the exocrine glands, while sSS affects the exocrine system in conjunction 
with connective tissue and/or autoimmune disease [10]. Both pSS and sSS might 
also be associated with fibromyalgia, thyroid disease, Raynaud’s syndrome, vascu-
litis, peripheral neuropathy, or glomerulonephritis [11]. Severe extraglandular man-
ifestations are observed in 15% of SS patients [12] and might occur early or late in 
the course of the disease [13]. Due to the broad distribution of the exocrine system, 
the initial manifestations of SS may appear unrelated, which often delays the diag-
nosis, especially when the classic clinical findings of xerostomia and xerophthalmia 
are not the presenting manifestation of the disease [14].

Sjögren’s syndrome is an under-recognized condition, and its classical sicca 
symptoms (dry mouth and dry eyes) are often dismissed as medications side effect. 
Consequently, SS remains underdiagnosed, and its associated comorbidities are 
overlooked leading to poor quality of life and serious complications. Improving our 
understanding of SS and its associated comorbidities might increase awareness of 
healthcare providers and facilitate timely diagnosis of the disease. Appropriate 
timely diagnosis of SS would allow for a more efficient treatment and minimize the 
potential of life-threatening complications.

�Sjögren’s Syndrome-Associated Comorbidities

A part from the comorbidity associated with dry eyes and dry mouth, approximately 
20–40% of SS patients experience other comorbidities that extend beyond the exo-
crine glands. At least one third of SS patients has additional extraglandular manifes-
tations such as neurological, vascular, or fatigue [4]. SS-associated comorbidities 
might be manifested as lymphocytic infiltration of the lung, liver, or kidneys or as 
vasculitis, peripheral neuropathy, and/ or by immune complex-mediated glomerulo-
nephritis [11]. Sjögren’s syndrome-associated comorbidities can be sufficiently 
serious to cause increase in mortality rate. A recent meta-analysis attributed the 
increased mortality among SS patients to three main causes: cardiovascular events, 
infections, and malignant lymphoproliferative disorders [15]. The following sec-
tions summarize the prevalence and clinical manifestation of comorbid conditions 
in SS, and their impact on patients’ overall health and well-being.

�Gastrointestinal (GI), Liver, Gallbladder, and Pancreas

The entire gastrointestinal tract may be involved in SS. SS has been associated with 
a broad spectrum of organic GI diseases, including gastroesophageal reflux, esopha-
gitis, chronic atrophic gastritis, and celiac disease [16]. GI symptoms have been 
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reported to affect a large number of SS patients and are frequently debilitating 
[17, 18]. Various gastrointestinal symptoms occur including epigastric pain, nausea, 
and dyspepsia; due to chronic atrophic gastritis; and cramps and constipation from 
the involvement of the small and large intestines [19, 20].

Patients with SS are at an increased risk for gastroesophageal reflux disease [21]. 
The reduction in the production of the exocrine secretory fluids, including saliva, 
mucus, bile, digestive enzymes (liver and pancreas), and hypochlorhydria, results in 
delayed digestion and stomach emptying, which might contribute to the occurrence 
of esophageal and dyspeptic diseases. Gastroesophageal acid reflux provokes symp-
toms that may include difficulty swallowing, persistent heartburn, delayed diges-
tion, regurgitation of acid, with extra-esophageal complications including cough, 
laryngitis, asthma, and dental erosion [22]. The pathogenesis of gastroesophageal 
reflux disease is multifactorial and includes motor abnormalities, such as impaired 
lower esophageal sphincter resting tone and delayed gastric emptying; anatomical 
factors, such as hiatal hernia; impaired mucosal resistance; and visceral hypersensi-
tivity [23]. Signs of gastroparesis and functional dyspepsia are higher among SS 
patients than the general population [24, 25].

Esophageal hypomotility and delayed gastric emptying have also been reported 
in SS [26]. Due to the combination of difficulty in swallowing and impaired esopha-
geal motility, dysphagia occurs in approximately 75% of SS patients [27]. The low 
lubrication and prolonged pharyngeal transit time could also lessen the acid clear-
ance capacity of the esophagus. Defective peristalsis is found in one third or more 
of SS patients, resulting in decreased or absent of contractility in the upper third of 
the esophagus [28]. Gastroesophageal reflux disease in patients with Sjögren’s syn-
drome may not always be manifested as heartburn and acid regurgitation when it is 
caused by hypochlorhydria [29].

SS patients may also develop dysmotility in the small and large intestines; a sig-
nificant number of the patients suffer from irritable bowel syndrome (IBS) [30]. 
Other SS-associated gastrointestinal symptoms include colitis, pancreatitis, gastritis, 
and celiac disease [31]. Celiac disease appears more frequently among SS patients 
than the general population. Studies have shown that the incidence of celiac disease 
is ten-fold higher among SS patients than non-SS population [32]. Gastrointestinal 
manifestations, and in particular gastroesophageal reflux, may be the initial presen-
tation of SS, but they may also be related to medication treatment [21].

�Pulmonary

Pulmonary manifestations are among the most prevalent complications in SS. The 
reported prevalence rate of pulmonary involvement varies usually between 9% and 
75%, depending on the methods of detection and patient selection [33]. Moreover, 
SS patients have 3.2 fold increases in respiratory failure compared to the general 
population [34]. Pulmonary lesions, such as diffuse interstitial fibrosis, recurrent 
pneumonitis, pleural effusions, and suspected lymphoma or pseudolymphoma were 
observed in patients with SS [35]. Progressive pulmonary inflammation leads to 
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airway obstruction [36, 37], alveolitis [38], interstitial fibrosis [35], and pulmonary 
arterial hypertension [39, 40] and lymphoma. The positive association of SS with 
ailments in airways, alveoli, interstitia, and vessels of the lung may explain the high 
incidence of respiratory failure and lung impairment in SS patients [41, 42]. Routine 
chest CT scans of SS patients revealed varying abnormalities in 34–50% of patients 
[43, 44]. The common patterns of lung involvement identified with high-resolution 
CT scan included honeycomb formation, ground-glass attenuation, centrilobular 
nodules, reticular pattern, and bronchiectasis [45]. Although patients with SS may 
present with the entire spectrum of interstitial lung disease (nonspecific interstitial 
pneumonia, usual interstitial pneumonia, and cryptogenic organizing pneumonia), 
the most frequent disorder is lymphocytic interstitial pneumonia [46]. Airway 
abnormalities include follicular bronchitis, bronchiectasis, and bronchiolitis. 
Pulmonary inflammation, mainly alveolar lymphocytosis, was detected in 55% of 
the patients using bronchoalveolar lavage as a screening test in patients without any 
respiratory symptoms [47].

Pulmonary involvement in SS may be manifested as chest pain (pleuritis), inter-
stitial pneumonia, and lung fibrosis (cough and shortness of breath). Among the 
variety of histologic patterns observed in SS are interstitial pneumonia, nonspecific 
interstitial pneumonia, bronchiolitis, and amyloidosis [48]. The lesions may involve 
the trachea, bronchi, and bronchioles [49]. Small airways disease, such as follicular 
bronchiolitis, is a common histologic finding in patients with pulmonary involve-
ment in SS. Impairment and destruction of the pulmonary exocrine glands could be 
due to the lymphocytic infiltration of the respiratory tract. Despite being the most 
frequent complication, pulmonary manifestations in SS generally develop late in the 
course of disease and are rarely the presenting feature [46]. Patients who have 
related lung diseases have reduced quality of life and compromised physical func-
tionality; they are also at four-fold higher risk for mortality within10 years follow-
ing of the diagnosis [50].

�Neurological

Varieties of neuropathies have been reported with SS including sensory, peripheral, 
and cranial and myelopathic neuropathies. In addition to central nervous system 
(CNS) involvement, other neuropathic patterns may include polyradiculopathies, 
mononeuritis multiplex, autonomic neuropathies, and cranial neuropathies [51]. 
Neurological involvement could be due to the direct lymphocytic infiltration of the 
central nervous tissue, vascular injury caused by anti-neuronal and anti-SSA anti-
bodies, and/or as a result of ischemia secondary to small vessel vasculitis [52]. The 
neurological manifestations may precede the onset of SS in 40–80% of patients [51].

The prevalence of neurological manifestations in SS ranges between 10% and 
60%, with pure or predominantly sensory polyneuropathies as the most common 
neurological manifestations [53]. Mononeuropathy multiplex, polyradiculopathy, 
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symptomatic dysautonomia, cranial neuropathy, myopathy, and central nervous sys-
tem involvement are less common [54].

Several neuropathy subtypes have been described in SS patients. Sensory, senso-
rimotor, and small fiber neuropathy (SFN) are the most common types seen in SS 
[51]. Sensory disturbances due to small fiber dysfunction or loss include negative 
symptoms (such as thermal cutaneous hypoesthesia) and positive symptoms (such 
as spontaneous burning pain or thermal allodynia or hyperalgesia) [55].

The reported frequency of peripheral nervous system symptoms (PNS) in litera-
ture varies based on the patients’ population and the objectives of the studies. PNS 
symptoms were reported to occur as frequently as 87% in patients exhibiting any 
type of neuropathy [56]. In patients with peripheral neuropathies, symptoms may 
include numbness, paresthesia, and/or pain in the extremities.

A pure sensory trigeminal neuropathy has been described in patients with SS 
[57, 58]. SS patients with pure sensory neuropathy display an abnormal blink reflex 
and a normal jaw jerk possibly due to damage involving the neurons of the Gasser 
ganglion where the trigeminal sensory neurons conducing cutaneous stimuli are 
located [59].

SS patients may suffer from changes in visual acuity or disturbances in visual 
quality as a result of optic neuropathy, which may occur before or at the same time 
as the diagnosis of SS [60]. It has been reported that anti-Ro and anti-La autoanti-
bodies might play a role in mediating or potentiating vascular injury in the central 
nervous system of SS patients [61].

�Cardiovascular

Asymptomatic cardiac involvement is common in patients with SS, sclerosis of the 
aortic valve cusps and a slight aortic regurgitation are reported [62]. Although heart 
diseases are rarely reported in SS [63], clinical evidence suggests that SS patients 
have higher frequency of cardiovascular and metabolic abnormalities, such as 
altered lipid profiles, hypertriglyceridemia, increased LDL and uric acid, hyperten-
sion, atherosclerosis and increased risk for myocardial infarction; they also appear 
to have higher frequency of diabetes mellitus [33, 64–70].

Enhanced atherogenesis has also been reported in SS [65, 71, 72]. Several factors 
have been suggested as possible contributing factors for atherosclerosis in SS 
patients including the duration of the disease, joint involvement, Raynaud’s phe-
nomenon, leucopenia, anti-SSA/Ro and anti-SSB/La autoantibodies, and swelling 
of the salivary glands [65, 66, 73, 74]. The mechanism for atherosclerosis in SS is 
not clear. The dysregulation of T and B cell have been suggested to enhance the 
production of interferon α (ΙFNα), a central cytokine in SS, which could contribute 
to cardiovascular risk in SS patients [66]. The impairment of endothelial repair 
through accelerated apoptosis of endothelial progenitor cells, along with the 
enhancement of foam cell formation in the atherosclerotic plaque, could be due to 
the atherogenic potential of IFNα [75].
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A great majority of SS patients have a restricted variability in both heart rate and 
blood pressure, both of which could be a symptom of cardiovascular autonomic 
nervous system dysfunction [76]. A few studies (and case reports) have reported 
pericarditis, systolic, and diastolic dysfunction of the left ventricle, valve disorders, 
and autoimmune myocarditis [62, 77–80]. Studies have also suggested that the inci-
dence of valvular regurgitation, pericardial effusion, pulmonary hypertension, and 
increased left ventricular mass index are disproportionately higher in SS patients 
with and without clinical manifestations of heart disease.

It has been estimated that cardiovascular events occur in approximately 5–7.7% 
of SS patients including stroke, myocardial infarction, deep venous thrombosis, 
and, most frequently, arrhythmias [81–85]. Tricuspid regurgitation, injured mitral 
and/ or aortic valves, pulmonary hypertension, and increased left ventricular mass 
have also been reported [86].

SS patients are also at higher risk for stroke than the general population [64, 65]. 
Zoller and coworkers reported that hospitalization for SS was associated with an 
increased risk of ischemic or hemorrhagic stroke in Sweden [87]. Another study 
reported a significantly higher incidence of cerebrovascular (ischemic stroke) and 
cardiovascular events (heart attacks) compared to healthy controls, which could be 
also related to the fact that SS patients have higher prevalence of hypertension and 
hypercholesterolemia [67]. Only one study by Chiang and coworkers reported that 
SS is not associated with an increased risk of ischemic stroke [88].

�Cutaneous

Nearly half of the patients with SS develop cutaneous manifestations, which may 
include dry skin, purpura, and/or urticaria-like lesions [89]. Dry skin (xerosis) is the 
most frequent and characteristic cutaneous manifestation of SS. Angular cheilitis is 
a common finding and is associated with xerosis and xerostomia [90].

Cutaneous vasculitis is common, specifically on lower extremities, and is often 
associated with serologic abnormalities [91]. Vasculitis is more common in patients 
with early onset of SS, and the prevalence increases in patients with a long duration of 
disease [92]. Adults with SS are also at a higher risk for shingles; it has been suggested 
that the use of medications could increase the risk for shingles in SS patients [93].

�Autoimmune

Sjögren’s syndrome is often associated with other autoimmune disorders such as 
autoimmune thyroid disease, multiple sclerosis, lupus erythematosus, scleroderma, 
spondyloarthropathy, myositis, or inflammatory rheumatoid arthritis [33, 62–65]. 
The prevalence of autoimmune diseases is also higher among individuals who have 
first-degree relative with SS or other autoimmune disease [67]. In general, 
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individuals who suffer from one autoimmune disease have a higher probability of 
being affected by other autoimmune disorders [68]. The increased susceptibility to 
another autoimmune disease could be an indication of a possible common patho-
genic mechanism(s) among various autoimmune diseases. SS shares several clinical 
and laboratory findings with lupus erythematosus and rheumatoid arthritis, such as 
polyclonal hypergammaglobulinemia, circulating autoantibodies, chronic inflam-
mation, and frequent joint involvement during the course of disease [69].

�Thyroid Disorders

One in two SS patients has clinical or subclinical thyroid disease with greater inci-
dence in primary than secondary SS [1]. Autoimmune thyroid disease (AITD), thy-
roid dysfunction, and the presence of thyroid antibodies are well documented in 
patients with SS [94]. The most common cause of thyroiditis is Hashimoto’s disease 
[95, 96]. There is literature evidence for the coexistence of thyroiditis with SS [97, 
98]. A 24% increase in the risk of hypothyroidism was reported among hospitalized 
SS patients [33].

The risk for SS is significantly increased in female patients with thyroid diseases, 
particularly those in their mid-40s to mid-60s [99].

Though an endocrine organ, the thyroid gland is histologically and functionally 
similar to the lacrimal and salivary glands [100], and the histopathologic changes in 
SS and autoimmune thyroiditis display similar lymphocytic infiltration [101, 102].

�Chronic Fatigue

Fatigue is one of the most common systemic manifestations of SS [94]. The reported 
prevalence ranges between 38% and 88% of the patients [103–106]. Fatigue is there-
fore a major contributor to the impaired quality of life seen in SS patients [107]. 
Younger age, xerostomia, and pain are significantly correlated with fatigue [108].

Results of studies using multidimensional assessment tools suggest that physi-
cal/somatic fatigue is more severe and more prevalent than mental fatigue. One 
study reported that 96% of SS patients suffer from significant physical fatigue while 
only 48% of patients report significant mental fatigue [105]. Another study exam-
ined fatigue in SS, using the Multidimensional Fatigue Inventory (MFI), found that 
SS patients were more fatigued than healthy controls in three dimensions (the “gen-
eral fatigue,” “physical fatigue,” and the “reduced activity” dimension), but there 
were no differences between patients and controls in the “reduced motivation” and 
“mental fatigue” dimensions [109].

Several studies have shown correlations between the levels of fatigue and various 
surrogate “disease activity” markers such as serum levels of immunoglobulins, lym-
phocyte counts, and ANA and anti-Ro (SSA) antibodies [105, 110, 111]. It has been 
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suggested that IL-6 might play an important role in the pathogenesis of fatigue in 
SS. Serum IL-6 correlates inversely with general fatigue domain of MFI in patients 
with detectable levels of serum IL-6 [112]. Associations between fatigue and 
arthralgia/myalgia, fibromyalgia, both state and trait anxiety scores, depression, and 
neuroticism, as well as impaired sleep patterns were also suggested as potential 
contributors to the fatigue symptoms [113]. Studies have shown that pSS patients 
have a significantly higher level of sleep deficit [114, 115].

Muscle involvement may occur in the course of SS. A study by Colafrancesco 
et al. reported that 1.3% of SS patients showed muscle weakness [116]. However, 
only small number of patients with myalgia exhibited changes in (CPK) serum level 
and electromyography.

�Psychological

Approximately 20% of SS patients develop cognitive impairments such as demen-
tia, lack of concentration, memory loss, and various psychiatric disorders [117–
119]. Approximately 12% of hospitalized SS patients suffer from depression, and 
there is an 18% increase in the risk of depression in these patients [33]. About 33% 
of the patients suffer from clinical anxiety [120], although anxiety is more common 
than depression [121]. Both anxiety and/or depression generally show a negative 
effect on quality of life [122].

�Headaches

The prevalence of headaches in SS remains controversial. A large cohort study 
reported no significant difference in the frequency of headaches among SS patients 
compared to healthy controls [123]. However, other studies have reported signifi-
cant differences in prevalence of headaches in SS patients than healthy controls 
[123, 124]. Both the magnitude and severity of the impact were considerably higher 
among SS patients than non- Sjögren’s headache sufferers [123].

�Gynecological

Gynecologic symptoms are common in SS and can be a significant source of mor-
bidity [125]. The prevalence of vaginal dryness, dyspareunia, and reduced sexual 
drive are high in women with SS, especially among women with vulvar and vaginal 
dryness. Studies have shown that women with SS have impaired sexual function and 
more sexual distress compared with healthy controls; approximately 68% of SS 
patients report changes in their sexual ability because of the dryness. Sexual 
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dysfunction and distress are influenced by vaginal dryness as well as psychosocial 
factors [126], some of which might be worsened by menopausal status.

�Renal Involvement

A significant number of SS patients report frequent urinary tract infections. The 
prevalence of renal involvement varies greatly from 4.2% [127] to 67% [127, 128]. 
Tubulointerstitial nephritis (TIN) is the most common presentation of renal involve-
ment in SS. TIN is the result of epithelial disease with a predominantly mononu-
clear lymphocytic infiltration with CD4/CD8 T cell [128, 129] and is often 
characterized by distal renal tubular acidosis (dRTA) [130]. Several case series 
reports have suggested a decreased bone mineral density in SS patients with dRTA 
[131, 132]. The incidence of osteomalacia in SS patients with renal tubular acidosis 
ranges between 25% and 45% [133].

Glomerular involvement is less commonly observed in SS. The most common 
glomerular disease is mesangioproliferative glomerulonephritis, which is caused by 
the deposition of immune complexes, most frequently cryoglobulins. Previous stud-
ies suggested that 64% of all patients with glomerulonephritis were due to cryo-
globulinemia [134]. Glomerulonephritis tends to occur at a later stage of the disease 
course than TIN and may be associated with the development of lymphoma [134, 
135].

�Osteoporosis and Changes in Bone Mineral Composition

Patients with primary SS share a number of clinical and serological features which 
theoretically could predispose to decrease in bone mineralization; these include low 
vitamin D levels, hypercalciuria related to underlying interstitial nephritis, steroid 
use for systemic involvement, and coexistence with other organ-specific autoim-
mune disorders known to increase osteoporosis risk, such as primary biliary cirrho-
sis and celiac disease [127, 136].

Almost two thirds of patients with SS have evidence of impaired bone density, 
which may be attributed in part to the presence of traditional risk factors as well as 
disease-related features [66]. Several case series reported low bone mineral density 
(BMD) in patients with SS [131, 132].

�Lymphoma and Other Malignancies

Among autoimmune diseases, SS has the highest incidence of malignant lymphop-
roliferative transformation, and these malignancies are the most serious complica-
tion of the disease. SS is often considered an intermediate between autoimmune 
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disease and lymphoproliferative disorder [137]. The prevalence of lymphoma in SS 
ranges from 4% to 9% [138–140]. Lymphoma in SS might be localized in extrano-
dal areas such as salivary glands, the gastrointestinal tract, the thyroid gland, lungs, 
kidneys, or orbit [9]. There is also an increased incidence of lymphoma with exten-
sive mediastinal adenopathy [139].

Studies have suggested that SS patients show a 2.6-fold greater risk for develop-
ing a malignancy and a 37.5-fold greater risk for developing non-Hodgkin’s lym-
phoma (NHL) compared to healthy individuals [141]. NHL affects 5–10% of pSS 
patients [137, 142–144]; patients with sSS are at a higher risk for lymphoma than 
patients with pSS. Age and sex-adjusted standardized mortality ratio of SS with and 
without NHL is 3.25 and 1.08, respectively, which suggest that patients with SS 
have a shorter life expectancy [138].

SS patients are also at nine-fold higher risk for developing diffuse large B-cell 
lymphoma in the lymph nodes or extranodal sites [145–149]. Indolent extranodal 
marginal zone B-cell lymphoma of the mucosa-associated lymphoid tissue (MALT) 
has been identified as the most common SS-associated lymphoma subtype, whereas 
MALT lymphoma (MALTL) in the salivary gland is consistently associated with 
underlying SS [137, 140, 146, 150]. Marginal zone lymphoma was reported to asso-
ciate with SS [151] and to lesser extent diffuse large B-cell lymphoma (DLBCL). 
Malignant lymphoma is thought to be a consequence of the inflammation, which 
promotes the release of cytokines that cause B-lymphocyte proliferation [152]. 
Over the years, B-cell hyperplasia could subsequently progress to MALT lymphoma 
[153]. Low C4 levels and palpable purpura were found to be associated with 
increased risk for malignancy [142]. Other risk factors for lymphoma include 
persistent parotid glands enlargement, splenomegaly, lymphadenopathy, leg ulcers, 
peripheral nerve involvement, anemia, neutropenia, low-grade fever, low levels of 
C3, and mixed cryoglobulinemia [147]. B-cell-activating factor (BAFF), a member 
of the tumor necrosis factor family, enhances the survival of B cells and was found 
to be overexpressed in SS and lymphomas [154]. Human herpesvirus-6 and herpes-
virus-8, and Helicobacter pylori have been proposed as potential contributing fac-
tors in the development of lymphoproliferative lesions [155, 156].

In addition to lymphoma, other organ malignancies can also occur in patients 
with SS such as lung, breast, gastrointestinal, gynecological, renal, and skin cancers 
[147, 157–160]. However, an increase in the incidence of these cancers has not been 
demonstrated.

�Conclusions

In conclusion our review confirms that SS is associated with several comorbidities 
and that patients with SS have higher rate of hospitalization and mortality. Among 
the prevalent comorbidities in SS patients are pulmonary and cardiovascular dis-
eases, neurological and thyroid disorders, cutaneous diseases, vasculitis, fatigue, 
psychological disorders, and lymphoma. The broad distribution of the comorbidities 
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necessitates multidisciplinary approach for the treatment of SS patients. Optimal 
management of SS patients requires timely identification of risk factors for comor-
bidities, effective treatment of concurrent illness, and psychological distress in order 
to achieve a long-term control of the disease and improve patients’ quality of life.
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Chapter 11
Fibromyalgia

Mohamed Osama Hegazi and Mihaela Comina Micu

The term fibromyalgia (FM) is derived from the New Latin term “fibro” (fibrous 
tissues) and the Greek terms “myo” (muscle) and “algos” (pain). FM represents one 
of a group of soft tissue pain disorders that affect muscles and soft tissues, such as 
tendons and ligaments. It is a medical diagnosis used to describe the diminished 
quality of life related to generalized body pains and physical and psychological 
symptoms that occur in the absence of a clear pathologic cause [1]. Not infrequently, 
the disorder is termed FM syndrome because the widespread chronic pain seldom 
occurs alone [2]. FM is often accompanied with fatigue, headache, cognitive distur-
bances, and sleep disorders (Table 11.1). The disorder is one of the most common 
causes of chronic widespread pain. The widespread musculoskeletal pain that con-
stitutes the hallmark of FM is usually associated with increased pain perception 
characterized by allodynia (a heightened sensitivity to stimuli that is not normally 
painful) and hyperalgesia (an accentuated response to painful stimuli) [3]. 
The amplified pain perception in FM is typically manifested as sensitivity to blunt 
pressure and is clinically detected as multiple tender points.

�History of Fibromyalgia

FM remained to be a matter of skepticism throughout its history. People with FM 
suffer not only from constant widespread pain, but they also sometimes face judg-
ment and distrust from medical professionals who doubt if their condition is real. 
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In the early 1820s, a disorder with multiple tender points was first identified. 
Gowers coined the term “fibrositis” in 1904. Later on, it was shown that FM is 
associated with non-inflammatory pain and tenderness in muscles, ligaments, and 
joints, and the term was changed to “fibromyalgia” [4]. In the mid-1940s, research-
ers discovered FM syndrome was associated with depression and stress. This cor-
relation led to the common thought that FM was purely a psychological disorder. 
However recently, FM is thought to be one of the centralized pain states in which 
there are central nervous system (CNS) origins of or amplification of pain [5]. The 
first controlled clinical study with validation of known symptoms and tender points 
was published in 1981 [4]. In 1990, The American College of Rheumatology wrote 
the first set of guidelines to help diagnose FM [6].

Table 11.1  Comorbidities with fibromyalgia

Intimate FM symptoms or comorbidities that may constitute part of the syndrome:

Main
 � Fatigue (may overlap with chronic fatigue syndrome)
 � Psychiatric disorder (anxiety, depression, and post-traumatic stress disorder)
 � Headaches (tension-type headache and migraine)
 � Cognitive dysfunctions “fibrofog”(decline in memory, attention, and executive functions)
 � Sleep disturbances (nonrestorative sleep and sleep interruption)
 � Paresthesias (limb paresthesias with normal neurologic testing)
 � Irritable bowel syndrome (may be considered as one of the central pain syndromes)
Other
 � Costochondritis, TMJ disease
 � Dysmenorrhea, interstitial cystitis
 � Restless leg syndrome
 � Autonomic dysfunction
FM comorbidities that are considered as separate associated disease entities:

Rheumatologic: Rheumatoid arthritis, systemic lupus erythematosus, Sjögren’s 
syndrome, psoriatic arthritis, and ankylosing spondylitis

Musculoskeletal: Low back pain and cervical spondylosis
Cardiovascular: Hypertension and atherosclerotic cardiovascular disease
Inflammatory bowel 
disease:

Crohn’s disease and ulcerative colitis

Endocrinologic: Autoimmune thyroid disease
Obesity

Obstructive sleep apnea

Chronic rhinitis

Chronic urticaria

Gluten hypersensitivity
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�Epidemiology

At least 10% of the general population has chronic widespread pain, and the major-
ity of these individuals do not have any specific disease or structural abnormality to 
account for the pain; many of these patients have symptoms and findings compati-
ble with FM [7]. More than 40% of patients referred to a tertiary pain clinic meet 
the diagnostic criteria for FM [8]. FM is now considered the most common cause of 
generalized musculoskeletal pain in women between the ages of 20 and 55 years 
[9]. The worldwide prevalence of FM in the general population is approximately 
2–3% and increases with age [10]. It is much more common in women than men [9, 
10]. In spite of the fact that FM is mainly a disease of adults, recognition of the 
juvenile fibromyalgia syndrome is now increasing [11].

�Pathogenesis

The root cause of FM is poorly understood, which may partly explain why its legiti-
macy might have been questioned by some healthcare professionals. The disorder 
has been categorized as either primary or secondary. In primary FM, there is no 
underlying diagnosis or precipitating cause, while with secondary FM, a probable 
cause exists. There is no evidence that a single event “causes” secondary FM. Rather, 
many physical and/or emotional stressors may trigger or aggravate symptoms. 
These have included certain infections, such as a viral illness or Lyme disease, as 
well as emotional or physical trauma [12]. The disorder may present after several 
years of living with hypothyroidism, lupus, or rheumatoid arthritis. The exact patho-
genesis of FM is unclear. FM is considered a disorder of pain regulation, classified 
often under the term central sensitization [5, 12]. Experimental pain testing has 
identified attenuated descending analgesic activity as at least one potential reason 
for the widespread pain sensitivity [12]. Evidence from functional MRI has shown 
that individuals with FM have increased neuronal activation in pain processing 
regions of the brain following the application of otherwise innocuous stimuli [12]. 
Furthermore, brain imaging studies have reported a hypoperfusion of the striatum 
and thalamus at rest, decreased dopamine binding in the striatum in response to 
experimental pain, as well as changes in brain structure in the cingulate cortex, 
insular cortex, striatum, and thalamus in patients with FM [12]. These findings sug-
gest that functional and morphological changes occur in the forebrain of individuals 
with FM, especially in structures known to be involved in pain systems [12]. The 
risk of developing FM is eightfold higher for first-degree relatives of patients with 
FM than for an unrelated individual [12]. Genetic factors may explain the strong 
familial predisposition to FM [5]. Genes modulate neurotransmitters and other 
inflammatory pathways involved in pain sensation [5]. Specific genetic polymor-
phisms (occurrence of two or more alleles in one locus) associated with an increased 
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risk of developing FM pertain to genes that involved in serotonin and catecholamine 
metabolism [12]. Twin studies suggest that approximately 50% of the risk of devel-
oping fibromyalgia and related conditions such as irritable bowel syndrome (IBS) 
and headache is genetic and 50% is environmental [13]. An individual’s “set point” 
or “volume control” for pain is set by a variety of factors, including the levels of 
neurotransmitters that facilitate pain transmission and those that reduce pain trans-
mission [5]. Many of the neurotransmitters known to facilitate the transmission of 
pain in the CNS, such as substance P, glutamate, and nerve growth factor, were 
found to be increased in the cerebrospinal fluid of individuals with FM, whereas 
levels of metabolites of neurotransmitters that typically inhibit pain transmission, 
such as serotonin, norepinephrine, and dopamine, are reduced [12]. Neurotransmitters 
mediating pain transmission may also affect mood, memory, fatigue, and sleep [5]. 
Potentially modifiable risk factors for developing fibromyalgia include poor sleep, 
obesity, physical inactivity, and poor job or life satisfaction.

�Diagnosis

FM is a chronic functional illness that presents with widespread musculoskeletal 
pain as well as a constellation of symptoms including fatigue, cognitive dysfunc-
tion, sleep difficulties, stiffness, anxiety, and depressed mood [14]. People with FM 
typically see many doctors before receiving the diagnosis. One reason for this may 
be that pain and fatigue, the main symptoms of FM, overlap with those of many 
other conditions. Doctors often have to rule out other potential causes of the symp-
toms before making a diagnosis of FM. The cardinal manifestation of FM is wide-
spread musculoskeletal pain involving both sides of the body and present above and 
below the waist. However, the pain may initially be localized, often in the neck and 
shoulders. Common patient descriptions include “I feel as if I hurt all over,” or “it 
feels as if I always have the flu.” Patients typically describe pain predominantly 
throughout the muscles, but often state that their joints hurt, and sometimes describe 
joint swelling, although synovitis is not present on examination. In patients with 
FM, the one finding that is usually present on physical examination is tenderness in 
soft tissue anatomic locations [6]. FM characteristically shows no abnormal labora-
tory results. Laboratory or imaging workup is not needed unless it is required to rule 
out other conditions with a similar clinical presentation.

The diagnosis of FM may be under-recognized in clinical practice; prevalence 
estimates in one US county using surveys with standardized criteria were higher 
than estimates based upon medical record documentation of the diagnosis (6.4 ver-
sus 1.1%) [15]. The 1990 American College of Rheumatology criteria for FM were 
research classification criteria and were never intended to be used as strict diagnos-
tic criteria for use in clinical practice [5]. These criteria require that individuals have 
widespread pain as well as tenderness in 11 or more of 18 possible “tender points” 
[6]. Many individuals who clearly have FM do not have pain throughout their entire 
body or may not have at least 11 tender points [5]. The alternative 2011 FM survey 
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criteria were intended for use in epidemiological studies and represent an alternative 
method to assess FM [16]. These criteria include a patient self-report survey that is 
administered on a single piece of paper. Patients fill out a symptom survey asking 
about the locations of pain as well as the presence and severity of fatigue, sleep 
disturbances, memory difficulties, headaches, irritable bowel, and mood problems. 
Practitioners may prefer this approach of assessment for FM because it does not 
require performing a tender point examination [5]. These criteria identify most of 
the same individuals who meet the 1990 criteria but identify many more male 
patients (who rarely meet the 1990 criteria because of inadequate numbers of tender 
points) [5]. In clinical practice, FM should be suspected in patients having multifo-
cal pain not fully explained by injury or inflammation [5].

�Therapy

Patients should be educated regarding the diagnosis and treatment, the uncertainty 
regarding pathogenesis of FM, and the patient’s role in their own treatment. 
Treatment of FM includes both non-pharmacologic and drug therapies. Drug treat-
ment is reserved to patients who do not respond to non-pharmacologic therapy 
alone (usually the majority). Exercise may produce an appreciable benefit regarding 
pain and fatigue. Aerobic exercise has been best studied, but strengthening and 
stretching have also been shown to be of value [5]. Other non-pharmacologic forms 
of therapy include cognitive behavioral therapy and complementary and alternative 
medicine therapies [5]. The approved drugs for the treatment of FM include prega-
balin, milnacipran, duloxetine, and amitriptyline [5, 12]. One of these drugs could 
be introduced in patients not responding to non-pharmacologic alone. In general, 
drugs should be started at low doses and should be built up slowly. Drug therapy is 
effective in controlling pain as well as other symptoms including fatigue, mood 
changes, and sleep disturbances. Individual variations between drugs concerning 
efficacy and side effects should be considered while selecting a drug for a specific 
patient. In patients unresponsive to a program including education, exercise, and 
drug monotherapy, additional interventions, such as drug combinations, psycho-
logical interventions, and supervised physical therapy, may be considered. After a 
review of a very large number of studies, reviews, and meta-analyses, the European 
League Against Rheumatism (EULAR) revised recommendations for the manage-
ment of FM were published in 2016 [17]. The recommendations include a multidis-
ciplinary approach that starts with patient education followed by physical and other 
non-pharmacological therapies “e.g. acupuncture biofeedback and cognitive behav-
ioral therapy.” If the response is inadequate, patient is reassessed, and further treat-
ment is individualized according to patient needs. Further steps include psychological 
therapy, pharmacological therapy, and multimodal rehabilitation programs [17]. 
With the better understanding of the nature of the disorder, the increased recogni-
tion of the syndrome and the introduction of new effective drugs, the outcome of 
FM is expected to further improve [12].
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�Fibromyalgia Comorbidities

As mentioned above, FM is characterized by chronic widespread pain and is gener-
ally accompanied by one or more concomitant symptoms including fatigue, sleep 
disturbances, cognitive dysfunction, anxiety, and/or depressive episodes. These 
symptoms or comorbidities are intimately related to FM and may be considered as 
elements of the syndrome rather than comorbid conditions (Table 11.1). Fatigue is 
one of the most common symptoms associated with the pain in FM patients. Overlap 
exists between the FM-related fatigue and that of the chronic fatigue syndrome (also 
known as systemic exertion intolerance disease). Psychiatric disorders, including 
depressive disorders, anxiety disorders, and post-traumatic stress disorder, are more 
prominent in FM than in other rheumatic diseases, such as rheumatoid arthritis. 
Approximately 25% of patients with FM have concurrent major depression, and 
50% have a lifetime history of depression. Headache in the form of migraine and/or 
tension-type headache affects 50% or more of FM sufferers [18]. Patients also often 
report paresthesias, including numbness, tingling, burning, or creeping or crawling 
sensations, especially in both arms and both legs. However, unless a concurrent 
neurologic disorder, such as carpal tunnel syndrome or a cervical radiculopathy, is 
present, a detailed neurologic evaluation or formal testing is usually unremarkable. 
Symptoms suggestive of IBS occur also frequently in patients with FM. Other vis-
ceral types of pain such as pelvic pain, dysmenorrhea, and bladder symptoms (sug-
gestive of interstitial cystitis) are also common in patients with FM. Patients also 
may have a variety of poorly understood symptoms such as costochondritis-related 
chest pain, temporomandibular joint (TMJ) disease, dysgeusia (distortion of the 
sense of taste), vulvodynia, palpitations, dyspnea, and orthostatic intolerance. 
Autonomic dysfunction has been reported at rest and after a physiological stressor 
such as exercise in FM patients especially women [3].

There is an array of separate disease entities that are reported with high fre-
quency in FM patients and are considered as comorbid conditions (Table 11.1). In a 
study of 11,704 patients with selected conditions, FM was the highest in its associa-
tion with comorbidities compared to SLE, RA, and non-inflammatory rheumatic 
diseases [19]. The EPIFFAC study, in Spain, reported that 84% of patients with FM 
have one or more comorbid diseases: 67% have other musculoskeletal conditions, 
35% psychological disorders, 27% gastrointestinal disorders, 23.5% cardiovascular 
disorders, and 19% endocrinological disorders [20]. In hospitalized patients in the 
USA, the most common comorbidities when FM was the primary diagnosis were 
nonspecific chest pain, mood disorders, and spondylosis/intervertebral disk disor-
ders/other back problems; with FM as a secondary diagnosis, the most common 
primary diagnoses were essential hypertension, disorders of lipid metabolism, coro-
nary atherosclerosis/other heart diseases, and mental disorders [21]. In the study 
conducted by Wolfe et al., in the USA, there was a significant association of FM 
with hypertension, other cardiovascular conditions, depression, diabetes, lung dis-
eases, asthma, liver diseases, neurological diseases, thyroid diseases, gastrointesti-
nal disorders, mental illnesses, renal diseases, severe allergies, and genitourinary 
disorders [19]. FM patients have stronger comorbidity with these disorders than 
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patients with rheumatoid arthritis [19]. In a large health insurance database review, 
in the USA, Weir et al. described that patients with FM were two to seven times 
more likely to have one or more of the following comorbid conditions: depression, 
anxiety, headache, IBS, chronic fatigue syndrome, systemic lupus erythematosus, 
and rheumatoid arthritis [22].

On the other hand, FM can exist along with a number of diseases in a higher 
frequency than that observed in the general population. FM is observed to coexist 
with other rheumatologic diseases, such as, SLE (30%), RA (25%), psoriatic arthri-
tis (24%), and ankylosing spondylitis (15%) [23].

FM is significantly associated also with primary Sjögren’s syndrome (pSS) with 
a prevalence that approaches 30% in pSS patients [24].

FM was documented in 30 of 113 patients with inflammatory bowel disease, spe-
cifically in 49% of patients with Crohn’s disease and 19% with ulcerative colitis 
(p = 0.001) [25]. Being overweight or obese was associated with an increased risk of 
FM, especially among women who also reported low levels of physical exercise [26].

The relation of FM to a number of allergic or hypersensitivity conditions has 
been well observed. FM is associated with chronic urticarial [27], chronic allergic 
rhinitis [28], and non-celiac gluten hypersensitivity [29].

�Diagnostic Challenges

The multiple symptoms of fibromyalgia often simulate those of related disorders 
and may further complicate the diagnosis. There is an overlap in the symptomatol-
ogy and also disease comorbidity among some “functional” conditions, including 
FM, chronic headache, chronic fatigue syndrome, IBS, TMJ disorders, major 
depression, anxiety, panic attack, and post-traumatic stress disorder.

�Differentiation from Other Pain Disorders

A variety of chronic or recurrent pain disorders such as tension type headache, 
migraine, TMJ disease, IBS, and painful bladder syndrome may occur as isolated 
pain disorders or may constitute a part of the spectrum of the FM syndrome. The 
presence of concomitant fatigue, and/or sleep, cognitive, and psychiatric disorders 
is suggestive of FM.  Laboratory testing may be unnecessary as it yields normal 
results in the majority of cases. Paresthesias likewise show normal neurologic test-
ing results in FM unless they are related to cervical spondylosis or carpal tunnel 
syndrome. Laboratory and imaging modalities are required only to rule out organic 
or structural causes for the patients’ symptoms whenever the physician suspects 
these causes. Osteoarthritis causes stiffness, tenderness, pain, and potential defor-
mity of affected joints, and it most commonly occurs in older individuals. It is dif-
ferentiated from FM based upon a patient’s history, clinical examination, and 
degenerative joint changes seen on x-ray in people with osteoarthritis. However, it 
is important to note that FM can co-occur in people with osteoarthritis.
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�Differentiation from Rheumatologic Disorders

Differentiation of FM from autoimmune or rheumatologic diseases is a challenge. 
That is mainly due to symptom overlap. Given also that FM coexists specifically in 
a higher than usual frequency with some of these disorders, the situation becomes 
more complex. The physician is here facing one of three possibilities: FM alone, the 
autoimmune condition alone, or FM and its comorbid rheumatic disease. 
Polymyalgia rheumatica is a chronic, inflammatory condition that causes stiffness 
and pain in the shoulders, hips, or other regions. The disorder, which primarily 
affects individuals over age 50, is frequently associated with inflammation of cer-
tain large arteries. PMR is differentiated from fibromyalgia based upon a person’s 
medical history, physical examination, and blood tests notably erythrocyte sedimen-
tation rate and C-reactive protein. RA is a chronic disease that causes inflammation 
of joints, resulting in pain, swelling, and potential deformity of the affected joints. 
SLE is also a chronic, inflammatory disorder of connective tissue. Patients may be 
affected by abnormalities involving multiple organ systems. Although both disor-
ders (RA and SLE) share many symptoms with FM, they have other features that are 
not usually seen in people with FM, including inflammation of the synovial mem-
branes and high titers of autoantibodies. A detailed discussion about the mutual 
impact of SLE or RA and FM will come later in this chapter. Ankylosing spondylitis 
is a chronic, progressive, inflammatory disease involving joints of the spine. This 
condition leads to stiffness, pain, and decreased movement of the spine. Ankylosing 
spondylitis also causes characteristic findings that can be seen on x-ray, which are 
absent in people with FM. By contrast, spinal motion and x-rays are usually normal 
in people with FM.

�Additional Diagnostic Possibilities

Some other conditions that could lead to symptoms similar to those of FM may be 
investigated according to the physicians’ suspicion and preference. These include 
vitamin D deficiency, hypothyroidism, metabolic and inflammatory myopathies, 
and systemic viral illnesses.

�Impact of Fibromyalgia Comorbidities

�Fibromyalgia and Autoimmune Rheumatic Diseases

FM and chronic inflammatory or autoimmune rheumatic diseases show several 
overlapping features such as joint pain, fatigue, morning stiffness, depression, and 
sleep disturbances that make their differentiation very problematic in clinical prac-
tice as well as in epidemiological surveys.
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The baseline assessment together with the monitoring of disease activity, func-
tional status, and quality of life provides the physician with the necessary informa-
tion to manage the autoimmune rheumatic condition. The presence of FM as an 
associated condition may artificially modify these parameters. On the other hand, 
comorbid inflammatory or autoimmune diseases may have a negative impact on FM 
symptoms leading to unjustified medication escalation, potential toxicity, and 
higher management costs.

�Mutual Impact of Rheumatoid Arthritis and Fibromyalgia

FM is present in a variable percentage (10–25%) of RA patients defining a RA sub-
set so-called fibromyalgic RA [30–34]. The high pain and disability scores seen in 
these patients suggest that they will have high RA activity scores at baseline (espe-
cially in early disease) and during follow-up, discordant to the inflammatory param-
eters [30, 35]. Indeed, remission status quantification may be controversial. Disease 
activity measures such as Disease Activity Score (DAS) and Simplified Disease 
Activity Index (SDAI) are popular disease activity indexes, very important in the 
treatment decision for disease-modifying antirheumatic drugs (DMARDs) as well 
as for biologic therapies. In “fibromyalgic RA,” an overestimated disease activity 
may be taken into consideration especially when inflammatory parameters are weak 
or negative [33, 36]. This subset of patients may have greater benefit by using other 
than disease-modifying antirheumatic drug (DMARD) escalation strategies (pain-
killers, physiotherapy, and psychological treatment) to control symptoms [33].

DAS 28 is a composite activity index which combines four components: 28 
swollen joint count (SJC), 28 tender-joint count (TJC), acute-phase response (eryth-
rocyte sedimentation rate (ESR) or C- reactive protein (CRP)), and a general health 
assessment using a visual analogue score (VAS-GH). SJC are evaluated by the 
assessor, in contrast to TJC and VAS which are patient reported. Tenderness may be 
associated with augmented pain processing in FM and RA, and DAS28 scores may 
overestimate inflammatory disease activity in people with a high TJC [33, 37]. 
Similar magnification may be applied to other disease activity indices such as SDAI, 
clinical disease activity index (CDAI), and other composite disease activity indexes.

Although anti-citrullinated protein antibody (ACPA) positivity is usually 
inversely associated with the clinical diagnosis of FM, one should not omit the fact 
that early and very early RA may present with oligoarthritis and negative ACPA 
[35, 38, 39].

In this regard, some authors suggest different tools helpful for identifying fibro-
myalgic RA patients such as “the Fibromyalgia Rapid Screening Tool” (FiRST), the 
number of painful joints minus swollen joints or musculoskeletal ultrasound, as a 
high-resolution imaging method for clinical and subclinical synovitis detection [37, 
40, 41]. The FiRST is a self-administered questionnaire consisting of six questions 
covering several domains of FM: widespread pain, fatigue, pain characteristics, 
non-painful abnormal sensations, functional somatic symptoms, sleep, and cognitive 
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problems. The options to answer are yes (1 point) and no (zero points); with the 
maximum score of 6 and a cutoff value of ≥5 associated with the highest sensitivity 
and specificity for FM (it detects ACR 90-defined FM patients with a sensitivity of 
74.5% and a specificity of 80.4%, with a negative predictive value of 97% and a 
positive predictive value of 26.6%) [40].

Similar results were obtained in the study by Pollard et  al. [33]. The authors 
demonstrate that a score of ≥7 (tender minus swollen joints) can reach a sensitivity 
of 83% and specificity of 80% for identifying “fibromyalgic RA” patients [33]. 
Furthermore, Ghib et  al. compared US evaluation “grayscale (GS) and power 
Doppler (PD)” and DAS 28 scores in patients with RA, FM-RA, and FM alone 
concluding that DAS 28 is not a reliable measure of disease activity in patients with 
RA and associated FM, due to the higher TJC and patient global health assessment. 
In this study, SJC and ESR were similar in the RA and FM-RA groups and lower in 
the FM group. Median PD-US scores proved to be significantly different between 
the FM and RA groups and between FM-RA and FM groups. No significant differ-
ences were noted between US scores in the RA and FM-RA groups. Indeed, US 
scores correlated moderately only with DAS28 and CDAI in patients with RA, and 
not in patients with FM-RA. These scores were inversely correlated with DAS28 
and CDAI in FM patients, the authors concluding that US evaluation may be more 
accurate (in comparison to clinical evaluation) for disease activity evaluation in 
FM-RA patients [41].

Patients’ self-evaluation regarding pain level, physical functioning, mental well-
being, and social functioning was subject to dispute in the last years due to its low 
credibility. A recent study conducted by Kool et  al. concluded that spouses and 
patients (group with RA and group with FM) appraise patients’ health status in a 
similar way, but with worse outcome for all parameters in the FM group in compari-
son to the RA group, results supported also by other authors when comparing FM 
patients with patients with other painful conditions [42, 43].

FM associated with chronic inflammatory rheumatologic or autoimmune dis-
eases tends to have a profound impact on health-related quality of life (HRQL) and 
has been found to be associated with high treatment costs [44, 45]. In this regard, the 
“OMERACT fibromyalgia syndrome workshop” tried to highlight those domains 
that should be consistently measured in clinical trials such as pain, physical and 
emotional functioning, patient global satisfaction ratings, negative health states, and 
adverse events [46].

The patients’ perception of HRQL is quantified by using generic instruments and 
questionnaires that provide a general picture or specific instruments or question-
naires that focus on several aspects relevant for a disease or patient group. The Short 
Form 36-item Health Survey Questionnaire (SF-36) is a validated, generic instru-
ment covering eight domains of HRQL – physical functioning, physical role, social 
functioning, bodily pain, general health, vitality, emotional role, and mental health 
scores [47]. Several studies performed by now, comparing HRQL of patients with 
RA and FM, suggest that all domains had lower scores in FM-RA patients and that 
FM patients have lower mental health scores in comparison to those with RA [30, 
48–50]. Salaffi et al. concluded in a recent study that the domains typically affected 
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by FM were mental health, social functioning, vitality, pain, and general health. 
Somatization rates were higher in this category of patients. Indeed, FM patients 
considered widespread pain, fatigue, and unrefreshing sleep as the most significant 
factors with negative impact on working performance. In contrast, physical func-
tioning and role limitations due to physical function were more impaired in RA [30, 
48, 50, 51].

Sleep disturbance has a major influence on the quality of life and is prevalent in 
patients with FM and RA [52]. Still, comparative studies focused on sleep quality 
are scarce. Ulus et al. focused in his study on sleep quality evaluation using a ques-
tionnaire (the Pittsburgh Sleep Quality Index (PSQI)) consisting of 19 items (4-point 
scale) defining seven subcategories  – sleep duration, sleep disturbances, sleep 
latency, daytime dysfunction, sleep efficiency, sleep quality, and medication use 
[53]. Apart from this, the impact of pain, fatigue, depression, and disease activity on 
sleep quality was evaluated. Patients with FM-RA showed higher fatigue scores 
than controls, and FM patients demonstrated higher scores, which correlated to 
PSQI, compared to RA patients [54]. Indeed, patients with FM-RA and high depres-
sion scores may have more sleep problems (quality and duration) when compared 
to subjects without rheumatologic disorders. The negative impact is even higher 
when pain, fatigue, and disease activity are added [54].

�Mutual Impact of Spondyloarthritis Group (Spa) 
and Fibromyalgia

The SpA includes several related pathologic entities such as ankylosing spondylitis, 
psoriatic arthritis, reactive arthritis, juvenile SpA, and inflammatory bowel disease-
related and undifferentiated SpA. The presence of FM clinical features in this group 
has been evaluated in several papers that confirm a prevalence of 4–25% in com-
parison to only 2–4% in the general population [9, 55, 56]. FM patients express 
continuously a higher level of fatigue and intensity of pain in comparison to SpA 
patients. Activity and functional indexes such as Bath Ankylosing Spondylitis 
Disease Activity Index (BASDAI) and Bath Ankylosing Spondylitis Functional 
Index (BASFI) are strongly influenced by the presence of FM. The BASDAI score 
comprises six items based on the subjective assessment of pain, stiffness, and 
fatigue, all overlapping FM symptoms. Therefore, activity assessment, patient 
selection, and treatment evaluation may become very challenging in FM-SpA 
patients. BASFI score determines the degree of functional limitation in patients 
with SpA and comprises of ten questions – the first eight questions evaluating activ-
ities related to functional anatomical limitations determined by the inflammatory 
lesions associated to the disease and the last two questions evaluating the patients’ 
ability to cope with everyday life. Almodovar et al. performed a recent study focused 
on the analysis of those factors that best characterize FM-AS patients; in addition 
they studied the extent in which FM affects the activity and functional disease 
parameters. Finally, a correlation with a radiologic score was made. The authors 
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concluded that associated FM would modify (increase) the measures of activity and 
functional damage and that an increased ratio BASDAI/Bath Ankylosing Spondylitis 
Radiology Index (BASRI) ≥1.5 or BASFI/BASRI ≥1.08 would identify with high 
probability the FM-SpA subset. Indeed, higher activity index would lead to some 
extent to overtreatment with lesser efficacy and higher medical costs [56]. Another 
study conducted by Roussou et al. attempted to assess the concomitant presence of 
clinical symptoms in patients with SpAs and FM and investigated the potential 
overlap between the defined tender points characteristic for FM and enthesitis in 
SpA patients [55]. The authors used for enthesitis assessment the Mander scoring 
system and pointed out an interesting finding regarding the low discriminatory 
capacity of the examiner in differentiating the specific FM tender points from the 
enthesitis sites, raising the problem of mislabeling patients with SpA as FM when 
concomitant fatigue, sleep disturbance, and improvement of pain with exercises 
occurs. This fact would lead to inappropriate treatment recommendations [55, 57]. 
The tender point examination reliability has been questioned, and concerns were 
raised about it as a clinical outcome measure. Of note, the new preliminary FM 
diagnostic criteria do not include the tender point evaluation anymore, but valida-
tion in prospective studies is still missing. Moreover, one of the critics regarding 
these new diagnostic criteria is that establishing a diagnosis without physical exami-
nation would omit other comorbidities and potential causes for the present patients’ 
symptoms [58, 59].

Fatigue and sleep disturbances are important symptoms interfering with all 
aspects of life in patients with SpA, similar to other chronic rheumatologic diseases 
[54, 60, 61]. Several quality-of-life assessment questionnaires such as the Stanford 
Health Assessment Questionnaire (HAQ) and arthritis impact measurement scales 
(AIMS) contain questions about this item but showing limits in fully reflecting the 
complete spectrum of FM-related symptoms [54, 62–64]. In this sense, the 
Fibromyalgia Impact Questionnaire (FIQ) was developed, consisting of ten ques-
tions that capture the overall effect of FM symptoms. By now, it is a validated tool, 
showing a very good responsiveness to change and good correlation with similar 
questionnaires such as HAQ, AIMS, and SF-36 [65]. Overall, in SpA patients, 
fatigue appears to be a common symptom associated with pain, female gender, 
physical functional disability, medication status, and physiological distress [54].

�Mutual Impact of Systemic Lupus Erythematosus 
and Fibromyalgia

Some studies reported antinuclear antibody (ANA) positivity, photosensitivity, 
Raynaud phenomenon, oral ulcers, or sicca symptoms in FM patients. In spite of the 
fact that these manifestations are characteristic of SLE, Sjögren’s syndrome, or sys-
temic sclerosis, they were found in a quite consistent percentage of patients with the 
FM syndrome [66, 67]. They were ambiguously considered as part of the FM 
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clinical spectrum, or otherwise they could represent a partial, early, or mild form of 
the autoimmune disease. These manifestations may indeed cause problems in estab-
lishing the differential diagnosis, especially in patients with milder clinical presen-
tation of the autoimmune disease. Inadequate treatment recommendations may also 
occur in misdiagnosed patients [68].

Neuropsychiatric symptoms present in SLE and in FM patients represent another 
important challenge for the practitioner. Neuropsychiatric symptoms can be among 
the earliest manifestations of SLE, with a prevalence reaching up to 40%, some of 
them showing a very high mortality rate [69]. The overlapping clinical spectrum 
comprises headaches, psychiatric disorders (depression and anxiety), cognitive 
impairment, ischemic transient attacks, and demyelination, the first three being the 
most frequent manifestations. In addition, sleep disorders, fatigue, and musculo-
skeletal symptoms are found in both entities [70, 71].

Surveys of the medical literature show a high prevalence of FM (8–45%) in SLE 
patients. This prevalence is correlated with SLE duration of >5  years. FM-SLE 
patients have similar sociodemographic, characteristics, treatment strategies, sever-
ity, and activity index [72–76]. In a recent study conducted by Torrente-Segarra 
et al., the authors found a significantly higher prevalence of psychiatric symptoms 
in patients with SLE and FM compared to the non-FM-SLE patients. They sug-
gested that FM in SLE patients strongly predisposes to psychiatric disorders. 
However, the authors concluded that the psychiatric manifestations were not linked 
to a higher SLE activity in the study group and therefore should benefit from a dif-
ferent treatment approach [75]. The presence of FM has been recognized as having 
a significant negative impact on the physical and mental status in SLE – active and 
inactive patients – reducing their self-reported quality of life. In fact, depression is 
the major factor associated with the presence of FM in SLE patients [75–77]. Other 
findings like photosensitivity, oral ulcers, secondary sicca syndrome, and a higher 
daily dosage of corticosteroids correlated with the presence of FM in SLE patients. 
Several comorbidities like autoimmune thyroiditis, arterial hypertension, and dys-
lipidemia were found to occur more frequently in the subset of FM/SLE patients 
[76].

�Mutual Impact of Primary Sjögren’s Syndrome (Pss) 
and Fibromyalgia

Most individuals with Sjögren’s syndrome present with sicca symptoms, parotid 
gland enlargement, and variable extra-glandular features among which arthralgia, 
myalgia, and chronic fatigue are frequent and disabling symptoms [78]. The afore-
mentioned symptoms may overlap with FM features. Recent data show that FM 
prevalence in pSS patients is around 30% vs 20% when using ACR 2010 FM clas-
sification criteria vs ACR 1990 criteria [24]. FM-pSS patients tend to have signifi-
cantly higher tender point counts and widespread pain index compared to pSS 
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patients without FM. Tender point counts correlate significantly with the pain and 
depression level as well as with the EULAR Sjögren’s Syndrome Patient Reported 
Index (ESSPRI) but not with disease activity according to Choi et  al. [24, 79]. 
Indeed, insomnia and cognitive dysfunction were more often encountered in 
FM-pSS in comparison to only pSS patients [79]. In contrast to all these remarks, 
FM was not associated with the presence of autoantibodies, extra-glandular fea-
tures, and disease activity [79].

Fatigue is a common shared feature in both FM and Sjögren’s syndrome. Fatigue 
is reported in a very high percentage “in some studies up to 85%” in pSS patients, 
and 50% of them consider it the most disabling symptom. Some authors consider 
fatigue a clear feature of active disease; however, no statistically significant correla-
tion between fatigue and p SS activity was demonstrated by now [80–83]. 
Furthermore, fatigue was found to correlate with the depression and anxiety scales, 
disease duration, and FIQ score [84].

�Other Comorbidities and Fibromyalgia

Clinical manifestations such as fatigue, widespread musculoskeletal pain, depres-
sion, anxiety disorders, memory loss, abdominal pain, diarrhea alternating with 
constipation, and bloating are common in celiac disease (CD), IBD, and FM. CD 
typically presents in childhood with gastrointestinal symptoms but, often in adult-
hood several other non-gastrointestinal manifestations, tend to dominate the clinical 
picture. In fact, the similarities in symptomatology between FM and CD triggered 
the hypothesis that FM has a higher prevalence in CD patients in comparison to 
general population and secondly that a percentage of FM patients could have sub-
clinical CD [84–86]. Another hypothesis would be the fact that vitamin D defi-
ciency, a common finding in CD patients, could mimic FM features [84, 87, 88].

FM occurs in 20–30% of IBS patients, and more than 30% (up to 70%) of the FM 
patients meet the criteria for IBS [89, 90]. Indeed, the incidence of CD in IBS 
patients is four to seven times higher than in controls without IBS [21, 87, 91].

As mentioned above, in a study of hospitalized patients in the USA, essential 
hypertension, disorders of lipid metabolism, and coronary atherosclerosis/other 
heart diseases were among the most common primary diagnoses when FM was the 
secondary diagnosis [21]. This and other similar findings led researchers to explore 
this issue. In a health insurance database cohort study from Taiwan, FM patients 
showed a significantly higher subsequent risk of a coronary heart disease event than 
the patients without FM [92]. Researchers from Turkey evaluated mean platelet 
volume, which is a determinant of platelet activation and is a newly emerging inde-
pendent risk factor for cardiovascular disease. Results showed that the levels of 
mean platelet volume were significantly higher in the FM group than in the control 
group, suggesting an early atherosclerotic marker in patients with FM [93]. Mortality 
does not appear to be increased due to FM itself; however, death due to suicide and 
accidents is increased [94]. Confirming the relation between FM and cardiovascular 
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disease, although still a matter of research, may change this concept. The associa-
tion of obesity and FM may also have morbidity and mortality implications. Quality 
of life and FM symptomatology were found to be worse in obese FM patients [95].

�Impact on Healthcare and Community

Patients with FM have comparatively high levels of comorbidities and high levels of 
healthcare utilization and cost [96]. In “real life,” FM impact on primary healthcare 
resources is expressed mainly due to higher visit rates for at least 10 years prior to 
FM diagnosis. Depression, fatigue, chest pain, sleep disturbance, dizziness, and IBS 
are the main causes for these visits. In fact, FM patients are more prone to develop 
depression and vice versa [97].

Indeed, more medical prescriptions were recorded in FM patients in comparison 
to controls prior to diagnosis and after, and overall rates of diagnosis-related proce-
dures and tests referrals were higher especially prior to FM diagnosis [98]. In addi-
tion to the increased healthcare utilization, a significant individual and social burden 
of FM will reflect also in a negative impact on work participation and productivity 
[96–99].

�Implications for Science/Research

Now, suggestions for several research priorities should be taken into consideration 
and may be synthetized as follows:

•	 A better definition of the OMERACT core domains that should be consistently 
measured in clinical trials.

•	 The development of validated tools for patients’ evaluation in clinical practice in 
cases of FM comorbidities.

•	 The increased utilization of musculoskeletal ultrasound evaluation in clinical 
practice as a more accurate and noninvasive method for clinical and subclinical 
inflammatory and/or structural musculoskeletal lesion detection [41, 100]. This 
will help solve diagnostic dilemmas whenever FM is suspected to accompany 
another autoimmune or rheumatic condition.

•	 Research priorities regarding FM management were formulated in the EULAR 
revised recommendations for the management of FM (2016) [17]. Some of these 
research areas look to be attractive to rheumatologists who deal with FM and its 
associated comorbid conditions. These recommendations include:

–– Are there characteristics of patients with fibromyalgia that predict response to 
specific therapies?

–– How should fibromyalgia be managed when it occurs as a comorbidity with 
inflammatory arthritis?
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–– What aspects of a healthcare system optimize outcome for the patients (who 
is best for the management of FM patients)?

•	 We believe also that the association of FM with cardiovascular disease, FM with 
obesity, and FM with autonomic dysfunction constitutes rich areas of future 
research.
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Chapter 12
Vasculitis

Yair Molad

Vasculitis is a heterogeneous group of disorders characterized by inflammation of 
the blood vessel walls. It can results in vessel wall destruction leading to aneurysm 
or rupture or in stenosis with tissue damage from ischemia and subsequent activa-
tion of the inflammatory cascade [1]. The different vasculitides may be categorized 
by the size of the involved vessel: large – aorta and its main branches; medium – 
visceral arteries; small – capillaries and intraparenchymal arteries, arterioles, and 
venules [1]. They may occur as a primary disorder or secondary to infection (par-
ticularly hepatitis B and C); malignancy; autoimmune disease such as rheumatoid 
arthritis, systemic lupus erythematosus, and Sjogren’s syndrome; intake of certain 
drugs, and exposure to allergens.

Comorbidities may be an intrinsic component of systemic vasculitis, or they may 
present as adverse events following treatment with corticosteroids, immunosuppres-
sive drugs, biological drugs, or other agents. This chapter describes the main comor-
bidities attributed to the inflammatory pathological process that underlies the 
vasculitides and to the immunoregulatory drugs used to treat them. The associations 
of vasculitis in adults with cardiovascular diseases, metabolic syndrome, arterial 
hypertension, infectious complications, malignancy, and thrombosis are highlighted.
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�Large-Vessel Vasculitis

In large-vessel vasculitis, the vasculitic process is predominantly confined to the 
aorta and its major branches. The most common form, particularly in the white, 
over-50-year-old population, is giant cell arteritis (GCA). GCA is characterized his-
topathologically by invasion of the entire vessel wall with macrophages, 
lymphocytes, and plasma cells, with focal accumulation of giant cells, and clinically 
by headache, tenderness of the scalp, claudication of the jaw and/or tongue, loss of 
vision, and polymyalgia rheumatica. Systemic symptoms, such as fatigue, malaise, 
and fever, and a highly elevated erythrocyte sedimentation rate are almost invariably 
present. Corticosteroids are the mainstay of treatment. Patients are usually started 
on prednisone 40–60 mg/day followed by gradual dose tapering sometimes over 
several years [2].

Another major form of large-vessel vasculitis is Takayasu arteritis (TA), which 
usually affects the aorta and its brachiocephalic branches but may sometimes affect 
the pulmonary arteries, other visceral arteries, and arteries of the lower extremities. 
TA is characterized histopathologically by granulomatous inflammation with infil-
trates of lymphocytes, plasma cells, eosinophils, histiocytes, and Langerhans cells. 
The active inflammation results in segmental narrowing of the arteries with aneu-
rysm formation, which presents clinically with a myriad of ischemic symptoms 
including claudication of the upper and lower extremities, cerebral ischemia, isch-
emic bowel disease, renal vascular hypertension, aortic insufficiency, and others. 
TA occurs at a younger age than GCA, between 15 and 45 years, predominantly in 
women of Oriental, African, and Latin-American descent [3]. Treatment consists of 
corticosteroids for more than 1 year, often accompanied by other immunosuppres-
sive drugs, such as methotrexate, azathioprine, mycophenolate mofetil, tocilizumab, 
and/or antitumor necrosis factor (TNF) agents [4, 5].

�Comorbidities of Large-Vessel Vasculitis

�Cardiovascular Disease

Premature accelerated atherosclerosis is a common finding in many of the inflam-
matory rheumatic diseases and one of the main causes of premature cardiovascular 
morbidity and mortality [6, 7]. The high rate of conventional risk factors such as 
diabetes mellitus, hypertension, dyslipidemia, metabolic syndrome, chronic kidney 
disease, and persistent proteinuria contributes to the underlying pathologic mecha-
nism. Inflammation-mediated endothelial cell dysfunction and activation and 
increased production of C-reactive protein are involved as well [7].

Epidemiological studies suggest that the overall mortality of patients with GCA 
is similar to or only slightly higher than that of the age-matched general population 
[8, 9], but cardiovascular morbidity and mortality is significantly increased [10]. 
Patients are at higher-than-normal risk of early and late ischemic stroke, mainly at 
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the time of GCA presentation. Reported rates of stroke associated with biopsy-proven 
GCA, especially in the vertebrobasilar territory, range from 2.8% in a retrospective 
review study of 287 consecutive patients followed for a 27-year period in a single 
center in Spain [11] to 7% in a French population-based study of 57 patients [12]. 
Most of the affected patients in the latter study were older men with vascular risk 
factors [12]. Similarly, a Canadian population-based study reported an increased 
incidence of stroke during the first year after GCA diagnosis [13]. Among three 
comparative population-based studies of patients with and without GCA, two found 
no difference in the incidence of ischemic heart disease due to coronary artery ath-
erosclerosis [14, 15], and one found an increase in the GCA group [16].

TA was found to be associated with accelerated atherosclerosis in autopsy [17, 
18] and carotid artery ultrasonography [19] studies. Risk factors are older age and 
high blood lipid levels. Stroke occurs in 10–20% of patients with TA, which is a 
remarkably high prevalence given that TA affects predominantly young women 
[20]. Left main coronary artery occlusion can occur as result of active ostial arteri-
tis. Coronary artery involvement is detected in 10–30% of patients with TA [21].

Although aortitis is frequently associated with TA, patients with GCA appear to 
have an elevated incidence of aortic aneurysm, particularly of the thoracic aorta, 
compared with the general population [22]. A UK General Practice Research 
Database parallel cohort study of 6999 patients with GCA and 41,994 controls found 
a twofold increase in the rate of aortic aneurysm in patients with GCA compared to 
an age-matched general population [23]. Aortic aneurysm may appear many years 
after the diagnosis of GCA, even after treatment has been completed. Therefore diag-
nosis requires a high index of clinical suspicion and imaging workup [24].

�Hypertension and Metabolic Syndrome

Renovascular hypertension due to renal artery stenosis or aortic coarctation is a 
frequent finding in patients with large-vessel vasculitis. In patients with TA, it may 
be the presenting complaint that leads to diagnosis [25]. In a retrospective analysis 
of 180 patients with biopsy-proven GCA from Italy, hypertension was found to be 
significantly associated with an increased risk of the development of severe cranial 
ischemic events [odds ratio (OR) = 7.77, 95% confidence interval (CI) 0.83, 72.76] 
[26]. Interestingly, a retrospective study of 286 patients with GCA from the United 
States found that those with hypertension or diabetes mellitus at diagnosis had more 
relapses during follow-up than those without these comorbidities [27]. This finding 
emphasizes the prognostic importance of early and tight control of blood pressure 
in patients with GCA.

Metabolic syndrome is a cluster of conditions, namely, high body mass index, 
hypertension, diabetes mellitus, and hypertriglyceridemia, that occur together and 
increase the risk of cardiovascular disease. A high prevalence of metabolic syndrome 
has been observed in patients with TA, regardless of disease duration, disease activ-
ity, use of glucocorticoids, or level of inflammatory cytokines [28].
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�Infections

Corticosteroids and immunosuppressive, cytotoxic, and biologic drugs, all used in the 
treatment of systemic vasculitis, are associated with an increased risk of systemic 
infections, one of the leading causes of death in patients with GCA. A study of 1664 
patients with GCA found that 48% had at least one episode of systemic infection; the 
risk was highest in the first 6 months of corticosteroid treatment [29]. However, a ret-
rospective population-based study showed that patients with corticosteroid-treated 
CGA were not at an overall higher-than-normal risk of infections requiring hospitaliza-
tion or acquired during hospitalization, but they seemed to be at increased risk specifi-
cally of gastrointestinal infections [30]. Nevertheless, although the overall mortality 
rate of patients with GCA is not different from that of the general population, infection 
is a significantly more common cause of death in the first year after diagnosis [8, 31].

�Thrombosis

The relationship between vasculitis and thrombosis has been established in recent 
years. The underlying mechanism involves endothelial cell adhesiveness, endothe-
lial cell activation, and tissue factor production, as well as the procoagulable state of 
patients with active vasculitis [32, 33]. In a large population-based study, the risk of 
venous thromboembolism was significantly high in patients with recent-onset GCA, 
independent of age and gender [34]. Moreover, deep venous thrombosis was found 
to be among the mortality risk factors in a cohort of 9311 hospitalized patients with 
GCA in the United States [35]. There are no available studies describing the risk and 
prevalence of thromboembolism in patients with TA.

�Malignancy

Whether cancer and/or lympho- or myeloproliferative disorders are more frequent 
in patients with GCA remains unclear. Several population-based, case-control stud-
ies performed in countries where GCA is prevalent concluded that affected patients 
are not at increased risk of cancer either before [36] or after [37, 38] diagnosis. 
However, a meta-analysis of cohort studies of patients with GCA and/or polymyal-
gia rheumatic [39] and a retrospective analysis of 271 consecutive patients [40] 
found a slightly increased risk of malignancy at the time of GCA diagnosis. One 
South Korean retrospective cohort study failed to demonstrate an increased risk of 
malignancy in patients with TA compared to the general population [41].

�Medium-Vessel Vasculitis

Polyarteritis nodosa (PAN) is a multi-organ necrotizing form of vasculitis that 
affects medium- and small-sized vessels. It commonly involves the kidneys, gastro-
intestinal tract, skin, peripheral nerves, and muscles.
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�Comorbidities

�Cardiovascular Disease

Cardiovascular disease associated with PAN usually presents as congestive heart 
failure (27%), hypertension (37%), and less commonly as myocardial infarction 
(2%) [42]. Coronary arteritis with multiple coronary aneurysms is very rare [43]. 
There are no published case studies of the prevalence of hypertension and metabolic 
syndrome in PAN.

�Infections

Classical PAN is usually treated with corticosteroids and cytotoxic drugs which 
pose an increased risk of infectious complications. However, there are no case stud-
ies specifically addressing this adverse effect in patients with PAN.

�Thrombosis

The association of PAN with an increased risk of arterial and venous thrombosis has 
been documented in several studies [44–46]. A retrospective, systematic analysis of 
1130 patients with PAN or small-sized vessel vasculitis derived from the French 
Vasculitis Study Group cohort found a significantly lower frequency of venous throm-
boembolism in the PAN group, although the risk was relatively higher during active 
than inactive disease (3.27 events/person-year versus 0.58 events/person-year) [47].

�Malignancy

Despite the well-recognized association between hairy-cell leukemia and PAN [48], 
case studies report a lower risk of the development of cancer after diagnosis of 
either hepatitis B-associated or nonviral-associated PAN [49–51].

�Small-Vessel Vasculitis

Patients with small-vessel vasculitis may be classified according to the presence or 
absence of immune complexes. The immune-complex-mediated small-vessel vascu-
litides include IgA vasculitis (Henoch-Schönlein purpura), essential cryoglobuline-
mic vasculitis, hypocomplementemic urticarial vasculitis, and anti-glomerular 
basement membrane disease. All these forms are characterized by attacks of purpura, 
urticaria, arthralgias/arthritis, gastrointestinal symptoms, and/or glomerulonephritis. 
The pauci-immune small-vessel vasculitides are associated with the presence of pro-
teinase-3 (c-ANCA)- or myeloperoxidase (p-ANCA)-specific anti-neutrophilic 
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cytoplasmic antibodies (ANCA). They include granulomatosis with polyangiitis 
(GPA or Wegener’s granulomatosis), eosinophilic granulomatosis with polyangiitis 
(EGPA or Churg-Strauss syndrome), and microscopic polyangiitis (MPA). Clinically, 
ANCA-associated vasculitis (AAV) is characterized by cutaneous, upper and lower 
respiratory tract, neurological, and renal manifestations that lead to death within 
weeks to months if left untreated. Currently, treatment consists of corticosteroids; 
cytotoxic drugs such as cyclophosphamide (until recently, the standard of care for the 
majority of patients [52]), azathioprine, and methotrexate; and a B-cell-depleting 
drug (rituximab). The use of these drugs has considerably improved patient outcome, 
but it has also raised concerns about disease- and treatment-related sequelae. 
According to the prospective multicenter European Vasculitis Study Group (EUVAS) 
trials, survival rates in patients with AAV treated according to strictly defined proto-
cols at presentation were 88% at 1 year, 85% at 2 years, and 78% at 5 years. However, 
the mortality ratio was 2.6 compared with the general population [53].

�Comorbidities

�Atherosclerosis

Early mortality in AAV is due mostly to disease complications and/or severe 
treatment-associated infections; late mortality is attributed to cardiovascular disease 
and/or malignancy. Coronary artery disease has been found to be two to four times 
more frequent in patients with AAV than the age-matched general population 
[54–56]. A logistic regression model fitted to data derived from the first four trials 
of the EUVAS trials revealed that 14% of patients with Wegener’s granulomatosis 
or MPA have an episode of cardiovascular disease within 5 years of diagnosis [57]. 
Moreover, accelerated subclinical atherosclerosis has emerged as a significant mor-
bidity in AAV.  It is apparently associated with the systemic active inflammatory 
state of the vasculitis itself, as demonstrated by the increase in plasma microparti-
cles [58], and occurs independently of traditional cardiovascular risk factors [54, 
57, 59, 60]. Manifestations include endothelial dysfunction [61], increased intima-
media thickness of the carotid artery [58], and plaque burden in the carotid arteries, 
aorta, and femoral arteries [60]. Interestingly, a Danish cohort of patients with GPA 
did not show an increased prevalence of stroke compared to controls [62].

�Metabolic Syndrome

A case-control, cross-sectional study showed that metabolic syndrome is more 
prevalent in patients with AAV (43%) than in healthy individuals (25%; P = 0.012) 
[63], unrelated to current or cumulative prednisone use.
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�Thrombosis

The frequency of venous thromboembolism is increased in patients with AAV, espe-
cially when it is concurrent with active disease [47, 62–67]. The prospective 2-year 
Wegener’s Granulomatosis Etanercept Trial [64] included 180 patients with GPA, 
of whom 7.2% had a history of venous thromboembolism before enrolment and 
8.9% had an event of venous thromboembolism during follow-up. In a retrospective 
study of 19 patients with EGPA (Churg-Strauss syndrome), 31.6% were found to 
have evidence of thrombosis [67]. This finding was supported by a meta-analysis of 
retrospective case series of EGPA showing that 3.1–30% of patients had arterial and 
venous thromboembolic events [68]. Other studies of AAV noted arterial thrombo-
sis rates of 18.7% [54, 56], mostly cardiovascular events.

�Infections

In patients with AAV treated with high-dose corticosteroids, cytotoxic drugs such as 
cyclophosphamide, and biologic agents such as rituximab, infections are a major 
and sometimes life-threatening complication and a leading cause of death [53, 69–71]. 
The burden of infection is greatest during remission induction, reflecting the inten-
sity of immunosuppression. In observational studies, 20–60% of patients with AAV 
acquired significant infections [72, 73]. Others reported 53 episodes of major infec-
tions during induction and maintenance treatment in 35 French patients with 
Wegener’s granulomatosis followed for 6 years [74], similar to the 33% rate reported 
in a Norwegian cohort [75]. A 48% rate of severe infection was found in a cohort of 
patients with GPA diagnosed between 1984 and 1999 and followed for 4.5 years 
[76]. Multivariate analysis of the causes of early death in the EUVAS trials revealed 
that infection, leukopenia, and adverse event scores were each independently asso-
ciated with early mortality [69]. Half of the infections occurred within the first 
2 months of diagnosis, in agreement with the findings of an international, prospec-
tive, multicenter study showing that 48% of deaths of patients with AAV treated 
according to strictly defined protocols were due to infections [53]. Accordingly, the 
cumulative incidence of infection of a prospectively followed inception cohort of 
patients with biopsy-proven AAV was 51% at 1 year, 58% at 2 years, and 65% at 
5 years; corresponding rates of severe infection were 22%, 23%, and 26% [77, 78]. 
Infection-induced death in AAV cohort studies was significantly predicted by dis-
ease activity at diagnosis and severity of organ damage at remission but not by 
cyclophosphamide treatment for remission induction [72] or remission maintenance 
therapy [78]. Older age at disease onset not only increases the risk of infection but 
also the resulting morbidity and mortality [79]. Leukopenia and renal failure were 
also associated with a higher rate of infections [79, 80].

Drug schedules may also affect the infection rate. In a comparative cohort 
study, 147 patients with AAV at 6  months after initiation were treated with 
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cyclophosphamide and either 0  mg, 5  mg, or >5  mg prednisone daily. Those 
who received glucocorticosteroids beyond 6 months had a significantly higher 
incidence of infections (0.64 infections/person-year versus 0.39 infections/per-
son-year, P  <  0.0001) [81]. Others found that patients receiving intravenous 
pulses of cyclophosphamide for induction of AAV remission were at lower risk 
of infection than patients treated with daily oral cyclophosphamide [80, 82, 83]. 
However, the incidence was similar when daily oral cyclophosphamide induc-
tion was followed by azathioprine maintenance therapy [81].

Rituximab is a chimeric monoclonal CD20 antibody that depletes B cells. In a 
randomized control trial, rituximab proved effective for induction and maintenance 
of remission in AAV [84]. There was no difference between rituximab and cyclo-
phosphamide in either effectiveness for remission induction or rate of serious infec-
tions [84]. In two retrospective studies, rates of severe infections in patients on 
rituximab maintenance treatment were 24% [85] and 41% [86]. Putative factors 
associated with an increased risk included older age, cumulative dose of cyclophos-
phamide, kidney involvement, low CD4 cell count, and decrease in total immuno-
globulins after the first 2 g of rituximab treatment [85]. The rate of 
hypogammaglobulinemia seemed to be associated with cyclophosphamide use 
[87–89] and with the type of rituximab maintenance regimen [89], independent of 
the rituximab cumulative dose [88, 89]. Rituximab treatment, either a single or 
repeated courses, has also been associated with late-onset neutropenia in patients 
with GPA and MPA, with a consequent high incidence of infection [90]. These find-
ings emphasize the importance of regular monitoring of absolute neutrophil count 
along with serum immunoglobulin level during and following rituximab treatment.

�Malignancy

Malignancy accounts for 22% of the mortality in the first year of diagnosis of AAV 
[53]. Studies estimate an increased global risk of both solid and hematologic malig-
nancies, from 1.6 to 18 times higher than that in the general population [91–98]. 
However, whether this risk is inherent to the disease or related to its treatment is dif-
ficult to determine for several reasons: the low prevalence of AAV; the relatively 
short patient survival time; and the well-documented carcinogenic properties of the 
alkylating agent cyclophosphamide. A longitudinal study of the risk of malignancy 
in a Dutch cohort of patients who were diagnosed with histopathologically confirmed 
AAV between 1991 and 2013 and treated with immunosuppressive agents reported a 
2.21-fold higher risk (95% CI 64–2.92) than in the general population [99]. The most 
frequent type of malignancy was nonmelanoma skin cancer [standardized incidence 
ratio (SIR) 4.23, 95% CI 2.76–6.19]. The incidence rates of other malignancies were 
not significantly increased. Malignancy risk was significantly associated with the 
duration of cyclophosphamide therapy for more than 1 year. (Interestingly, it was not 
increased in patients who had received cyclophosphamide for less than 1 year.) A 
Danish study of 293 patients diagnosed with GPA from 1973 to 1999 and followed 
through 2010 found an increased risk of nonmelanoma skin cancers. There were also 
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11 cases of cyclophosphamide-associated bladder carcinomas and cases of myeloid 
leukemia [100]. The incidence of nonmelanoma skin cancers increased from the sec-
ond year of follow-up onward, with SIR 7.0 (95% CI 2.3–16) for cancers diagnosed 
at 20 years or more after the diagnosis of GPA. The incidence of bladder cancer 
increased after 5–9 years (SIR 5.3, 95% CI 1.1–15), 10–14 years (SIR 14.4, 95% CI 
5.3–31), and 15–19  years (SIR 10.5, 95% CI 1.2–38). The incidence of myeloid 
leukemia was significantly increased during years 5–9 (SIR 23.9, 95% CI 2.7–86). 
Rates of all three malignancies rose in patients exposed to cumulative cyclophospha-
mide doses of more than 36 g; in those treated with lower doses, the only malignancy 
type in excess was nonmelanoma skin cancer. The cancer risk among cyclophospha-
mide-naive patients was not significantly increased. These findings were confirmed 
by a meta-analysis of 6 studies including a total of 2578 patients which yielded an 
overall pooled SIR of 1.74 for cancer in patients with AAV (95% CI = 1.37–2.21) 
[101], with higher risks specifically of nonmelanoma skin cancer (SIR 5.18, 95% CI 
3.47–7.73), leukemia (SIR 4.89, 95% CI 2.93–8.16), and bladder cancer (SIR 3.84, 
95%CI 2.72–5.42).

�Impact of Comorbidity on Disease Outcome and Mortality 
in AAV

AAV comorbidities impact the overall survival and quality of life of patients. To 
assess and predict disease outcome and patient survival with respect to comorbidi-
ties, researchers have developed various integrated scores for use in daily practice 
as well as clinical trials. The current gold standard tool in the clinical research set-
ting is the 1987 Charlson Comorbidity Index (CCI) which was designed to predict 
the 1- or 10-year mortality risks in 16 diseases or conditions, each of which is 
assigned a weight of 1–6 [102, 103]. The CCI was found to be a valuable measure 
when used with the International Classification of Diseases, Ninth Revision [104]. 
An age-adjusted CCI index [CCI(a)] was introduced in 1984 which takes the effect 
of aging on mortality into account by assigning one extra point for each decade 
above 50 years [103]. The predictive value of the CCI was assessed in a longitudinal 
observational study of 30 consecutive patients with AAV attending a university-
affiliated medical center in Israel from January 1996 to December 2011 [105]. The 
main comorbidities that occurred during the study period were hypertension (12 
patients, 40%), diabetes mellitus (7 patients, 23.3%), stroke/transient ischemic 
attack (2 patients, 6.7%), and coronary heart disease (1 patient, 3.3%). Five patients 
(16.7%) acquired a malignant disease during the study period: four solid tumors 
(13.3%) and one (3.3%) hematologic malignancy. Five patients (16.67%) died dur-
ing follow-up: one from malignancy and four from infection. A higher CCI(a) score 
at diagnosis was significantly correlated with active disease at diagnosis (P  =  0.021), 
higher CCI(a) score at the last follow-up visit (P  =  0.001), and a high value on the 
Birmingham Vasculitis Activity Score (P  =  0.02). A CCI(a) score of 5 or more at 
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diagnosis was significantly associated with a greater risk of death (OR 12; 95% CI 
1.8–79.68, P  =  0.014), and an increment of more than 1 in the CCI(a) score from 
diagnosis of AAV to the last follow-up was significantly associated with reduced 
patient survival. In accordance, in a study of patients with GPA and preexisting 
comorbidities [106], the calculated odds ratios for mortality for patients with a CCI 
score of 1 or more at diagnosis were 13.3 during years 0–2 of follow-up and 1.9 
thereafter, compared to 0 and 1.4, respectively, for patients with a CCI score of 0 at 
diagnosis. These studies [105, 106] emphasize the pivotal effect of preexisting 
comorbidities, defined as an increased CCI score at AAV diagnosis, on the risk of 
early and late death during the disease course. The data support the need to assess 
comorbidities at the time of AAV diagnosis and treatment planning.

�Behçet’s Disease

Behçet’s disease (BD) is a chronic vasculitis affecting vessels of any size, with no 
predominant type (variable-vessel vasculitis) [1]. It is characterized clinically by 
oral and genital ulcers, papulopustular and nodular skin lesions, pathergy, vascular 
involvement, uveitis, and central nervous system and gastrointestinal involvement 
[107]. The disease is particularly prevalent along the Silk Road, extending from 
Japan to the Middle Eastern and the Mediterranean countries; reported rates range 
from 14/100,000 to 20/100,000 population [108]. It is also often more severe in 
these regions. BD has been associated with the HLA-B*51 antigen [109]. The 
European League Against Rheumatism recommends immunosuppressive treatment 
for patients with BD, including corticosteroids, azathioprine, cyclophosphamide, or 
cyclosporine A [110].

�Comorbidities

�Cardiovascular Disease

The heart is one of the major organs involved in BD. Common cardiac manifesta-
tions include intracardiac thrombus, endocarditis, myocarditis, pericarditis, endo-
myocardial fibrosis, coronary arteritis, myocardial infarction, and valvular disease 
[111, 112]. Patients with vascular BD and coronary artery involvement may present 
with coronary thrombosis, aneurysm, or rupture. Coronary aneurysms may be 
asymptomatic or manifest with acute coronary syndrome; they are usually detected 
during angiography procedures [113]. The pulmonary artery is the most common 
large artery affected in BD [114, 115], and pulmonary artery aneurysm is associated 
with an increased risk of death [116, 117]. Peripheral arteries in the lower extremi-
ties are also commonly involved [113, 118]. Peripheral arterial aneurysms, pseu-
doaneurysms, stenosis, and occlusion frequently require invasive endovascular and/
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or surgical intervention [118]. In a study of 796 Chinese patients with BD, 12.8% 
had evidence of involvement mainly of the abdominal aorta and lower extremities 
(28.6% each), followed by the pulmonary artery (23.2%), coronary artery (8.9%), 
and carotid artery (7.1%) [113].

Despite the relatively increased prevalence of arterial involvement in BD and the 
prolonged inflammatory course of the disease, atherosclerosis was not found to be 
more prevalent in patients with BD than in healthy control subjects [119–121]. In a 
study of 239 Turkish patients with BD [119], the rate of subclinical atherosclerosis 
was similar to that in matched healthy subjects and significantly lower than in patients 
with rheumatoid arthritis. Another case-controlled Turkish study [121] found no 
between-group difference in the risk of angina pectoris, myocardial infarction, and 
ischemic heart disease. Interestingly, a systematic review and meta-analysis of car-
diac disease in BD reported an increase in cardiac diastolic dysfunction [122].

In the Chinese cohort study of BD, 70.6% of the vascular lesions were in veins 
and 54.9% in arteries [113]. Venous involvement predominately took the form of 
thrombophlebitis, mainly in the lower extremities, followed by the superior vena 
cava and inferior vena cava. In a chart review of 5970 Turkish patients with BD, 882 
(14.7%) had vascular involvement (14.7%), mostly deep vein thrombosis (67.1%), 
almost always in the legs [123]. Venous disease was more common in patients from 
the Middle East [124].

�Thrombosis

The prevalence of thrombosis in BD ranges between 10% and 30% [125–128]. 
Arterial and vascular thrombotic events usually occur early in the disease course 
and are believed to result from active vasculitis [129]. They may involve multiple 
arteries as well as deep and superficial veins. Budd-Chiari syndrome and vena cava 
thrombosis account for a significant proportion of the morbidity in BD [130, 131]. 
The increased risk of thrombosis as well as the low frequency of venous thrombo-
embolic complications may be explained by the procoagulable and adherent endo-
vascular changes that occur in BD as a result of the inflammatory process in the 
blood vessel walls [132, 133]. Besides venous thrombosis of the lower extremity 
veins, dural cerebral venous thrombosis is a common vascular manifestation in BD, 
more frequently seen in youth and in males [133]. It usually causes increased intra-
cranial pressure and presents with headache, blurred vision with papilledema and 
sixth nerve palsy, and vomiting [133, 134]. A systematic review of 249 patients with 
BD reported an overall incidence of cerebral venous thrombosis of 3.1/1000 person-
years [134]. The sagittal and transverse sinuses were the most frequent sites affected 
(almost 60% of cases each), and treatment usually consisted of corticosteroids, 
immunosuppressive drugs, and, less frequently, anticoagulation. Sequelae were 
present in 20% of patients. The predominant complication was optic nerve atrophy/
blindness/reduced visual acuity [134]. Usually, treatment with anticoagulants alone 
is not recommended, but in patients with cerebral venous thrombosis, anticoagula-
tion may sometimes be combined with corticosteroids [133, 135]. Pulmonary artery 
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thrombosis is rare in BD, usually found in association with pulmonary artery aneu-
rysm. It accounts for significant morbidity and mortality [114, 136]. Intracardiac 
wall thrombosis has also been reported in BD, frequently in association with pulmo-
nary artery disease [137].

�Infections

There are no studies to suggest an increased risk of serious bacterial or viral infec-
tions associated with BD. Nevertheless, serious infections have been reported in 
16.3% of patients with BD treated with biologic drugs such as TNF inhibitors [138].

�Malignancy

Because BD is a rare disease, only a few studies have addressed the risk of malig-
nancy. A nationwide population-based study of 1314 patients in Taiwan reported an 
overall higher risk of cancer in patients with BD than in the general population (2.3%, 
SIR 1.8) but only in females [139]. Specifically, risks were highest for hematological 
malignancy (SIR 4.21), especially non-Hodgkin’s lymphoma, and breast cancer (SIR 
2.16). The cancer prevalence in a retrospective cohort of 1769 Korean patients with 
BD was 1.8% [140]. Thyroid cancer was the most common type of solid cancer, fol-
lowed by breast, cervix, and stomach cancer; myelodysplastic syndrome was the most 
common hematological cancer, followed by aplastic anemia and lymphoma [140]. 
The predominance of hematologic malignancy, especially myelodysplastic syndrome, 
was supported by a review study of 651 Chinese patients with BD hospitalized in 
Peking Union Medical College Hospital from 1995 to 2012 [141]. Other studies [142, 
143] in addition to a systematic review [144] observed that myelodysplastic syndrome 
was more common in patients with gastrointestinal involvement of BD, with an 
increased association with trisomy 8 [144]. The association of trisomy 8 and myelo-
dysplastic syndrome in BD was also reported in a review study of 54 Japanese patients, 
mostly elderly (70–90 years old), with gastrointestinal involvement [145].

�Conclusion

Comorbidities affect the course and outcome of vasculitis. They reflect both the 
diminished preexisting health status of the patient at the time of initiation of immu-
nosuppressive therapy as well as the accrual of organ damage and treatment-related 
morbidity during the period of active disease and remission-induction and mainte-
nance therapy. Comorbidities are common in all types of vasculitis. Special empha-
sis should be placed on the high risk of treatment-induced severe infections and 
atherosclerotic as well as thrombotic vascular morbidity and mortality. Careful and 
meticulous assessment of the presence of comorbidities is mandatory at diagnosis 
of the various vasculitides, during the active phase of disease, and at remission.
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Chapter 13
Juvenile Idiopathic Arthritis

Emanuela Del Giudice, Joost F. Swart, and N.M. Wulffraat

In the United States, around 80% of Medicare spending is allocated to patients with 
four or more chronic conditions, with the costs exponentially increasing per number 
of chronic conditions [1]. More research into patients’ perspectives on the ways in 
which multiple conditions affect their health, well-being, and clinical care is needed 
to complement the professional perspective and ensure that care is truly patient-
centered [2]. The coexistence of two or more diseases (multimorbidity) in the same 
individual also raises the question whether there is an underlying common etiologi-
cal pathway. Comorbidity is mostly defined as any distinct additional entity that has 
existed or may occur during the clinical course of a patient who has the index dis-
ease under study [3]. Comorbidity can be concordant if the diseases are parts of the 
same pathophysiologic risk profile and more likely to share the same management 
and are more likely to be the focus of the same disease management plan (e.g., type 
2 diabetes mellitus and hypertension) [4]. Discordant comorbidity on the other hand 
means that the diseases are “not directly related in either pathogenesis or manage-
ment and do not share an underlying predisposing factor” (e.g., type 2 diabetes 
mellitus and irritable bowel syndrome) [4]. Comorbidity may represent an active, 
past, or transient illness [5]. The patient’s complexity is the overall impact of the 
different diseases in an individual taking into account their severity and other health-
related attributes (e.g., socioeconomic, cultural, environmental, and patient behav-
ior characteristics) [2].
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A chronic disease is a disease lasting 3 months or more, by the definition of the 
US National Center for Health Statistics. Chronic diseases generally cannot be pre-
vented by vaccines or cured by medication, nor do they just disappear. The US 
National Health Council summarized the facts on chronic disease in 2014 and stated 
that about 40 million Americans are limited in their usual activities due to one or 
more chronic health conditions [6]. Generally incurable and ongoing, chronic dis-
eases affect approximately 133 million Americans, representing more than 40% of 
the total population of the United States [7]. By 2020, that number is projected to 
grow to an estimated 157 million, with 81 million having multiple conditions [8]. 
About half of all adults have a chronic condition, and approximately 8% of children 
ages 5–17 were reported by their parents to have limited activities due to at least one 
chronic disease or disability [9]. More and more people are living with not just one 
chronic illness, such as diabetes, heart disease, arthritis, or depression, but with two 
or more conditions. Almost a third of the population is now living with multiple 
chronic conditions [10]. In 2009, 7 out of 10 deaths in the United States are due to 
chronic diseases. Heart disease, cancer, and stroke account for more than half of all 
deaths each year [7]. More than 75% of all health-care costs are due to chronic con-
ditions [7]. A 2007 study reported that seven chronic diseases – cancer, diabetes, 
hypertension, stroke, heart disease, pulmonary conditions, and mental illness – have 
a total impact on the economy of $1,300,000,000,000 (1.3 trillion) annually. By the 
year 2023, this number is projected to increase to $4.2 trillion in treatment costs and 
lost economic output [11].

In rheumatoid arthritis (RA), many studies on comorbidities exist reporting car-
diovascular, renal, lung, gastrointestinal diseases, infections, depression, osteoporo-
sis, and malignancies occurring in RA. These studies indicate that these events occur 
more frequently in RA compared to the general population [12]. This higher preva-
lence is usually explained by either the activity of the disease itself, or by its treat-
ment, in particular glucocorticoids [12]. Juvenile idiopathic arthritis (JIA) is the 
most common occurring chronic rheumatic disease in childhood with a population-
based estimate indicating a prevalence of approximately 1–2 per 1000 children and 
an incidence of 11–14 new cases per 100,000 children [13]. JIA is defined as arthritis 
of unknown origin starting before the age of 16 and persisting for at least 6 weeks 
with other known conditions excluded [14]. JIA has variable rates in course and 
activity of disease; it is not a single disorder but consists of a heterogeneous group 
of autoimmune inflammatory diseases [15]. Only one JIA subtype, rheumatoid fac-
tor (RF)-positive polyarticular JIA, is similar to rheumatoid arthritis (RA) in adults, 
but this subtype only affects 2–7% of the children with JIA [15]. Although biologic 
therapy can dramatically improve disease outcomes, many children with arthritis 
will continue to have active disease as adults, some with severe disability. Furthermore 
potential adverse effects include infections, and its use imposes substantial eco-
nomic burdens on patients, families, and society. Childhood arthritis is costly to 
society, in both personal and economic terms. For 2012 it was calculated that the 
average annual cost for a JIA patient in the United Kingdom was €31,546, with 
direct health-care costs equaling to €14,509, direct non-health-care costs amounting 
to €8323, and productivity losses being €8715 [16]. Another study confirmed that 
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EU country-specific annual health-care costs for JIA in 2012 ranged from €18,913 
to €36,396 [17]. This was a remarkable increase in annual health-care costs for JIA 
patients compared to previous studies due to the inclusion of nonprofessional care-
giver costs, a wider use of biologics, and longer hospital stays. Patients with JIA also 
show a medium impairment in health status and caregivers have a life burden [17].

Over the last decade, interest in the concept of comorbidity and multimorbidity 
has increased [18–20]. This is likely due to the fact that clinicians are facing an 
aging population with multiple morbid conditions occurring in one individual espe-
cially for the adult rheumatologists where comorbidity is frequent. Also in children, 
it is important to understand all potential interactions of co-existing diseases and its 
impact on the patient’s overall well-being, in order to provide safe, efficient, and 
optimal care of our patients (Table  13.1). In most chronic pediatric disorders, 
comorbidity prior to or following the index disease comprises rare events, and thus 
large numbers of children are required for study. For juvenile arthritis, the burden of 
comorbidity is largely unknown, while one can imagine that with modifiable risk 
factors (e.g., healthy diet, physical activity, and no tobacco use), a huge impact can 
be gained in even preventing a chronic disease in these patients.

�JIA-Associated Uveitis

�Background

JIA-associated uveitis (JIA-U) is the most frequent extra-articular manifestation of 
JIA. Uveitis is the inflammation of the uvea (comprising the iris, choroid, and retina) 
according to the Standardization of Uveitis Nomenclature (SUN) criteria to define the 
anatomical location and time course of uveitis [18, 26, 27]. Anatomically, uveitis can 
be defined as anterior, intermediate, posterior, or panuveitis, while the time course of 
uveitis is classified as acute, subacute, chronic, or recurrent. The most common form 
of uveitis is chronic (silent) anterior uveitis. This form of uveitis is most frequently 
associated with oligoarticular and rheumatoid factor negative polyarticular categories 
of JIA. Acute anterior uveitis can also occur in JIA, which is generally directly symp-
tomatic (red and painful eye), unilateral, and episodic and is usually associated with 
the enthesitis-related arthritis (ERA) category of JIA and HLA-B27 positivity [28].

Table 13.1  Prevalences for the main comorbidities in JIA

Comorbidity in JIA Prevalence

Uveitis 11.6–30% [21]
Diabetes 3.5% [22]
Inflammatory bowel disease 0.131% [23]
Asthma and atopic disease 10.8% [own data]
Malignancy 0.17% after median 6.8 years [24]
Cardiovascular disease 2% after median 29 years of JIA [25]
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�Epidemiology

In long-term follow-up data, JIA-associated uveitis with onset in early childhood 
seems to have a biphasic course, with a reduction in anterior chamber activity at 
around age 9 years, after which it increases again in the early teenage years [29]. 
The reported prevalence of uveitis among children with JIA varies from 11.6% to 
30% [21]. In another study of 1081 patients with JIA, 13.1% of whom developed 
uveitis, chronic anterior disease was the most frequent type (68.3%), followed by 
acute anterior disease (16.2%), recurrent anterior disease (12%), and panuveitis 
(3.5%) [30]. According to the results of a US study that compared two JIA cohorts 
with onset of joint symptoms before and after 1993, the year when JIA-associated 
uveitis screening guidelines were published, the frequency of severe uveitis at diag-
nosis did not decrease over time [31].

�Pathogenesis

The pathophysiology of JIA-U is not well understood, likely both genetic and envi-
ronmental factors are involved. Studies looking at the association between the risk 
of JIA-U and HLA-subtype are conflicting but have identified several HLA alleles 
within different specific JIA categories. In oligoarticular JIA, the HLA DR5 haplo-
type [32] and the HLA DRB1 1104 allele (in particular the combination between 
HLA DRB1 1104 and HLA DPB1 0201) are linked to a major risk to have chronic 
anterior uveitis [33], while in ERA patients HLA B27 is involved [34]. Otherwise 
HLA-DR1 seems to have a protective role against JIA-U [35]. There is an evidence 
for the involvement of both T and B lymphocytes, from immunohistochemistry of 
eye biopsies from patients with JIA which show a predominance of CD4+ rather 
than CD8+ T lymphocytes as well as variable levels of CD20+ B lymphocytes. 
CD4+ lymphocytes include pro-inflammatory Th1 cells (producing interferon 
gamma) and Th17 cells (producing interleukin-17), which are regulated by both 
CD4 + CD25 + FoxP3 + T regulatory cells (Tregs) and inducible Tregs. It is likely 
that autoimmunity results from imbalance between an immune response against 
native intraocular antigens after a loss of tolerance to self-antigens. In addition to 
the adaptive immune response, also the innate immune system has been implicated 
in the pathogenesis of JIA-U [35].

�Prognosis

At 24 years’ follow-up, 49% of patients with JIA-U treated at a single center had signs 
of active uveitis or were receiving topical corticosteroids to treat flares [36]. A similar 
rate of persistence into adulthood of asymptomatic uveitis (almost 50%) was seen in 
a cohort of 19 patients with JIA-associated uveitis who were born in 1976–1980 [37].
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A systematic literature analysis of outcomes in patients with JIA-associated 
uveitis in 2006 showed an adverse visual outcome (visual acuity <20/40 in both 
eyes) in 9.2% of patients as well as cataracts (20.5%), glaucoma (18.9%), and band 
keratopathy (15.7%) [38]. The outcome of uveitis in patients with newly diagnosed 
juvenile idiopathic arthritis in two 4-year cohorts from 1990–1993 and 2000–2003 
showed complications rates of 35% and 21%, respectively [39]. The frequency of 
complications decreasing with time could be related to earlier use of systemic 
immunosuppressive agents, such as methotrexate, to treat joint disease. In the ret-
rospective study of Bolt et  al., 34% of 35 JIA uveitis patients recruited during 
1997–2005 developed complications during follow-up (mean 5.62  years) [40]. 
Although 91% of eyes had normal best corrected visual acuity, 5.6% were legally 
blind, and the remainder had some reduction in visual acuity [40]. The recent mul-
ticenter study of Haasnoot et al. showed that about one third of the adult patients 
with JIA-uveitis developed one visually impaired or blind eye [41].

Skarin et al. described long-term complications in a cohort of 55 patients with 
JIA-associated uveitis treated at a single center between 1973 and 1982: at 7 years 
after uveitis onset, 42% had cataracts and 5% had glaucoma. At 24 years’ follow-up, 
51% had cataracts and 22% had glaucoma [36]. A retrospective study of 327 patients 
with JIA-associated uveitis examined long-term outcome risk factors for visual loss 
[42]. Several factors are involved in a severe course of uveitis and the development 
of complications: male sex, a young age at onset of uveitis; a short duration between 
onset of arthritis and development of uveitis; and the presence of synechiae at first 
diagnosis of uveitis. These adverse prognostic factors overlap to some extent with 
the risk factors for initial development of uveitis [21, 31, 43, 44]. The main predictor 
of uveitis severity might be the time interval between arthritis and uveitis onset; a 
short interval is associated with an increase in ocular complications, mainly found 
in oligoarticular juvenile arthritis [45].

Early identification and treatment of JIA-U is important to avoid the risk of ocu-
lar sight-threatening complications including cataracts, glaucoma, band keratopa-
thy, and persistent cystoid macular edema and can ultimately result in visual 
impairment and blindness [38]. Despite this, a fair amount of the patients suffered 
from ongoing uveitis activity and needed ongoing treatment as well as surgical 
interventions [41].

�Therapy

Initial treatment is with topical corticosteroids, but evidence supports the early 
introduction of systemic immunosuppressive drugs, such as methotrexate (MTX), 
as steroid-sparing agents. An indication for systemic immunosuppression with a 
DMARD is failure to achieve adequate control of inflammation after 3 months of 
topical treatment (corticosteroids eye drops cannot be reduced ≤3 drops/day) or 
systemic corticosteroids cannot be reduced <0.15 mg/kg body weight or in case of 
a new inflammation-related complication [46].
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Moreover, cumulative long-term use of systemic steroids is associated with 
well-known adverse effects, and these agents should be tapered to zero as early as 
possible. A systematic review and meta-analysis identified nine eligible studies of 
methotrexate use in noninfectious uveitis, including a total of 135 patients of whom 
121 had JIA [47]. Improvements in intraocular inflammation were seen in 73% (the 
most commonly used MTX dose was 15  mg/m2/week, although doses of up to 
30 mg/m2/week have been used given as subcutaneous injections) [47].

Also other nonbiologic DMARDs are used in the treatment of JIA-associated 
uveitis, including azathioprine, mycophenolate mofetil, ciclosporin, and tacrolimus, 
but methotrexate remains the preferred second-line therapy after topical corticoste-
roids [48, 49]. In the last decade, biologic therapy has started to play a central role 
in the management of JIA-associated uveitis [50]. The strongest evidence supports 
the use of adalimumab in the treatment of JIA-associated uveitis. Otherwise numer-
ous studies have reported new-onset uveitis or flares of uveitis in patients receiving 
etanercept [51–54], and data from national registries show that etanercept treatment 
is associated with a greater incidence of uveitis than is seen with either adalimumab 
or infliximab therapy [55]. Therefore, etanercept is not recommended in patients 
with JIA-associated uveitis. A 2014 meta-analysis including 229 children with JIA-
associated uveitis showed that the efficacy of infliximab and adalimumab was simi-
lar and that both are superior to etanercept [56]. During the follow-up, uveitis more 
commonly remained in remission in those treated with adalimumab rather than inf-
liximab (60% versus 18.8%) [57]. Management of JIA-U includes the use of both 
topical and systemic anti-inflammatory agents and is an active area of research, and 
prospective controlled studies of biologic therapies, including adalimumab, tocili-
zumab, and abatacept, are underway or planned. Future research into the pathogen-
esis of JIA-associated uveitis and the identification of novel biomarkers could 
enable earlier diagnosis and more personalized treatment.

�Diabetes and Other Autoimmune Diseases

�Background

Type 1 diabetes mellitus (DM1) is known to be associated with juvenile idiopathic 
arthritis (JIA), celiac disease (CD), and autoimmune thyroiditis (AIT) [58–61]. 
Children with JIA have an increased prevalence of type 1 diabetes and autoimmune 
thyroiditis, but studies describing the comorbidity of DM1 and JIA in larger cohorts 
are rare [60, 62–64]. The first pediatric patient was a 7-year-old girl with arthritis 
and diabetes who was reported in 1968 [65]. Afterwards several case reports were 
described [66, 67] on patients having both JIA and DM1. The coexistence of celiac 
disease (CD) with autoimmune diseases including JIA is largely documented [68]. 
Several case reports have described a concomitant association between CD and JIA 
even a case of systemic JIA [69].
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�Epidemiology

Rudolf, et al. [22] in 1986 identified seven patients with JIA among 200 diabetic 
children which would be a prevalence of 3.5%. In a standardized longitudinal data 
study from 330 German/Austrian centers [64], the data of 54,911 patients with 
DM1, who were younger than 16 years of age, were prospectively collected from 
1995 up to September 2013. The prevalence of JIA in these children and adoles-
cents with DM1 was significantly greater than in patients without diabetes, 106 of 
54,911 patients (0.19% versus 0.07%) [70]. In children and adolescents with JIA, 
88% had diabetes before the rheumatic disease. Age at diabetes onset (median 
7.2 years) was 5 years lower than age at first JIA documentation (12.0 years) for 
these patients. In children without JIA, diabetes onset was later (8.3 years, p = 0.04) 
[64]. Another study from Finnish national registers enrolled all patients with both 
JIA and DM1, covering a period of 30 years (1976–2005), within a population of 
about 5 million [62]. During the 30-year surveillance period, 240 patients were 
reimbursed for drugs to treat both chronic arthritis and DM. One hundred twelve 
patients were excluded because they were reimbursed for drugs to treat arthritis at 
age >21 years and for DM drugs at <30 years of age. After a further check to ascer-
tain the diagnoses and the exact age at the onset of the diseases, they found that the 
remaining 82 patients had JIA classified according to ILAR criteria and DM1 (55 
girls, 27 boys). Forty-nine patients had DM1 prior to JIA (59.8) and 33 had JIA 
prior to DM1 (41.2%). In this study, they showed a 4.5-fold increase in the number 
of patients with both JIA and DM1 during the three decades, a high prevalence of 
RF positivity (15%), and a low proportion of uveitis (7%) [62].

Another study also found significantly more often CD in children with both JIA 
and DM1 in comparison with patients with DM1 only (p = 0.002); for AIT this was 
not significant (p = 0.06) [64]. Previous studies have reported a prevalence of JIA 
co-occurring with CD in children of approximately 3–7% [60, 71].

�Pathogenesis

Children with JIA enrolled in the CARRA Registry between May 2010 and May 
2012 were investigated for differences in proportion of subjects who had first-degree 
relatives (FDR) with autoimmunity. There were 4677 JIA and about 31.8% subjects 
having FDR with any autoimmune disease [72]. First-degree relatives with DM1 
were present in 3.1% for JIA patients [72]. According to literature, autoimmune 
diseases in general and DM1 with JIA specifically must have common genetic fea-
tures. A comparative analysis with 15 immune diseases showed that DM1 is more 
similar genetically to other autoantibody-positive diseases, significantly most simi-
lar to juvenile idiopathic arthritis, and significantly least similar to ulcerative colitis 
and provided support for three additional new DM1 risk loci [73]. Before that a 
number of different single genes have shown susceptibility for both JIA and DM1 
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[68, 74, 75]. In the study of Alpigiani et al. [76], 66 Italian patients with JIA were 
screened, and antithyroid autoantibody frequency was with 14% higher in JIA than 
in the general population, while DM1 markers (islet autoantibodies and genetic 
markers) were with only 3% not frequent at all, and furthermore no clinical evi-
dence for DM1 could be found.

In the 1272 first-degree relatives of 205 CD cases, a total of 62 autoimmune 
diseases were reported in 58 individuals [77]. A significant increase in IDDM was 
found at less than 20 years of age (SR 4.0, CI 2.0–7.0), and also the prevalence of 
JIA at any age was significantly higher than expected (SR 5.7; CI 1.5–12.7) [77]. 
There is increasing evidence that CD shares many predisposing susceptibility loci 
with JIA [68].

�Prognosis

Growth is influenced negatively by JIA, in fact patients with DM1 and JIA were 
smaller and slimmer than their peers without JIA [64]. A third AI disease was found 
in 22% of the patients with both DM1 and JIA, being hypothyroidism in 67% and 
celiac disease in 33% [62]. Serious psychiatric problems were found in 20% of 
patients with depression as the most frequent diagnosis [62]. Patients with multiple 
AI diseases need well-coordinated multi-professional approach, and care support is 
necessary not only for patients but also for parents.

�Inflammatory Bowel Disease

�Background

Inflammatory bowel disease (IBD) as diagnosed with endoscopy and/or pathology 
is a growing field of interest in patients with JIA because new-onset IBD cases have 
been described under treatment with etanercept (ETN) [78–80]. However, arthritis 
is the most frequent extraintestinal manifestation in children with IBD, occurring in 
7–25% of patients, and it may precede the onset of gastrointestinal symptoms by 
years [81–84]. It appears to be more prevalent in patients with large bowel than 
those with small bowel involvement and in those with complications such as 
abscesses, pseudomembranous polyposis, perianal disease, etc. [85]. One could 
argue that the diagnosis of JIA immediately expires, when IBD occurs in a “JIA” 
patient. The ILAR classification for JIA clearly demands that the arthritis is of 
unknown etiology with other conditions excluded, and since the arthritis could now 
be considered as a preceding extra-articular manifestation of the IBD, this is no 
longer the case [14]. Whether the JIA was wrongly diagnosed or the IBD was pro-
voked by ETN remains uncertain.
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�Epidemiology

In the data from the German biologics registry collected from 2001 to 2013, 3071 
JIA patients with 8389 patient-years (PY) of observation were followed, and IBD 
was diagnosed in 11 patients, 8 with Crohn disease, and 3 with ulcerative colitis 
[23]. IBD incidence in patients with JIA was therefore 1.31/1000 PY and is much 
higher than published IBD incidence of 0.083/1000 in pediatric populations [86]. 
IBD more commonly had ERA, extended oligoarthritis, psoriatic arthritis, and also 
rheumatoid factor (RF)-negative polyarthritis. No IBD occurred in patients with sys-
temic JIA or RF-positive polyarthritis. In patients treated with methotrexate (MTX), 
the IBD incidence was significantly lower, while etanercept (ETN) monotherapy 
was associated with an increased incidence of IBD. In this study, IBD occurred only 
during treatment with ETN but not with other TNF inhibitors or biologics [23].

�Pathogenesis

Tumor necrosis factor α (TNF- α) and a dysfunction of regulatory T cells seem to 
have a key role in the linkage between gut and joint inflammation [87, 88]. 
Alterations in key molecules that regulate the immune response in the gut of patients 
with enthesitis-related JIA arthritis are similar to those with CD. The interaction 
between antigen-presenting cells (APCs) and intestinal bacterial flora contributes to 
the development of uncontrolled CD4+ cell activation, which leads to the release of 
pro-inflammatory cytokines such as TNF-α, IL-6, IL-12, IL-23, and IL-17 [89]. 
Etanercept may induce the production of TNF- α and IFN- ɣ, favoring inflammation 
in the bowel mucosa [90], and IFN-ɣ is thought to contribute to granuloma forma-
tion [90, 91].

Many studies showed that alteration of gut microbiota is involved in subclinical 
gut inflammation and promotion of joint inflammation. Gut microbial “pro-
arthritogenic” profiles have been hypothesized, also with differential microbial pro-
files and intragroup variability among active disease and remission, and in different 
JIA subgroups, suggesting instability of microbial ecosystem in autoimmune dis-
eases compared to healthy status. Similar to other chronic autoimmune and inflam-
matory diseases, different microbial profiles could promote inflammation and 
contribute to the disease pathogenesis [92, 93].

�Prognosis

As soon as a JIA patient is diagnosed with IBD while on etanercept, the patient has 
to stop etanercept and may be switched to adalimumab or infliximab treatment, 
since these anti-TNF agents are effective against IBD as well.
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�Asthma and Atopy

�Background

Allergic conjunctivitis, allergic rhinitis, atopic dermatitis (AD), and asthma are all 
considered clinical manifestations of allergy or atopy.

�Epidemiology

Over the last two decades, the incidences of autoimmune diseases and allergic dis-
eases have been increasing [94]. AD is among the most prevalent chronic inflamma-
tory diseases, and it was classified as first among common skin diseases in the World 
Health Organization 2010 Global Burden of Disease survey [95] with a social and 
economic impact. There have been numerous epidemiological reports on the coex-
istence of autoimmune diseases and atopic diseases, both being chronic inflamma-
tory diseases, in adults. As for childhood onset diseases, it is known that patients 
with JIA can develop atopic diseases. A recent study reported that Taiwanese chil-
dren with allergic diseases even had an increased risk of developing JIA [94]. The 
children with a single allergic disease had adjusted odds ratios for developing JIA 
of 1.44 for asthma, and the adjusted odds ratios increased to 1.72 for those with at 
least two allergic diseases. Unfortunately, for JIA patients, it is not published in 
what rate atopic diseases coexist.

In our own cohort of 446 JIA patients (36% male and 64% female), we found 29 
patients with AD and 23 with asthma [own data]. Therefore 10.8% in our JIA-
population did have either eczema or asthma. Compared to the Dutch prevalence of 
asthma and eczema retrieved from the CBS database, the RR for JIA patients to 
develop asthma is 1.155 and 1.168 for atopic eczema (both nonsignificant).

�Pathogenesis

Until recently JIA and other autoimmune diseases were solely seen as typical T-helper 
cell type 1 (Th1) mediated diseases [94, 96]. In contrary, asthma and other atopic 
diseases are typically seen as Th2 mediated diseases [97]. According to this Th1-Th2 
paradigm, people with autoimmune diseases have a reduced risk for developing 
atopic diseases and vice versa [93, 95]. This paradigm has helped in explaining the 
etiology of these different diseases and has even resulted in the development of new 
therapies. However, recent discoveries have served to dispute this paradigm and have 
provided additional insight into the roles of Th17 cells, B lymphocytes, and T regula-
tory cells as well as the considerable communication and commonalities between the 
complex signaling pathways. Most likely there are additional explanations and other 
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cell types that play a significant role in the pathogenesis of both diseases [97, 98]. In 
addition, according to the paradigm, specific sets of cytokines characterize Th1 and 
Th2 diseases. Th1 diseases are associated with IL-1, IL-6, IL-12, TNF-alpha, and 
IFN-gamma, whereas Th2 diseases are typically associated with high levels of IL-4 
and IL-13 [94, 99, 100]. However, this paradigm fails to explain some contradictory 
results; animal studies reveal conflictingly that INF-gamma seems to have different 
roles during the course of arthritis, either an enhancing one or a regulating one; fur-
ther, the lack of efficacy of anti-IFN-gamma therapy in patients with RA does not 
support the thought of only Th1 to characterize auto-inflammatory diseases [101]. It 
is likely that there is more to this than the acknowledged dichotomy of these cytokine 
groups. Furthermore, IL-18, a cytokine that is associated with both Th1 as Th2 medi-
ated disease, could have an important role in the pathogenesis of both disease types 
[100]. Moreover, the model of the pathogenic process of rheumatoid arthritis has 
changed since the identification of Th17 and regulatory T cells [101]. Perhaps there 
are more cell types associated with these diseases. Conceivably, evaluating these dis-
tinctive cytokines could provide better understanding in the future.

�Prognosis

A study from China described a prospective cohort of enthesitis-related arthritis 
(ERA) patients with co-existing atopy [102]. A total of 151 ERA patients were 
enrolled at diagnosis and were divided into those with atopy (n = 62, 41%) and those 
without (n = 89, 59%). A diagnosis of atopy at study entry was made when at least 
two of the following three criteria were present: a positive serum-specific IgE con-
centration of >0.70 kU/L, positive skin prick test results, or an individual and family 
history of atopy. However also 91.9% of the atopic group did not have clinical allergy, 
urticaria, allergic rhinitis, eczema, or asthma [102]. “Atopic” patients had signifi-
cantly more active joints at disease onset, joint pain, and limitation compared to non-
atopic group, and during the 2  years of follow-up, the number of flares was 
significantly higher in atopic ERA patients [102]. Another study also had emphasized 
that allergic and autoimmune disease may coexist and even that allergic disorders 
may exacerbate autoimmune disease [97]. The presence of coexistent atopy could 
add greater difficulty in successful management of ERA. In the study of Guo et al. 
[102], significantly more ERA patients with atopy were receiving biologics and there 
was a significantly lower rate of responses in the atopic group compared with the 
nonatopic group at 12 and 18 months. This might suggest that coexistent atopy in 
ERA patients might complicate the response to therapy. Likewise, the 61 systemic 
onset juvenile idiopathic arthritis (sJIA) patients enrolled in the study of Zhang et al. 
[103] were divided into an atopic group (n = 27) and a nonatopic one (n = 34) using 
the same definition as Guo. The first group of patients with co-existing atopy at diag-
nosis had significantly more affected joints and significantly higher ferritin levels and 
IgE serum levels than sJIA patients without atopy, and also the JIA flares of the atopic 
group were significantly higher than that of the nonatopic group (p = 0.016) [103].
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�Malignancies

�Background

In recent years, concern has been raised about JIA and its possible risk for 
malignancies. It has been discussed if the disease itself might be associated with 
an increased cancer risk, and there is a limited evidence for an association with 
increased cancer rates [104]. Concerning JIA there are conflicting data, in fact 
some studies found an elevated risk of malignancies [105–107] whereas others 
did not find an increased cancer risk [108, 109]. Also Simard et al. [106] studied 
the risk of cancer occurrence in a nationwide Swedish population-based cohort 
of 9020 JIA patients, and they concluded that there was an elevated risk of 
malignancy among biologic therapy naive JIA patients during the last 20 years. 
Several studies concluded that JIA group appear to have an increased rate of 
incident malignancies compared to children without JIA, but this risk did not 
seem to be significantly associated with the concomitant use of therapy such as 
MTX or TNF inhibitors [107, 110].

An overview of the literature showed a risk for developing cancer of 0.033–
0.046% per year of follow-up for JIA patients using MTX and 0.025% for JIA 
patients not using MTX, steroids or anti-TNF [111].

This was lower than compared to the general healthy population with an inci-
dence of 0.032% and came even further down when treated with etanercept with 
0.015% [111]. In a large study by Horneff et al. 3695 JIA patients were prospec-
tively followed with a total of more than 13,198 observation years [112]. Twelve 
cases of suspected malignancies, including seven lymphoid neoplasms, have been 
reported in patients treated with methotrexate (MTX), and /or TNF-α inhibitors. Ten 
patients were exposed to biologics, nine etanercept, two adalimumab, one inflix-
imab and one case was consecutively treated with adalimumab, etanercept, inflix-
imab and abatacept.

In a retrospective single-center hospital-based cohort study by Barth et al. [113] 
performed using data on the 3691 JIA patients (3–73 years old, 64% female) treated 
between 1952 and 2010 at Garmisch-Partenkirchen, the cancer incidence in JIA 
patients was compared to cancer registry rates in the German population. A history 
of malignancy was reported by 47 patients without an overall increased cancer risk, 
although the most common types of cancer were melanoma (n = 11), cervical can-
cer (n = 8), and breast cancer (n = 7). This could be also due to a large range of age 
of patients, with a greater risk in the older. Patients with pJIA were prospectively 
observed in the German national JIA biological register and its follow-up register to 
investigate the rates of serious adverse events (SAE) and of events of special interest 
(ESI) under ETA and ADA treatment compared with methotrexate (MTX) [114]. 
The risk for malignancies was not significantly increased for ETA and ADA com-
pared with MTX. Also in an open-label multicenter study performed in 38 centers 
in 19 countries, a prospective long-term efficacy and safety of etanercept in patients 
with JIA categories of extended oligoarthritis (eoJIA), enthesitis-related arthritis 
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(ERA), or psoriatic arthritis (PsA), without cases of malignancy reported, was 
showed [115, 116]. Patients were allowed different concomitant therapies as MTX, 
hydroxychloroquine, chloroquine, or sulfasalazine. Otherwise this study was lim-
ited by the open-label design and the lack of a placebo control group as a 
comparator.

�Epidemiology

In the study by Niaki et al. [24], the combined data from six existing North American 
juvenile-onset arthritis cohorts were collected and linked to regional cancer regis-
tries to detect incident cancers after cohort entry, defined as first date seen in the 
pediatric rheumatology clinic and then followed for an average of 6.8 years. The six 
juvenile arthritis registries provided a total of 5294 patients (mean age was 
8.9 years), and during follow-up nine invasive cancers occurred; three of these were 
hematological (Hodgkin’s, non-Hodgkin’s lymphoma, and leukemia). Six of nine 
(two-thirds) of the malignancies occurred in patients who had been exposed to 
disease-modifying antirheumatic drugs (DMARDs), and five of these had also been 
exposed to biological agents. This study provides unique data on a large number of 
JIA patients clinically confirmed with a cancer registry linkage, but few patients 
were followed in their past early adulthood for the short follow-up, and further stud-
ies should investigate cancer risk in patients with juvenile arthritis in mid to late 
adulthood.

�Pathogenesis

It has already been established for other chronic inflammatory disorders such as 
rheumatoid arthritis (RA) that the disease itself favors the occurrence of malignant 
tumors [117] and an increased incidence of cancer (lung cancer, lymphoma, and 
also melanoma) has been shown compared to the general population, mainly in 
patients with highly active diseases [118–120]. However additional data are still 
necessary to quantify differences in malignancy between nonbiologic and biologic 
DMARD-treated patients with RA to study the rates related to treatment rather than 
to the underlying disease.

Several potential pathogenic mechanisms were proposed to explain the risk of 
malignancy in inflammatory chronic and autoimmune diseases, with the involve-
ment of both immune dysregulation and immunosuppressive therapies: chronic 
inflammation and tissue damage, increased cellular replication, altered apoptotic 
and DNA repair pathways, and impaired tumor surveillance [121, 122]. Diak 
et al. [123] published in 2010 the results of 2008 FDA black box warning about 
the FDA’s AE Reporting System (AERS) to identify malignancies associated with 
the use of antitumor necrosis factor agents such as infliximab, etanercept, and 
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adalimumab in children that had started therapy between 0 and 18 years of age. 
Half of the malignancies reported were lymphomas (both Hodgkin’s and non-
Hodgkin’s lymphoma), while the remaining reported cases were leukemia, mela-
noma, and solid organ cancers, and in 88% of the reported cases, anti-TNF 
blockers were used concomitantly with other immunosuppressants. The reporting 
rates for all malignancies were higher compared with the general pediatric popu-
lation, but Diak et al. [123] recognized several biases that could have confounded 
and limited the interpretation of their results as the underreporting rate of sponta-
neous communication to the AERS database, the co-occurrence with other dis-
eases (with different associations with cancer occurrence), and the previous or 
concomitant treatment with other immunosuppressive drugs. Their conclusions 
were that although TNF blockers might increase the risk of malignancy, a con-
vincing relationship could not be founded [123, 124].

�Prognosis

More recent studies seem to suggest that JIA itself is (weakly) associated with 
malignancy and that treatment with TNF blockers does not increase this risk. Safety 
information regarding drugs different from anti-TNF are very limited. A case of 
acute lymphoblastic leukemia was reported in the study which enrolled 190 patients 
in the open-label phase, but no cases of malignancy were reported in the double-
blind phase [125] or in a long-term open-label follow-up study of the participants in 
the trial (n = 153) with abatacept [126]. No cases of malignancy have been reported 
in the studies with anti-IL-1 or anti-IL-6 inhibitors [127–133]. It is necessary to 
have information about long-term studies in JIA patients treated with drugs differ-
ent from anti-TNF.

However, since both cancer and JIA in childhood are rare, a very large group of 
patients from all (inter-) national registries needs to be analyzed for a long period of 
time before a firm conclusion can be drawn.

�Cardiovascular Disease

�Background

Cardiovascular disease (CVD) might clinically manifest itself as hypertension, 
myocardial infarction, cerebrovascular accidents, and congestive heart failure. Early 
atherosclerosis can be measured noninvasively by flow-mediated dilatation (FMD), 
carotid intima-media thickness (cIMT), and pulse wave velocity.
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�Epidemiology

Anderson et al. studied cohort 1 consisting of 41 patients with JIA and follow-up 
≥30 years of age in comparison to 41 age and sex matched controls [25]. Three 
patients (7%) had CVD, compared to one control (2%, p = 0.31). They also studied 
cohort 2 comprising 170 patients with JIA and a median of 29 years of follow-up 
since disease onset in comparison to 91 age and sex controls. Two patients (2%) had 
CVD, compared to none of the controls (p = 0.29). The presence of CVD risk fac-
tors was also found to be increased in the JIA group compared to the controls in 
three categories: family history of CVD (cohort 1), hypertension (cohort 2), and 
ever smokers (cohorts 2) [25].

�Pathogenesis

Recent studies have confirmed that chronic inflammation plays a crucial role in the 
development and progression of atherosclerosis in adults affected by inflammatory 
and immune disorders such as systemic lupus erythematosus (SLE) and rheumatoid 
arthritis (RA), or in ankylosing spondylitis [134, 135], where there is a 48% 
increased risk of incident cardiovascular disease (CVD), including myocardial 
infarction, cerebrovascular accidents, and congestive heart failure, in comparison to 
the general population [136].

The last three decades have seen a marked change in the management of JIA 
shifting from NSAIDs and corticosteroids (systemic and intra-articular) to the use 
of several DMARDS and since 2000, the biological agents [137]. Recent studies 
suggest that NSAIDs [138] as well as glucocorticoids are associated with an 
increased risk of CVD in adults [139]. To date, there are no studies considering the 
impact of steroid therapy in children or adults with JIA on future cardiovascular 
risk. Otherwise data in pediatric population with JIA are few and preliminary. JIA 
is a heterogeneous disease with clinical course and prognosis variable. Since sus-
tained systemic inflammation is known to accelerate atherosclerosis, children with 
JIA and in particular those with persistent inflammation may be at increased risk of 
CVD. Traditional cardiovascular risk factors have been investigated in JIA as dys-
lipidemia, but data on the lipid profile in JIA patients are conflicting [140–144], 
maybe the variability in lipid profiles might be due to the variable disease subtypes 
and the levels of disease activity, which may impact the composition of lipid frac-
tions in the blood [145]. Satija et al. [146] did not find a significant difference in 
endothelial function studied by cIMT between JIA patients and controls. Their 
patients had a low disease activity and lower disease duration and had not received 
steroids or any disease-modifying antirheumatic drug. Furthermore there was no 
significant difference in FMD between cases and controls [146]. In contrast to this, 
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the study by Vlahos et al. [147] showed increased cIMT in JIA patients compared to 
controls mostly in systemic arthritis than oligoarthritis or polyarthritis. They also 
demonstrated a FMD significantly lower in 30 JIA as compare to 33 matched con-
trols [147]. Breda et al. demonstrated an increased cIMT only in prepubertal chil-
dren with JIA [140]. Similar to what was reported by Pietrewicz et al. [148], JIA 
patients had increased c-IMT compared to control group (higher IMT in polyarthri-
tis group compared to oligoarthritis in their study), with also significant correlation 
between IMT and disease duration.

�Prognosis

Breda et al. [149] considered the potential effect of anti-TNF therapy on cardiovas-
cular indices in children with JIA: of the 38 patients, 22 received NSAID alone or 
in combination with a DMARD (mainly MTX) and 16 (all with polyarticular JIA) 
were treated with etanercept. Both groups showed a significant improvement in 
cIMT after 12 months of therapy, mostly in the etanercept-treated patients.

Larger population-based studies or JIA registries are necessary to characterize 
the role of traditional risk factors related to cardiovascular disease in JIA. It could 
be useful also to increase the population data studies to support evidence for aggres-
sive management with DMARDs and biological agents in JIA patients with a higher 
risk of cardiovascular events and advice patients in their lifestyle choices.

�Conclusions

Juvenile idiopathic arthritis is a chronic inflammatory disease of children which 
might persist into adulthood, so it is important to plan prevention or screening 
strategies for other comorbidities and integrated follow-up once comorbidity 
exists. Early diagnosis and optimal disease control are essential in order to facili-
tate normal adolescent development and minimize long-term disease sequelae, 
even more so in the context of comorbidity. Uveitis, asthma/atopic diseases, and 
diabetes mellitus are prevalent comorbidities in JIA with 11.6–30%, 10.8%, and 
3.5%, respectively. More information is needed on the long-term development of 
malignancies and cardiovascular diseases and the role of anti-inflammatory drugs 
in JIA patients. The influence of a co-existing chronic disease in a patient with 
juvenile idiopathic arthritis should be taken into account in treating and advising 
JIA patients. The recognition of the extra disease burden might provide a strategy 
in the optimal management of these patients. A multidisciplinary team that 
includes a psychologist and a social worker must be offered to these patients and 
their family to guide them and prevent severe psychological consequences of such 
a complex disease.
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Chapter 14
Targeting Comorbidity in Routine 
Rheumatology Care

Tuulikki Sokka

�Targeting Outcomes in Rheumatology Care

Management of rheumatic diseases and patient monitoring was described in the 
1980s as “Clinicians may all too easily spend years writing ‘doing well’ in the notes 
of a patient who has become progressively crippled before their eyes…” [1]. 
Although clinical picture of rheumatology patients has changed over the decades 
and outcomes have improved in many countries, measuring and documenting of 
outcomes does not appear to be routine practice in most clinics around the world. 
Similarly, screening, preventing and reporting of comorbidities needs more atten-
tion and should be an essential part of the infrastructure of the clinic.

�More Attention Needed for Management of Comorbidities

Awareness has increased over the past two decades of the fact that general risk 
factors and comorbidities may not be adequately identified or addressed in patients 
with chronic diseases [2]. A study from 2007 indicated that in patients with rheuma-
toid arthritis (RA), rheumatologists managed obesity, high blood pressure and lipids 
significantly less often than did primary care physicians [3]. Further, primary care 
physicians addressed obesity least often among patients with RA, compared to dia-
betes mellitus, or individuals with no chronic conditions; the corresponding per-
centages were 31%, 68% and 46%, respectively [3]. These and similar observations 
concerning other health issues lead to the development of international and national 
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recommendations and their updates, for the management of comorbidities in 
patients with rheumatic diseases [4–7].

Patients with rheumatic diseases meet health professionals regularly. Many 
patients may not meet any other health professionals except the rheumatologist and 
the rheumatology nurse although, officially, management of other than rheumatic 
diseases may have been assigned to the primary care. In many cases, the rheumatol-
ogy clinic is in a key position to recognize patient’s health issues and presence of 
risk factors for cardiovascular disease, osteoporosis, infections and other common 
comorbidities. The rheumatology clinic may not be able to fully manage a large 
variety of comorbid conditions and referrals to other specialist may be needed – or 
back to the primary care. Nevertheless, the rheumatology clinic is in an important 
position to recognize patients’ health-related issues in general.

�Which Comorbidities to Target?

All other diseases that coexist with a disease of interest are called comorbidities [8, 
9]. Therefore, diseases that are most prevalent in the background population are also 
most prevalent in patients with rheumatic diseases. Similarly, diseases that are rare 
in population may also occur in some patients with rheumatic diseases. Lifestyle 
such as smoking or physical inactivity contributes to comorbidity in any individual. 
In rheumatic diseases, likelihood of certain comorbidities increases, due to persis-
tent inflammatory activity and organ damage, as well as due to the use of antirheu-
matic medications.

The EULAR initiative for the points to consider for reporting, screening and 
preventing comorbidities lists cardiovascular diseases, kidney diseases, lung dis-
eases, infections, malignancies, osteoporosis, gastrointestinal diseases and depres-
sion as comorbidities of interest [5]. In addition, fibromyalgia is possibly one of the 
most prevalent and most under-recognized health problems in patients with rheu-
matic diseases and may interfere with the evaluation of disease activity of other 
rheumatic diseases [10, 11]. The variety of comorbidities in rheumatic and any 
chronic diseases is rather wide including any diagnoses related and unrelated to the 
disease in question.

�Points to Consider in Comorbidities

The EULAR recommendations [5] include a detailed list of points to consider for 
reporting or detecting prevalent comorbidities and screening for comorbidity or for 
risk factors and treatments/vaccination and are presented here in Table 14.1. These 
recommendations also suggest a standardized reporting form for reporting isch-
aemic cardiovascular diseases, for risk factors and treatments [5]. Other similar and 
more comprehensive comorbidity lists have been suggested, as part of research pro-
grammes such as COMORA [12] and QUEST-RA [13].
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Table 14.1  Overarching principles and points to consider for reporting or detecting prevalent 
comorbidities and screening for comorbidity or for risk factors and treatments/vaccination

Overarching principles

A Comorbidities such as cardiovascular diseases, malignancies, infections, osteoporosis, 
peptic ulcer and depression should be carefully assessed and managed in patients with 
chronic inflammatory rheumatic diseases

B All clinicians including health professionals such as nurses, treating general practitioners 
and rheumatologists and patients through self-administered questionnaires and self-
management programmes play a key role in the screening and detection of comorbidities

C Comorbidities should be subject to a systematic, standardized periodical review (e.g. at 
least every 5 years) for those with a chronic inflammatory rheumatic disease
Points to consider
Cardiovascular diseases

1 History of myocardial infarction, pectoris angina, stent, stroke, transient ischaemic attack, 
heart failure and lower limb peripheral arterial disease should be documented

2 Cardiovascular risk factors such as smoking status, body mass index, history of hypertension, 
hypercholesterolaemia, renal insufficiency and HEART-SCORE index should be documented

3 Current cardiovascular treatments such as antihypertensive therapy, antiplatelet therapy, 
diabetes insulin or non-insulin therapies, lipid-lowering agents and anticoagulants should 
be documented
Malignancies

4 History of malignancies should be documented
5 Screening procedures for malignancy (including mammography, pap smear, visit to a 

dermatologist, faecal occult blood test, colonoscopy) and for malignancy risk factors 
(including family history of breast or colon cancer and personal history of inflammatory 
bowel disease) should be documented
Infections

6 History of tuberculosis should be documented including prior results of chest X-ray, 
tuberculin skin test, interferon-γ release assay and BCG vaccination

7 History of serious infections, opportunistic infections and chronic viral infections should 
be documented

8 Vaccination status for infections including influenza, Streptococcus pneumoniae, herpes 
zoster, human papillomavirus, poliomyelitis, diphtheria, tetanus and hepatitis B should be 
documented
Peptic ulcer

9 History of gastroscopy-proven peptic ulcer should be documented
10 Risk factors for peptic ulcer such as age > 65 years, proton-pump inhibitor intake, personal 

history of complicated ulcer, Helicobacter pylori infection, current use of aspirin, non-
steroidal anti-inflammatory drugs, corticosteroids and anticoagulants should be documented
Osteoporosis

11 History of osteoporotic fracture should be documented
12 Risk factors for osteoporosis including body mass index <19, physical inactivity, 

glucocorticoid exposure, alcohol intake, family history of femoral neck fracture, 
secondary osteoporosis and bone mineral density should be collected, and the
FRAX global risk should be calculated where applicable

13 Current or prior osteoporosis treatments including calcium/vitamin D supplementation, 
bisphosphonates, strontium ranelate, raloxifene, teriparatide and denosumab should be 
documented
Depression

14 History of depression, current depression and prior screening for depression should be 
documented

15 Current treatments for depression should be collected

From Baillet et al. [5] with permission
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�Infrastructure of the Clinic to Review and Manage Rheumatic 
Diseases and Comorbidities

The work load in rheumatology clinics and private practices is known to be over-
whelming. Therefore, any extra work is not welcome to the nurse or to the rheuma-
tologist. User-friendly IT solutions may be used in the review of comorbidities, with 
data entry by the patient him-/herself or by a dedicated monitoring specialist. 
Possibly the only approach to review and manage comorbidities consistently is to 
build it into the infrastructure of the rheumatology clinic, as an automatic procedure. 
An example of such an infrastructure is provided here (text adapted from [14]).

�Vision

The vision of the clinical model is based on a “Finnish treat to target” manifest from 
the 1970s, “We are treating not only the actual inflammation of the joints but also the 
quality of the patient’s life for many decades in the future” [15]. In this model, treat-
ment target is early and permanent remission in inflammatory rheumatic diseases. 
The model aims at an informed patient and an informed health professional so that 
treatment decisions would not be based on the beliefs of the patient or the doctor.

�Setting

Jyväskylä Central Hospital is Finland’s biggest nonuniversity hospital, covering the 
secondary level health care for 250,000 inhabitants. The rheumatology clinic model 
has its roots in the development of rheumatology care and its scientific reporting, 
which started many decades ago [16]. The goal was to enhance the patient “jour-
ney” through rheumatology services by providing all necessary education, treat-
ment and care, avoiding unnecessary visits and optimizing the overall quality of 
care provided.

�The Patient Monitoring Tool, GoTreatIT

An electronic monitoring tool for continuing treatment data collection via software 
GoTreatIT is integrated into the everyday clinical work since 2007. The program is 
developed by rheumatologists with a Norwegian company DiaGraphIT and is used 
to support systematic collection of data at every visit and during the entire course of 
the patient’s illness [17].
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�Patient Self-Report

Upon arrival to the clinic at every visit, the patient signs in to GoTreatIT with his/
her unique ID, to complete a questionnaire, before seeing the nurse or the doctor. 
The questionnaire comprises of questions aimed at identifying the patient’s current 
performance status, quality of life, the level of pain, fatigue, disease activity, psy-
chological items, comorbidities and certain medications. Patient self-report items 
are collected in Table 14.2.

Table 14.2  Items to be selected for the patient self-report in GoTreatIT monitoring tool

Self-report category Question/questionnaire

Functional status HAQ, mHAQ, MD-HAQ, HAQ-II
cHAQ Parent, cHAQ child
ROAD
BASFI

Disease activity Disease activity VAS
BASDAI

Symptoms Pain VAS
Fatigue VAS
Patient global assessment VAS
Duration of morning stiffness in joints
Self-reported joint count for painful joints
RAID

Acceptance of symptom level PASS
Psychological status Sleep

Stress
Anxiety
Depression

Lifestyle/risk factors Weight – automatic BMI calculated
Physical exercise: times per week
Smoking

Socio-/demographics Living alone/together with someone
Work status
Years of education

Recent events over half-year Surgery
Hospitalization
New diagnosis or trauma
New symptoms
Side effects from medications
Change is marital status
Change in work status

Quality of life SF-36/RAND
EQ5D

Others WPAI:RA
Comorbidities and risk factors List of comorbidities and risk factors of special interest provided
Medications List of medications with special interest provided
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Several touch-screen stations and tablets are reserved for patient self-report, to 
ensue availability of devices at the arrival of the patient. The number of questions var-
ies between the patients. The set of questions is predefined, depending on the diagno-
sis and patient’s capacities. For example, a young person with axial and peripheral 
symptoms completes a maximal number of questions, and an old person with mem-
ory problems completes a short one. Some questionnaires are only used for the docu-
mentation in clinical trials such as generic quality of life questionnaires. An example 
of screenshot of patient self-report for cardiovascular disease/risk factors is presented 
in Fig. 14.1 and an example of screenshot for self-reported medications in Fig. 14.2.

Using the questionnaire completed by patient and current laboratory values and 
joint status completed by doctor, the program generates commonly used compara-
ble values such as Health Assessment Questionnaire (HAQ), 28-joint count Disease 
Activity Score (DAS28) and Bath Ankylosing Spondylitis Functional Index (BASFI) 
and BMI for every visit.

�Remote Patient Monitoring with GoTreatIT

In patients who are in stable remission, remote monitoring is a potential option. At 
certain intervals such as every half a year, a reminder, such as a text message or an 
e-mail, is sent to the patient to complete GoTreatIT self-report and to get laboratory 
tests taken. Results are being reviewed by the rheumatology nurse or the rheuma-
tologist, with comparison to patient’s previous values. If self-reported disease activ-
ity/symptoms are higher than earlier or other problems are found, remote monitoring 
will lead to a telephone contact and/or patient visit to the clinic.

Fig. 14.1  A screenshot view of the patient self-report for cardiovascular disease/risk factors on 
GoTreatIT monitoring tool
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�Review of Data

The electronic monitoring system enables a quick review of the individual patient’s 
history of presentation, medication used, examination findings, comorbidities, joint 
surgeries, values of patient self-report, disease activity measures and any other 
patient or disease-related details in a table or a graph for individual patients 
(Fig. 14.3).

Data for comorbidities are confirmed and updated by the monitoring specialist 
with information from the medical records, for time (month and year) of the diag-
nosis of the comorbidity. Any changes in the type and dose of medications during 
the course of the disease and reasons for that including any adverse events are indi-
cated in GoTreatIT, allowing the doctor to see the complete history of medications 
used at a glance. The automatically generated view in Table 14.3 is available with 
one keystroke only. Reviewing patient comorbidity data is made fast, easy and help-
ful in a busy clinic. Data are confirmed by the monitoring specialist with the date 
and electronic signature, to ensure accuracy of the data.

Responses for patient self-report can also be reviewed one by one and compared 
to the previous responses. Patient self-report is available, while patient is working 
on it, and can be reviewed and compared to values of previous visits before the 
patient enters to the doctor’s room. A review of patient self-report directs doctor’s 
attention to the current problem. For example, patient self-report seen in Fig. 14.4, 
reviewed before patient visit, is very helpful and suggests of fibromyalgia.

�Multidisciplinary Care

At every clinical visit, patient is seen by the rheumatologist and the nurse specialist, 
which have predefined tasks. The physical therapist is involved in certain treatment 
paths, and other therapists can be consulted if needed such as an occupational thera-
pist, nutritionist, social worker, podiatrist, etc.

�Doctor Review

The doctor review is conducted over 30–60 min. Prior to the visit, doctor reviews 
patient self-report values, comparing to the previous values, to identify current 
problems if any.

At every visit, the doctor undertakes a complete joint assessment, denoting on 
GoTreatIT all tender and swollen joints and any intra-articular injections completed 
using a visual map of joints. In the same way, doctor can easily compare current 
joint status to that of previous visits. Entering the data to the system is simple and 
takes less than half a minute.
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Table 14.3  An automatic flow sheet of patient data from the GoTreatIT monitoring tool

Data extracted 25.08.2015

ID Case 1
Age, gender 68, female
Work status Pensioner since diagnosis
Diagnosis Rheumatoid arthritis
Diagnosis criteria  � Symptoms: 1.1996

 � Clinical diagnosis of RA: 10.1996
Highest RF (IgM) Negative (9) 3.2012
Highest (aCCP) Negative (4) 8.2009
aCarP Negative 7.2015
HLA-B27 Positive
Smoking Non-smoking, past history of smoking
Medications (used) TRUNCATED
Medications (now) Methotrexate 1.2015

 � 7,50 mg subcutaneous once a week
Adalimumab (Humira) 1.2015
 � 40,00 mg subcutaneous every 2 weeks
Prednisolone 10.2013
 � 5,00 mg peroral every day

Comorbidity Vertebral fracture 10.2005
Herpes zoster infection 9.2002
Arm fracture, not wrist 8.2001
Osteopenia by DXA 2001
Cholelithiasis 3.1998
Arterial hypertension 11.1996
Fibromyalgia 7.1990
Lumbago/dorsalgia/sciatica 1980
Migraine – before rheuma diagnosis

Surgery Left ankle arthrodesis 11.2011
Right ankle arthrodesis 3.2011
Left MTP arthrodesis 3.2007
Right MTP arthrodesis 3.2007
Left knee arthroplasty 10.2003
Left knee synovectomy 5.2003
Right knee arthroscopy and synovectomy 10.2002
Right knee rearthroplasty 12.2001
Right knee arthroplasty 4.1998
Right knee other surgery 8.1996

Confirmed by 25.08.2015 (miina_l)

(continued)
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�A Full Clinical Examination at Every Visit

After discussions of the current situation, whether a first or a follow-up visit, a full 
clinical examination is performed. Patient dresses off including shoes and socks, 
wearing only light underwear. Examination includes listening to the lungs and the 
heart, observing the skin including skin mobility in scleroderma, palpation of the 
thyroid gland and abdomen and search for lymph nodes. Lining of the mouth and 
tongue is checked. Joints are checked for the range on motion, passive flexion of the 
arm (to observe rigidity), tenderness and swelling. When needed, reflects will be 
checked. Extremities are checked for warmth, sweating and colour. Nails and nail 

Table 14.3  (continued)

Latest scores

Date 13.12.2013 02.04.2014 20.10.2014 08.12.2014 17.03.2015
Health status

Pain 16 28 17 35
Fatigue 19 12 18 6
Patient global 35 28 29 30
Morning stiffness 2.50 0.75 0.50 0.50
Rheumatic activity 21 26 15 15
Physical exercise Cannot Do not Do not Do not
M-HAQ (0–3) 1.25 0.63 0.75 0.38
MDHAQ (FN) (0–3) 2.2 1.5 1.6 1.2
MDHAQ (PS) (0–3) 0.5 0.5 0.25 0
HAQ (0–3) 1.88 1.88 1.88 1.63
Raw HAQ (0–24) 14 13 12 10
Disease act.

Inv. global 33 15 8
ESR 38 24 8 8 16
CRP 19 3 1 1 2
TJC 28/32 7/7 5/5 2/2 2/2
SJC 28/32 3/3 1/1 0/0 1/1
TJC 46 7 5 2 2
SJC 46 3 1 0 1
DAS28(4) 5 4.1 2.7 3.4
DAS28(3) 5 4.2 2.6 3.4
DAS28-CRP(4) 4.5 3.4 2.4 2.8
DAS28-CRP(3) 4.5 3.4 2.3 2.8
CDAI 16.8 10.3 5.7
Anthr.data

Weight 93 98 98 100
BMI 33 34.7 34.7 35.4
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Fig. 14.4  (a, b) Patient self-report suggests of fibromyalgia, screenshots from GoTreatIT moni-
toring tool

beds are checked. In case of axial disease, physical tests include cervical rotation, 
modified Schober, occiput-to-wall distance, lateral spinal flexion and chest expan-
sion, with documentation in GoTreatIT. Walking barefoot, normal, on toes and with 
heels is observed. Squatting is observed, as well as patient’s posture and muscu
lature. A careful examination may reveal underlying comorbidities in any organ 
examined.
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Every doctor’s visit should be meaningful with long-haul treatment decisions; 
“see you back in 3 months” is practically forbidden except as part of the treatment 
paths. Structured treatment paths have been built for early diseases with the goal of 
remission and scheduled patient education, which limits “random” visits to the 
clinic. Patients with stabile systemic rheumatic diseases are seen by rheumatolo-
gists once a year. The prespecified structure of the clinic and a strong input from the 
rheumatology nurse allows the rheumatologist to devote up to 60 min for a patient, 
which, in a long term, may be more meaningful than 6 × 10 min over years.

�Nurse Review

The nurse provides detailed education on any new diagnoses given to the patient 
and treatments started. The goal of patient education is an informed patient, who is 
provided with methods of a motivational interview. The patient should understand 
the natural course of disease and remission as the treatment target. Patient education 
facilitates patient’s adherence to the therapy. The role of the rheumatology nurse in 
patient education is crucial with the goal seen in Table 14.4 and a check list for 
specific items in Table 14.5.

The patient is assessed for important comorbidities including cardiovascular 
disease and related risk factors. Osteoporosis screening using bone densitometry 
can be arranged if needed. Blood pressure, lipid profile and vitamin D levels are 
screened and recorded on a routine basis with follow-up instructions as necessary.

The nurse independently provides patient education to the patient, e.g. concern-
ing prevention of CV disease. If doctor’s input is needed, the issue is discussed with 
the rheumatologist or the nurse may suggest close monitoring of the finding, e.g. 
high blood pressure, with the nurse in the general practice.

The review of comorbidities and risk factors is most detailed at baseline at the 
time of the diagnosis of a rheumatic disease. Points to consider are identified and 
documented and based on these data, and patient education continues at every visit 
to the rheumatology unit over time.

Table 14.4  Goals of patient education, provided by the nurse

The patient needs to understand:
The nature of the disease and its progression if left untreated
How it is treated
That remission is a realistic target in early disease and therefore appropriate medication intake 
is important
The medication might have side effects and patients may need to switch medications, but the 
risks of leaving RA untreated are multiple compared to the risks of medications
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Table 14.5  Item in patient 
education, review of 
comorbidities/risk factors  
by the nurse

Use GoTreatIT self-report for review of patient’s
Symptoms
Functional capacity
Work status
Sleep, psychological aspects

Provide detailed information of the prescribed medications
Purpose
Efficacy
How to administer
Side effects
Lab monitoring
How to take in special situations such as operation, infection 
pregnancy, etc.

Provide education of self-management for
Pain management
Pain medications
Glucocorticoid pills
Adherence to medications
Calcium, vitamin D supplementation
Vaccinations
Nutrition
Weight management
Attention to mouth, teeth
Attention to skin
Attention to eyes
Attention to feet, check need for podiatrist
Attention to possible infections
Pregnancy
Birth control
Operations
Travelling

Emphasize healthy lifestyle
Alcohol
Smoking
Exercise

Check for CV risk
Family history
Measure blood pressure
Cholesterol
Glucose
BMI (readily available in GoTreatIT)
Waist circumference

Check lab values for
Vitamin D
Cholesterol
Blood glucose if needed
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�Physiotherapist

The treatment path for inflammatory joint and axial disease includes consultation to 
a physiotherapist at the baseline. Patients with inflammatory joint diseases have 
follow-up visits to the physiotherapist also at the 1- and 2-year visits, according to 
the treatment path. At the physiotherapy visit, patients’ aerobic performance capac-
ity as well as muscle strength is tested, and patients receive basic education on 
healthy exercise habits accordingly. Patients are advised to perform physical exer-
cises according to recommendations to all adults: aerobic exercises at least 2.5 h a 
week and muscle strength exercises at least two times a week. The goal is to prevent 
physical inactivity in patients with inflammatory musculoskeletal diseases and to 
improve health by improving aerobic and musculoskeletal capacity.

�Discussion

In this presentation we provide a practical view to patient monitoring including comor-
bidities, to busy rheumatology clinics. First, the vision of the clinic needs to be defined: 
is it to make money and to roll as many patients as possible with the highest revenue or 
is the vision to make 1 day after another to do a good job? Or, as we think: “We are treat-
ing not only the actual inflammation of the joints but also the quality of the patient’s life 
for many decades in the future” [15] with a view of long-lasting benefits to the patient.

Second, the structure of the clinic needs to be optimal, including treatment paths 
to known diagnoses and multidisciplinary care. It is important that each health pro-
fessional performs the tasks that belong to that job: rheumatologist makes the diag-
nosis and is responsible for providing the best medications to the disease, the nurse 
provides all patient education devoting enough time to each patient and the physical 
therapist is responsible for advice for physical training to the patient. Special atten-
tion is needed to the content of the rheumatologist’s visit: how many times it is 
discussion only without a through physical examination of the patient. Indeed, 
patient needs to be examined carefully to discover comorbidities in other organs 
than in joints. Content of patient education and review of risk factors are crucial 
with a check list, such as described in this presentation, including physical tests for 
blood pressure and waist circumference and laboratory tests such as lipids and 
glucose. Physiotherapist plays a major role in giving advice of healthy lifestyle.

Third, a proper automatic clinical monitoring tool is an essential part of patient 
monitoring. It is practically impossible to organize documentation of comorbidities 
without a well-working user-friendly IT solution that provides data as easy as one 
keystroke, as seen in tables.

The model described in this presentation is applicable to any modern health- 
care service. It necessitates a certain amount of staff, resources and expertise to 
implement. However, as an infrastructure of the clinic, it leads to successful patient 
monitoring including targeting comorbidities.
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Chapter 15
Comorbidity and Physical Therapy

Nadia El Aroussy and Yasser El Miedany

Outpatient physical therapy and rehabilitation provides services for a wide variety 
of medical and surgical conditions as well as disabilities. This includes a diversity 
of musculoskeletal conditions such as spinal, joint, and soft tissue pains, a wide 
range of injuries, medical conditions, or postsurgical rehabilitation programs. 
Having a baseline information about these patients referred for physical therapy and 
starting their rehabilitation courses help in guiding the therapist to set the most 
appropriate management plan for the patient, avoid strenuous exercises which might 
have negative impact on the patient, and assist in monitoring the patient’s condition 
and response to therapy. Considering a full profile for the patient helps also in set-
ting the appropriate patient education program tailored to the patient condition/
needs and setting up patients’ group therapy services. On the research level, such 
data helps researchers in reclassifying the outpatient subpopulations, provides out-
patient clinics direction concerning these patients, and evaluates the outcomes of 
physical therapy professional programs considering what to emphasize in musculo-
skeletal and orthopedic courses.

Though comorbidities vary from patient to another and some patients may have 
more than one comorbidity at the same time, majority of the studies carried out to 
assess comorbidity in patients referred for physiotherapy included patients referred 
mainly for specific musculoskeletal conditions such as low back pain and arthritis [1]. 
This chapter will discuss the prevalence of comorbid conditions in physical therapy 
population as well as the association between physical therapy and comorbidity. It will 
also review the impact of comorbidities on physiotherapy programs, setting up targeted 
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rehabilitation programs for patients with comorbidity in addition to the barriers to 
comprehensive patient management and treatment of comorbidities.

�Prevalence of Comorbid Conditions in Physical Therapy 
Population

Identifying comorbidities and the potential impact of such comorbid conditions on 
the patient care are mandatory for physical and occupational therapists to imple-
ment appropriate strategies, aiming at minimizing the consequences of the comor-
bidity, and establish a reasonable prognosis. However, in standard clinical practice, 
it is not entirely clear how the patients with comorbidities are assessed or treated [1]. 
In 1999, Boissonnault [2] conducted multicentral study for comorbidities reported 
by patients receiving physiotherapy in 177 therapy clinics located in 20 states within 
the physiotherapy association organization. Results revealed that headache, hyper-
tension, arthritis, depression, heart disease, chronic obstructive pulmonary diseases, 
and diabetes were the most common comorbidities observed. In another vignette 
study [3], the authors reported that comorbidities could force physiotherapist to 
deviate from guidelines. The work assessed whether the physical therapists consid-
ered the baseline comorbidities the patient might have and could make reasoned 
adaptations to the standard treatment program of the index disease when 
comorbidity(ies) is present. Results revealed that most physical therapists had to 
make such adaptations when comorbidity was present. However, these adaptations 
varied towards better or worse as it was noticed that the same patient was treated in 
various ways by different physiotherapists. This highlights the importance of the 
referral process identifying the presence of comorbidities and its impact on the 
patient’s rehabilitation program. Therefore, in a trial to tackle such challenge, per-
haps the first step is to consider the referral format and the decision-making process 
of physical therapists, followed by exploring the possible approaches to unravel the 
complexity of treating multi-diseased patients. Figure 15.1 shows an example of an 
online referral format including the patient’s diagnosis, the expected targets of 
physical therapy, the impact of the disease on the patient, as well as the associated 
comorbidities for this particular patient.

�The Association Between Comorbidity and Physical Therapy

While in some cases, physiotherapy programs might have a positive impact on the 
patients’ primary disease and its associated comorbidities, it may cause untoward 
complications in other cohort of patients. Therefore, it is mandatory to consider 
pretreatment assessment of the patient to consider the consequences of the classic 
physiotherapy/rehabilitation programs on patients with variable comorbidities and 
identify the most appropriate rehabilitation course.
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Earlier studies indicated that physical exercise can reduce the incidence of coronary 
artery disease [4], lower blood pressure [5], decrease inflammation [6], lower the 
serum triglyceride concentration [7], and decrease the fasting blood glucose concen-
tration [8]. Thus, it can be hypothesized that physiotherapy programs, for example, for 
osteoarthritic joint pain treatment, such as hot packing/ultrasound with transcutaneous 
electrical nerve stimulation around bilateral knee joint for 10 min, and followed by 
quadriceps muscle strengthening and aerobic exercise for 20 min, 3–5 times per week, 
may increase aerobic fitness levels and weight loss during treatment programs. These 
programs also decrease the immobility in daily life by eliminating pain. So, physio-
therapy may have the potential to reduce the incidence of coronary artery disease, 
diabetes mellitus, or dyslipidemia in patients with mechanically disabling joint pains. 
Furthermore, the evidence shows that physiotherapy modalities, including exercise, 
ultrasound, or whole-body vibration, can increase bone density [9, 10]. These physio-
therapy modalities can be prescribed to patients with osteoarthritis or osteopenic 
patients with high falls risk [11]. Physiotherapy may also reduce the use of analgesics, 
as well as lower the incidence of gastrointestinal tract ulcers, gastrointestinal tract 
bleeding, or renal failure.

On the other hand, physiotherapy outcomes as well as programs can be nega-
tively linked to the associated comorbidity(ies). In a study carried out by Di Fabio 
and Boissonnault [12], the patients with spinal impairments who were depressed at 
the time they received physical therapy had poorer outcomes in both the physical 
and psychologic health domains. Furthermore, in some cases, patients might com-
plain of headache while they do their physiotherapy program. Though headache is 
a common complaint in the general population, it may be the presenting symptoms 
of serious intracranial pathologic conditions (less than 1%) such as ischemia, aneu-
rysm, arteriovenous malformation, meningitis, sinusitis, hypertension, and ocular 

Fig. 15.1  An example of physical therapy online referral form showing the patient’s diagnosis, the 
main physical therapy targets, impact on the patient’s life, and associated comorbidities
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sources. Similarly, patients with coronary heart disease or heart failure should avoid 
the effect of physical exertion and to modify their rehabilitation program to avoid 
the risk of cardiac decompensation [13]. In concordance, type II diabetic patients 
may show autonomic neuropathy which makes them highly prone to falls with its 
negative consequence. This may be the result of decreased cardiovascular response 
to exercise, impaired thermoregulation, response to dehydration, or postural hypo-
tension. Therefore, baseline, heart rate, and blood glucose level should be estimated 
before and after management, and the physiotherapist should adjust the type of 
exercise and its duration according to the patient status [14].

Similarly, while in cases of chronic non-specific pain or low back pain, the thera-
pist has to provide a graded activity program; in patients with COPD with disturbed 
oxygen transport in the lungs, the therapist has to reduce the training intensity in 
warm climatic conditions, to take care if there is fear of exercise due to breathless-
ness, and to reduce the body weight if there is marked obesity [15].

Knowledge of the commonly prescribed interventions (medications, surgery, 
etc.) is necessary, because the treatment of comorbid conditions may be clinically 
significant. For example, beta-adrenergic blocking agents are commonly prescribed 
for hypertension. These adrenergic blocking agents dampen the expected cardiac 
response to physical exertion [16]. If the therapist is planning to initiate a condition-
ing exercise program for a patient taking a beta-adrenergic blocking agents, clinical 
measures other than heart rate and blood pressure must be monitored during the 
activity to assess the individual’s cardiovascular status.

By all means, when the therapist is in doubt or suspect an associated comorbid-
ity, discussing the patient’s symptoms with the referring physiatrist or physician is 
important to assess for possible underlying pathology.

�Impact of Comorbidities on Physiotherapy Programs

How patients with comorbidities are treated in daily practice remains a challenge. 
Understanding the decision-making process of physical therapists and exploring the 
treatment of comorbid patients in daily practice might be a first step to unravel the 
complexity of treating multi-diseased patients. Adding comorbidities to the equa-
tion raise some points which need tackling: (1) Has the patient been assessed for 
comorbidities prior to setting up the treatment program? (2) Are reasoned adapta-
tions to evidence-based treatment recommendations made when comorbidity influ-
ences the initial treatment of the index disease? (3) What are the tools which can 
help in identifying and monitoring the comorbidities the patient might have?

A second concern is that comorbidities are often not classified by severity but 
grouped together and considered the same. Few studies have examined comorbidity 
rates in this manner [17, 18, 32]. When setting up a physiotherapy program, the pres-
ence of severe comorbidities may negatively impact the prognosis of a patient and 
require significant changes in the treatment plan compared to the presence of non-
severe comorbidities. These results support the need to examine rates of different 
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types of comorbidity. Unfortunately, focused screening for comorbidities and its 
severity for patients seen in outpatient physical therapy clinics has not been assessed 
thoroughly in the literature, and further research is highly needed.

The department of epidemiology and CAPHRI School for Public Health and 
Primary Care, Maastricht University, the Netherlands, carried out a study [20], to 
assess whether physiotherapists considered the impact of comorbidities on the pri-
mary disease as well as the patients’ physical status/needs, hence amended the treat-
ment program. The study revealed that 30% of the physical therapists did not adjust 
treatment despite comorbidity while another 30% partly adapted the treatment plan 
when comorbidity was added to the vignette. The presence of comorbidity induced 
40% of the therapists to abandon guideline recommendations and to create an indi-
vidualized treatment plan based on the health needs of the patient. However, the 
study showed that, for better or for worse, the majority of physiotherapists made 
adaptations to evidence-based recommendations when comorbidity is present, but 
not leading to uniformity. This was evidenced by the finding that the same patient 
was treated in various ways by different physiotherapists.

The next section will present the red flags amongst patients who have comorbidi-
ties and referred for physiotherapy. The aim is to highlight for the treating doctor or 
therapist what are the vital parameters which require close monitoring while the 
patient is receiving his treatment program.

�Impact of Comorbidities on Physiotherapy Programs: Red Flags

�Patients with Cardiovascular Manifestations

•	 Hypertension:

In patients with hypertension, it is contraindicated to participate in the program 
of rehabilitation if resting systolic blood pressure is 200 mm Hg or more or diastolic 
blood pressure is 115 mm Hg or higher.

Blood pressure lowering medication should be checked, and physiotherapy pro-
gram can be started with low to moderate intensity strength training exercises [21].

•	 Coronary disease and heart failure:

It is contraindicated for participation in the training program if the patient showed 
progressive increase in heart failure symptoms such as dyspnea while speaking, 
increased respiratory frequency of more than 30 breaths/min, heart rate at rest more 
than 110 bpm, and Vo2 max 10 ml/kg/min. Also it is contraindicated in fever, acute 
systemic diseases, recent pulmonary embolism (3 months ago), thrombophlebitis, 
acute pericarditis or myocarditis, aortic stenosis, mitral valve stenosis, unstable 
angina, atrial fibrillation, and myocardial infarction (less than 3 month) [14].

Therapists can use maximum or symptom-limited exercise test to calculate the 
individual aerobic exercise intensity in patients with cardiac problems.
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The warming up and cooling down sessions can be prolonged to decrease the risk 
of decompensation of the heart. The therapist has to terminate the exercise sessions 
if there is angina, impaired pump function in the form of shortness of breath, abnor-
mal fatigue, increased peripheral edema, arrhythmias, abnormal increase or decrease 
of blood pressure, fainting, and dizziness [15].

�Patients with Pulmonary Affection

Patients with COPD and pneumonia with ventilator limitation or disturbed oxygen 
transport in the lungs have to start with interval training. O2 saturation level should 
remain 90% during exercising and chest expansion exercise, and other breathing 
exercises are recommended. The patient must be coached while exercising if the 
patient was breathless or gave history of breathlessness during activity [22].

�Patients with Musculoskeletal Affection

Patients with chronic non-specific pain or low back pain may be more affected if 
they participated in normal training program. It should be clarified to the patient that 
the primary goal of the treatment is to improve the function and not to relieve the 
pain. Short-term and long-term goals should be set for each activity. Adaptation of 
the starting position of exercises and reduction of training intensity should be done 
in case of acute/subacute low back pain in order to stay active [13]. The patients 
have to follow gradually increasing scheme and should neither underperform nor 
overperform. Performance charts should be used to record the performance. 
Interruption of the gradual increase of activities may occur if concomitant active 
inflammation was diagnosed.

�Endocrinal Causes

Diabetes may cause autonomic neuropathy with decreased cardiovascular response 
to exercise, impaired thermoregulation, and response to dehydration due to impaired 
skin blood flow and sweating. The therapist has to avoid intensive resistance train-
ing and to monitor blood glucose level before and after training. The patients should 
be checked regularly for wounds and sensory defects [23].

�Hearing or Visual Impairment

Patients with hearing or visual impairments should have special program of reha-
bilitation as they need more manual guidance, good lighting, and proper sound for 
communications. They may be in need also for balancing training to avoid falling. 
The therapist may be in need for sign language to understand those patients or 
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give instructions. The therapist should check whether the patient understands the 
information in case of hearing impairments.

The training environment should be checked for using the proper lighting system 
and avoiding background noise. Balancing exercises are important for such cases. 
Coaching patients is highly advised to reduce fear of falling.

�Psychological Diseases

Depression anxiety may interfere with the performance of physiotherapy. The 
patients are in need for enough time to express their feelings to the therapist, to 
stimulate positive attitudes towards the extra attention to provide positive feedback. 
No appointments early in the morning as they are usually in fatigue during this 
period [24].

�Osteoporosis

Theoretically, physiotherapy may reduce the risk of osteoporosis through several 
pathways, such as resistance and weight-bearing exercises which can increase bone 
density [25]. Some physical agents, such as vibratory platforms low-intensity elec-
trical stimulation, laser therapy, and ultrasound, may also exert positive effects on 
osteoporotic tissue [26, 27]. However, treating patients with osteoporotic vertebral 
fractures warrants amending the physiotherapy program to minimize the risk of 
pain or developing another fracture. Furthermore, when treating a patient with skin, 
breast, lung, or prostate cancer, the therapist should recognize that there is a high 
incidence of spinal metastasis, and the patient may develop pain over areas of axial 
skeleton which could reflect pathological fracture [28, 29].

�Development of Comorbidity-Adapted Protocols

When dealing with comorbidity, a patient-centered rather than a disease-oriented 
approach, in which the process of decision making should be based on clinical rea-
soning, is preferred. The Hypothesis-Oriented Algorithm for Clinicians (HOAC) II 
[30] describes a framework for clinical decision making, bearing in mind the 
patient’s medical and physical status, in physical therapy; it addresses examination, 
evaluation, diagnosis, prognosis, and intervention in a specific patient. Although the 
HOAC II gives general direction in clinical reasoning, specific advice concerning 
comorbidity-adapted exercise therapy through comorbidity guidance might not be 
available for different diseases in the literature.

This paved the way and highlighted the need for comorbidity-adapted protocols. 
These protocols are expected to improve the application of the disease-specific 
exercise therapy, help to avoid adverse events, and improve the outcomes of the 
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physical therapy program. Because of specific difficulties in developing, identifying, 
documenting, and reproducing the intervention, the evaluation of complex interven-
tions requires a phased approach. de Rooij and his colleagues [13] reported five 
steps to develop comorbidity-adapted protocols. First is based on identifying the 
comorbidities that (1) are common (present in 5% or more) and (2) have impact on 
pain and/or affect daily functioning. Common examples include: cardiac diseases, 
hypertension, type 2 diabetes, obesity, COPD, low back pain, chronic pain, depres-
sion, and visual or hearing impairments [31]. Second is a literature search in the 
PubMed database to make an inventory of restrictions and contraindications for 
exercise therapy in patients with highly prevalent comorbidities. Third is a prelimi-
nary version of the protocols to be developed: based on the results of the first two 
steps, comorbidity-related adaptations to the diagnosis and treatment to be consid-
ered. Guidelines on exercise therapy in each comorbidity (e.g., cardiac disease, dia-
betes, COPD, and non-specific low back pain) are to be assessed [32, 33]. If there 
was no exercise therapy guideline available for a specific comorbidity, an available 
medical guideline can be used (e.g., guidelines for depression or anxiety) [23, 34]. 
The principles described in these guidelines are to be incorporated into the adapted 
protocols based on the patient’s condition. Fourth, the preliminary versions of the 
protocols should be discussed with clinical experts in the fields of each comorbid 
disease and, subsequently, based on their feedback, further improvements of the 
physical therapy protocol can be implemented. Advice should also include options 
for the treatment of each comorbidity and on how the principles of physical therapy 
and training of the comorbid diseases should be incorporated into the final program. 
After optimizing the protocols, the clinical experts should be consulted also for the 
collection of feedback and to gain final consensus on the protocols. Fifth, the draft 
protocols should be field-tested in a pilot study in patients with the target comor-
bidities. Thereafter, the protocols are further improved, based on the feedback from 
therapists and patients, leading to a final version of the protocols.

�Assessment and Testing for Comorbidity

As patients with multiple long-term conditions are becoming the norm rather than 
the exception and the number of people with comorbidities is set to increase, it 
became essential to identify these specific populations for targeted interventions 
and personalized care plans. There are at least two key populations with comorbidi-
ties requiring a different emphasis of action: those who have comorbidities mostly 
due to increased life expectancy and longer exposure to risk factors over time and 
those who have comorbidities mostly from more intense exposure to risk factors, 
particularly smoking, obesity, alcohol, and physical inactivity due to challenging 
personal, occupational, and societal factors throughout the life course. These 
patients are likely to face complex physical, social, and emotional problems. 
Therefore, identifying such comorbidities is mandatory, while strategies are consid-
ered to set up a physical therapy course aiming at improving the patient’s ability and 
maintaining everyday functioning and quality of life.
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Comorbidity generally is measured by medical record abstraction; however, this 
approach imposes limitations, such as the availability of medical records and the 
quality of documentation. Moreover, reliance on trained chart abstractors is expen-
sive and time consuming. It may also be unnecessary in some settings. Research has 
shown that patients can accurately assess their current [35] and past medical condi-
tions [36, 37], including comorbidities [38, 39].

On the other hand, the patient is an attractive source of data on comorbid condi-
tions because, after all, the patient is the principal source of this information in his/
her medical record. Prior research has indicated that the patient can accurately and 
reliably report coexisting diseases, particularly for specific conditions such as car-
diac, respiratory, and musculoskeletal or for surgical procedures [35]. Greenfield 
et al. have developed a measure of case mix for office practice that uses patients’ 
report on symptoms and diseases, as well as patients’ self-perceived disease severity 
[39]. This measure of overall disease burden accounts for severity of 15 different 
disease groups. The instrument had a statistically significant association with health 
status as measured by the SF-36. Sangha et al. [40] published a self-administered 
comorbidity questionnaire for clinical and health services. Electronic comorbidity 
questionnaire was recently published [41]. It offered a specific and dynamic 
approach tailored to the patient’s needs, which is applicable in standard practice. 
Patient-reported e-comorbidity outperformed the standard medical recording sys-
tems and can have a role in healthcare management and research. On another front, 
recent patient-reported outcome measures [42, 43] included comorbidity assess-
ment in addition to scores rated by the patient for pain, global assessment, fatigue, 
morning stiffness, as well as functional disability and quality of life. Such tools not 
only help in assessment of the disease activity status or comorbidity, but it also 
offers a way to monitor the patient’s response to therapy whether medical or physi-
cal. This also helps the treating therapist adapt the physical therapy program to meet 
the patient’s requirements. An example of the multidimensional patient-reported 
outcome measures questionnaire for musculoskeletal disorders [44] which can be 
used in standard clinical practice, to have a baseline for the patient’s physical status 
as well as comorbidity screen, is shown in Fig. 15.2.

�Poor Adherence and Barriers to Comprehensive Patient 
Management

Poor adherence to treatment can have negative effects on effectiveness, outcomes, 
as well as healthcare cost. Therefore, studies were carried out to assess for the bar-
riers to treatment adherence both medically as well as within physiotherapy. The 
extent of non-adherence within physical therapy treatment varied from one study to 
another. Vasey and his colleagues [45] found that 14% of physiotherapy patients did 
not return for follow-up outpatient appointments. Another study carried out by 
Sluijs et  al. [46] suggested that non-adherence to treatment and exercise perfor-
mance could be as high as 70%.
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Fig. 15.2  An example of multidimensional patient-reported outcome measures questionnaire for 
musculoskeletal disorders including the patient’s rates for his/her pain, stiffness, comorbidity, 
motivation, as well as functional ability and quality of life

Multi-Dimensional Questionnaire for Patient Reported Outcome Measures-Musculoskeletal
This questionnaire includes information not available from blood tests, X-rays, or any source other than you.  Please try to 
answer each question. There is no right or wrong answer. Please answer exactly as YOU think or feel. 

1.We are interested in learning how your illness affects your ability to function in daily life. Please tick (÷) the ONE 
best answer that describes your usual abilities OVER THE PAST WEEK:

Over the LAST WEEK, were you able to Without            With With Unable
ANY              SOME MUCH        TO DO

Difficulty     Difficulty      Difficulty
1. Get on and off the toilet? ..……… ……….. ……….. ……….      
2. Use your grip strength e.g. open previously opened Jars
Or lift a saucepan during cooking? ..……… ……….. ……….. ……….
3. Dress yourself, including tying shoelaces & doing buttons? ..……… ……….. ……….. ……….
4. Stand up from a chair without arms? ..……… ……….. ……….. ……….
5. Wait in a line for 15 minutes? ..……… ……….. ……….. ……….
6. Reach and get down a 5-pounds- ..……… ……….. ……….. ……….

object (such as a bag of sugar) from just above your head?
7. Walk outdoors on a flat ground? ..……… ……….. ……….. ……….
8. Go Up 2 or more flights of stairs? ..……… ……….. ……….. ……….
9. Do house work / DIY jobs around the house? ..……… ……….. ……….. ……….
10. Move heavy objects? ..……… ……….. ……….. ……….

Not Applicable
1. Get a good night’s sleep? ..……… ……….. ……….. ………. ………
2. Deal with the usual stresses of daily life? ..……… ……….. ……….. ………. ………
3. Cope with social/ family activities? ..……… ……….. ……….. ………. ………
4. Deal with feelings of anxiety or being nervous? ..……… ……….. ……….. ………. ………
5. Deal with feelings of low self esteem or feeling blue? ..……… ……….. ……….. ………. ………
6. Get going in the morning? ..……… ……….. ……….. ………. ………
7.  Do your work as you used to do? ..……… ……….. ……….. ………. ………
8.  Deal with any worries about your future? ..……… ……….. ……….. ………. ………
9.   Continue doing things you used to do, despite tiredness?.……… ……….. ……….. ………. ………

10. Continue your relationship with your partner (husband/wife)? ..……… ……….. ……….. ………. ………

2. How much PAIN have you had because of your arthritis/ joint or body ache OVER THE PAST WEEK?
Please put a circle around the number that best indicates your level of pain:

NO PAIN As Bad 
PAIN As It Could Be

0          10 20 30 40 50 60 70 80 90 100 

3. Considering all the ways your arthritis/ joint or body ache may be affecting you AT THIS TIME
Please put a circle around the number that best indicates how well you are doing:

VERY VERY
WELL POORLY

0        10 20 30 40 50 60 70 80 90 100      

4. How much of a problem has UNUSUAL FATIGUE or tiredness been for you OVER 
THE PAST WEEK? (please put a circle around the number that best indicates your fatigue)

FATIGUE A MAJOR
No Problem Problem           

0     10 20 30 40 50 60 70 80 90 100

5. OVER THE LAST WEEK when you awakened in the morning, did you feel stiff?

YES:       Please indicate the number of minutes ………, or hours ……… until you are as
limber as you will be for the day.
No:

Pain

PGA

Fatigue

Fn. Dis.

MS

5          15           25          35           45          55           65          75           85          95

5           15          25          35           45           55          65          75          85          95

5           15          25          35          45           55           65          75           85          95

QoL
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7. Please tick (÷) if you have experienced any of the following OVER THE LAST MONTH:

Fever Dry Eye Gynecological problem Cardiovascular Risk Assessment
Weight Loss (> 10 lbs.) Dry Mouth Short plans for having a baby Age > 50 years old
Loss of appetite Other eye problems Sexual Relationship Problems High Blood pressure
Trouble swallowing Headache Problems with erection (for men) High Cholesterol
Soreness in the mouth Shortness of breath I am Registered Disabled Current Smoker
Bleeding/inflammation of the gum Wheezing / asthma Absent from work due to joint pain Ischemic Heart Disease
Psoriasis Cough > 3 Alcoholic drinks per day Stroke
Unusual bruising or bleeding Heartburn Lost Height Irregular Heart beats
Numbness or tingling Feeling Sickly / Nausea Had a recent fracture Diabetes Mellitus
Loss of hair Constipation Falls Risk Assessment
Swollen Glands Diarrhea Loss of your balance Take steroids> 5mg/day
Problems with hearing Dark or bloody stools Problems with your sight Ulcer or stomach problem
Thyroid Disease Problems with urination Weakness of your grip strength Lung Disease
Diagnosed to have cancer Kidney problems >1 Fall in the last year Admitted cos of infection
Muscle pain, ache or weakness Pulmonary Embolism / DVT Change in Gait / Slow walking speed Liver Disease

8. The statements below concern your personal beliefs. Please circle the number that best describes 
how do you feel about the statement. 0 = Not at all; 10 = Strongly Agree

1. I understand the nature of my condition, the reasons for the 
symptoms, the course it runs and the consequences if left untreated.

2. I am aware of the different treatment options available to me, 
understand how each medication can help and feel able to share in 
making the decision regarding my management.

3. Overall I understand I am in charge of managing my condition 
and I feel confident I would know when to seek medical advice.

4. I am aware of my role in my own care, and feel able to manage the 
disease symptoms from interfering with my everyday activities. 

5. I have the confidence to discuss any questions I may have or raise any 
concerns regarding my condition or treatment with my Doctor/nurse.

6. I am confident I am able to take any tablet and/or administer any 
injection prescribed for me.

7. I am able to self-manage my disease, ease the symptoms and 
overcome some of the difficulties associated with my condition. 

8. I feel confident and able to manage any new symptom related to my 
condition

9. I am able to maintain life style changes like diet and exercise and 
feel confident I can continue these during difficult times.

10. I am confident I can find reliable sources of information about my 
condition and  health choices

Pt. 
Motivation

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7      8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10

0             1              2    3          4              5          6          7         8              9            10
□ I consent to my clinical data being used for research/audit.          Signature: Date:          /          / 20

Fig. 15.2  (continued)
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Within physiotherapy, the concept of adherence is multidimensional [47] and 
could relate to attendance at appointments, following advice, undertaking pre-
scribed exercises, frequency of undertaking prescribed exercise, correct perfor-
mance of exercises, or doing more or less than advised. Many factors related to the 
patient, the healthcare provider, and the healthcare organization are thought to influ-
ence the patient adherence to treatment [48]. Within physiotherapy it is not clear 
which factors act as barriers to adherence.

Identification of barriers may help clinicians identify patients at risk of non-
adherence and suggest methods to reduce the impact of those barriers thereby maxi-
mizing adherence. A systematic review [49] summarized the results from 20 
high-quality studies and found strong evidence that low levels of physical activity at 
baseline or in previous weeks, low in-treatment adherence with exercise, low self-
efficacy, depression, anxiety, helplessness, poor social support or activity, greater 
perceived number of barriers to exercise, and increased pain levels during exercise 
are barriers to treatment adherence. Identification of these barriers during patient 
assessments may be important, in order to adopt appropriate management strategies 
which help to counteract their effects and improve treatment outcomes. 
Physiotherapists should be concerned about the attitudes, beliefs, and barriers fac-
ing their patients and act collaboratively with their patients to design realistic treat-
ment plans which are customized to the patient’s life circumstances. The addition of 
coping plans may help patients to overcome difficulties that may arise and allow 
them to maintain the treatment program [50].

�Conclusion

In conclusion, in physical therapy, the impact of coexisting comorbidities, other 
than the primary disease the patients are treated for (index disease), on the treat-
ment and the outcomes of physiotherapy programs for individual patient, has 
become more recognized nowadays. However, how patients with comorbidities are 
treated in daily practice remain not clear and subject to the therapist’s experience 
and knowledge. Understanding the decision-making process of physical therapy 
and exploring the treatment of comorbid patients in daily practice might be the first 
step to unravel the complexity of treating multi-diseased patients. Comorbidity 
(e.g., diabetes mellitus) may require adaptations in intervention strategies, as 
comorbidity negatively affects treatment results of the index disease (e.g., COPD or 
rheumatoid arthritis) or treatment for one disease (e.g., cardiopulmonary endurance 
training). Furthermore, comorbidity may negatively interact with the treatment or 
natural course of a coexisting disease (e.g., severe osteoarthritis of the knee). 
Therefore, insight of considerations required when applying physical therapy in 
comorbid patients and suggestions to enhance and accelerate clinical reasoning 
may be helpful for healthcare providers to obtain optimal treatment and outcomes. 
Dealing with comorbidity in standard patients’ management needs a patient-cen-
tered rather than a disease-oriented approach, in order to obtain optimal treatment 
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and results. Physical therapists should improve their skills and knowledge of high 
prevalent comorbidities, be fully informed, monitor more than the index disease 
outcomes alone, and adequately adjust interventions. General practitioners and 
physicians can improve the level of information given in their referral of a patient 
to a physical therapist, by providing information on all coexisting diseases and 
related medication.
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Chapter 16
Comorbidity Index

Yasser El Miedany

Though the treatment paradigm for chronic inflammatory arthritic conditions has 
changed dramatically over the last 15 years, with more effective interventions intro-
duced, able to prevent joint damage and functional impairment, managing the com-
plexity of rheumatic diseases in clinical practice remains as a great challenge. 
Meta-analyses revealed that, while the long-term prognosis of inflammatory arthritic 
conditions has improved significantly following the introduction of new diagnostic 
and management guidelines, the life span of rheumatic patients has not improved 
accordingly [1–3]. This higher mortality rate has been attributed to associated 
comorbidities. By definition, comorbidity refers to the coexistence of other chronic 
diseases in patients with an index disease [4]. In inflammatory arthritic conditions, 
the chronic active inflammatory process may predispose to the development of some 
of these comorbidities (e.g., increased prevalence of cardiovascular disease, a greater 
incidence of infections, and the development of certain malignancies [5–9]). 
However, medications used to treat the arthritic conditions (e.g., steroids and nonste-
roidal anti-inflammatory medications [8]) have been linked also to the occurrence of 
further comorbidities. Therefore, it has become essential to consider the synergism 
of treating the index disease and comorbid conditions concomitantly. Calculating 
the patient risk before commencing therapy would have a positive impact on the way 
these patients are managed as it would make care fit for arthritic patients.

Comorbidities can be assessed via two approaches: either recording each comor-
bidity separately (e.g., cardiovascular, osteoporosis, infection, malignancy, diabetes 
mellitus, etc.) or summing the comorbidity risk into a single score which provides a 
single measure for multiple comorbidities (e.g., comorbidity indices). In real-life 
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practice, the advantage of comorbidity indices is that by reducing all coexistent ill-
nesses and the severity of those into a single numeric score, monitoring of the 
patient as well as comparison of comorbidity between patients is possible, whereas 
in scientific research, the greatest advantage of these indices is to adjust multivariate 
analysis in observational studies giving a single and highly informative score. 
Comorbidity indices can be classified according to the outcome of interest such as 
mortality/hospitalization, physical function, or quality of life or the source of data, 
such as administrative, e.g., International Classification of Diseases such as ICD-9/
ICD-10, or self-administered questionnaires (Table 16.1).

In this chapter, commonly used comorbidity indices and self-administered 
comorbidity questionnaires will be discussed with their implication onto standard 
rheumatology clinical practice as well as on the patients’ management.

�Comorbidity Indices

Comorbidity indices are tools developed to enable the physician to quantify the total 
comorbidity burden which contributes to the patient’s overall illness. Comorbidity 
indices have several clinical and research benefits, including the identification of 
patients (or research participants) with worse prognosis in terms of declines in 
health-related quality of life, functional ability, risk of hospitalization or mortality 
[10]. The simplest method to measure comorbidity is to use the summation of each 
comorbid illness to generate a total value of comorbidity, often termed as “comor-
bidity counts.” However, not all comorbid diseases have the same impact on the 
outcome of interest. Thus, more complex comorbidity indices were created to select 
and weight specific comorbid illnesses to measure more accurately the burden and 
impact of overall comorbidity [11–16]. Table 16.1 shows a list of the most comor-
bidity indices used in rheumatology research which will be discussed in this 
chapter.

�Charlson Comorbidity Index (CCI)

The Charlson Comorbidity Index (CCI) [11], published in 1987, was based on the 
mortality rates of 607 patients admitted to the general internal medicine service for 
1-month period. The aim was to develop a prospective measure which can be applied 
to classify comorbidities, which might alter the mortality risk, for use in longitudi-
nal studies. Seventeen diseases were included in this index, with different weights, 
and were selected and weighted based on the strength of their association with mor-
tality (Table 16.2). All weights are summed to obtain a numeric comorbidity score 
(range, 0–33) for any particular patient.
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�CCI Characteristics

The CCI was developed to predict 1-year patient mortality using comorbidity data 
obtained from hospital chart review. Later on, comorbidities of patients were cate-
gorized based on the International Classification of Diseases (ICD) diagnosis codes 
found in administrative data (such as hospital abstracts or medical services data). 
Each comorbidity category has an associated weight (from 1 to 6), based on the 
adjusted risk of mortality or resource use, and the sum of all the weights results in a 
single comorbidity score for a patient. A score of zero indicates no comorbidities in 
the list. The higher the score, the more likely the predicted outcome will result in 
mortality or higher resource use.

Clinical conditions and associated scores are as follows:

•	 1 point each: myocardial infarct, congestive heart failure, peripheral vascular 
disease, dementia, cerebrovascular disease, chronic lung disease, connective tis-
sue disease, ulcer, chronic liver disease, diabetes

•	 2 points each: hemiplegia, moderate or severe kidney disease, diabetes with end-
organ damage, tumor, leukemia, lymphoma

•	 3 points each: moderate or severe liver disease
•	 6 points each: malignant tumor, metastasis, AIDS

Table 16.2  Charlson 
Comorbidity Index

Disease Points

Myocardial infarction 1
Congestive heart failure 1
Peripheral vascular disease 1
Cerebrovascular disease 1
Dementia 1
COPD 1
Connective tissue disease 1
Peptic ulcer disease 1
Diabetes mellitus 1 point if uncomplicated

2 points if end-organ damage
Moderate to severe CKD 2
Hemiplegia 2
Leukemia 2
Malignant lymphoma 2
Solid tumor 2 points

6 points if metastatic
Liver disease 1 point if mild

3 points if moderate to severe
AIDS 6 points

From Charlson et al. [11], with permission
Calculation: Add all items of the comorbidity score. The total 
score is the Charlson Comorbidity Index. Range, 0–36
COPD chronic obstructive pulmonary disease, CKD chronic 
kidney disease
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Regarding the content validity (the completeness and relevance of the items con-
tent to measuring what they claimed to measure [17]) of the CCI, the items and the 
weights included were statistically derived by the relative risk estimates of the pro-
portional regression model to predict mortality using clinical data. As far as con-
struct validity (which refers to the degree to which a test measures what it claims, or 
purports, to be measuring), in the study carried out by Kiefe et al. [18], outcomes 
suggested a good construct validity of the CCI. Criterion validity refers to the cor-
relation of a scale with some other measure of the disorder under study, ideally, a 
gold standard that has been used and accepted in the field [19]. However, as there is 
no gold standard that exists for measuring comorbidity, another comorbidity mea-
sure is usually used for comparison. Earlier studies revealed that CCI presented 
moderate to good correlation with other comorbidity indices [20–22], as well as 
other outcome criteria such as disability, mortality, and length of stay [19, 23]. 
Lastly, the reliability of the CCI (which refers to the overall consistency of a mea-
sure and also has been defined as the extent to which repeated measurements of a 
stable phenomenon by different people, at different times and places, get similar 
results and are usually assessed by the intra-class correlation coefficient (ICC) in 
case of several assessors [24]) was reported to be moderate to very good indicating 
good reliability of the CCI [25, 26].

�Development and Changes to the CCI

Over time, there have been changes to the original index. A summary of these varia-
tions includes:

•	 The original index was developed with 19 categories [11] but has been modified 
to 17 categories published by Deyo et al. in 1992 [27].

•	 The list of specific ICD diagnosis codes that are used to identify different catego-
ries of comorbidity has been modified as reported in the Romano et al. study 
published in 1993 [28] and updated from ICD-9-CM to work with ICD-10 cod-
ing as reported in the Halfon et al. study (2002) [29] and then in the Quan et al. 
study (2005) [30].

•	 The original weights developed for use with the index have also been modified 
(Schneeweiss et al. 2003) [31].

�Critical Analysis of the CCI

The Charlson Comorbidity Index (CCI) is the most widely used comorbidity index. 
CCI has been adapted and verified as applicable and valid tool for predicting the 
outcome and risk of death from many comorbid diseases [32, 33]. However, while 
the CCI was created to predict death in a sample of hospitalized patients, it has been 
widely used outside its originally intended scope. A systematic review of the CCI 
using Canadian administrative databases was carried out by Needham et al. (2005) 
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[34] with a perspective on risk adjustment in critical care research. Results revealed 
lower predictive ability of the CCI in comparison to Acute Physiology and Chronic 
Health Evaluation (APACHE), yet the study highlighted the advantages of using the 
CCI instrument for population-based research. Another study reported that some 
comorbidities collected in other indices, such as alcoholism, were not included in 
the CCI [35]. Rheumatology-wise, in the current RA management context, the CCI 
can be considered as outdated. Being developed in 1987, most (if not all) of the 
rheumatoid arthritis or other connective disease patients included in the CCI, most 
likely, have not been treated according to the treatment protocols approved in the 
last 20 years. Furthermore, it is worth noting that some diseases such as fibromyal-
gia have not been included in the comorbidity index.

�Elixhauser Comorbidity Measure (ECM)

The Elixhauser Comorbidity Measure (ECM) [16] is a method of categorizing 
comorbidities of patients based on the International Classification of Diseases (ICD) 
diagnosis codes found in administrative data, such as hospital abstracts data. Each 
comorbidity category is dichotomous, i.e., it is either present or absent. The index 
can be used to predict hospital resource use and in-hospital mortality. The ECM was 
developed using administrative data from a state-wide California inpatient database 
(n = 1,779,167). Its original aim was to identify a list of 30 comorbidities (the 17 
from the CCI + 13 new ones), relying on the ICD-9-CM, that had a major impact on 
short-term outcomes in acute hospital inpatients (Table 16.3). Elixhauser et al. [16] 
treated conditions separately or as a count. The comorbidities identified in the ECM 
were significantly associated with in-hospital mortality and include both acute and 
chronic conditions.

�ECM Characteristics

Regarding its content validity, the ECM comprises a larger number of items com-
pared to the CCI.  In addition to the empirical-generated items (that were also 
included in the CCI), 13 additional judgmental items were added, based on a sys-
tematic literature review. On the other hand, no weight was given to the comorbidi-
ties included, implicitly assuming that all conditions are equally important in their 
relationship to outcomes, which is unlikely to be true. There were no studies pub-
lished to evaluate the construct validity of the ECM. Interestingly, assessment of the 
ECM criterion validity revealed that when ECM was compared to CCI, in most of 
the studies ECM tended to outperform the CCI tool [36–39], while in others perfor-
mances were similar [40]. In concordance, a systematic review and comparative 
analysis showed that, among various comorbidity indices, the Elixhauser index pre-
dicts the risk better, especially beyond 30 days of hospitalization [41]. ECM also 
tended to perform better, when compared to other illness indicators, such as 
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“previous years expenditures” [42]. As far as reliability, no data were available on 
the ECM. However, the inter-rater reliability may appear less relevant since it uses 
administrative data. Furthermore, its developers highlighted the fact that diagnoses 
from administrative data may be less accurate than those from physicians, although 
diagnoses from physicians are not perfectly accurate.

Table 16.3  Elixhauser 
Comorbidity Measure

Comorbidity
Congestive heart failure
Valvular disease
Pulmonary circulation disorders
Peripheral vascular disorders
Hypertension
Paralysis
Other neurological disorders
COPD
Diabetes uncomplicated
Diabetes complicated
Hypothyroidism
Renal failure
Liver disease
Peptic ulcer excluding bleeding
AIDS
Lymphoma
Metastatic cancer
Solid tumor without metastasis
Rheumatoid arthritis/collagen vascular diseases
Coagulopathy
Obesity
Weight loss
Fluid and electrolyte disorders
Blood loss anemia
Deficiency anemia
Alcohol abuse
Drug abuse
Psychosis
Depression

From Elixhauser et al. [16], with permission
Calculation: 1 point per comorbidity; add all items. 
The total score is the Elixhauser Comorbidity 
Measure. Range, 0–18.
COPD chronic obstructive pulmonary disease, 
AIDS acquired immunodeficiency syndrome
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�Development and Changes to the ECM

Over time, there have been changes to the ECM index based on different research 
studies. A summary of these variations includes:

•	 While the original index was developed including 30 categories [16], Garland 
et al. 2012 [43] suggested increasing them to 31 categories.

•	 The list of specific ICD diagnosis codes used to identify different categories of 
comorbidity has been modified and updated from ICD-9-CM to work with ICD-
10 coding. Results were published in the Quan et al. study (2005) [30].

•	 In the study carried out by van Walraven et al. (2009), a weighting algorithm was 
developed, based on the association between comorbidity and death, in order to 
produce an overall score for the Elixhauser Total Score (ETS) [44].

�Critical Analysis of the ECM

Generally, one of the ECM limitations is that the index has been designed for use 
with very specific ICD coding (up to 5-digit ICD-9-CM codes and 7-digit ICD-10 
codes) found in the hospital abstracts data. This is due to the specificity required to 
distinguish between diagnoses that should/should not be included in the index and 
to be able to properly identify and place codes into the appropriate category. 
Therefore, using only 3-digit ICD codes to calculate the ECM is not recommended 
as they lack the specificity required to properly categorize diagnoses in the 
Elixhauser Comorbidity Index.

Rheumatology-wise, similar to the CCI, ECM index has been applied in situa-
tions extending beyond its intended scope, and, in the current RA management con-
text, Elixhauser indices can be also considered as outdated. Being developed in 
1998, the majority of the RA patients included in the ECM original study, most 
likely, have missed the biologic therapy era or are treated according to the manage-
ment protocols approved in the last 18 years. Furthermore, ECM uses a comorbidity 
count and not weights. The use of comorbidity counts is discouraged because they 
vary in the number and types of conditions included, and wide variability in predic-
tive ability should be expected.

�The Functional Comorbidity Index (FCI)

Prior comorbidity indices have been developed primarily to predict mortality or 
administrative outcomes such as length of stay in acute care or disease-specific pop-
ulations [13, 45]. These indices typically include diagnoses, often asymptomatic, 
such as hypertension, that are important in predicting mortality, and exclude diagno-
ses, such as arthritis, that impact physical function but are unlikely to result in short-
term mortality. Research using indices designed to predict mortality have concluded 
that comorbid illnesses have little relationship with physical disability [46, 47], a 
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finding that seems intuitively false but underscores the need to consider the purpose 
for which an index was designed. This paved the way to develop new indices with 
different outcomes of interest such as physical function or quality of life.

The Functional Comorbidity Index [48] was developed using two databases: a 
cross-sectional, simple random sample of 9423 Canadian adults and a sample of 
28,349 US adults seeking treatment for spine ailments. The purpose was to develop 
a self-administered, general population index of comorbid diseases with physical 
function, assessed by the physical function subscale of the SF-36, as the outcome of 
interest. The underlying premise was that diagnoses associated with impairments in 
physical function would be, at least in part, different from those associated with 
mortality, and therefore, an index designed with physical function as the outcome 
would perform better in the previous context—i.e., spinal problems—than indices 
designed with mortality as the outcome of interest.

�The FCI Characteristics

Multiple linear regression identified 18 variables that were associated with the 
SF-36 physical function score (Table  16.4) [48]. The FCI was scored as both a 
simple count (yes/no) and a weighted count of the diagnoses. “Weights” were 
derived from the standardized beta coefficients from the regression analysis. A 
score of “0” indicates no comorbid illnesses, and a score of “18” indicates the high-
est number of comorbid illnesses. The weighted count did not perform significantly 
better, and therefore, it is not used. Simple counts are clearly easier to score and use. 
The FCI scores correlated weak to moderate with both the SF-36 physical function 
and role physical subscale scores (−.53 and −.31, respectively). When the SF-36 
physical function subscale score was dichotomized into “high” and “low,” the FCI 
simple count correctly classified 76.6% of people, whereas using a weighted count, 
the FCI correctly classified 77.0%. Compared with the CCI [11] and the Kaplan-
Feinstein index [13], the FCI accounted for more variation in the physical function 
subscale scores (R2 = 0.29, 0.18, and 0.07%, respectively).

�Critical Analysis of the FCI

The Functional Comorbidity Index was developed specifically for use in the general 
population with physical function, not mortality, as the outcome of interest. The 
Functional Comorbidity Index contains conditions such as visual impairment, 
osteoporosis, and arthritis, which do not appear in the most widely used indices, 
namely, the CCI or the Kaplan-Feinstein index. However, the FCI does not take into 
consideration the severity of the diagnoses, an important factor to be considered 
when dealing with diseases such as inflammatory arthritis. Severity ratings are likely 
to provide better adjustment. Furthermore, the FCI study relied mainly on secondary 
data sources for development and thus may have overlooked some diagnoses associ-
ated with functional status. For example, HIV/AIDS was not explicitly collected in 
either database and may contribute significantly to functional disability.

16  Comorbidity Index



332

�The Rheumatic Disease Comorbidity Index (RDCI)

The RDCI [49] was created from self-report questionnaires from patients with RA, 
osteoarthritis, systemic lupus erythematosus, or fibromyalgia. The RDCI is charac-
terized by having multiple outcomes of interest. Comorbid illnesses were assessed 
for impact on six outcomes: direct medical costs, work disability, social security 
disability, Health Assessment Questionnaire (HAQ) functional disability, hospital-
ization, and death.

�The RDCI Characteristics

While 22 comorbid illnesses were assessed, the final score encompasses 11 
comorbid illnesses (Table 16.5); the range is 0–9. The RDCI was compared to six 
comorbidity indices: the Charlson-Deyo Index (CDI), Functional Comorbidity 
Index (FCI), Elixhauser Comorbidity Measure (ECM), Elixhauser Point System 
(EPS), and a simple comorbidity count (COUNT) using a US cohort of rheuma-
toid arthritis patients [10]. Relative to other common comorbidity indices, the 

Table 16.4  The Functional Comorbidity Index

1. Arthritis (rheumatoid and osteoarthritis)
2. Osteoporosis
3. Asthma
4. Chronic obstructive pulmonary disease (COPD), acquired respiratory distress syndrome 
(ARDS), or emphysema
5. Angina
6. Congestive heart failure (or heart disease)
7. Heart attack (myocardial infarct)
8. Neurological disease (such as multiple sclerosis or Parkinson’s)
9. Stroke or TIA
10. Peripheral vascular disease
11. Diabetes types I and II
12. Upper gastrointestinal disease (ulcer, hernia, reflux)
13. Depression
14. Anxiety or panic disorders
15. Visual impairment (such as cataracts, glaucoma, macular degeneration)
16. Hearing Impairment (very hard hearing, even with hearing aids)
17. Degenerative disc disease (back disease, spinal stenosis, or severe chronic back pain)
18. Obesity and/or body mass index >30 (weight in kg/height in meters2)
Height_____________________(cm or inches?)
Weight_____________________(kg or lbs?) BMI =

From Grolla et al. [48], with permission
Calculation: 1 point per comorbidity; add all items. The total score is the Elixhauser Comorbidity 
Measure. Range, 0–18
Abbreviations: TIA transient ischemic attack
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RDCI and ECM Score were superior indices for predicting death and physical 
disability in an administrative data set composed of individuals with RA. The 
RDCI predicted physical disability with self-report data from a clinic question-
naire. In contrast to the Elixhauser Comorbidity Measure (ECM) which is com-
posed of 30 different comorbidities, the RDCI relies on only 11 comorbidities. 
The RDCI may also be used as a foundation to tailor to a specific outcome of 
interest. For example, if death from myocardial infarction is being studied, addi-
tional predictive power is obtained by adding certain binary comorbid conditions 
(previous myocardial infarction, hypertension, and hyperlipidemia) to the RDCI 
[10]. In contrast to other indices such as CCI and FCI which perform optimally 
only for one outcome, RDCI can perform well in multiple outcomes.

�Critical Analysis

The RDCI is the first comorbidity index addressing diseases commonly associ-
ated to rheumatic diseases specifically. The RDCI can be used with administrative 
data sets as well as with patient-reported data. This ability to use both sources 
allows the index to be more widely applicable and to serve as a standardized mea-
sure of comorbidity within rheumatology. Furthermore, the RDCI relies on rela-
tively smaller number of comorbidities (only 11) and was assessed for variable 
relevant outcomes of interest. However, the RDCI has some limitations. First, the 
index was fixed at baseline values for analysis, thus removing the chronological 
component of comorbidity during the follow-up period. This reduces the predic-
tive power of comorbidity indices [50]. Additionally, the ICD-9-CM codes were 
collected from outpatient visits, which rely on the providers to maintain an accu-
rate list of comorbid conditions. There is usually a delay in data recording, which 
represents a significant limitation to the index (in the RDCI validation study mor-
tality data collected through the National Death Index had approximately a 2-year 
delay; thus, deaths collected through the National Death Index from 2008 to 2010 
may have been missed and not included in the analysis). Thirdly, the population 

Table 16.5  The Rheumatic 
Disease Comorbidity Index

Comorbidity Point

Lung disease 2
Heart attack, other CV, or stroke 2
Hypertension 1
Fracture 1
Depression 1
Diabetes 1
Cancer 1
Ulcer or stomach problem 1

From Michaud and Wolfe [49], with permission
Calculation: Add all items. The total score is 
the Rheumatic Disease Comorbidity Index 
score (range 0–9)
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in the RDCI administrative data set was composed entirely of individuals with RA 
and was predominantly male. Thus, generalizability of the results to other popula-
tions may not be appropriate.

�The Multimorbidity Index (MMI)

The notion of multimorbidity was introduced based on the fact that rheumatology 
patients are typically afflicted by more than one disease; therefore, considering mul-
timorbidity is vital when deciding on diagnostic or therapeutic strategies. 
Furthermore, multimorbidity can cause polypharmacy, an increasing treatment bur-
den, which might also impact patients’ overall HRQoL. Therefore, the concept was 
that developing an index reflecting multimorbidity that is based on HRQoL might 
be helpful to better address the disease-related aspects of patients’ overall well-
being, which could also be useful for application in both clinical trials and epide-
miological studies.

The MMI [51] was developed based on health-related quality of life (HRQoL) in 
an observational RA cohort. The MMI identified quality of life as the main out-
come, associated with physical function, pain, and global health. The hypothesis 
was that, incorporating a multidimensional patient-centered concept, quality of life 
reflects patients’ overall well-being and can be considered a main treatment target. 
This was supported by the findings of an earlier study which reported that an 
increasing number of morbidities lead to a decrease of HRQoL [52].

�The MMI Characteristics

The index includes 40 morbidities, all identified using ICD-9 codes (Table 16.6). 
MMIs of two types were calculated: one by enumerating morbidities (MMI 
count) and the other by weighting morbidities based on their association with 
HRQoL as assessed by the European Quality of Life – 5 dimensions (EQ-5D) 
questionnaire in multiple linear regression analysis. Criterion validity was 
assessed by comparing the MMI to CCI and FCI indices as well as HRQoL, all 
measured at the baseline visit. Both MMI count and MMI weight indices were 
more strongly associated with EQ-5D than CCI (Spearman: MMI count = −0.20, 
MMI weight = −0.26, and CCI = −0.10; p < 0.01). R2 obtained by linear regres-
sion using EQ-5D as a dependent variable and the various indices as independent 
variables, adjusted for age and gender, was the highest for MMI (R2: MMI count 
= 0.05, MMI weight = 0.11, and CCI = 0.02). When accounting for clinical dis-
ease activity index (CDAI), R2 increased (MMI count = 0.18, MMI weight = 0.22, 
and CCI = 0.17), still showing higher values of MMI compared with CCI but in 
any case rather small. External validation in different RA cohorts [51] showed 
good performance of both Indices. In view of this, and considering that not much 
improvement was gained by weighting, the authors endorsed a simple MMI count 
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index for its use in the assessment of multimorbidity in RA patients and its impact 
on the patients’ overall well-being.

�Critical Analysis

Similar to the FCI which considered physical function as the main outcome, the 
MMI addressed the patients’ overall well-being (QoL) as the main outcome. This 
comes in contrast to the earlier existing indices such as CCI and ECM which are 
based on other specific outcomes, such as mortality, costs, or hospitalization. 
However, for the MMI, the diseases were selected as either recommended as a core 
for any multimorbidity measure by a systemic literature review or defined as chronic 
(long-term) disorders with important impact as proposed by the National Health 
Service Scotland. These selection criteria may be the explanation for the long list of 
comorbidities, a good number of which are not commonly reported in inflammatory 
arthritic conditions. This may, in turn, explain the poor criterion validity shown in 
the study and why the average range of the multimorbidity count ranged from 1 to 
16 only, while the total score is 40. This, also, may elucidate the low correlation of 
the MMI count when compared with the FCI despite both of them used HRQoL as 
the outcome of interest. Furthermore, the MMI was developed in a disease-specific 
cohort, namely, RA patients, yet it has not been assessed in non-RA patients.

Table 16.6  The Multimorbidity Index

Comorbidity Point Comorbidity Point

Glaucoma 1 Psoriasis eczema coronary heart disease 1
Irritable bowel syndrome 1 Hearing loss 1
Schizophrenia bipolar disorder 1 Stroke/transient ischemic attack 1
Learning disability 1 Peripheral vessel disease 1
Anorexia/bulimia 1 Chronic kidney disease 1
Migraine 1 Inflammatory bowel disease 1
Prostate disorders, diverticulitis 1 Thyroid disorders 1
Chronic sinusitis hypertension 1 Asthma 1
Cancer 1 Obesity 1
Diabetes 1 Chronic liver disease 1
Atrial fibrillation 1 Heart failure 1
Constipation 1 Bronchiectasis 1
Multiple sclerosis 1 Depression 1
Substance misuse osteoporosis 1 Anxiety/neurotic disorders 1
Hepatitis 1 Alcohol abuse 1
Epilepsy 1 Blind or low vision 1
Dementia 1 Parkinson 1
Dyspepsia 1 Chronic obstructive pulmonary disease (COPD) 1

From Rander et al. [51], with permission
Calculation: 1 point per comorbidity; add all items. The total score is the multimorbidity measure. 
Range, 0–40
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�Self-administered Comorbidity Questionnaires

Self-administered comorbidity questionnaires for assessing comorbidities have been 
introduced [53, 54] as an alternative to medical records or administrative data 
approach. The self-administered comorbidity questionnaire (SCQ), which was first 
published by Sangha et al. in 2003 [54], requires the patients to indicate whether 
they suffer at the moment from 12 medical conditions in addition to the index dis-
ease (Table 16.7). The comorbidities listed were selected by an expert panel based 
on the ones captured by the CCI. The score of the SCQ ranges from 0 to 45 points. 
Construct validity was assessed by the correlation between SCQ and CCI and was 
moderate (0.55). Test-retest reliability was very good (ICC 0.94 [95%CI 0.72–0.99]). 
Criterion validity was evaluated through the correlation of SCQ with SF-36 and was 
weak to fair (from r = 0.03 to 0.39 depending on the SF-36 subscale, with better cor-
relations observed for physical-related subscales) and fairly correlated with the num-
ber of prescriptions in a year (r = 0.37). Stolwijk et  al. [55] have published a 
validation study for SCQ in patients with ankylosing spondylitis (AS), where crite-
rion validity was assessed by the agreement between the SCQ answers and 

Table 16.7  Self-administered comorbidity questionnaire

Problem
Do you have 
the problem

Do you receive 
treatment for it

Does it limit 
your activities

Heart disease No □ Yes □ No □ Yes □ No □ Yes □
High blood pressure No □ Yes □ No □ Yes □ No □ Yes □
Lung disease No □ Yes □ No □ Yes □ No □ Yes □
Diabetes No □ Yes □ No □ Yes □ No □ Yes □
Ulcer or stomach disease No □ Yes □ No □ Yes □ No □ Yes □
Kidney disease No □ Yes □ No □ Yes □ No □ Yes □
Liver disease No □ Yes □ No □ Yes □ No □ Yes □
Anemia or other heart disease No □ Yes □ No □ Yes □ No □ Yes □
Cancer No □ Yes □ No □ Yes □ No □ Yes □
Depression No □ Yes □ No □ Yes □ No □ Yes □
Pain and swelling in joints other than the back No □ Yes □ No □ Yes □ No □ Yes □
Osteoporosis No □ Yes □ No □ Yes □ No □ Yes □
Fractures No □ Yes □ No □ Yes □ No □ Yes □
Other medical problems (please write)
1. No □ Yes □ No □ Yes □ No □ Yes □
2. No □ Yes □ No □ Yes □ No □ Yes □
3. No □ Yes □ No □ Yes □ No □ Yes □

From Sangha et al. [54], with permission
Instructions: The following is a list of common health problems. Please indicate (circle correct 
answer) if you currently have the problem in the first column. If you do not have the problem, skip 
to the next problem. If you do have the problem, please indicate in the second column if you 
receive medications or some other type of treatment for the problem. Also, indicate in that case in 
the third column if the problem limits any of your activities. Finally, indicate also medical condi-
tions that are not listed under “other medical problems” at the end of the list
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comorbidities identified in medical records and was moderate to perfect for most 
conditions (κ 0.47–1.00), except for ulcer disease, depression, and OA. Other valida-
tion studies using this questionnaire in other pathologies are currently on going.

�Disease-Specific Comorbidity Indices

In view of the recent developments in the diagnosis and management of inflamma-
tory arthritic conditions and the reports showing variable comorbidity patterns in 
patients suffering from different rheumatic diseases [56], there has been an unmet 
need for new comorbidity indices addressing these points. The recently published 
Rheumatoid Arthritis Comorbidity Index (RACI) [57] and Psoriatic Arthritis 
Comorbidity Index (PsACI) [58] were created from self-report questionnaires com-
pleted by patients with early rheumatoid and psoriatic arthritis. Both indices are 
disease specific and are characterized by having multiple outcomes of interest. In 
both RACI and PsACI, comorbid illnesses were assessed for impact on four out-
comes: functional disability, quality of life, medication-associated comorbidities, 
and hospitalization and death.

�The RACI and PsACI Characteristics

Original studies for both questionnaires [57, 58] revealed that the patients included 
were suffering from early inflammatory as well as psoriatic arthritis (disease dura-
tion <6 months and <12 months, respectively). The patients were monitored over 
10-year period and received treatment in the form of DMARDs and biologic ther-
apy according to the recently published guidelines; hence, both indices were not 
fixed to baseline data. Furthermore, each index addressed its specific disease activ-
ity. The development of both RACI and PsACI was based on patient self-administered 
questionnaire as well as ICD-10 data record. Results revealed variation of the 
comorbidity prevalence over the 10-year study period. While depression and anxi-
ety were more prevalent in the first few years of the disease course, other comorbidi-
ties including cardiovascular, osteoporosis, and medication-associated comorbidities 
were more prevalent at later stages of the disease course. Thirty-one comorbidities 
were identified in the RACI with a score ranging between 0 and 36 (Table 16.8), 
whereas the PsACI included 29 items with a score ranging between 0 and 36 
(Table 16.9). Criterion validity was evaluated through the index correlation with 
both functional disability and quality of life. Multivariate linear regression analysis 
for functional disability score prediction using RACI adjusted for age and gender 
revealed significant correlations at 1, 3, 5, and 10 years (R2, 0.743, 0.767, 0.908, and 
0.835, respectively). Similarly PsACI showed significant correlation with the func-
tional disability score (R2, 0.725, 0.773, 0.847, and 0.872 at 1, 3, 5, and 10 years, 
respectively). Construct validity was assessed by studying the correlation between 
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Table 16.8  Rheumatoid Arthritis Comorbidity Index (RACI)

Comorbidity Point Comorbidity Point

DAS-28 > 3.6 5 Osteoporosis 1
Fracture 2 Falls risk 1
Ischemic heart disease 2 Liver disease 1
Myocardial infarction 2 Renal disease 1
Depression 2 GIT disease 1
Diabetes mellitus 2 Endocrine disease 1
Hypertension 1 Pulmonary disease 1
Hyperlipidemia 1 Tumor 1
Metabolic syndrome 1 Periodontitis 0.5
Peripheral vascular disease 1 Osteoarthritis 0.5
Cerebrovascular disease 1 Fibromyalgia 0.5
Arrhythmia 1 Atlantoaxial subluxation 0.5
Infection 1 Carpal tunnel syndrome 0.5
Anxiety 1 Vasculitis 0.5
Smoking 1 Amyloidosis 0.5

Eye inflammation/cataract 0.5

From El Miedany et al. [57], with permission
Calculation: add all items. The total score is the Rheumatoid Arthritis Comorbidity Index (RACI). 
Range, 0–36. Score ≥ 8 indicates high comorbidity risk

Table 16.9  Psoriatic Arthritis Comorbidity Index (PsACI)

Comorbidity Point Comorbidity Point

Disease severity (3/5) 5 Osteoporosis 1
Metabolic syndrome 2 Falls risk 1
Ischemic heart disease 2 Liver disease 1
Myocardial infarction 2 Renal disease 1
Depression 2 GIT disease 1
Diabetes mellitus 2 Endocrine disease 1
Hypertension 1 Pulmonary disease 1
Hyperlipidemia 1 Tumor 1
Fracture 2 Periodontitis 0.5
Peripheral vascular disease 1 Osteoarthritis 0.5
Cerebrovascular disease 1 Fibromyalgia 0.5
Arrhythmia 1 Vasculitis 0.5
Infection 1 Amyloidosis 0.5
Anxiety 1 Eye inflammation/cataract 0.5
Smoking 1

From El Miedany et al. [58], with permission
Calculation: add all items. The total score is the Psoriatic Arthritis Comorbidity Index (PsACI). 
Range, 0–36. Score ≥ 8 indicates high comorbidity risk
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the RACI and four comorbidity indices: the CCI, FCI, RDCI, and MMI. Relative to 
other comorbidity indices, the RACI and RDCI showed high correlation for predict-
ing death and physical disability in data set composed of individuals with RA (1 
year, 0.963; 3 years, 0.598; 5 years, 0.966; 10 years,0.919). Similarly, PsACI was 
compared to the CCI, FCI, RDCI, and MMI. In concordance with the RACI, both 
PsACI and RDCI had the highest correlations at 1 year (r = 0.863), 3 years (0.798), 
5 years (0.886), and 10 years (0.916). Test-retest reliability for both RACI and 
PsACI was very good (ICC 0.97 and 0.96, respectively). Receiver operating charac-
teristic (ROC) illustrating the discriminating ability of the RACI revealed that a 
score of 8/36 gave an area under the curve (AUC) of 0.967, whereas in the PsACI a 
score of 8/36 gave an AUC of 0.987. External validation studies for both RACI and 
PsACI revealed that both indices were able to predict outcomes of physical disabil-
ity, quality of life, as well as hospitalization/death and showed significant correla-
tion with all the other comorbidity indices (CCI, FCI, RDCI, and MMI).

�Critical Analysis

Both RACI and PsACI are the first disease-specific comorbidity indices which 
include disease activity as a comorbid factor with the highest weight in contrast to 
the other disease-associated comorbidities. Similarly, both indices are the first to 
address medication-associated comorbidities as an outcome of interest. Both the 
RACI and PsACI were able to predict outcomes of physical disability, quality of 
life, as well as hospitalization/death. Both indices outperformed CCI, which is com-
monly used but not validated for outcomes such as health-related quality of life 
(HRQoL). Both comorbidity indices can be measured with either patient-reported 
questionnaire (part of a patient-reported outcome measure) or administrative data 
(ICD-9 or ICD-10) for comorbidity assessment and management.

�Comorbidity Indices in Standard Practice and Research

Though guidelines such as NICE [59] and EULAR [60] have stressed on the impor-
tance of screening inflammatory arthritic patients regularly for associated comor-
bidities, assessment of these in standard clinical practice has yet to be widely 
implemented. The Comorbidities in Rheumatoid Arthritis (COMORA) study [61], 
which included 3920 patients from 17 countries around the world, revealed that the 
management of comorbidities in RA patients is far from optimum and that there 
have been disparities in the screening process in different countries. Furthermore, 
the studies used to assess the associated comorbidity risk, for example, the cardio-
vascular risk, were based on cohorts assembled in 1955–1973 [62–65]. Longitudinal 
studies which included RA patients diagnosed and treated before the introduction of 
methotrexate into clinical practice in 1986 [66] would bias the results toward poor 
outcomes as they will not be representative of the modern disease management or 
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the current clinical presentation of RA.  In addition, the inclusion of RA disease 
duration >10 years as a risk factor for cardiovascular risk may undermine its risk 
assessment earlier in the disease course when the disease activity is at its peak.

The findings that the occurrence of comorbidities varies across rheumatic dis-
eases and that separate patterns of comorbidity may be identified in patients who 
have rheumatoid arthritis, psoriatic arthritis, systemic lupus, as well as fibromyalgia 
syndrome highlighted the unmet need for systems to assess specific comorbidity 
risk in these patients [56]. To date, no gold standard exists on how to measure 
comorbidity. This was supported by the outcomes of a systematic literature review 
[67] on assessing comorbidity and multimorbidity, which identified 39 different 
indices showing heterogeneity in terms of types and numbers of conditions included 
and outcomes the indices are based on. Perhaps that is the reason why comparisons 
of comorbidity indices in rheumatic diseases are limited. Gabriel et al. [21] showed 
that the CCI and the Index of Coexistent Disease (designed mainly for patients on 
hemodialysis [68]) were both highly statistically significant predictors of death in 
an administrative data set of 450 RA and 441 OA patients. In another study, both 
RDCI and ETS were reported to best predict death in RA patients [49]. These results 
are similar to those previously published in myocardial infarction and cancer, which 
showed that ECM outperforms CDI in predicting death when the source was admin-
istrative data [37, 69]. As for physical disability, the FCI was found to predict 
MDHAQ best in RA with considerable support. In a random sampling of Canadian 
adults and a sample of US adults seeking treatment for spine ailments, Groll et al. 
[12] showed the FCI outperformed CCI in correlating with physical function, as 
measured by the physical function subscale of the Short Form 36 Health Survey. 
The most recently published comorbidity indices specific for RA and psoriatic 
arthritis pave the way for a new approach to comorbidity risk assessment and man-
agement tailored to the individual patient’s status.

There has been a misconception in that, clinically, comorbidity indices have lim-
ited use. The window of opportunity and treat to target approaches highlighted the 
importance of assessing for the comorbid conditions or its risk on regular basis 
when managing the disease or prescribing therapeutics. The comorbid conditions 
important for these roles in standard clinical practice may not always be applicable 
in research settings, as highlighted by the recently published EULAR points to con-
sider for reporting, screening for, and preventing selected comorbidities in chronic 
inflammatory rheumatic diseases [70].

Several important steps should be considered when selecting a comorbidity 
index for research. First, one must determine the outcome of interest. While some 
indices like ETS and RDCI can perform well in multiple outcomes, other indices 
such as CDI and FCI may only perform optimally for a single outcome. Second, 
investigators must determine the source of data. Many of the indices can only be 
used in administrative data sets with ICD-9-CM codes (CDI, ETS, EPS). 
Furthermore, one must consider the data available for model construction as evi-
denced by the robust improvement in model fit with the administrative and clinical 
models. Last, the comorbid conditions available must be considered. Many indices 
require a substantial number of comorbid conditions, but if these are not available, 
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a comorbidity count can be used, though with less predictive ability. Use of a comor-
bidity count is discouraged because comorbidity counts vary in the number and 
types of conditions included, and wide variability in predictive ability have been 
reported [10]. Therefore, it is strongly recommend that researchers use a standard-
ized and validated comorbidity index in rheumatology analysis for improved com-
parability and reproducibility.

In conclusion, considering the recent developments in the diagnosis and manage-
ment of inflammatory arthritic conditions, there is a still a need for systems to assess 
for comorbidity in standard clinical settings. Periodic assessment for comorbidities 
should be carried out by the treating healthcare physician as one of the management 
outcome measures. Electronic comorbidity calculators would be a step forward 
toward implementing comorbidity screening in the day-to-day patient management. 
This should be carried out in collaboration with primary care providers and other 
specialists. Developing a disease-specific comorbidity index able to predict morbid-
ity, mortality, cost, and hospitalization would be a step forward on the way to 
achieve full disease remission.
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Chapter 17
Anti-Rheumatic Therapy and Comorbidity

J. Steuart Richards, Sharon Dowell, and Mercedes Quinones

Therapy for rheumatic diseases may be classified as immunosuppressive agents, 
synthetic chemical compound disease-modifying anti-rheumatic drugs (csD-
MARDs) or biologic disease-modifying anti-rheumatic drugs (bDMARDs). The 
improved quality of life, reduced morbidity and mortality, of patients with rheu-
matic disease validates the efficacy of these agents [1, 2].

Rheumatic diseases are, for the most part, chronic illnesses with patients dying 
with, rather than from them. The excess mortality reported for rheumatoid arthritis 
is often attributed to concomitant comorbidity; however, greater disease activity is a 
contributing factor [3, 4]. This argues for greater control of disease activity, neces-
sitating the use of anti-rheumatic medications in patients with rheumatic disease 
despite comorbid illness. Selecting not only the most efficacious but least harmful 
options can be challenging for rheumatologists as randomized clinical trials restrict 
enrollment of patients with complex comorbidities. The short duration of clinical 
trials, 6–12 months, precludes judgment on the long-term safety of anti-rheumatic 
medications. Biologic registries or observational studies, typically of longer dura-
tion, should provide evidence on the use of anti-rheumatic medications in patients 
with comorbid disease; however, preselection of younger, healthier patients for 
bDMARDs or more potent csDMARDs limits the interpretation of results. An over-
looked consideration is the potential benefit these drugs have on non-rheumatic 
disease including the reduction of serum insulin and insulin: glucose index as well 
as myocardial infarction with tumor necrosis factor-α (TNF-α) inhibitors [5–7]. 
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Therapeutic guidelines serve as a manual for the appropriate selection of 
anti-rheumatic drugs or strategies based on the stage and severity of the disease, 
frequently without consideration for comorbidity [8].

In this chapter we will discuss the use of anti-rheumatic medications in patients 
with chronic infections, cardiovascular disease, cancer, lung disease, diabetes mel-
litus, renal disease, and pregnancy.

�Liver Disease

There is an increased incidence of hepatotoxicity in rheumatic patients with chronic 
viral hepatitis and concomitant use of anti-rheumatic medications (Table 17.1). The 
risk of hepatotoxicity is increased in patients with normal baseline liver function as 
well as those with elevated transaminases at baseline, being more pronounced in the 
latter [9]. In addition to this, some DMARDs are hepatotoxic in their own right. In 
the following paragraphs, we discuss the use of anti-rheumatic medications in 
patients with chronic viral hepatitis or other chronic liver disease.

�Chronic Viral Hepatitis

Several of the csDMARDs have been implicated in the occurrence of hepatotoxicity 
in patients with chronic viral hepatitis (CVH). Acute liver disease may be precipi-
tated or exacerbated by both a direct hepatotoxic effect of the drug itself and by 
inducing viral replication and subsequent liver injury. Azathioprine and combina-
tion DMARD therapy have further been associated with hepatic injury through 
reactivation of hepatitis B, a mechanism most popularly associated with bDMARDs 
and the newer small-molecule therapies.

Hydroxychloroquine and sulfasalazine have rarely been associated with hepato-
toxicity in CVH, with no contraindication to the use of either in these patients 
[9–13]. Conversely, methotrexate may potentiate severe hepatic damage in the pres-
ence of CVH via a synergistic effect and is associated with hepatitis B virus (HBV) 
reactivation in hepatitis B surface antigen (HBsAg)-positive and HBsAg-negative/
anti-hepatitis B core (anti-HBc)-positive patients. Its true impact on HBV reactiva-
tion is unclear due to frequent coadministration of glucocorticoid therapy [14–17]. 
However, methotrexate discontinuation can lead to fulminant hepatic failure in 
HBsAg-positive patients via resurgent T-cell-mediated destruction of infected hepa-
tocytes [18]. It is hence best avoided in patients with untreated HBV. Institutional 
guidelines recommend screening for chronic viral hepatitis in all patients prior to 
initiation of methotrexate therapy [19, 20], although some argue that screening 
should be targeted to endemic populations or other identified risks such as concomi-
tant glucocorticoid use [16, 17, 21].
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Table 17.1  Recommendations for the use anti-rheumatic drugs in patients with chronic infections

Recommendations Level of evidencea

Hepatitis B (HBV)

Hydroxychloroquine and sulfasalazine do not require screening for 
HBV prior to treatment

IV

Screen for HBV before the start of treatment with azathioprine, 
methotrexate, leflunomide, MMF, tofacitinib, and bDMARDs (EMA)

IV

Do not use azathioprine, methotrexate, leflunomide, MMF, tofacitinib, 
or bDMARDs in patients with chronic untreated HBV or treated HBV 
with liver dysfunction (Child-Pugh class B or higher) (ACR, EMA) 
[12–14]

III

Monitor viral loads and transaminases of HBSAg-positive patients 
starting methotrexate, leflunomide, azathioprine, or MMF [69]

IV

Start antiviral prophylaxis with entecavir, tenofovir, or adefovir 1 week 
before and continue for 52 weeks after TNF-α inhibitors, abatacept, or 
rituximab in HBsAg-positive patients [72]

III

Start antiviral prophylaxis before rituximab in HBsAg-negative/
HBcAb-positive patients

III

Monitor viral loads and transaminases of HBsAg-negative/HBcAb-
positive patients starting methotrexate, leflunomide, azathioprine, 
MMF, or TNF-alpha inhibitors [71]

IV

Hepatitis C (HCV)

Hydroxychloroquine and sulfasalazine do not require screening for 
HBC prior to treatment
Screen for HCV before the starting azathioprine, methotrexate, 
leflunomide, MMF, tofacitinib, and bDMARDs (based on regional 
prevalence; AR)

II

Etanercept can be used in patients with HCV (ACR) [33] II
Do not use azathioprine, methotrexate, leflunomide, MMF, tofacitinib, 
or bDMARDs in patients with chronic untreated HCV or treated HCV 
with liver dysfunction (Child-Pugh class B or higher) (AR)

IV

HIV

Hydroxychloroquine and sulfasalazine do not require HIV screening IV
Screen for HIV before azathioprine, methotrexate, leflunomide, MMF, 
tofacitinib, and bDMARDs on the basis of risk factors and national 
guidelines (AR)

IV

Monitor HIV viral loads and CD4 counts for patients treated with 
immunosuppressants and bDMARDs

IV

Tuberculosis

Hydroxychloroquine and sulfasalazine use does not require 
prescreening for TNB

IV

Follow local guidelines for screening for TB prior to starting 
azathioprine, methotrexate, leflunomide, MMF, or tofacitinib

IV

Screen for latent tuberculosis with TST or IGRA before starting 
bDMARDs (ACR, EMA, CRA) [126, 127]
Follow a positive TST or IGRA test by repeat testing or chest 
radiography based on national/regional guidelines (EMA)

II (TNF-α inhibitor), 
IV (rituximab, 
abatacept)
IV

(continued)
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Similarly to methotrexate, cases of viral reactivation of HBV or hepatitis C virus 
(HCV) have been documented with use of mycophenolate mofetil (MMF). Data is 
predominantly from the transplant literature, where MMF is used as part of a multi-
drug immunosuppressive regimen. Interestingly, in one analysis of renal transplant 
patients with HBV infection, less use of MMF was associated with an increased risk 
of HBV reactivation. It was proposed that this could be due to its potent immuno-
suppressive effect as well as a possible inhibitory effect on HBV replication 
[22–24].

Reports of azathioprine-induced reactivation of HBV are rare and, in reported 
cases, it occurs in the presence of combination immunosuppressive therapy [9, 25, 
26]. Leflunomide has been associated with severe hepatotoxicity and is not recom-
mended in patients with acute or chronic HCV or HBV. Performing baseline liver 
function tests as well as screening for viral hepatitis is recommended prior to the 
start of therapy with methotrexate, MMF, azathioprine, and leflunomide [8, 12, 20, 
27]. Patients who are HBsAg positive are considered at low risk of reactivation 
when starting monotherapy with methotrexate or azathioprine. These patients, in 
addition to those with natural immunity from prior exposure to HBV (anti-HBc Ab 
positive/anti hepatitis B surface antibody (HBsAb) positive/HBsAg negative) with 
normal liver function tests, should have regular monitoring of the HBV viral load at 
least every 6–12 months [28]. The use of combination DMARD therapy or con-
comitant systemic glucocorticoids leads to a moderate risk of reactivation, and anti-
viral prophylaxis should be considered on an individual basis. Patients with chronic 
untreated HBV or HCV should be referred to a hepatologist for appropriate antiviral 
therapy prior to starting immunosuppressive therapy with methotrexate, MMF, and 
azathioprine [8]. There are no reports of HBV or HCV reactivation with apremilast, 
and this medication may be safely used in CVH.

Tumor necrosis factor (TNF) alpha levels are elevated in patients with HBV, 
and TNF alpha plays a role in clearing and controlling viral replication. Several 
cases of reactivation of HBV have hence been reported with use of the TNF-alpha 

Table 17.1  (continued)

Recommendations Level of evidencea

Complete at least 1 month of treatment for latent tuberculosis before 
starting bDMARDs

III

Rituximab is first-line bDMARD if chemoprophylaxis is 
contraindicated or for patients living in regions endemic for 
tuberculosis (EULAR) [128]

IV

Abbreviations: AR authors’ recommendations, ACR 2012 update of the American College of 
Rheumatology recommendations, CRA Canadian Rheumatology Association recommendations 
for the pharmacological management of rheumatoid arthritis, EMA European Medicines Agency 
approved summary of product characteristics, EULAR European League against Rheumatism, 
HBsAg hepatitis B surface antigen, HBcAg hepatitis B core antibody, MMF mycophenolate 
mofetil, TNF-alpha tumor necrosis factor alpha
aLevels of evidence I = meta-analyses, systematic reviews of randomized controlled trials (RCTs), 
or individual RCTs; II = meta-analysis of systemic reviews of observational studies, case control 
studies; III = case series and case reports; IV = expert opinion
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inhibitors [29, 30]. Infliximab was the most frequently implicated TNF-alpha 
inhibitor, while etanercept and adalimumab are thought to be safer, although there 
have been case reports of HBV reactivation with these agents as well [31, 32]. The 
implementation of routine screening for HBV prior to the start of biologic therapy 
and prophylaxis with antiviral therapy in high-risk patients has led to a fall in the 
number of reported cases of HBV reactivation. Conversely, TNF alpha is instru-
mental in chronic HCV infection, and TNF-alpha inhibitors have been used suc-
cessfully in these patients. Etanercept was found to be a powerful adjunct to 
antiviral therapy for chronic HCV infection in one randomized control trial [33–35]. 
Reactivation of HBV and increased HCV viral loads also occur with rituximab 
therapy in patients with rheumatic diseases [36–40]. Rituximab leads to a decrease 
in titers of HBsAb, and rates of reactivation have ranged from 3.4% to 80% and 
1.5% to 23.8%, respectively, in HBsAg-positive and HBsAg-negative lymphoma 
patients on rituximab-based chemotherapy [36]. In patients with HCV, the occur-
rence of liver dysfunction did not usually lead to a change in treatment regimen or 
further clinical consequences although there are few reports of severe hepatotoxic-
ity with rituximab-based chemotherapy [41, 42]. Rituximab induces increased 
HCV replication, and on completion of therapy, reconstitution of the immune sys-
tem may result in cell-mediated hepatocellular injury and necrosis [43, 44]. Despite 
this, it has been used successfully in patients with HCV-associated cryoglobulin-
emic vasculitis and is generally thought to be safe in rheumatology patients with 
HCV [27, 45, 46]. Abatacept has rarely been associated with HBV reactivation in 
HBsAg-positive and HBsAg-negative/HBcAb-positive patients [47–49]. Data on 
abatacept and chronic HCV are limited, but mild fluctuations in HCV viral loads 
have been reported in two patients [50].

There are no reported cases of HBV reactivation in patients treated with tocili-
zumab, and it has been used successfully in two patients with chronic HBV with 
concomitant prophylactic antiviral therapy [49–51]. There is a single report of 
increased HCV viral load and transaminitis leading to the discontinuation of tocili-
zumab with no other reports of exacerbation of HCV [51, 52]. Given the potential 
protective role of interleukin-6  in hepatocyte regeneration and proliferation and 
raised levels in chronic HCV, cirrhosis, and hepatocellular cancer, more long-term 
data on tocilizumab are needed [51, 53].

HBV reactivation and new HBV infection have been occasionally reported with 
tofacitinib, and patients should be screened for viral hepatitis prior to initiation of 
therapy [54, 55].

There have been rare reports of reactivation of HBV and increased HCV viral 
loads with ustekinumab [56–58]. Interestingly, these cases of HBV reactivation 
have been mild and self-limited and rarely associated with symptoms or elevations 
of transaminases. The newly released secukinumab has not been associated with 
HBV or HCV, although its immunomodulating effect suggests this may be possible 
[59–61].

There have been no reports of reactivation of HBV or exacerbation of liver injury 
in patients with chronic viral hepatitis treated with belimumab, anakinra, rilonacept, 
or canakinumab [62–68].
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The use of prophylactic antiviral therapy in HBV decreases the risk of viral reac-
tivation and is hence recommended for high-risk patients. This group includes 
HBsAg-positive patients starting rituximab or systemic glucocorticoid therapy 
>20 mg/day for >4 weeks and HBcAb positive-/HBsAg-negative patients starting 
rituximab [19, 20, 28]. HBSAg-positive patients on non-rituximab bDMARD ther-
apy are considered at moderate risk for HBV reactivation and can either receive 
prophylactic antiviral therapy or can be followed with close monitoring of viral loads 
and transaminases [69]. The issue of viral resistance has led to caution with recom-
mending widespread use of antiviral therapy in all patients with prior HBV exposure 
[70], with particular reference to the cohort of HBsAg-negative, HBcAb-positive 
patients who are also at risk of viral reactivation [31]. Patients with positive viral 
serologies should be managed in concert with a hepatologist [71]. It is generally 
agreed that antiviral prophylaxis in HBsAg-positive patients should start 1–2 weeks 
before immunosuppressive therapy and should be continued for 6–12 months after 
completion of therapy [72]. Patients with HCV should not be treated differently than 
unexposed patients, but management in concert with a hepatologist is desirable, 
especially with the recent advent of highly effective antiviral therapy for HCV.

�Hepatotoxicity

Transaminitis and rare hepatotoxicity have been noted with the use of most 
DMARDs; however, the greatest risk of severe liver injury occurs during therapy 
with methotrexate and leflunomide.

There have been isolated cases of hepatotoxicity with the use of hydroxychloro-
quine, but given the rarity and unpredictability of these events, routine screening for 
hepatic dysfunction is unnecessary prior to its use [10]. Sulfasalazine-associated 
hepatotoxicity requiring withdrawal of therapy occurs in an estimated 0.4–0.5% of 
patients [11, 73]. It may cause a severe hypersensitivity reaction characterized by 
fever, rash, and markedly elevated transaminases. Baseline hepatic function is rec-
ommended, followed by hepatic function tests every 2–4 weeks for 3 months, then 
every 3 months [12, 13]. Azathioprine, too, may cause a mild transient transaminitis 
but rarely results in severe hepatotoxicity. There are case reports of acute idiosyn-
cratic hepatitis (cholestatic or hepatocellular) as well as an increased risk of chronic 
non-cirrhotic portal hypertension with long-term use [25]. Liver function tests 
should be done prior to starting azathioprine, and it should be used with caution in 
patients with baseline hepatic dysfunction, with frequent monitoring of liver func-
tion tests, and dose reduction or discontinuation of therapy with hepatotoxicity [74]. 
Transaminitis without fatal hepatotoxicity has been reported with tofacitinib. Serial 
monitoring of liver function tests is recommended, and a dose reduction by 50% is 
advised in patients with moderate hepatic impairment, with total avoidance in 
patients with severe liver failure. Apremilast and MMF have not been associated 
with hepatotoxicity, and there is no contraindication or dosage adjustment neces-
sary when using these drugs in patients with chronic liver disease.
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Chronic low-dose methotrexate can induce hepatic injury ranging from mild 
transaminitis to hepatic fibrosis and cirrhosis. The mechanism of hepatic injury with 
methotrexate is unclear, but hepatic folate stores are depleted during its use, and 
folic acid supplementation reduces the incidence of transaminitis [75, 76]. 
Concomitant alcohol use, obesity, hyperlipidemia, psoriasis, or psoriatic arthritis is 
associated with an increased risk of methotrexate-induced hepatotoxicity [77, 78]. 
Patients with psoriasis have a higher prevalence of metabolic syndrome and nonal-
coholic hepatic steatosis compared to patients with rheumatoid arthritis [78–80]. 
Alcohol use should be avoided, and patients should have serial monitoring of liver 
function tests at 2–4 week intervals for the first 3 months after initiation of therapy 
and then at 8–12 week intervals thereafter [27]. An increase in methotrexate dose or 
combination therapy with known hepatotoxic agents (leflunomide, sulfasalazine, 
azathioprine) would require more frequent and vigilant monitoring. Patients on 
methotrexate with persistent elevations in 5/9 aspartate aminotransferase levels over 
12 months or decreased serum albumin levels should be referred for a liver biopsy. 
A liver biopsy prior to initiation of therapy may be needed in patients with a known 
history of chronic alcohol use, persistently elevated transaminases, or chronic viral 
hepatitis. Given the higher risk of hepatotoxicity in patients with psoriasis, the 
American Academy of Dermatology recommends that a liver biopsy should be done 
in low-risk patients (no comorbidities) with psoriasis after a cumulative dose of 
3.5–4 g of methotrexate, with consideration for subsequent biopsies after a further 
cumulative dose of 1.5 g. Patients at high risk (diabetes, obesity, abnormal liver 
function tests, hazardous alcohol intake, and chronic liver disease) should be con-
sidered for a liver biopsy after 6 months of methotrexate therapy and subsequent 
biopsies after cumulative doses of 1–1.5 g [27, 81].

There is no absolute contraindication for the use of methotrexate in patients with 
chronic liver disease, although a dose reduction by 75% has been suggested in 
patients with a bilirubin level of 3.1–5 mg/dL or transaminases >3 times ULN, and 
complete avoidance in patients with a bilirubin >5 mg/dl. Patients with chronic liver 
disease should be referred to a hepatologist for guidance prior to initiating therapy 
with methotrexate. Both alcoholic liver disease and steatohepatitis have been identi-
fied as underlying conditions which significantly increase the risk of methotrexate 
hepatotoxicity, and it would be prudent to consider alternative therapeutic options in 
these patients [82].

Leflunomide has been associated with hepatotoxicity since its emergence as a 
csDMARD in 1998. There were 49 reported cases of severe liver failure between 
2002 and 2009 prompting a black box warning by the United States Food and Drug 
Administration in 2011 [83]. More than 90% of these cases were associated with 
preexisting liver disease and/or concomitant use of another hepatotoxic agent 
(methotrexate, alcohol). Currently, leflunomide may be used in patients where prior 
transaminitis has normalized but is not recommended in patients with preexisting 
liver disease [27]. Hepatic function should be monitored every 4 weeks for 3 months 
after initiation of therapy and then at least every 3 months for the duration of therapy 
[84]. In cases of ALT elevation >2ULN, leflunomide should be discontinued and 
cholestyramine washout begun.
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There is no known direct hepatotoxic effect associated with the TNF-alpha inhib-
itors, but warnings have been issued for possible severe liver failure with infliximab 
unrelated to viral hepatitis. Infliximab is associated with transient elevations of 
transaminases with repeated infusions, cholestatic hepatitis, and an autoimmune 
hepatitis marked by the presence of autoantibodies. Both etanercept and adalim-
umab may cause mild transient elevations of transaminases and rarely, clinically 
apparent liver injury which may be immune mediated.

Belimumab and ustekinumab have been associated with rare instances of trans-
aminases elevation, without reports of serious or fatal hepatotoxicity. These events 
did not require discontinuation of either drug [85]. There are no contraindications to 
the use of TNF-alpha inhibitors, belimumab, or ustekinumab in patients with 
chronic liver disease.

�HIV

Logically, it would seem that immunosuppressive therapy in a patient with HIV 
would increase the risk of opportunistic infections or lead to exacerbation of under-
lying infection. However, several DMARDs have been safely used in patients with 
HIV. Academic organizations recommend that immunomodulating therapy should 
only be used in HIV-positive patients with a stable CD4 count of >200 × 106/L.

Hydroxychloroquine and sulfasalazine appear to be safe and well tolerated in 
patients with HIV, and the antimalarials have antiviral properties mediated by intracel-
lular inhibition of posttranslational modification of gp120. Hydroxychloroquine has 
been evaluated in the treatment of HIV infection and the associated immune reconsti-
tution syndrome. The results of clinical trials have been variable, attributed to the 
varying doses of hydroxychloroquine used, as the antiviral effect is thought to be dose 
dependent [86–89]. For patients on highly active antiretroviral therapy (HAART), 
there are no major drug interactions with hydroxychloroquine. Prior to the routine use 
of antiretroviral therapy, there were case reports of fatal opportunistic infections in 
patients with concomitant HIV infection and methotrexate therapy; however, it appears 
safe for use in patients with stable HIV infection on therapy [90–92]. MMF, cyclospo-
rine, azathioprine, and leflunomide have also been used successfully in patients with 
HIV, and all have antiviral properties. MMF and cyclosporine inhibit HIV replication 
by decreasing the numbers of activated CD4 + lymphocytes, needed for active viral 
replication, and additionally MMF inhibits reverse transcriptase. Both MMF and leflu-
nomide have been evaluated in clinical trials as adjuncts to antiretroviral therapy with 
generally favorable but variable results. In one clinical trial, leflunomide was found to 
be superior to MMF in suppressing in vitro viral replication [93–98].

There is limited data available on apremilast and tofacitinib in patients with 
HIV. The Janus activating kinase-signal transducer and activator of transcription 
(JAK-STAT) pathway is activated early in HIV-1 infection and promotes viral 
replication and HIV-associated inflammation and has been proposed as a new target 
in the treatment of HIV infection. [99].
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TNF alpha has been implicated in the pathogenesis and progression of HIV 
infection, and, theoretically, TNF-alpha inhibitors should have little effect on the 
progression of HIV disease. The TNF-alpha inhibitors have been used safely in 
patients with HIV who have stable CD4 counts above 200 × 106/L, with a single 
report of recurrent polymicrobial infections in those with lower counts [100, 101]. 
In patients with HIV-associated lymphoma, rituximab does not seem to increase the 
risk of opportunistic infection [102]. Ustekinumab has been safely used in patients 
with psoriasis and HIV [103, 104]. Data on the use of other bDMARDs in patients 
with HIV are limited.

It is recommended that patients should be screened for HIV before they start 
treatment with DMARDs. Most immunosuppressive therapies seem to be safe in 
patients with HIV who have a stable CD4 count of >200 × 106/L. Decisions with 
respect to therapy should be made together with the patient and infectious disease 
specialists. Patients should have regular monitoring of CD4 counts and HIV viral 
loads while taking DMARDs.

�Latent Tuberculosis

Patients with rheumatic diseases have an increased risk of developing infection with 
mycobacterium tuberculosis (TB) [105–107], and this risk may be potentiated by 
immunosuppressive therapy such as corticosteroids and DMARDs. The risk is 
exponentially higher with bDMARDs compared to csDMARDs, with one study 
quoting a RR of 1.5 (95 % CI 1.1–1.9) with bDMARDs and 1.2 with csDMARDs 
(95 % CI 1.0–1.5) [105]. Pulmonary TB was more commonly noted in patients on 
bDMARDs than non-pulmonary TB. The risk of reactivation of TB in patients with 
hydroxychloroquine and sulfasalazine is considered low, and hydroxychloroquine 
is most often associated with non-TB mycobacterial infection [108]. Methotrexate, 
however, has been occasionally implicated in both the occurrence of primary TB 
and reactivation of TB [109, 110]. There are also reports of reactivation of TB 
occurring in the presence of therapy with leflunomide, MMF, and azathioprine, 
although the true impact of these medications is unclear due to concomitant use of 
glucocorticoids [111–113]. There are no reports of reactivation with belimumab or 
apremilast, and the occurrence of opportunistic infections with anakinra is rare 
[114, 115]. There have been a few isolated cases of TB reactivation with ustekinumab 
but no reports of this with secukinumab during clinical trials or since its approval 
[60, 116, 117].

The risk of TB reactivation seems to be highest with TNF-alpha inhibitors, with 
reported rates four times that seen in patients with rheumatoid arthritis not treated 
with these agents [118]. TNF-alpha inhibitors are also associated with increased 
rates of nontuberculous mycobacterial infections [119]. The risk of reactivating TB 
seems to be greatest with infliximab and lowest with etanercept [118, 120]. Reports 
of TB reactivation with abatacept, tocilizumab, and rituximab are rare, and ritux-
imab is considered safer than the other bDMARDs [121–125].
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Patients should be screened for latent TB before starting treatment with a 
bDMARD, and although there is insufficient data to mandate screening for TB 
before treatment with rituximab, its use is not recommended in the presence of 
opportunistic infections [126, 127]. Rituximab is suggested as the first-line 
bDMARD if TB chemoprophylaxis is contraindicated and for patients from endemic 
regions [128]. Patients should be screened for latent TB infection according to 
regional guidelines with either the tuberculin skin test (TST) or interferon gamma 
release assay (IGRA). Indeterminate IGRA tests should either be repeated or should 
be followed by a TST. Expert opinion is divided on the superiority of either test, and 
both are reported to perform similarly in immunocompromised people [129]. 
Patients with positive results (TST or IGRA) should have a chest radiograph to 
exclude active tuberculosis and, if negative, begin treatment for latent tuberculosis 
infection at least 1 month prior to starting bDMARD therapy [126]. The value of 
serial tuberculosis screening thereafter, in the absence of known exposure or high 
risk, is unclear [44, 129].

�Cancer

Rheumatic disease affects the incidence of certain malignancies. Patients with 
scleroderma have an increased risk of lung cancer, while lymphoma is increased in 
Sjögren’s syndrome and rheumatoid arthritis, particularly active disease for the lat-
ter [130]. Advances in the treatment of cancer by inducing remission or slowing 
tumor growth and spread have improved the prognosis for many patients. 
Consequently cancer has become a chronic disease. Anti-rheumatic medications, by 
impairing tumor surveillance, may inadvertently awaken previously dormant malig-
nant cells (Table 17.2). Thus suppressing the activity of a rheumatic disease without 
stimulating the regrowth of a cancer presents a challenge.

Hydroxychloroquine is a weaker immunosuppressant and hence not expected to 
promote the growth of malignant cells. In fact, the inhibitory effect of hydroxychlo-
roquine on autophagy has prompted its experimental use as an adjuvant to the che-
motherapy of certain cancers [131]. Hydroxychloroquine is tolerated by most 
patients; however, side effects include hemolysis, particularly in patients with 
glucose-6-phosphae dehydrogenase (G-6PD) deficiency. Screening cancer patients 
for this enzyme deficiency prior to beginning treatment with hydroxychloroquine is 
recommended. If the patient should consequently develop anemia, cancer chemo-
therapy is the likely culprit provided G-6PD levels were previously normal. There 
are no published reports of sulfasalazine promoting the de novo occurrence of can-
cer or its recurrence; similar to hydroxychloroquine sulfasalazine is being investi-
gated as an adjuvant agent in the treatment of cancers [132].

Methotrexate was first used in childhood leukemia as an antimetabolite by inhib-
iting folic acid function. However, as a csDMARD low-dose methotrexate may 
function via other mechanisms including increasing cytoplasmic adenosine or block-
ing cyclooxygenase and lipoxygenase enzymes. However, low-dose methotrexate is 
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Table 17.2  Recommendations for the use of anti-rheumatic medications in patients with 
rheumatoid arthritis and specific comorbidities

Recommendation Level of evidencea

Cancer

Age-appropriate cancer screening as per national guidelines if not 
previously performed (AR)

IV

Hydroxychloroquine and sulfasalazine may be used with most cancers 
provided no interaction with chemotherapy (AR)

IV

Methotrexate, azathioprine, and MMF should be avoided or used with 
caution in patients with a history of lymphoma (AR)

IV

Hold or delay bDMARDs in patients with active cancer while receiving 
chemotherapy or radiotherapy (CRA)

IV

TNF-alpha inhibitors are not recommended or should be used with caution 
in patients with treated lymphoma (CRA, ACR) [126, 159]

III

Consider rituximab in patients with treated lymphoma (CRA, ACR) IV
Patients with a treated solid cancer >5 years earlier may receive a 
bDMARD (ACR), or these drugs may be used with caution (CRA) [126, 
159]

II

Cardiovascular disease

Optimum management of traditional cardiovascular disease risk factors (AR) IV
Hydroxychloroquine, methotrexate, sulfasalazine, azathioprine, methotrexate, 
leflunomide, and MMF may be used in patients with CAD (AR)

IV

Clinical monitoring for symptoms of heart failure in patients taking 
TNF-alpha inhibitors

IV

TNF-alpha inhibitors are contraindicated inpatients with class III or class 
IV heart failure (ACR, CRA, EMA) [126]

III

Rituximab is contraindicated in class IV heart failure or uncontrolled 
CAD(EMA) [170]

IV

Interstitial lung disease

Hydroxychloroquine, sulfasalazine, azathioprine, MMF, and 
cyclophosphamide may be used with clinical monitoring of patients (AR)

IV

Methotrexate and leflunomide should be avoided in patients with active ILD IV
Patients should have PFT with DLCO and consultation with a 
pulmonologist before starting bDMARDs [204]

IV

Chronic obstructive pulmonary disease (COPD)

TNF-alpha inhibitors recommended [208] II
Avoid abatacept in patients with symptomatic COPD [209] II
Diabetes

Hydroxychloroquine, sulfasalazine, azathioprine, and MMF do not worsen 
glycemic control

IV

Methotrexate requires careful monitoring of liver function in diabetics 
[212, 213]

IV

bDMARDs recommended [135, 136] II
Monitor patients with brittle diabetes who start a TNF-alpha inhibitor for 
hypoglycemia [137]

III

(continued)
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associated with lymphoproliferative and possibly other malignancies in patients 
with rheumatoid arthritis and Sjögren’s syndrome. These lymphomas are often asso-
ciated with Epstein-Barr virus and regress after withdrawal of methotrexate [133, 
134]. This increased risk, however, is not solely due to the drug and is in part caused 
by the under lying rheumatic disease. Supporting this is a report from the Swedish 
National Patient Register which found no increased risk for lymphoma in patients 
with psoriatic arthritis treated with methotrexate [135]. Other cancers may be 
increased with methotrexate, specifically melanoma, in patients with rheumatoid 
arthritis and nonmelanoma skin cancer in psoriasis [136]. The effect methotrexate 
may have on solid tumors is not clearly defined.

Given the current data, it appears prudent to discontinue methotrexate regardless 
of the underlying rheumatic disease if the patient develops a new lymphoma or 
melanoma even if they were on treatment with a concomitant tumor necrosis factor 
alpha inhibitor. Recommendations for patients with solid tumors are less clear, but 
regardless a discussion with the patient’s oncologist is warranted.

Leflunomide was first used in 1998 in the treatment of rheumatoid arthritis, and 
there are no reported associations with lymphoma or nonmelanoma skin cancer 
[137]. This drug should be avoided if patients are to be treated with other drugs that 
may suppress the bone marrow, precluding its use in patients receiving many che-
motherapeutic regimens [138]. Leflunomide and its active metabolites have a pro-
longed half-life and may take up to 2 years to achieve low serum concentrations. 

Table 17.2  (continued)

Recommendation Level of evidencea

Renal

Hydroxychloroquine appears to be the safest drug IV
Avoid methotrexate if creatinine clearance <50 ml/min/1.73m2 [217] IV
Azathioprine, cyclophosphamide, and MMF may require a decreased dose 
and careful monitoring of blood counts

IV

bDMARDs may be used with caution IV
Pregnancy

Methotrexate, MMF, and leflunomide are contraindicated II
Azathioprine, sulfasalazine, and hydroxychloroquine use requires 
discussion of risks to fetus with obstetrician and patient

IV

bDMARDs not recommended during pregnancy (EMA) IV
Given the absence of evidenced-based data, a discussion between patient, 
obstetrician, and rheumatologist is recommended before planning a 
pregnancy [143]

III

Abbreviations: AR authors’ recommendations, ACR 2012 update of the American College of 
Rheumatology recommendations, CRA Canadian Rheumatology Association recommendations 
for the pharmacological management of rheumatoid arthritis, EMA European Medicines Agency 
approved summary of product characteristics, EULAR European League against Rheumatism, 
HBsAg hepatitis B surface antigen, HBcAg hepatitis B core antibody, MMF mycophenolate 
mofetil, TNF-alpha tumor necrosis factor alpha
aLevels of evidence I = meta-analyses, systematic reviews of randomized controlled trials (RCTs), 
or individual RCTs; II = meta-analysis of systemic reviews of observational studies, case control 
studies; III = case series and case reports; IV = expert opinion
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If chemotherapy that is likely to suppress the bone marrow is to be administered, an 
enhanced removal of leflunomide may be performed with cholestyramine, 8 g, three 
times daily for 11 days.

Azathioprine, similar to methotrexate, is associated with an increased risk of 
lymphoproliferative malignancies [139]. However, much of the evidence comes 
from the transplant literature, where azathioprine is used in combination regimens; 
an increased risk of squamous cell skin cancer has been reported [140]. The associa-
tions between azathioprine and cancer render it a less than ideal choice for rheu-
matic patients with current or a recent cancer diagnosis.

Cyclophosphamide is a chemotherapeutic drug that has found use for some of the 
most severe and life-threatening rheumatic diseases, specifically lupus nephritis and 
antineutrophil cytoplasmic antibody-associated vasculitis. Bladder cancer is associ-
ated with the use of cyclophosphamide in a dose-dependent relationship [141]. 
However, a number of other malignancies including squamous cell skin cancer, leu-
kemia, and lymphoma are associated with cyclophosphamide [141]. The side effects 
of cyclophosphamide include bone marrow suppression, and frequent monitoring of 
cell counts is required with its use in rheumatic diseases. Ideally this agent should 
not be utilized for the treatment of rheumatic diseases in patients with malignancies; 
however, given that it is reserved for the most severe often life-threatening situa-
tions, other options may be limited; a careful and frank discussion with the patient 
and oncologist is imperative. Patients also require monitoring of their urine for red 
blood cells after being treated with cyclophosphamide. If microscopic or gross 
hematuria occurs, cystoscopy to rule out bladder cancer should be performed. MMF 
is used in combination immunosuppression post-solid organ transplantation, cloud-
ing interpretation of its malignancy risk. A report of solid organ transplant recipients 
noted an increased risk for colorectal cancer associated with cyclosporine and aza-
thioprine but not for MMF and tacrolimus [142]. However an association with lym-
phoproliferative disease specifically CNS lymphoma was noted in renal transplant 
recipients treated with MMF [143]. Thus like most of the immunosuppressive 
agents, MMF should be avoided in patients with a history of lymphoma.

Apremilast is a selective inhibitor of phosphodiesterase 4 that increases intracel-
lular cyclic adenosine and is approved for the treatment of psoriatic skin and joint 
disease. It is well tolerated; however because of reports of suicidal ideation, it 
should be used with caution in patients with cancer who are prone to the develop-
ment of depression. These patients should be monitored clinically for the develop-
ment of symptoms suggestive of melancholy. Apremilast may also interact with 
chemotherapeutic agents that are inducers of CYP3A4 and should be avoided if 
these drugs are required.

Tofacitinib is an oral-selective Janus kinase inhibitor used to control symptomatic 
rheumatoid arthritis. An analysis of pooled data from phase II and phase III clinical 
trials and two long-term extension studies reported an expected rate of malignancy 
for lymphoma, solid tumors, and nonmelanoma skin cancer [144]. The American 
College of Rheumatology, however, recommends the use of csDMARDs over tofaci-
tinib for patients with prior treated or untreated melanoma or nonmelanoma skin 
cancer [8].
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TNF alpha has a paradoxical effect on malignant cells; high doses may be cyto-
toxic to some tumor cells, but other cancers may produce TNF alpha that stimulates 
their growth. The body’s own tumor surveillance system includes CD8+ T cells and 
natural killer cells that utilize TNF alpha against immunogenic tumor cells [145, 
146]. Randomized controlled trials of TNF-alpha inhibitors compared with placebo 
reported a safety concern related to malignancies [146]. Disparate results are 
reported from two meta-analyses and the acknowledgement of the prolonged latency 
period, years for most cancers, stressed the need for long-term data to study the 
safety of TNF-alpha inhibitors and other bDMARDs under development.

National registries and chronic disease cohorts for rheumatic diseases have pro-
vided a resource for analyzing the risk for developing cancer. A US observational 
study compared cancer rates with data from the US National Cancer Institute 
Surveillance, Epidemiology, and End Results (SEER) database [148]. The study 
pooled results for three TNF-alpha inhibitors, infliximab, etanercept, and adalim-
umab, and the IL1 receptor antagonist, anakinra. These bDMARDs were associated 
with an increased risk for nonmelanoma skin cancer but not for solid tumors, and 
after controlling for the severity of rheumatoid arthritis, there was no increased risk 
of lymphoma. However, this study did not examine the risk of recurrence in patients 
with a prior cancer history.

Reports from three European biologic registries have sought to answer this ques-
tion. There was no increased risk of solid tumors or lymphoma associated with 
TNF-alpha inhibitors in patients with prior malignancies reported from the German 
biologic and British biologic registries [149, 150]. Additionally a case control study 
examining the risk for recurrence of breast cancer, which was performed utilizing 
data from the Swedish biologic registry (ARTIS), reported similar recurrence rates 
for patients treated with TNF-alpha inhibitors and non-TNF-alpha inhibitors [151, 
152]. This data should be interpreted with caution as the interval between the diag-
nosis of cancer and initiation of the TNF-alpha inhibitors was greater than 5 years 
in both the German and British registries. Both the American College of 
Rheumatology and the Canadian Rheumatology Association do not recommend the 
use of TNF-alpha inhibitors in patients with current or recent (< 5  years) solid 
tumors or skin cancer. They are best avoided in patients with a prior lymphoma.

An analysis of pooled data for patients who were entered into long-term exten-
sion studies for tocilizumab in rheumatoid arthritis and had a mean of 4 years of 
follow-up reported an expected rate of malignancies [153]. This information, while 
reassuring, does not apprise us on the effect of tocilizumab on current or recent 
cancers. It should be noted, however, that tocilizumab has been used successfully in 
the management of multi-centric Castleman’s disease, a lymphoproliferative disor-
der [154]. Abatacept has not been reported to have any cancer associations in clinical 
trials; however, reports of eruptive squamous cell skin cancer have tempered any 
enthusiasm regarding its safety in patients with prior malignancies [152, 155]. There 
are reports from two registries, the German psoriasis biologics registry PsoBest and 
the Psoriasis Longitudinal Assessment and Registry (PSLOAR), that reported no 
increased malignancy signal with ustekinumab [156, 157].
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Rituximab, although utilized in the treatment of lymphoma, has an unknown 
effect on solid and cutaneous malignancies. Pooled data from eight randomized and 
two long-term extension studies did not discern an increased risk for any malignan-
cies associated with rituximab in patients with rheumatoid arthritis [158]. Both the 
American College of Rheumatology and the Canadian Rheumatology Association 
recommend the use of rituximab in patients with a prior history of lymphoma, solid 
tumors, nonmelanoma skin cancer, and melanoma within the past 5 years over TNF-
alpha inhibitors [126, 159]. A study of pooled data from a phase II and two phase III 
clinical trials of belimumab in patients with SLE did not report an increased risk for 
malignancy [160].

Treating rheumatic diseases in patients with cancer is challenging. 
Rheumatologists must seek out not only the type (lymphoproliferative, solid, mel-
anoma, or nonmelanoma skin cancer) but also the stage, presence of metastases, 
prognosis, and type of treatment. Only then can a frank discussion take place to 
determine goals of care for the rheumatic disease, symptom control and preven-
tion of major organ damage, or tight control of disease activity. Selection of appro-
priate anti-rheumatic therapy requires an assessment of the oncogenic potential of 
the drug but also its side effects, bone marrow suppression, for example, and 
potential interactions with current or planned chemotherapy. Low-dose predni-
sone should not be forgotten when symptom control is the primary goal of 
treatment.

�Cardiovascular Disease

The inherent inflammatory nature of certain rheumatologic diseases like rheuma-
toid arthritis increases the risk of cardiovascular disease (atherosclerosis, cerebro-
vascular disease, coronary artery disease, heart failure, myocardial infarction) 
beyond that attributable to traditional risk factors.

Hydroxychloroquine has myriad beneficial effects in addition to its anti-
rheumatic properties including a less atherogenic lipid profile, antithrombotic prop-
erties, and a decreased risk of diabetes. In addition, a recent study showed that its 
use was associated with a 72% decrease in the risk of incident cardiovascular dis-
ease (CVD) in rheumatoid arthritis patients (hazard ratio [HR] 0.28) [161]. Incident 
CVD was defined as a composite of coronary artery disease (CAD), stroke, transient 
ischemic attack, sudden cardiac death, and peripheral artery disease with arterial 
revascularization procedure. Patients on hydroxychloroquine should be monitored 
for the possible development of a drug-induced cardiomyopathy due to an acquired 
lysosomal storage disorder. Hydroxychloroquine-related cardiomyopathy is charac-
terized by concentric hypertrophy and conduction abnormalities [162]. Most clinical 
manifestations of this entity occur after 3 years of exposure, but there is a wide 
range of variability in this regard. It is imperative to recognize this entity as it is 
potentially reversible if identified in its early stages. Although no formal recommen-
dations are in place, annual electrocardiograms should be considered, with further 
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testing, i.e., cardiac MRI, echocardiogram, and endomyocardial biopsy, to be 
pursued depending on any abnormal results [162].

Based on outcomes of randomized controlled trials (RCTs) to evaluate the effi-
cacy of etanercept and infliximab (ATTACH) in treating heart failure, TNF-α inhibi-
tors are contraindicated in patients with New York Heart Association (NYHA) class 
III–IV heart failure and to be used with caution in those with NYHA class II heart 
failure [163–165]. According to 2012 ACR guidelines, TNF-alpha inhibitors are not 
recommended in patients with NYHA class III–IV heart failure who have an ejec-
tion fraction of 50% or less [126]. In those patients without a history of heart failure, 
baseline screening echocardiograms prior to starting TNF-alpha inhibitors are not 
recommended [166]. Although limited by various factors, clinical registry data from 
Germany found no significant risk for exacerbation of or new onset of heart failure 
with TNF-alpha inhibitors versus csDMARDs [167].

Prospective data from the British Society of Rheumatology Biologics Register 
(BSRBR) showed an incidence rate ratio (IRR) of 1.44 for initial myocardial infarc-
tion (MI) in patients treated with TNF-alpha inhibitors versus those treated with 
csDMARDs. However, they also showed an IRR for initial MI of 0.36 in “responder” 
patients treated with TNF-alpha inhibitors (response within 6 months of treatment) 
versus those whom were “nonresponders” [6]. Overall, evidence does not support 
that TNF-alpha inhibitors are contraindicated in patients with previous CAD or 
MI. In fact, a retrospective US study showed that use of TNF-alpha inhibitors was 
associated with a 55% reduction in the risk of incident CAD events (coronary revas-
cularization procedure, MI, unstable angina) versus use of csDMARDs (excluding 
methotrexate) with a HR of 0.45 [168].

With regard to abatacept, cardiovascular events are uncommon, and the presence 
of stable CVD does not preclude its use [169]. With regard to rituximab, it is con-
traindicated in patients with NYHA class IV heart failure or uncontrolled CAD 
[170]. With regard to tocilizumab, it is known that it is associated with induction of 
an atherogenic lipid profile, but this does not necessarily translate into increased 
CVD events [125, 171]. This effect, i.e., changes in lipid profile, is not usually seen 
in patients treated with TNF-alpha inhibitors. Serious adverse event rates, including 
cardiac deaths, serious MIs, and serious strokes, were similar in post-marketing 
tocilizumab data sets as compared to those seen in tocilizumab clinical trials and 
users of TNF-alpha inhibitors [172]. Despite an elevation in lipid levels seen with 
tofacitinib, studies with this medication to date have not shown that this translates 
into an increase in major adverse cardiac events (MACEs) [173].

Anakinra, in addition to standard therapy, has been shown to be effective in pre-
venting left ventricular remodeling and the development of heart failure in the post-
MI period [174]. Improved exercise performance has been shown in patients with 
heart failure whom were given a 14-day course of anakinra [174]. Improved cardiac 
contractility was shown in rheumatoid arthritis patients getting anakinra, even 
within a few hours of a single dose [174]. In patients with diastolic heart failure, 
those given a 14-day course of anakinra showed increased peak oxygen consump-
tion [174].
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With regard to IL-12/23 blocking agents, namely, ustekinumab, there has been 
varying results with regard to its association with MACEs. Two meta-analyses of 
RCTs regarding its use in patients with psoriasis showed no statistically significant 
increased risk of MACEs and a statistically significant increased odds ratio (OR) 
for MACEs of 4.23, respectively [175]. Data with regard to this imbalance in 
MACEs is less compelling in patients using ustekinumab for treatment of psoriatic 
arthritis. An important consideration to take into account as a clinician is that 
patients with more severe psoriasis and psoriatic arthritis are at increased risk of 
MACEs independent of traditional risk factors. It is advisable that modifiable car-
diovascular risk factors be optimized in patients with psoriasis and psoriatic arthri-
tis [175]. A recent study looking at the use of bDMARDs for treatment of severe 
psoriasis, including ustekinumab, showed that patients treated with bDMARDs had 
reduced CAD progression as assessed by contrast-enhanced coronary CT angiog-
raphy and non-contrast coronary artery calcium CT at baseline and after 13 months 
of follow-up [176].

There is insufficient data to contraindicate the use of bDMARDs in patients with 
previous cerebrovascular disease.

Rheumatic patients with a higher risk for cardiovascular disease should have 
optimum management of all traditional risk factors coupled with tight control of 
their inflammatory disease.

�Interstitial Lung Disease

Interstitial lung disease (ILD) occurs with varying frequencies in many rheumatic 
diseases. The absence of a biomarker and presentations that may be mistaken for 
infection, asthma, or heart failure delays recognition. Its management is compli-
cated by imprecise tools, high-resolution computerized tomography of the chest, or 
pulmonary function tests for monitoring treatment response or disease progression. 
Complicating this situation is the association of many anti-rheumatic medications 
with ILD.

Methotrexate-induced ILD was reported in leukemia, psoriasis, and rheumatoid 
arthritis albeit at a lower dose in the latter [177–179]. The typical presentation is 
that of an acute or subacute hypersensitivity pneumonitis with granuloma formation 
and bronchiolitis or diffuse alveolar damage from a toxic drug reaction. The clinical 
presentation is nonspecific and includes dyspnea and nonproductive cough with or 
without fever. Symptoms may resolve with discontinuation of the drug or progress 
to respiratory failure. Chronic interstitial lung disease secondary to methotrexate is 
reported, but given the nonspecific presentation that can mimic lung disease associ-
ated with many of the connective tissue disorders, its existence as a distinct syn-
drome is questioned. A study of rheumatoid arthritis patients followed prospectively 
with serial pulmonary function tests and high-resolution computerized tomographic 
scans of the chest over 2 years reported no evidence of low-dose methotrexate asso-
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ciated chronic interstitial lung disease [180]. Supporting this was a report of clinical 
trials for psoriasis, psoriatic arthritis, and inflammatory bowel disease where no 
increased risk of methotrexate lung toxicity was reported [181].

The diagnosis of methotrexate-induced lung disease is clinical; usually patients 
will have used the methotrexate for less than a year, but hypersensitivity pneumoni-
tis may occur in patients who have been using the drug for longer. Diagnostic imag-
ing is nonspecific with chest radiographs and computerized tomography scans 
revealing patchy, diffuse, or focal infiltrates, but high resolution scanning may 
reveal ground-glass infiltrates, findings that may be seen with rheumatoid arthritis, 
scleroderma, and other connective tissue diseases. Improvement in symptoms with 
drug withdrawal supports the diagnosis of methotrexate-induced ILD. Rechallenging 
is not recommended.

Methotrexate remains an integral part of the management of patients with rheu-
matic diseases, even in the presence of lung disease [182]. In fact, given the preva-
lence of ILD in many rheumatic diseases including rheumatoid arthritis, patients 
with asymptomatic lung disease are treated with methotrexate without adverse 
respiratory events [180]. Given the current availability of alternative drugs, patients 
who have presumed ILD secondary to methotrexate should not be rechallenged. 
Use of methotrexate in patients with ILD secondary to their underlying rheumatic 
disease remains controversial. Serial monitoring of pulmonary function tests has not 
been uniformly recommended given their variable ability to predict pneumonitis 
[183, 184]. Patients at greatest risk of methotrexate-induced lung injury include 
older patients, diabetics, pleural-pulmonary involvement secondary to rheumatoid 
arthritis, prior use of DMARDs, and hypoalbuminemia.

Shortly after the release of leflunomide in Japan, several reports of ILD second-
ary to this drug were published in 2004 [185]. Further reports describe a more con-
sistent clinical picture with acute lung disease occurring within 20  weeks of 
initiating the drug. Computerized tomography of the chest revealed diffuse ground-
glass alveolar opacities, but cryptogenic organizing pneumonia was also reported 
[186]. Further studies of a large cohort reported that there was no increased risk for 
hospitalization secondary to ILD associated with leflunomide for patients without a 
prior history of lung disease and who had not been previously treated with metho-
trexate [187]. The authors concluded that the apparent increased rate of ILD associ-
ated with leflunomide was the result of channeling patients at high risk for developing 
ILD to that drug. We recommend that leflunomide not be used in patients with pre-
existing ILD or methotrexate-induced ILD, even if the patient has made a full recov-
ery. Methotrexate should also not be used concurrently with leflunomide [188].

MMF and cyclophosphamide have both been reported to be efficacious in 
patients with scleroderma-associated ILD [189]. Similarly azathioprine, 
hydroxychloroquine, and sulfasalazine are not reported to be associated with pul-
monary toxicity and are relatively safe in patients with ILD. However, patients 
should be informed of rare or idiosyncratic reactions affecting the lungs with 
many medications; there is a report of nonspecific interstitial pneumonia associ-
ated with MMF [190].
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TNF-alpha has a complex and sometimes opposing role in lung pathology. This 
cytokine has a central role in granuloma formation whether combating infectious 
agents such as mycobacteria or in granulomatous diseases like sarcoidosis. TNF-
alpha may be pro-fibrotic and have a pathogenic role in idiopathic pulmonary fibro-
sis [191]. Despite apparent success in small studies, TNF-alpha inhibitors were not 
successful in larger trials of idiopathic pulmonary fibrosis [192]. Notwithstanding 
TNF-alpha inhibitors were used with success in the treatment of other fibrotic and 
granulomatous pulmonary diseases including scleroderma, sarcoidosis, and 
RA-associated ILD [193–195]. Hence it was surprising to see reports of TNF-alpha 
inhibitors linked to rheumatoid arthritis-associated ILD exacerbations and sarcoid-
osis [196, 197]. Because ILD may occur in rheumatoid arthritis without the use of 
TNF-alpha inhibitors or csDAMRDs, the information from these case reports and 
case series is difficult to interpret. Supporting a lack of association is an analysis of 
data from a US cohort of greater than 8000 patients with rheumatoid arthritis that 
were followed for more than 10 years and reported no association between ILD and 
TNF-alpha inhibitors [198].

Reports supporting a link between TNF-alpha inhibitors and the development or 
progression of ILD have noted the onset of respiratory symptoms within 6 months 
of beginning therapy. Other potential factors include concomitant therapy with 
methotrexate, prior use of csDMARDs, and older age [196].

Rituximab is utilized in the treatment of a number of rheumatic diseases with 
lung involvement. Rituximab was associated with an increase in carbon monoxide 
pulmonary diffusing capacity in patients with scleroderma-associated ILD in a 
small study [199]. These results were supported by similar outcomes from the 
European Scleroderma Trial and Research (EUSTAR) cohort [200].

There are case reports of exacerbations of ILD in patients treated with tocili-
zumab and abatacept [201, 202]. An analysis of combined data from the Medicare 
supplemental and commercial claims and encounter databases examined the inci-
dence of ILD in users of abatacept, rituximab tocilizumab, and TNF-alpha inhib-
itors and did not find any difference in the incidence of ILD for any of these 
agents [203].

ILD occurs in many rheumatic diseases, and with the difficulty of its evaluation, 
assigning cause to underlying disease, anti-rheumatic medication, or opportunistic 
infection is challenging. Prior to beginning anti-rheumatic medications, patients 
should be questioned and examined for pulmonary disease. Those with unexplained 
shortness of breath or chronic cough should be evaluated by pulmonary function 
testing, and if the carbon monoxide pulmonary diffusing capacity is below 70%, a 
high-resolution computerized tomography is recommended [204]. The selection of 
the csDMARD or bDMARD will depend on the underlying disease and prior ther-
apy. Although MMF and rituximab appear to be the agents least associated with 
progression of ILD, rare pulmonary adverse events have been reported. Whichever 
agent is chosen, it appears best to avoid combination therapy if possible and monitor 
the patients for symptomatic progression or with serial carbon monoxide pulmonary 
diffusing capacity [204].
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�Asthma and Chronic Obstructive Pulmonary Disease

Asthma and chronic obstructive pulmonary disease are common ailments and 
though unrelated may accompany many rheumatic diseases. More severe cases are 
corticosteroid-dependent and immunosuppressant drugs including methotrexate 
and azathioprine, were used to successfully lower the corticosteroid dose [205, 
206]. Biologic agents specifically TNF-alpha inhibitors have been studied as thera-
peutic agents for both COPD and asthma with mixed results, a disappointing out-
come given the pathogenic role of TNF-alpha in both diseases [207]. Patients with 
rheumatoid arthritis prescribed etanercept had a decreased risk for hospitalization 
for COPD on review of a North American claims database [208]. However, not all 
biologics were found to be without risk of exacerbation of respiratory symptoms. 
One of the early trials of abatacept in rheumatoid arthritis enrolled 54 patients (4%) 
with COPD, 37 of whom received abatacept, the remainder placebo [209]. 
Respiratory complications occurred nearly twice as frequently in the abatacept 
group compared with the placebo group. Ustekinumab on the other hand was 
reported to improve not only psoriatic skin disease in one patient but she was also 
able to taper off all of the maintenance medications for her asthma [210]. Although 
most immunosuppressive agents and biologics appear to be well tolerated in patients 
with asthma and COPD, these respiratory diseases are susceptible to external trig-
gers, and any new medication could trigger bronchospasm. Abatacept is best used 
with caution in patients with COPD and avoided if the disease is uncontrolled.

�Diabetes Mellitus

Diabetes mellitus is a metabolic disease characterized by hyperglycemia, inade-
quate insulin secretion, and insulin resistance. Many chronic rheumatic diseases are 
associated with inflammation that impairs glucose handling and increases insulin 
resistance that can be ameliorated with control of the disease activity [211]. 
However, high doses or chronic use of prednisone may offset any beneficial glyce-
mic effect because of steroid-induced diabetes. Apart from prednisone and related 
corticosteroids, other anti-rheumatic medications do not directly increase the glyce-
mic index. However, patients with diabetes are at risk for the development of coro-
nary artery disease and infections. These potential complications should be 
considered when selecting anti-rheumatic medications.

Hepatotoxicity is a major complication associated with chronic methotrexate 
therapy. In early studies diabetes mellitus was reported as a risk factor for hepato-
toxicity from methotrexate in patients with psoriasis and rheumatoid arthritis [212, 
213]. Subsequently on further review, many of these patients were obese, a contrib-
uting factor to the development of steatohepatitis. It is thus prudent to follow metho-
trexate monitoring guidelines for patients with diabetes. Other potential hepatotoxic 
drugs particularly alcohol must be avoided. Other anti-rheumatic drugs including 
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hydroxychloroquine, sulfasalazine, azathioprine, and MMF are not reported to 
worsen glycemic control.

Infliximab improved insulin resistance in nondiabetic patients with rheumatoid 
arthritis [7]. Along these lines tocilizumab was reported to improve glycosylated 
hemoglobin values in patients with rheumatoid arthritis and type 2 diabetes, while 
none of their nondiabetic counterparts experienced hypoglycemic episodes [214]. 
There is one report of a patient with type I diabetes mellitus developing a severe 
hypoglycemic episode within 12 h of starting adalimumab [215]. Although there are 
concerns regarding infections both in diabetic patients and patients on TNF-alpha 
inhibitors, one study evaluating the long-term safety of etanercept in patients with 
comorbidities included 265 patients with diabetes who were followed for a mean of 
3.5 years and reported no increased risk of infections [216]. All diabetic patients on 
anti-rheumatic drugs should be observed for infections.

�Renal Disease

Methotrexate is primarily eliminated via the kidneys with active tubular secretion 
playing a role. Weak acids may impair excretion. Biliary secretion accounts for less 
than 10% of the removal of methotrexate from the body. Methotrexate is often the 
first csDMARD selected in treating rheumatoid arthritis and psoriatic arthritis, two 
rheumatic diseases where kidney disease is not a major manifestation. Renal impair-
ment in patients with these diseases is usually secondary to hypertension, diabetes 
mellitus, or other comorbid illnesses and may be slowly progressive. Rheumatologists 
may be less inclined to monitor renal function deferring this to the patients’ inter-
nist, risking inappropriate dosing of methotrexate in these patients. Patients with 
chronic kidney disease are at greater risk for the development of pancytopenia sec-
ondary to methotrexate. Methotrexate should not be used for treating chronic rheu-
matic diseases in patients with serum creatinine greater than 2.0 mg/dl (152.5 μmol/L) 
or creatinine clearance <50 ml/min/1.73 m2 [217].

Although leflunomide is excreted in the feces and also urine, the European 
Medicines Agency recommends that moderate to severe renal impairment is a con-
traindication because of insufficient data in this population. Recently leflunomide 
has been studied as a therapeutic option for patients with lupus nephritis and, one 
review reported comparable efficacy to cyclophosphamide [218]. In a recent cross-
sectional study of patients with rheumatoid arthritis and ESRD, hydroxychloroquine 
was the most frequently used csDMARD and appears relatively safe in that popula-
tion [219].

Azathioprine, cyclophosphamide, and MMF are potent immunosuppressive 
agents that are used in the treatment of glomerulonephritis associated with SLE and 
ANCA-associated vasculitis. Despite the efficacy of these agents for inducing or 
maintaining remission, patients with reduced renal function need to be carefully 
monitored for bone marrow suppression or mucositis. Adjustment to a lower dose 
may be needed to prevent those side effects.
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TNF-alpha inhibitors appear safe in patients with reduced estimated glomerular 
filtration rate (eGFR). One study reported that rheumatoid arthritis patients on TNF-
alpha inhibitors had a slower decline in eGFR compared with patients in their cohort 
not on TNF-alpha inhibitors Tocilizumab and ustekinumab are reported to be safe 
and effective in rheumatoid and psoriatic arthritis patients, respectively, with renal 
disease [220, 221]. Rituximab has been used successfully in the treatment of ANCA-
associated vasculitis including patients with significant renal disease and remains an 
option for active rheumatic diseases in patients with poor kidney function [222].

�Pregnancy and Lactation

Rheumatologic diseases can affect women of child-bearing age; thus the use of 
csDMARDs and bDMARDs before conception, during pregnancy, in the postpar-
tum period, and during breastfeeding is an important consideration.

It is well known that csDMARDs including leflunomide and methotrexate are FDA 
Pregnancy Category “X” meaning that studies in animals or humans have demonstrated 
fetal abnormalities and/or there is positive evidence of human fetal risk based on adverse 
reaction data from investigational or marketing experience, and the risks involved in 
using these drugs in pregnant woman clearly outweigh potential benefits. Spontaneous 
abortions and birth defects are linked to the use of methotrexate postconception. 
“Methotrexate embryopathy” characterized by cranial abnormalities, growth defi-
ciency, hydrocephaly, limb hypoplasia, meningomyelocele, microcephaly, and micro-
gnathia has been described [223]. Breastfeeding is generally not advised while on 
methotrexate, especially on the day that the dose is taken. In women who are planning 
to become pregnant, it is advisable that they discontinue methotrexate at least 3 months 
prior to conception [223]. If a woman becomes pregnant while on leflunomide, chole-
styramine needs to be administered for drug “washout” given its long half-life (dose: 
8 g orally three times a day until serum leflunomide level is undetectable <0.02 mg/mL) 
[223]. Breastfeeding is also generally not advised while on leflunomide because there 
are no data about its levels in breast milk. Congenital malformations have been linked 
to cyclophosphamide and MMF in addition to leflunomide and methotrexate. 
Cyclophosphamide should be discontinued at least 3 months prior to conception due to 
the following being associated with its use during pregnancy, especially in the first tri-
mester: craniosynostosis, growth deficiency, limb defects, microcephaly, miscarriages, 
and oral clefts [223]. Breastfeeding is contraindicated while on this medication because 
it is excreted in breast milk and can cause cytopenia, i.e., neutropenia and thrombocy-
topenia, in nursing infants [223]. “Mycophenolate mofetil embryopathy” characterized 
by auditory canal atresia, hypertelorism, micrognathia, microtia, and orofacial clefts 
has been described [223]. Breastfeeding is also generally not advised while on myco-
phenolate mofetil because there are no data about its levels in breast milk. This medica-
tion should be discontinued at least 6 weeks prior to conception [223].

Safer csDMARD options during pregnancy include the use of azathioprine, 
hydroxychloroquine, and sulfasalazine. Azathioprine is FDA Pregnancy Category 
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“D” meaning that there is positive evidence of human fetal risk based on adverse 
reaction data from investigational or marketing experience or studies in humans, but 
potential benefits may warrant use of the drug in pregnant women despite potential 
risks. Hydroxychloroquine is FDA Pregnancy Category “C” meaning that animal 
reproduction studies have shown an adverse effect on the fetus, and there are no 
adequate and well-controlled studies in humans, but potential benefits may warrant 
their use in pregnant women despite potential risks. Sulfasalazine is FDA Pregnancy 
Category “B” meaning that animal reproduction studies have failed to demonstrate 
a risk to the fetus, and there are no adequate and well-controlled studies in pregnant 
women. Azathioprine is teratogenic in animal studies but reassuringly not so in 
humans with no increased risk for fetal malformations [223]. Although it is mini-
mally transferred into breast milk, no adverse effects have been observed. Overall, 
azathioprine is an attractive option during pregnancy due to its favorable safety pro-
file and steroid-sparing properties. Although hydroxychloroquine crosses the pla-
centa, no fetal defects have been observed [223]. Likewise, although its levels are 
detected in breast milk, no adverse effects have been observed. Because sulfasala-
zine has certain antifolate drug properties, folate supplementation is needed prior to 
conception and during pregnancy [223]. Despite concern that this drug may lead to 
neonatal jaundice, cases of kernicterus have not been reported [223]. Mothers taking 
sulfasalazine whom are breast feeding should do so with caution since there has 
been a report of bloody diarrhea in an infant, and it is detectable in breast milk [223].

Reasonable options for transitioning medications in a woman who is planning to 
become pregnant include the following: hydroxychloroquine or sulfasalazine in lieu 
of leflunomide or methotrexate and azathioprine in lieu of mycophenolate mofetil.

A careful discussion is warranted between the patient and rheumatologist about 
the use of bDMARDs during pregnancy, especially since safety data is either lim-
ited or not available for certain agents including abatacept, anakinra, belimumab, 
tocilizumab, tofacitinib, and ustekinumab [223].

All TNF-alpha inhibitors are FDA Pregnancy Category “B” (see above). 
Abatacept, rituximab, and tocilizumab are FDA Pregnancy Category “C” (see 
above) [224]. Among the TNF-alpha inhibitors, certolizumab is thought to have the 
least placental transfer as compared to adalimumab and infliximab [225]. It is rea-
sonable to discontinue monoclonal antibody TNF-alpha inhibitors, i.e., adalim-
umab, golimumab, and infliximab, in the third trimester, i.e., 30th week of pregnancy, 
in order to decrease the risk of neonatal immunosuppression. More robust data in 
patients with inflammatory bowel disease has suggested that it is safe to maintain 
and even start treatment with TNF-alpha inhibitors during pregnancy. Limited data 
indicates no adverse outcomes in breast-fed infants of mothers who continue to use 
TNF-alpha inhibitors [226]. With regard to rituximab, cases of congenital malfor-
mations, miscarriages, and prematurity have been reported [227]. Also, due to its 
mechanism of action, much is unknown about the effects of in utero and neonatal 
B-cell depletion. For these reasons, it is generally recommended that effective 
methods of contraception be used and pregnancy be avoided for 6–12 months after 
exposure. Although it is not confirmed that rituximab is present in human breast 
milk, breastfeeding is not advisable [170]. Lack of data with regard to abatacept, 
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belimumab, tocilizumab, tofacitinib, and ustekinumab suggests that no recommen-
dations can be made regarding their use in pregnancy and/or lactation, and, thus, 
alternative and safer therapies should be used instead.

With regard to use of bDMARDs in pregnancy, it seems that the use of TNF-
alpha inhibitors, at least based on observational data, seems to be the safest option. 
Additional implications include delaying live vaccinations, i.e., BCG, measles, 
polio (oral), rotavirus, and yellow fever, for at least 6 months after birth in infants 
who have been exposed to TNF-α inhibitors in utero, especially if they were contin-
ued in the third trimester of pregnancy [228].

�Conclusion

Anti-rheumatic medications improve disease outcomes and the quality of life of 
patients. However, their unique pharmacodynamic properties can potentially exac-
erbate certain comorbidities. The exclusion of this patient population from clinical 
trials and the channeling of healthier patients to more “high-risk” drugs obfuscate 
interpretation of data. However, to properly attribute the effect of an anti-rheumatic 
drug on a comorbidity, either positive or negative merely the presence or absence of 
the comorbid disease is insufficient information. Rheumatologists managing rheu-
matic diseases must strive to garner more information about their patients’ non-
rheumatic disease. This information needs to be collected concurrently along with 
the disease activity and organ involvement of the rheumatic disease. A frank discus-
sion with the patient about their aspirations for the treatment of their rheumatic and 
comorbid disease may help individualize therapy to achieve these goals. Hopefully 
this approach will lead to more evidenced-based strategies for managing rheumatic 
diseases in patients with other chronic medical conditions.
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Chapter 18
Comorbidity and Patient-Reported Outcomes

Deborah Palmer and Yasser El Miedany

The recognition that patients have unique knowledge of their own health and are 
experts in terms of their illness and its impact on their lives led to the recent concept 
of “patient-centred care” which has been endorsed as the best model of care for patient 
presenting with chronic inflammatory arthritic conditions. In 2010, the Affordable 
Care Act created the Patient-Centered Outcomes Research Institute (PCORI), which 
stresses the importance of patient-centeredness care [1]. Patient-centred care refers to 
the need to address patient views, characteristics, functional ability and quality of life, 
comorbidities, preferences as well as decision-making needs. This was emphasised 
by the improvement associated with treatment outcomes and treatment satisfaction 
when patients’ perspectives are taken into consideration [2, 3].

In the past decade, there have been significant developments in the management 
of inflammatory arthritic conditions. The introduction of biologic therapy, intensive 
new treatment policies such as window of opportunity and treat to target, as well as 
the regularly updated guidelines led to significant developments and high expecta-
tions of the disease management outcomes. However, the patients’ mortality and 
morbidity remained significantly impaired, which was attributed to comorbidities. 
Consequently, clinical and research interest in comorbidities have increased. A 
widely accepted definition of comorbidity is “the existence or occurrence of any 
distinct additional entity during the clinical course of a patient who has the index 
disease under study” [4]. In addition to the high prevalence of comorbidities in 
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patients with chronic inflammatory arthritic conditions (the average patient with 
rheumatoid arthritis (RA) has 1.6 comorbid conditions, and the number of these 
conditions increases with age, disease duration and/or disease activity) [5–7], 
comorbidities were reported to have a negative impact on the patients’ health, as 
they reduce function and work productivity, decrease quality of life, and might 
shorten life expectancy [8–10]. As most of these parameters are mainly reported by 
the patients, the interaction between comorbidities and patient-reported outcomes 
(PROs) attracted the attention of the clinicians as well as researchers, and questions 
were raised regarding the best ways to endorse such relation in standard clinical 
practice. This chapter will discuss the interplay between comorbidities and patient-
reported outcomes as well as its impact on the patients’ management.

�The Interplay Between Comorbidities and Patient-Reported 
Outcomes

To better understand the interplay between the patients and their reported outcomes, 
the chronic inflammatory arthritic conditions, and comorbidities, it is important to 
conceptualise the index relative to other comorbid health conditions that patients 
may have (Fig. 18.1). Some of the associations between comorbid conditions and 
PROs can be endogenous. For example, it is uncertain whether diabetes causes 
patients to experience negative PROs such as physical limitations and depression or 
whether physical limitations and depression predispose patients to behavioural risk 
factors for diabetes [11]. On the other hand, such association can be exogenous. In 
this model, no index disease is defined, and all morbidities are regarded of equal 
importance including the arthritic condition. Such approach constitutes a more 
generic, patient-centred-based concept, where both the inflammatory disease and 
comorbidities are considered at equal distance with the patient in the core of the 
model. This was defined as “multimorbidity”, which is the “coexistence of two or 
more chronic diseases in the same individual”, irrespective of whether the disease 
started before or after onset of the index disease” [12].

Fig. 18.1  The index of patient disease relative to other comorbid health conditions
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Resolving the interplay between inflammatory arthritic conditions, comorbidi-
ties, and its determinants is challenging. While the occurrence of “emerging” 
comorbidities is more common in chronic arthritic diseases such as RA, spondylo-
arthritis (SpA) or lupus (SLE), the clinical consequences of comorbidity are also 
more severe in these patients as compared to controls. Despite this observation, 
comorbidity is often under-recognised and undertreated in standard clinical practice 
[13, 14]. Furthermore, guidelines and outcome measures focus on the index inflam-
matory arthritic condition as a single disease and consider the presence of comor-
bidity and its impact later in the disease course. This has been compounded by the 
fact that, in contrast to many chronic diseases, where a single gold standard mea-
sure, such as blood pressure in hypertension, haemoglobin A1C in diabetes, and 
lipid profile in hyperlipidaemia, is applicable to diagnosis, management, prognosis, 
and analyses of outcomes in all individual patients in clinical trials, clinical care, 
and long-term databases, in inflammatory arthritic conditions (excluding gouty 
arthritis), there is not a single gold standard measure to assess outcomes. This is 
applicable both in short-term trials such as joint and laboratory measures and in 
long-term studies such as radiographic progression, comorbidities, disability and 
death. The absence of such a gold standard measure highlighted the need for pooled 
indices as a valid tool [15–17]. However, so far, these tend to be complex, expensive 
and currently used in clinical trials but not in clinical care.

Adding other factors, such as ageing, to the equation may add to the complexity 
of this interplay. By 2030, about one in four inhabitants of the European Union will 
be above the age of 65 [18]. The relevance of ageing is becoming more and more 
apparent in industrialised countries as, in parallel to an increase in life expectancy, 
birth rates are decreasing. In an ageing population, it is expected that the number of 
patients with inflammatory as well as noninflammatory arthritic conditions will 
grow proportionally. Several studies showed that both ageing and comorbidity may 
independently alter commonly used patient outcome measures, including joint 
scores, remission and response criteria as well as functional disability assessments 
[19–23]. In another study, ageing was an independent predictor for higher scores on 
both the pain VAS and global assessment VAS [24]. However, the challenge is that 
the inclusion of patients in most of the RCTs which included arthritic patients is 
usually restricted by stringent criteria. Therefore, patients included in these trials 
often do not resemble the spectrum of patients treated in the “real world”, i.e. elderly 
patients who often face comorbidity and polypharmacy.

Looking globally, the effect magnitude of ageing and comorbidity on outcome mea-
sures and management remains largely unknown. For many of the comorbidities, it is 
equally unclear whether they should be managed similarly in middle-aged versus older 
patients. It seems clear that elderly RA patients who also face comorbidity will need a 
different management approach since the needs of these patients are more than just the 
sum of needs in relation to single diseases [25]. The symptoms of inflammatory arthri-
tis such as RA or Sjogren’s syndrome and comorbidities may be overlapping, treat-
ments may interact, underlying pathophysiology may be shared and the course of all 
diseases may be altered. As a consequence, the current treatment strategies might not 
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be directly translatable to elderly patients with comorbidity [26]. Research should 
focus on the impact of comorbidities on screening, diagnosis, and outcome measure-
ment of patients with chronic inflammatory arthritis. While, nowadays, elderly patients 
with comorbidities are often excluded from intervention studies [27], future clinical 
trials should take the complex treatment reality of these patients into consideration by 
developing, for example, comprehensive comorbidity measures in order to correct for 
confounding and effect modification in clinical trials [28, 29]. This may ultimately 
result in the development of recommendations which can guide the complex manage-
ment decisions that need to be made in the case of an ageing arthritic patient who faces 
comorbidity. In doing so, a goal-oriented approach should be prioritised above a dis-
ease-centred approach. Maintaining maximal functional status and active social par-
ticipation is an essential component of a goal-oriented approach. Avoiding inefficient 
healthcare utilisation and medication side effects (e.g. suffering more from the treat-
ment than from the disease) is important [30].

�Comorbidity as Predictors of Patient Outcomes

The relation between comorbidity and patient-reported outcomes is quite variable in 
course. This is subject to the disease stage, disease activity and response to therapy 
(Fig. 18.2). Several published studies have described a cross-sectional relationship 
between the comorbidities and a reduced probability of remission [23, 31, 32]. A large 
multinational cross-sectional study of 5848 RA patients demonstrated that the number 
of comorbidities is independently associated with the clinical disease activity index 
“CDAI” [odds ratio (OR) 0.75, CI 0.68, 0.83] [23]. Burmester et al. [8] evaluated 
6610 active RA patients who were treated with adalimumab for 3 months for predic-
tors of achieving remission. Patients with one or no comorbidity had an OR of 0.86 of 

Fig. 18.2  Relationship between comorbidity and patient-reported outcomes
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attaining DAS-28 remission compared with those with more than one. Krishnan et al. 
[23] studied a random sample of 1530 Finnish patients in the general population and 
demonstrated that age and comorbidities correlated with pain and patient global 
VAS. In a later article, Sokka et al. [32] suggested that only 15% of non-RA patients, 
>50 years of age, met ACR remission criteria. This suggests that even in a non-RA 
population, a population where remission should be easier to attain, comorbidities 
may play a substantial role in negatively impacting the ability to achieve remission.

On another front, several studies have examined the relationship between comor-
bidities and worsening functional disability [33, 34, 36, 37, 73]. Functional disabil-
ity is an important outcome measure in inflammatory arthritic conditions. In 1991 
Verbrugge et al. [37] evaluated chronic conditions in general in RA patients and 
showed a strong relationship between the number of comorbidities and functional 
disability in a cross-sectional and longitudinal cohort. In a more recent study, 
Radner et al. [35] evaluated the impact of comorbidities on the components of the 
HAQ in a cross section of 380 RA patients; they suggest that comorbidities may 
partly account for a portion of irreversible disability. Michaud et al. [38] recently 
reported that age and comorbidities were independently associated with the loss of 
functional status in RA in a cohort of 18,485 patients in the US National Data Bank 
for Rheumatic Diseases.

Interestingly, such associations of different comorbidity measures with patient-
reported outcomes are not limited to patients with inflammatory arthritic conditions, 
but expand also to involve patients with osteoarthritis (OA). Data were from a recent 
study [11], carried out on 300 patients with OA hip and knee joints, revealed that 
comorbid conditions exacerbated the symptoms of OA (including pain and physical 
limitations, feeling down, fatigue and insomnia) and complicated or even compromise 
its management. This was supported by the outcomes of other studies. Perruccio and 
colleagues identified that 68% of patients with OA undergoing elective joint replace-
ment surgery reported at least one other comorbid health condition, while nearly 10% 
of patients reported three or more other comorbid health conditions [39, 40]. In 
another study which included a community-based cohort of patients with symptom-
atic knee OA, the average number of additional self-reported comorbid health condi-
tions was 1.73 [41]. This is particularly important given the high prevalence of OA in 
contrast to the other chronic inflammatory arthritic conditions and the high likelihood 
of multiple comorbid health conditions among aged older adults [42–44].

�Impact of Inflammatory Arthritis Treatment on Comorbidities

This pro-inflammatory environment in patients with chronic inflammatory arthritis 
may, together with the development of self-reactive T and B cells, promote the 
development of other comorbidities such as cardiovascular comorbidity. Since both 
RA and atherosclerosis are inflammatory diseases, it was hypothesised that anti-
rheumatic therapy may also inhibit various inflammatory pathways responsible for 
atherosclerosis. This was supported by the change in the lipid profile and lipid 
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paradox and in active RA patients who received treatment with biologic therapy and 
achieved remission [45]. However, such possible beneficial effects of antirheumatic 
treatment on concomitant cardiovascular disease (CVD) has not been addressed in 
prospective randomised controlled trials, as usually patients with comorbidities are 
often excluded from these trials. Recent research studies focussed on RA patients 
and addressed the question whether antirheumatic therapy may prevent the occur-
rence of cardiovascular events. While the exact mechanism remains unknown, the 
beneficial effect on macrophage cholesterol metabolism and lipoprotein functions 
has been reported [46]. A recent meta-analysis of 28 observational studies reported 
that the risk of CV events can be reduced by using TNF-inhibitors (RR 0.7; 95% -CI 
0.5–0.9; p = 0.005) and methotrexate (RR 0.7; 95% -CI 0.6–0.9; p = 0.007) [47]. In 
concordance, changes in bone mineral content showed similar positive impact. In 
the study carried out by Sakthiswary and his colleagues [48], it was reported that 
TNF inhibitors prevented further generalised bone loss by inhibiting bone resorp-
tion and development of osteoporosis. However, in most of these short-term and 
open-label trials, TNF inhibitors were prescribed in combination with methotrexate. 
Therefore, it needs to be assessed whether this protective effect can be attributed to 
the use of TNF inhibitors on its own or the use of the combination therapy and hence 
better RA disease control. In addition, no fracture data are currently available. 
Interestingly, in early RA patients, short-term use of steroids early in the disease 
course may have a positive impact on the bone mineral density, which was attrib-
uted to the steroids’ potent anti-inflammatory effect. In a randomised, placebo-
controlled, double-blind 2-year study by van der Goes et al. [49], addition of 10 mg 
prednisone daily to a methotrexate-based tight control strategy did not result in a 
negative effect on bone mineral density in early RA patients on bisphosphonates. 
Few studies have prospectively assessed the impact of antirheumatic medications 
on the body composition [50–54]. In a randomised study, carried out by Engvall 
et al. [24], which included 40 patients monitored over 21 month, the use of TNF 
inhibitors was associated with an increase in body fat mass (+3.8 (1.6–5.9) kg in the 
TNF inhibitor group vs +0.4 (−1.5–2.2) kg (p = 0.04) in the conventional synthetic 
DMARD group). There were no changes in muscle mass or lipid profile. Other stud-
ies with a shorter follow-up duration did not show a change in body composition 
[55, 56]. Therefore, there is an unmet need to determine whether these possible 
body composition changes can be confirmed in other research studies and, if so, 
whether they are associated with development of cardiovascular disease on the long 
term. In a recent systematic review and meta-analysis, the effect of TNF-inhibitors 
on anxiety as well as depression was evaluated [57]. Overall, the effects were to be 
small or not significant. However, several studies have shown that antirheumatic 
therapy improves important patient-reported outcomes including general well-
being, fatigue and quality of life [58]. Similar findings were reported in patients 
with spondyloarthritis. Patient-reported outcome measures revealed variance among 
patients that was significantly correlated to the stage of the disease course and the 
disease activity status. Early in the disease process, though symptoms may be 
unrecognised, patients’ priorities included difficulty to have good night sleep, wor-
ries about the future, as well as feelings of anxiety or depression. Late in the disease 
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process, the psychometric priorities included disability at work, sexual dysfunction, 
difficulty to deal with stresses of daily life as well as social family activities. In addi-
tion, there were additional priorities for consideration in the late disease process 
patients, such as the need for surgery and other major interventions, comorbidities 
(cardiovascular and falls), non-articular organ involvement (mainly respiratory) and 
medication toxicities. The majority of patients had fatigue for the majority of the 
time. Self-helplessness, functional disability as well as quality of life scores corre-
lated significantly (p < 0.01) with the disease activity (ASDAS >3.5, BASDAI and 
BASFI >4) as well as presence of comorbidities and responded well to treatment 
with biologic therapy [59, 60].

�Impact of Comorbidity Treatment on Inflammatory Arthritis

Earlier studies showed some evidence that medication regularly prescribed for 
comorbidities, such as statins, might also lower inflammatory markers and have a 
positive effect on RA disease activity measures [55, 56]. In addition to their lipid 
lowering effects, statins also exert an anti-inflammatory action, which is held respon-
sible for the beneficial impact on RA disease activity. In the randomised, placebo-
controlled trial of atorvastatin in rheumatoid arthritis (TARA), it was reported that 
addition of atorvastatin to standard antirheumatic therapy significantly improved the 
DAS-28 as compared to placebo (treatment group: −0.50, 95% -CI −0.8 to −0.3; 
placebo group: +0.03, 95% -CI −0.2 to 0.3) [57]. In a recent cohort study by 
Schoenfeld et al. [59], it was reported that statin use was independently associated 
with a 21% lower risk of all-cause mortality among RA patients (HR 0.8, 95% -CI 
0.7–0.9). There is some evidence that denosumab, a human monoclonal antibody 
against the receptor activator of nuclear factor kappa B ligand and used in the treat-
ment of osteoporosis, may inhibit the development of joint erosions in patients with 
RA [61, 62, 63]. However, denosumab had no effect on joint space narrowing or on 
RA disease activity. Although selective serotonin reuptake inhibitors have been 
reported to exhibit anti-inflammatory effects in addition to their antidepressant 
effects, there is currently insufficient evidence that treatment of depression positively 
or negatively influences RA disease-specific outcome measures and other clinical 
outcomes [64, 65]. In addition, the evidence to routinely prescribe antidepressants as 
analgesics in patients with inflammatory arthritis is also inconclusive [66].

�Comorbidity Impact on Prescription Trends

It is increasingly recognised that comorbid conditions play a pivotal role in inflam-
matory arthritis outcomes. These comorbid conditions also have an impact on the 
patients’ treatment choices. On the other hand, some medications may also inter-
act with the patient comorbidities, hence get contraindicated and cannot be used 
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all together. Therefore, screening arthritic patients for their comorbidities prior to 
starting new medications become mandatory. NSAIDs are the most common med-
ication used for patients with joint pains in general. NSAIDs have been advocated 
to exacerbate preexisting high blood pressure [67]. This was attributed to different 
mechanisms, e.g. sodium and water retention, renin–angiotensin–aldosterone sys-
tem activation and inhibition of renal vasodilator prostaglandins [68–71]. 
Subsequently, it was advised to avoid these agents in patients with hypertension. 
However, NSAIDs with nitric oxide-promoting properties can help RA patients 
with high blood pressure. In a similar manner, in patients at a high risk of bleeding 
(e.g. those with peptic ulcer, gastrointestinal risk factors), alternative therapy has 
been advised. Taking NSAIDs with low-dose aspirin (taken for its anti-platelet 
effect) was also reported to double the risk of gastrointestinal bleeding. If NSAID 
therapy is necessary, cyclooxygenase (COX)-2 inhibitors with misoprostol or pro-
ton pump inhibitors (PPI) can be used [72]. Questionnaires have been published to 
help identify the patients at high risk of developing complications or have contra-
indication to NSAID use (Fig. 18.3).

Patients suffering from inflammatory arthritis are prone to develop insulin resis-
tance [73, 74]. This was supported by the results of other studies showing that con-
trolling inflammation reduces insulin resistance [75]. Studies showed that the 
anti-TNFα biologic therapy reduces the risk of developing diabetes mellitus in 
patients with inflammatory arthritis [74]. On the other hand, steroids (e.g. predniso-
lone) are known to cause hyperglycaemia and thus should be used with caution or 
better avoided in patients with risk factors or already have hyperglycaemia/diabetes 
mellitus. Similarly, steroids should be used cautiously in inflammatory arthritis 
patients at risk of osteoporosis. Careful consideration of the patient risk factors of 
osteoporosis, assessment of the bone mineral density and employment of primary 
prevention techniques and secondary treatment approaches are recommended when 
long-term steroid therapy is planned. In concordance, steroid-induced dyslipidae-
mia has been extensively studied [76, 77]. This finding, in addition to the recent 
publications reporting lipid profile changes induced by the inflammatory arthritic 
process itself [45], highlights the importance of screening for comorbidities by the 
treating rheumatologist before commencing long-term steroid therapy.

When disease modifying drugs (DMARDs) are considered, the patient should be 
screened for baseline liver and kidney functions as well as full blood count. Obesity, 
diabetes, fatty liver as well as viral and alcoholic hepatitis can deteriorate the condi-
tion of patients taking DMARDs [77]. Similarly, patients due to start biologic ther-
apy should be screened initially for history of infections such as tuberculosis, or 
recurrent infections. Also malignancy and multiple sclerosis are contraindications 
to such treatment. Figure 18.4 shows a prebiologic therapy screening questionnaire 
which can be used in standard clinical practice. The recent American College of 
Rheumatology recommendations entailed that RA patients know to have hepatitis B 
and C can be treated using etanercept [78].

In conclusion, the available data in the literature regarding the interaction of 
comorbidities and the patients’ medical management highlights the importance of 
the “patient-centred care” approach, and not the disease-targeted approach, when 
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managing inflammatory arthritic patients. To successfully manage inflammatory 
arthritis patients, comorbidities should be carefully considered, and they should be 
treated. Using questionnaires could be a valid tactic to keep a documented record of 
the patient’s status prior to commencing medical therapy.

Fig. 18.3  NARAQ questionnaire (Data from Ref. [140])
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Fig. 18.4  Prebiologic therapy screening questionnaire (From Ref. [141], with permission)
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Fig. 18.4  (continued) 
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�Patient-Reported Comorbidity

As comorbidity is an important independent predictor of in-hospital mortality, which 
can influence patient outcomes and is routinely used in risk adjustment, it has been 
highly recommended to screen inflammatory arthritis patients whether acute (such as 
gouty arthritis) or chronic (such as RA, SpA or SLE) for comorbid conditions. 
Comorbidity information can be collected from either medical records or administra-
tive data sources. However, this approach can be limited by (1) quality of documenta-
tion [79, 80], (2) limited availability of recent documentation, and (3) under-reporting 
of preadmission conditions judged by clinicians to be less pertinent to patients’ admit-
ting diagnoses [81–83]. Medical record notes may also frequently contain elements of 
both patient self-report and earlier professional documentation, sometimes offering a 
hybrid source of original data [84]. These limitations have led to increased interest in 
using patient self-report to calculate composite comorbidity levels [84–87].

Research has shown that many patients can accurately report their current [45–47] 
and past medical conditions [88–90], including comorbidities. However, data are 
limited regarding how well a self-report comorbidity score predicts functional capac-
ity or quality of life health outcomes. The few global self-report comorbidity mea-
sures have been far less widely used and validated than administrative or medical 
record-derived measures [91, 92]. While self-report measures are subject to missing 
data due to incomplete filling of forms, the main challenge with any self-report mea-
sure is to translate medical language to plain language that patients can understand 
without assistance from a health professional. The most frequently used measure was 
developed by Katz et al. [79]. The self-administered comorbidity questionnaire was 
designed to be an equivalent self-report analogue of the Charlson index. Silliman 
et al. [93] designed a “quasi” self-report study using time to death as the outcome of 
interest but only used the self-administered comorbidity questionnaire measure with 
only 303 breast cancer patients. Other self-report measures are generally disease 
specific rather than general measures. A recent study [94] compared the reporting 
and level of agreement of comorbidities ascertained from rheumatologists, patients 
and health administrative data among patients with RA. 1787 patients were included 
in that study. The prevalence of cancer, diabetes, and hypertension reported by rheu-
matologists was lower than those reported by both patients and administrative data. 
Patients reported more cancers than rheumatologists and administrative data, which 
was illustrated in the lower sensitivity of administrative data in detecting cancers. 
There was substantial agreement between each of the three comorbidities ascertained 
from each data source (kappas ranging from 0.53 to 0.79).

�PROMs and Comorbidity

Historically, assessment of healthcare quality has been quantified using disease-
specific measures, such as targeted laboratory values or preventable hospitalisa-
tions [95–98]. A more stringent and patient-centred standard, however, is to assess 
quality with the person, rather than the disease, as the unit of analysis [99–101]. 
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Doing so requires the use of patient-centred measures that express the net influence 
of all health conditions and their treatments on outcomes that are meaningful to 
patients. One example of such a measure is patient-reported outcomes that cross 
disease-specific boundaries (such as general health status or physical functioning) 
[102]. Assessing quality based on outcomes that matter to patients requires addi-
tional attention to measurement processes using these outcomes [103–106]. Using 
patient-reported outcomes is particularly relevant when assessing process, content, 
and quality of health outcomes for persons with multiple interacting medical condi-
tions as well as for assessing multidimensional care interventions, such as imple-
mentations of the patient-centred medical home [107, 108].

Over the past years, patient-reported outcome measures (PROMs) booked its 
place as a valid tool to monitor the patients’ status in the standard outpatient rheu-
matology setting. Over time, the role of PROMs expanded from mere assessment of 
disease activity parameters to playing an active role in the diagnosis, assessment of 
disease activity scores, identification and monitoring of comorbidities, adherence to 
therapy, and patient self-management [109]. As PROMs progressed from the generic 
phase into a disease-specific era, this helped in transforming the patient-centred care 
concept into reality. The multidimensional, chronic, debilitating, autoimmune 
nature of inflammatory arthritic condition affects the patients both directly and indi-
rectly in almost all organ systems, from cardiovascular disorders and infections to 
increased risk of falling and osteoporotic fractures, depression, sexual dysfunction, 
and gastrointestinal ulcers. Guidelines [78, 110, 111] have highlighted that it is the 
rheumatologists’ responsibility to assess for these risks when treating the patient.

The potential role of PROMs in the assessment of these comorbidities in arthritic 
patients is a good example of the evolving nature of PROMs. Recent PROM ques-
tionnaires allow the treating clinician to assess for arthritis-associated comorbidities 
at each visit. In its early stages, arthritic patients may not have significant comor-
bidities that warrant instant or long-term management. However, as the disease pro-
gresses and becomes more active, the patient can be prone to sustain one or more of 
these comorbidities. Screening for these symptoms is highly recommended on a 
regular basis for every patient at every clinic visit. This approach would facilitate 
on-the-spot assessment for cardiovascular risk, falls risk and osteoporosis, as well 
as depression [112–115]. By incorporating such parameters, PROMs attained its 
multidimensional nature, which takes into account not only how a person functions 
physically, mentally and socially but also incorporates comorbidity assessment, 
work ability, quality of life, disease activity and an evaluative component for self-
helplessness/ motivation that assesses a person’s satisfaction with his or her current 
health status [112, 116].

�e-PROMs and e-Comorbidity

Advances in technology led to a heightened interest in exploring the use of this 
technology in the standard rheumatology practice. This led to rapid developments in 
the health system toward accredited health and care apps as well as digital 
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information services. Using rapidly advancing technologies and online sources, 
patients will be able to log on and view their own health records via a portal. There 
will be unified real-time digital data flows between healthcare professionals and 
careers to support individuals’ health and management. As the patients will be able 
to control their mobile care records, they will be able to add their own records from 
wearable devices. Online softwares and apps are already available for the patients to 
record their e-patient-reported outcome measures or functional disability.

Recent studies were published to assess the use of electronic patient-reported out-
come measures (e-PROMs) in rheumatoid arthritis as well as SLE patients [117, 118]. 
Results revealed that e-PROMs could be administered through tablets, computers, 
and smart phones. It was feasible to sum the patient’s disease activity parameters, and 
based on the scores calculated, clinical relevant actions tailored to the patient’s status 
could be taken which would reflect on the disease control and target achieved. Another 
recent study [119, 120] was carried out to assess the validity of an electronically 
comorbidity assessment strategy to identify comorbid conditions among RA and PsA 
patients in standard practice and to evaluate the impact of e-comorbidity assessment 
on the patients’ care and adherence to therapy. Results revealed that the sensitivity for 
identifying comorbidities using the electronic approach ranged from a minimum of 
94% for atlanto-axial subluxation to a maximum of 100% for cardiovascular risk. The 
patients’ adherence to antirheumatic therapy was significantly (p < 0.1) higher in the 
studied group, whereas stopping DMARDs for intolerability was significantly (p < 
0.01) higher in the control group. Number of procedure/screening tests for comorbid-
ity risk assessment was significantly higher in the e-comorbidity group (P < 0.001). 
In conclusion, the study reported that e-comorbidity assessment offered a specific and 
dynamic approach tailored to the patient’s needs over the 2-year study period, which 
is applicable in standard practice. Patient-reported e-comorbidity outperformed the 
standard medical recording systems and can have a role in healthcare management 
and research. Reclassifying RA patients according to their comorbidity risk would 
have a positive impact on their adherence to therapy, early assessment of comorbidi-
ties with subsequent preventive or treatment decisions. The results of these studies 
paved the way for a project called “rheumote” [118] aiming at providing electronic 
patient-reported outcome measure service for patients with RA, ankylosing spondyli-
tis, psoriatic arthritis, SLE, fibromyalgia and osteoarthritis in different languages.

�Comorbidity Self-Management Tailored to the Patient’s Need

While patient educational opportunities for primary prevention of arthritis are lim-
ited, a large variety of organised programmes have been developed to help patients 
deal with their disease and its associated comorbidities. These were planned accord-
ing to the commonly accepted principles of education, psychology and psycho-
therapy, applied consistently by personnel with some kind of training and were able 
to produce desirable changes in knowledge, behaviour as well as health outcome in 
arthritis patients. The most common types of educational intervention in the treat-
ment of arthritis are self-management programmes and cognitive-behavioural 
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therapy. Both approaches emphasise learning new skills helpful in managing one’s 
disease [121]. Self-management programmes are broadly focused on using infor-
mation, problem-solving and coping skills for symptom management. Their aim is 
not only to achieve more than the provision of information to increase knowledge 
but also to change health behaviour and health status, teaching patients to identify 
and solve problems, set goals and plan actions [122]. Recent study looked into inte-
grating the PROMs and medical education in one-on-one discussions, which pro-
vided a major opportunity for arthritis patient education. Viewing the PROMs scores 
before and after treatment in parallel with targeted patient education led to a signifi-
cant greater reduction of disease activity parameters, DAS-28 score, comorbidities 
as well as improvement of the patients’ adherence to antirheumatic therapy.

Modification of shared lifestyle risk factors such as smoking and promoting phys-
ical inactivity and body weight are all pivotal steps to reduce both the prevalence and 
severity of inflammatory arthritis-associated comorbidities (e.g. cardiovascular dis-
ease) and to reduce overall mortality [123–125]. In addition to the study outcomes 
reporting that cigarette smoking significantly increases the risk of developing RA 
[126, 127], a meta-analysis of observational studies revealed that the OR to be diag-
nosed with RA in males with 20 or more pack-years of smoking was 2.3 (95% CI: 
1.6–3.4) [123]. Although the exact mechanism behind this effect remains uncertain, 
the process of citrullination is considered to be an important factor for the develop-
ment of RA in the anti-citrullinated protein antibody (ACPA)-positive patients [127]. 
Whether (cessation of) smoking influences the disease course in patients with RA 
remains controversial. There is no clear association between smoking and HAQ, 
DAS28, CRP or the erythrocyte sedimentation rate (ESR) [123, 128, 129]. However, 
there is a strong statistical association between smoking and lung cancer as well as 
cardiovascular disease. In a meta-analysis that combined the radiographic data of six 
cohorts, it was concluded that smoking was not an independent risk factor for radio-
logical progression in RA but that the effect was mediated via ACPA [130].

Regular exercise training in patients with inflammatory as well as noninflamma-
tory arthritis is associated with improvement of and functional ability (e.g. aerobic 
fitness and muscle strength) without exacerbating disease activity, maintaining a 
healthy body weight and alleviating the persons’ mood [131–134]. Studies that 
address the association between body weight and disease activity show conflicting 
results, and a high body mass index (BMI) has been correlated with both higher 
[135–137] and lower RA disease activity [138]. On the other hand, there is a signifi-
cant relation between high body weight, diabetes mellitus, cardiovascular risk and 
metabolic syndrome. The European League Against Rheumatism (EULAR) has 
formulated recommendations about the need and timing of cardiovascular risk 
assessment in patients with RA [86]. In general, cardiovascular risk assessment 
should be performed regularly, at least annually [110]. However, currently, no 
RA-specific management model is available for risk assessment and management of 
cardiovascular disease. According to the EULAR recommendations, cardiovascular 
risk prediction charts (e.g. Framingham Risk Score) should be multiplied by a factor 
of 1.5 in case two out of three of the following criteria are present: (1) disease dura-
tion >10 years, (2) presence of rheumatoid factor or ACPA and (3) presence of 
extra-articular manifestations [139].
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Building on what we know, comorbidity will book its place in modern approaches 
of management of patients living with both inflammatory and noninflammatory 
arthritis. Bearing in mind the variable nature of comorbidities and its progression 
over time, patient-reported outcome measures are the best tool to screen as well as 
document the patient’s current comorbidity status at every patient visit. Electronic 
patient outcome apps will be the next step, to fill the gap between the rapidly grow-
ing technology and the current standard clinical practice. Patient management as 
well as education regarding their comorbidity status will be part of the standard 
rheumatology practice.
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Chapter 19
e-Comorbidity and Information Technology

Yasser El Miedany

�Background

In 1991, the Institute of Medicine (USA) issued a report concluding that computer-
based patient record was an “essential technology” for health care and in 1997 
called for the widespread adoption of a computer-based patient record over the next 
10 years [1]. In 2001, the Institute of Medicine’s report, “Crossing the Quality 
Chasm: A New Health System for the 21st Century,” targeted six areas of health 
care which required significant improvement: safety, efficacy, timeliness, efficiency, 
equality, and patient-centeredness [3]. The report outlined why and how health 
information technology can be implemented to achieve all six aims.

Medicine is an information-rich enterprise. A greater and more seamless flow of 
information within a digital health-care infrastructure, such as that created by 
electronic health records (eHR), can transform the way health care is delivered. With 
eHRs, information is available whenever and wherever it is needed; consequently, this 
improves the providers’ ability to make well-informed treatment decisions quickly 
and safely. Initially, in rheumatology, information technology was implemented to 
monitor patients’ disease activity; however, recent studies showed its value also to 
monitor patients’ comorbidity as well as motivation [4–6]. The benefits of electronic 
health records (eHRs) are numerous and greatly outweigh the cost of implementation 
(Fig. 19.1). Its positive impact was not only confined to the patients or health-care 
physicians but extended to include also the physician-patient relationship as well as 
setting up treatment protocols tailored to the patient’s needs. It also helped to monitor 
their comorbidities, functional abilities, as well as quality of lives [7]. This paved the 

Y. El Miedany, MD, FRCP (*) 
King’s College, London, UK 

Rheumatology and Rehabilitation, Ain Shams University, Cairo, Egypt 

Department of Rheumatology, Darent Valley Hospital, Dartford, Kent, UK
e-mail: yasser_elmiedany@yahoo.com

mailto:yasser_elmiedany@yahoo.com


406

way to a new trend in medicine which is applicable to rheumatology. This chapter will 
address the latest developments regarding the use of modern technology in the stan-
dard rheumatology practice, its impact on the delivery of direct health care, services 
tailored to the patient, as well as real-time monitoring of the disease vital signs and 
comorbidity. It will not focus on what technology will be like in the future, but rather, 
what will rheumatologists be like.

�Electronic Health Care

Several new terms have been introduced to the modern medicine literature. Terms 
such as electronic medical, health, and personal records have been commonly used 
over the past years; however, the reader usually gets confused with their definitions 
and what are the differences among them. An electronic medical record (eMR) con-
tains the standard medical and clinical data gathered in one provider’s office. 
Therefore, an electronic medical record is a digital version of a paper chart that 
contains all of a patient’s medical history from one practice [8]. An electronic medi-
cal record is mostly used by providers for diagnosis and treatment. However, the 
information stored in eMRs is not easily shared with providers outside of a practice. 
A patient’s record might even have to be printed out and delivered by mail to spe-
cialists and other members of the care team. In contrast, electronic health records 
(eHRs) go beyond the data collected in the provider’s office and include a more 
comprehensive patient history. Therefore, eHRs are designed to contain and share 
information from all providers involved in a patient’s care. eHR data can be created, 
managed, and consulted by authorized providers and staff from across more than 
one health-care organization. Unlike electronic medical records, eHRs also permit 
the patients’ health record to move with them—to other health-care providers, spe-
cialists, hospitals, nursing homes, and even across geographical regions [9].

Electronic personal health record, (ePHR) is an online document with infor-
mation about the person’s health (including also the health of family members) 
that the person has to keep up to date for easy reference. Using the person’s ePHR 

Fig. 19.1  Benefits of 
electronic health record 
(eHR)
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enables tracking of his/her family’s health information, such as the date of the 
children’s immunizations, last physical exam, allergies, or a list of family medi-
cines, major illnesses, and operations. Many ePHRs are easy to use and may be 
provided free from health providers, the government, or private companies (who 
tend to charge a monthly or annual fee for this service). More recently, apps have 
been developed to do the same role. The availability of the ePHR on the Web 
enabled the person to get into and manage his/her health information from any-
where. Empowering the people to collect, view, manage, and share their health 
information electronically will in turn give the person the opportunity to take a 
more active role in managing his/her health care [10]. Table 19.1 includes a com-
parison of the three major health-care systems and their positive impact on the 
patients’ management.

Telehealth and telemedicine have also been recently included in the electronic 
patient management dictionary. While both terms refer to the use of telecommuni-
cations and information technology to provide health-care services at a distance, 
i.e., remote health care; telemedicine is considered a subset of telehealth. Key dif-
ferences in definitions related to whether the patient care is delivered in real time or 
asynchronously. Telemedicine refers to direct patient care or clinical services 
through a “Two-way, real-time interactive communication between the patient and 
the physician or practitioner at the distant site.” In contrast, telehealth is used to 
refer to remote health care that does not always involve clinical services. Examples 
of health-care services delivered via telehealth include direct patient care, education, 
health administration, and public health interventions. Services may be delivered 
asynchronously or synchronously (real time) [8].

Table 19.1  Models of electronic data recording

Electronic medical record 
(eMR)

Electronic health record 
(eHR)

Electronic personalized record 
(ePR)

An eMR is more beneficial 
than paper records because 
it allows providers to

An eHR is a real-time, 
patient-centered record, 
which brings together in 
one place everything about 
a patient’s health

An online document with 
information about the person’s 
health

Track data over time Improve patient care Friendly and very easy to use
Identify patients who are 
due for preventive visits 
and screenings

Improve care coordination Information about the person’s, and 
his family’s, health in one folder

Monitor how patients 
measure up to certain 
parameters, such as 
vaccinations and blood 
pressure/sugar readings

Improve diagnostics and 
patient outcomes

Enables tracking of the person’s as 
well as his/her family’s health 
information, such as the date of the 
immunizations, last physical exam

Improve overall quality of 
care in a practice

Enhance patient 
participation

Can be available on mobile/smart 
gadgets

Improve centers 
efficiencies and cost 
savings

Give the person the opportunity to 
take a more active role in managing 
his/her health care
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�Toward Electronic Health-Care Service

Implementing recent technology for patients’ management and care has become a 
mandatory development for modern health-care service. Not only it has a construc-
tive impact on the patients’ management, but it also has a positive reflection on 
disease prevention. Outside the traditional care, new technologies transformed the 
care provided in standard practice in general and rheumatology in particular. This 
includes the following items.

�Patient-Centered Care

“Patient partnership” can be considered as the logo for this era in medical care. 
Similar to any evolving project, the scope has crept over years, starting with patient 
information leaflets handed to the patients at the end of the consultation [11]; to 
patient-reported outcome measures, which are completed by the patient before their 
clinical assessment in the outpatient clinics [12]; and lastly to patient education and 
self-management protocols set up and tailored based on the patient’s needs [13]. 
One of the criticisms of the traditional population-based treatment regimens, used 
to be implemented in standard practice, is that interventions, usually calibrated 
against a baseline average, are derived from generalizations regardless of the 
patient’s unique medical status. This approach is notorious for under- or over-
compensating the needs of an individual. With modern eHRs, information can now 
be displayed automatically and provide the treating health-care professionals with 
relevant care and treatment guidelines that are adapted for an individual patient. 
Moreover, a standardized yet data-driven algorithm assures that the individual’s 
care plan is evidence-based and logical. As instructions and protocols get constantly 
updated, this would enable coordinated and consistent care tailored to the unique 
patient’s needs. There is also significant evidence that combining eHRs with clinical 
decision support systems will revolutionize health care and transform collected data 
into actionable information.

�Prediction of Outcomes/Prognosis

Adopting eHRs fully in standard medical care is not the only challenge facing the 
implementation of electronic health-care infrastructure. Handling the data collected 
is by itself is another challenge. In fact, data collected in eHRs have much greater 
potential than what is currently being utilized for. When these systems are enabled 
to connect multiple sources of information, they are better equipped to generate 
predictive algorithms regarding a patient’s treatment response. This will transform 
the shape of medicine and how people are managed in the future.
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Earlier research [14, 15] tested this approach in diabetes care (eHRs were com-
bined with clinical algorithms); results revealed that eHR was superior to current 
practice. The combined approach of personal data with prognosis prediction sur-
passed the efficacy of previous methods and offered better interpretation of patient 
information and improved care guidelines.

Recently CVS Health (CVS) and IBM announced a partnership [16], designed to 
better predict deteriorating health using the colossal predictive analytical power of 
IBM’s Watson computer to provide personalized care to CVS customers. The joint 
venture will enable CVS to better identify consumers who may be at risk for nega-
tive health outcomes and then deliver tailored services to them, which in turn is 
expected to increase the odds of improving their well-being. The move to add pre-
dictive elements, based on personalized patient health data, will likely be quickly 
imitated by competitors and is only the beginning of increasing the use of artificial 
intelligence to improve population health.

�Shared Care

Another great opportunity offered by digital health technology is the opportunity 
for increased patient engagement. Patients can now view, download, and access 
their health information, as well as make informed decisions about their treatment 
options. In 2013, 30% of surveyed physicians routinely used capabilities for 
secure messaging with patients, and 24% routinely provided patients with the 
ability to view online, download, or transmit their health records [17]. This num-
ber is expected to grow in the coming years and further increase patient-doctor 
collaboration.

New strategies are being deployed all the time to increase patient engagement 
through technology. Mercy, a health organization, has launched a chronic diseases 
outreach program, in which it paired technology with its health coaches [18]. Mercy 
Health Coaches are licensed, registered nurses who work with primary care doctors 
to provide one-on-one care to help patients set and achieve health improvement 
goals. They use technology to help motivate patients to take personal initiative and 
get more involved in their own care. This agrees with a recent study carried out 
including arthritis patients. The study revealed that measuring patients’ motivation 
reflects their proactivity, engagement, and activation to self-manage their disease 
which is of value both at the individual level (e.g., tailoring management and inter-
ventions) and at the educational program evaluation (e.g., monitor efficacy in 
enhancing activation) [4]. In this sense, technology alone is not the answer. Human 
connection helps shift attitude and supports positive behavior change, while tech-
nology amplifies this effect. Human interaction will likely continue to be an impor-
tant factor and remain a determinant regarding the success of health outcomes, even 
as the evolution of technology helps us improve in ways that accelerate and scale 
progress toward better well-being.
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�Patient Empowerment

Providing patients online access to their electronic personal health record (ePHR) 
offers a new perspective on patient empowerment [19]. In several research works 
[20–25], including studies on subjects living with rheumatic diseases, patients were 
keen on having access of their ePHR, independent of age, race, or education level. 
Patients reported that such approach is expected to enhance involvement in their 
treatment and that it would give them the feeling of ownership of their own medical 
information [25]. However, despite potential benefits and patients’ positive feed-
back, studies among health professionals in several areas show that professionals 
are more cautious toward providing patients home access to their health record [20, 
26, 27]. While health professionals have acknowledged benefits, such as increased 
patient knowledge and empowerment, or improved doctor-patient communication, 
many concerns were raised particularly about confused patients, frequency of 
patients’ contact, and subsequent increased workload [20, 28]. As a result, the ser-
vice of providing patients home access to their medical data remains, so far, scarcely 
implemented [27, 29].

In the field of rheumatology, patient home access to their ePHR seems particu-
larly useful, since patient self-management and patient empowerment are consid-
ered highly important. Moreover, rheumatology care providers often have a 
long-term treatment relationship with their patients, in which cooperation plays an 
important role [30, 31].

�Interoperability in Exchanging Health Information

Interoperability is the ability of systems and organizations to work together. In the 
context of health care, interoperability refers to the ability of health information 
systems (e.g., electronic health records, patient registries) to connect with other 
systems to share, interpret, and present clinical data in such a way that the users 
can understand and interpret. Another way of thinking about interoperability is 
that it allows health information to follow the patient anywhere in the health-care 
system [32, 33].

The objective is that full interoperability in health information exchange improves 
the safety, quality, efficiency, and cost of health care by facilitating communication 
between patients, their health-care providers, and public health entities.

Interoperability can be achieved at three varying levels (Fig. 19.2):

•	 Basic level (foundational interoperability): This simply allows health informa-
tion exchange from one information system to another but does not require the 
ability for the receiving system to interpret the data.

Example  A primary care physician (PCP) diagnoses a patient with inflammatory 
arthritis and refers the patient to the rheumatologist for further evaluation and 
treatment.
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In addition to the referral letter, the PCP sends a PDF of the patient’s X-ray 
report and most recent blood test results to the rheumatologist’s office via secure 
electronic hospital system. An admin staff member at the hospital/rheumatologist’s 
office can upload the PDF into the eHR. In this instance of foundational interoper-
ability, health information was exchanged, but the receiving system (rheumatolo-
gist’s eHR) cannot interpret the data in any way.

•	 Intermediate level (structural interoperability): This entails data exchange to 
enable uniform movement of health-care data from one information system to 
another. The clinical or operational purpose and meaning of the data is preserved 
in the exchange process.

Example  The PCP sends the lab data, for a rheumatoid arthritis patient who had 
abnormal liver function test results, to the rheumatologist’s eHR using a messaging 
standard which labels the information as “lab results.” The rheumatologist’s eHR 
automatically deposits the information in the “lab results” section of the patient’s 
record. This is structural interoperability because the receiving system (rheumatolo-
gist’s eHR) correctly identified the type of incoming information.

•	 High level (semantic interoperability): This is the ability of participating infor-
mation systems to automatically interpret, organize, and use the exchanged 
information. Semantic interoperability requires standardized structuring and 
codification of data, such that data can be exchanged meaningfully and accurately 
between information systems used by different health-care facilities. This level 
of interoperability allows for data exchange which is capable of supporting clini-
cal decision support, care coordination, public health reporting, and research.

Example  Although they are made by different vendors, the eHRs of the PCP and 
the rheumatologist view the lab results in the same way. The results are fully inte-
grated into both systems. When the rheumatologist orders another set of labs to 
monitor the patient’s liver status, the eHR organizes the new results and old results 
into comparison tables and flow charts.

Fig. 19.2  Interoperability in exchanging health information
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�e-Rheumatology

Advances in technology led to a heightened interest in exploring the use of this 
technology in the standard rheumatology practice. This paved the way for a strategy 
transformation to implement new information technology into standard clinical 
practice aiming at the creation of an integrated and cost-effective rheumatology ser-
vice. Optimal health IT ecosystem, for patients suffering from musculoskeletal con-
ditions, should achieve level 3 of interoperability, permitting individuals to securely 
share electronic health data with care providers and make use of the information to 
manage their own health through informed shared decision making [34,  35]. Over 
the past few years, this change in health-care strategy has been paralleled by a new 
trend among the patients, particularly the young and middle age groups, who tend to 
gather information about their medical conditions using electronic communication 
tools; hence they have been called “e-patients.” A national survey carried out by Pew 
Research Internet project [36], and published in 2013, revealed that one in three 
American adults have gone online to inquire about a medical condition. The results 
depicted also that 8 out of 10 Internet users noted that their last health-related search 
started with a search engine—a figure that has not changed since Pew last asked that 
question in 2000. In a study carried by Berland et al. [37] to evaluate health informa-
tion available through search engines and Web sites, results revealed that accessing 
health information using search engines and simple search terms is not efficient. 
Coverage of key information on Web sites is poor and inconsistent, although the 
accuracy of the information provided is generally good. High reading levels are 
required to comprehend Web-based health information [67].

On another front, digital approaches which connect rheumatologists to general 
practitioners or doctors with patients have evolved rapidly over the past few years. 
e-clinics have been set up by some rheumatologists to answer emails sent by general 
practitioners inquiring about their cases [38, 39]. Similarly, other online services 
have been launched to help patients access their doctors’ advice. HealthTap [40] has 
been set up to help patients share photos or test results and get immediate answers, 
prescriptions, and referrals to help them feel better anywhere. This service is pro-
vided 24/7, via the Web or mobile device, securely and privately. Another Web site 
“Ringadoc” [41] triage calls from the patients to doctors via video conference. Such 
approach would serve as a hot clinic and would be of value for patients suffering 
from inflammatory arthritis sustaining a flare up of their disease. Quick advice 
regarding the management of the acute flare may fix the problem and enable the 
patient to continue his/her activities of daily living, holiday as well as work [42]. 
Twitter has also helped in sharing recent advances in rheumatology conferences. 
Attendees can tweet live during the lectures as to what they consider as the most 
interesting speakers’ messages for their followers. By adding the meeting hashtag at 
the end of each tweet, any individual on Twitter can read all the messages sent dur-
ing the conference (e.g., “#ACR16” and “#EULAR2016” were used in 2016 for the 
annual meetings of the ACR and EULAR, respectively) [43]. Similarly, a commu-
nity devoted to rheumatologists was launched on Google Plus under the name of 
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“Rheumatology World” [44]. Cleveland and Mayo Clinic apps [45] have been pro-
moted as tools to help doctors stay connected, understand, and communicate for 
better care.

�Electronic Disease Activity Monitoring

As electronic health recording started to have its place in standard rheumatology 
practice, direct provision of patient-reported outcomes via standardized electronic 
questionnaires (ePROMs) was suggested as a tool to improve the efficiency, com-
pleteness, and accuracy of data collection. This overall approach is consistent with 
a broader movement in the health-care delivery toward patient-centered approach, 
quality of care provided, as well as the functioning of electronic health recording. 
This was paralleled by the introduction of disease-specific PROM tools, in addition 
to the available non-specific instruments [46].

For several years, a key barrier to the use ePROMs in standard clinical care was 
the difficulty of transforming the paper-based questionnaires into an instantly acces-
sible application [45]. With the rapid expansion of Internet-connected gadgets and 
mobile devices, it became possible to develop online systems with a broad range of 
implementations both at home and in the clinical setting. A recent study [46] was 
carried out to assess the use of ePROMs in RA patients. Results revealed that 
ePROMs could be administered through tablets, computers, and smartphones. It was 
feasible to sum the patient’s disease activity parameters, and based on the scores 
calculated, clinical relevant actions tailored to the patient’s status could be taken 
which would reflect on the disease control and target achieved. Another recent study 
[47] was carried out to assess the value of ePROMs in the assessment and manage-
ment of SLE disease activity flares observed over a 24-month period; its association 
with adherence to therapy as well as organ damage adjusted for potential confound-
ing factors. Results revealed that ePROMs have a potential disease-modifying effect 
as it facilitated close monitoring of disease activity with an option of management 
escalation whenever indicated. Disease activity as measured by SLEDAI over a 
24-month observation period predicted the risk of subsequent organ damage inde-
pendently of other known risk factors. Though there are no earlier data published 
about ePROMs in rheumatic diseases, studies done in oncology [48] revealed that 
these smart electronic systems supported multiple clinical activities, including 
assessment of symptoms and toxicities related to chemotherapy and radiation, post-
operative surveillance, and symptom management during palliative care.

A study [49] highlighted that integrating electronic data recording made visual 
feedback possible in the standard rheumatology clinical practice. This was a ran-
domized controlled study aiming at the assessment of how ubiquitous computing 
technology can improve the patients’ compliance and adherence to therapy. 
Viewing the disease activity parameters as well as patient-reported outcome 
measures on the e-personal health recording system leads to a significant greater 
reduction in disease activity parameters as well as improvement of the patients’ 
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adherence to antirheumatic therapy. Furthermore, stopping the DMARDs therapy 
because of intolerance was significantly less. The study concluded that sharing the 
outcomes recorded on the e-personal health record had a potential disease-modify-
ing value. Therefore the use of health information technology and electronic pre-
scribing provides a significant opportunity to measure and improve medication 
adherence at the point of care and to identify nonadherence as well. Furthermore, 
medication compromise may be another significant outcome of the e-health-
recording use as it provides a mean for the individual’s health-care team to retrieve 
information about their management across the care continuum—particularly dur-
ing transitions of care, hospital admissions, and hospital discharges [50].

�e-Comorbidity

Shortened life expectancy in patients with inflammatory arthritis conditions has 
been linked to the persistence of disease activity as well as associated comorbidities. 
This highlighted the importance of screening and management of associated 
comorbidity(ies) as a requirement for proper patient management. Understanding 
the burden of comorbidity and its impact on rheumatic disease helped to identify the 
role it plays in the patient’s prognosis and premature mortality risk. Recent studies 
[51, 52] carried out on rheumatoid as well as psoriatic arthritis patients revealed that 
separate patterns of comorbidity have been identified in patients with different rheu-
matic diseases. These patterns include the type of comorbid variables reported and 
their associations with age and disease duration. Electronic comorbidity 
(e-comorbidity) assessment has the potential of being specific and dynamic approach 
tailored to the patient’s needs. A study published in the American College of 
Rheumatology conference (2016) [53] was carried out to assess the validity of an 
electronically comorbidity assessment strategy to identify comorbid conditions 
among RA and PsA patients in standard practice and to evaluate the impact of 
e-comorbidity assessment on the patients’ care and adherence to therapy.

The study included a cohort of 448 RA and 437 PsA subjects with varying dis-
ease duration who met the RA ACR/EULAR criteria and psoriatic arthritis CASPAR 
criteria. Electronic patient-reported comorbidity questionnaire according to rheu-
matoid arthritis comorbidity index (RACI) [1] and psoriatic arthritis comorbidity 
index (PsACI) [2] was implemented as part of electronic patient-reported outcome 
measures tool. The sensitivity, specificity, and positive and negative predictive val-
ues of the electronic data entry and calculated comorbidity risk were compared to 
ICD-10 medical record (reference standard) and rheumatology clinic visits out-
comes. A control group of 241 RA patients and 252 PsA patients who continued 
their clinical management per standard protocols were also assessed and monitored 
for 2 years as a control group. Primary endpoint was no inferiority of outcomes of 
the electronic and standard formats. Secondary endpoint was the patients’ adher-
ence to their medications and actions taken to assess and manage the comorbidity 
risk. Results of the study revealed that the sensitivity for identifying comorbidities 
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using the electronic approach ranged from a minimum of 94% for atlanto-axial 
subluxation to a maximum of 100% for cardiovascular risk. Sensitivities for extract-
ing comorbidities using ICD-10 codes ranged from a minimum of 8% for anxiety to 
100% for tumors, whereas sensitivities for extracting comorbidities using clinic out-
comes data ranged from a minimum of 4% for falls risk to 100% for diabetes and 
tumors. The median positive predictive value (PPV) and negative predictive value 
(NPV) were 97.7% and 99.6% for the e-comorbidity tool Vs 61.8% and 97.4% for 
the ICD-10 codes, respectively. The patients’ adherence to antirheumatic therapy 
was significantly higher in the studied group, whereas stopping DMARDs for intol-
erability was significantly higher in the control group. The number of procedure/
screening tests for comorbidity risk assessment was significantly higher in the 
e-comorbidity group. The study concluded that patient reported e-comorbidity out-
performed the standard medical recording systems and can have a role in health-
care management and research. Reclassifying RA patients according to their 
comorbidity risk would have a positive impact on their adherence to therapy, early 
assessment of comorbidities with subsequent preventive or treatment decisions.

�e-Shared Decision Making

Providing care for a patient results in the meeting of two value systems: the physi-
cian’s and the patient’s, which represents the core of patient-centered care. The 
characteristic nature of inflammatory arthritic conditions and the variable treatment 
options made rheumatology a uniquely suited speciality to implement shared deci-
sion making successfully. Shared decision making is based on explaining the differ-
ent options available without bias, and therefore decision aids have been designed 
to help people make decisions about difficult health-care choices. While shared 
decision-making leaflets are still in its early stages, studies have already started on 
using the Web, emails, or tablets to facilitate the e-shared decision making [34]. The 
electronic shared decision enables the patient engagement as it gives the patient the 
time to read and make decision in preparation for their visit to the clinic which 
would enable embedding the shared decision making in the day-to-day clinical 
practice. Furthermore, it ensures that the decision agreed is a good decision. A good 
decision is one that is approached systematically, is based on reliable, evidence-
based information, and with time allowed to consider all the options carefully [26]. 
However, in real-life practice, the challenge may arise when the patient opt for 
avoiding the responsibility of making a decision and ask the doctor for his view. 
Such challenge can be handled through proper presentation of the data tailored to 
the patients’ level, using graphs and figures rather than texts. In general, e-shared 
decision making represents a cultural change in behavior and practice as it will 
assist in changing the environment of medical paternalism to a more inclusive 
approach based on the Health Act “No decision about me without me” [22]. This 
would have a positive impact on reduction in complaints and litigation as well as 
enhanced recovery.
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�m-Health

Mobile health (m-health) has booked its place in the modern medicine. Basically it 
is based on the use of mobile technology as a health-care delivery method. This var-
ies from text message to interactive pillboxes as well as wearable digital devices 
such as Fitbit Flex, Fitbit one, Nike, Garmin, and Jawbone. m-Health is distinctive, 
in that it uses a global technology, mobile phones, which are currently utilized 
widely all over the world. The use of m-health intermediations has the potential of 
changing the patient’s behavior through closer and frequent interaction with the 
person at a convenient time for him/her [27]. Text messaging has been used to 
remind patients of their appointments in the hospital as well as a tool for disease 
management. In a recent review, ten research studies evaluated the use of mobile 
technology to improve treatment adherence [28]. Specifically for hypertension, a 
review of randomized clinical trials revealed that the patient adherence to therapy 
improved after adopting reminder systems [29]. Interactive voice response (IVR) 
tele-monitoring technology [30, 31] has been shown to improve adherence to ther-
apy in patients suffering from chronic diseases. Basically it is a computer-based 
telephone system that initiates/receives calls, provides information, and collects 
data from users. Patients often respond to these automated systems to book clinic 
appointments and/or get a repeat prescription. Earlier studies [31, 32] revealed 
improvements in adherence to therapy and intermediate outcomes in patients suffer-
ing from chronic medical conditions such as diastolic blood pressure and diabetes 
mellitus (hemoglobin A1C). Rheumatology wise, m-health can have several applica-
tions for patients with rheumatic diseases. An example is the sensors which can be 
fitted into the patient’s shoes and analyze continuously the patient’s gait. This tech-
nology can be helpful in setting up a customized rehabilitation programs for osteo-
arthritis patients. Another example is computer-based algorithms which can 
facilitate the work for a diagnosis in some conditions which have well-established 
clinical and laboratory criteria, such as early rheumatoid arthritis or SLE [33].

�e-Talk: Apps

The role of apps for both the rheumatologists as well as patients suffering from 
rheumatic diseases is advancing at a speed which could not be expected. As man-
agement of rheumatic diseases got controlled by guidelines and checklists, and 
greater attention is paid to quality and safety, the utility of such apps will gain stron-
ger ground in standard clinical practice. Examples for apps for rheumatologists 
include:

	1.	 Rheumatoid Arthritis Vital Education (RAVE) mobile app: This app automati-
cally calculates and reports each patient’s classification score according to the 
2010 ACR/EULAR classification criteria. Users get a single-screen overview for 
each patient, with key lab results, their prescribed medications, reported adverse 
effects, and notes. The chart can be printed or e-mailed directly from the app.
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	2.	 Doximity: This app gives the doctors gain to physician-only online social 
communities in which doctors in different of specialties can discuss medical 
issues and get feedback on cases.

	3.	 ACR: The app includes news, study abstracts, articles, and other publications 
such as the journals Arthritis & Rheumatology, Arthritis Care & Research, as 
well as The Rheumatologist [21].

Furthermore, an app has been released recently for ultrasonography (the SonoAccess 
app) which gives access to a library of clinical videos, case studies, clinical 
image galleries, and reference guides available to any medical professional or 
student. Similarly, variable apps have been released for the use of rheumatoid 
arthritis patients. Examples are myRA, Track + react, Rheuma Track RA, my 
Pain Diary, and Rheuma helper. Other apps have been also released for physical 
activity and exercise such as Cody, Fitstar, Fitness, Argus, Human, and Map My 
Fitness. A major problem with health-related apps is the ethical as well as patient 
privacy components. Also, once downloaded, they keep working as originally 
designed unless users take active steps to update or remove them. Therefore, the 
onus is on the users, not primarily on the developers, to stay informed and update 
frequently. A malfunctioning app that remains active until the user remembers to 
update obviously has the potential to create serious problems. So far, there have 
not been any standardized regulations and no approval process or “Good App 
Seal of Approval” exists, though developers can seek approval for applications 
voluntarily [21].

�Electronic Prescribing

Electronic prescribing or e-prescribing (eRx) is a way for the treating doctor and 
other health-care providers to send the prescriptions they issue to the pharmacy 
electronically. Instead of writing out a prescription and having the patient taking it 
to the local drugstore, the treating doctor orders the patient’s medication through the 
office computer, which then generates a secure electronic prescription to the 
pharmacy.

Electronic prescribing helps to:

•	 Avoid mistakes due to the doctor’s handwriting or pharmacist’s misreading of 
the prescription abbreviations.

•	 Avoid harmful drug interactions by letting the doctor know that the drugs being 
ordered may interact with a medication the patient is already taking.

•	 Enable the treating doctor to see what medications are on the patient’s current 
health plan’s drug formulary to make sure the drug being ordered is covered.

“E-prescribing” is a computer-based electronic filling, generation, as well as 
transmission of a prescription which would replace the paper prescriptions. 
E-prescribing allows a physician, nurse practitioner, or physician assistant to elec-
tronically transmit a new prescription or renewal authorization to a community 
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surgery or pharmacy [20]. E-prescribing is a potent system allowing the health-care 
professionals manage their patients’ medications safely and efficiently. In compari-
son with paper prescribing, e-prescribing improves patients’ adherence to therapy 
as well as safety, enhances accuracy and efficiency of prescribing medications, and 
lessens costs of health care through avoiding medications’ adverse events and swap-
ping of less expensive medication substitutes [21]. Medication errors were identi-
fied by the Institute of Medicine as the commonest category of medical error in 
health care, approximating that this causes several thousand deaths per year [22]. 
Therefore, daily methotrexate prescriptions can be a never event. E-prescribing also 
plays a substantial role in efforts to minimize the incidence of drug diversion by 
forewarning pharmacists and providers of duplicative prescriptions for controlled 
substances [23].

On the other hand, limitations and challenges which may deter the implementa-
tion of e-prescribing include:

Financial: The cost incurred in purchasing, uploading, supporting, and maintaining 
the system is considered one of the greatest application hurdles which may be 
beyond the means of most small clinical practices.

Service switchover: Transitioning from paper to e-prescribing is a challenge by 
itself in particular in busy practices. Pharmacists also will need to adjust work-
flow and surge their awareness of new types of errors associated with 
e-prescribing.

Choosing the right hardware podium and software applications: This can be a chal-
lenge in particular in small and busy settings [21].

Erroneous alerts: The inability to efficiently implement clinical decision support 
systems due to the flawed triggering of pop-up alerts with ill-defined software is 
another big limitation.

Privacy and security: As with other e-health applications, privacy of the patients’ 
information saved in electronic format may lead to the possibility of errors, such 
as unintentional disclosure of confidential health information through inadequate 
security policies.

Downtime: Either due to network-related glitches or software technical problems.

Considerations regarding the procedures should such situations arise should be 
discussed) [24, 25].

�Wearable and Portable Sensors for Personal Telehealth

A paradigm shift in the management of inflammatory as well as noninflammatory 
arthritic conditions, toward self-management strategies, has been advocated to 
reduce the patient and societal burden of such diseases [54, 55]. Guidelines recom-
mend regular monitoring of the disease activity, in addition to educational and 
exercise programs to mitigate symptoms and disease progression. However, the 
effectiveness of these protocols is highly dependent on supervision and compliance, 

Y. El Miedany



419

which is often poor [56]. Recent advancements in health-related measuring 
technologies has offered new opportunities for delivery of such management 
approaches outside the clinical setting, allowing remote monitoring and feedback 
of key measures to both health professionals and patients [57, 58]. These portable 
devices could potentially enable patients to become more active in the manage-
ment of their condition and fulfil their interest in personalized health information 
while also aligning with the current focus on patient self-management [57] as well 
as the need for more accurate objective measures of patients’ functions [59]. These 
devices are designed to record quantitative data in a mobile environment, embed-
ded in the user’s clothing or fitted as an accessory [60]. Numerous devices have 
been developed to date aimed at monitoring patient disease activity status as well 
as ambulatory performance, but their uptake and acceptance in clinical environ-
ments remains poor [61–63]. The uptake of these technologies is influenced by 
their intended use, perceived usefulness, ease of learning, success in early experi-
mentation, right fit to a specific clinical context, as well as user needs [63–65]. 
Therein lies a problem. The development of these technologies has been largely 
driven by engineering requirements [62]. Consequently, less attention has been 
devoted to users’ preferences [61, 62]. Recent research conducted to address this 
gap in knowledge has focused on examining patients’ preferences for wearable 
technologies. By contrast, comparatively scarce attention has been given to health 
professionals’ views of these devices [66]. Therefore, relatively little is known 
among doctors about how these devices might work in the context of clinical prac-
tice. Health professionals, like patients, represent a key user group. Unlike patients, 
however, they possess knowledge and insight of clinical practice, which would be 
critical in identifying realistic implementation strategies. Moreover, health profes-
sionals could assist with promoting acceptability among patient groups. Several 
studies showed the usefulness of using such devices for the management of patients 
suffering from inflammatory as well as degenerative joint disease. However, con-
cerns were raised regarding patient confidentiality and who might have access to 
the patients’ data. Organization bodies are discussing recommendations for using 
such high-tech tools on a wider base.

�The Dark Side of Digital Health

There is a thin line between being well informed and becoming a cyberchondriac.

Online self-diagnosing is becoming routine for Internet users who are increas-
ingly aware of the vast amount of available online health resources and want to feel 
in control of their bodies and well-being. Instead of waiting for an appointment, 
having to discuss their symptoms with a doctor and occasionally pleading for addi-
tional diagnostic tests, potential patients now perform extensive searches of the Web 
and juxtapose different diagnoses with their symptoms until they discover the one 
that seems to fit best.
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The Internet makes health-related information almost universally accessible. It 
helps educate people about their health and enables them to make informed deci-
sions about their treatment options. There are examples of people diagnosing them-
selves correctly after years of misdiagnosis. A recent example is the unfortunate 
story of Bronte Doyne [68]. Bronte was told by her doctors to stop self-diagnosing 
and ultimately died of a condition she had identified, but a condition that went unno-
ticed by the physicians treating her until it was too late.

On the other hand, Googling the medical symptoms does not necessarily end in 
a resolution and can in many cases bring out unnecessary anxieties, transforming 
former hypochondriacs into present-day cyberchondriacs. Some can even get 
addicted to constantly searching for health information online, examining them-
selves, and looking for reassurance, as well as demanding tests and screenings that 
might not be appropriate.

�Escalation of Innocuous Symptoms

Common symptomatology can prompt some users to start exploring rare and seri-
ous conditions that came up during their online searches. A large-scale survey com-
pleted in 2008 [69] showed that Web search engines have the potential to escalate 
medical concerns of people who have little or no medical training. The study showed 
that escalation was influenced by the amount and distribution of medical content 
viewed by users, the use of alarming terminology on the sites they visited, and the 
person’s predisposition to becoming anxious. In contrast, there are some people 
who can indeed diagnose themselves correctly, especially if what they are experi-
encing is very specific and atypical. For instance, in cases like Bronte’s, this was 
discussed in the last paragraph. Interestingly, an outlier can sometimes get ignored 
or overlooked and treated by the medical team as a common medical condition 
when it is not.

�Conclusion

The evolution of information technology reached a turning point in medicine and 
is gradually maturing. Information and communication technologies have already 
made a massive move into medical practice, not only in selected areas of “high-
tech” medicine or surgery but also in the standard day-to-day practice. Health 
information tools can facilitate population health management, enable the patients 
to monitor their disease and functional ability, and stay communicated with their 
treating health-care professional. However, technology alone is not sufficient for 
improving the health of a group of patients. Critical elements for success include 
committed leadership, training of health-care providers in population health prin-
ciples, supportive reimbursement models, workflow redesign, and harmonious 
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care coordination teams and processes. The degree to which health information 
tools work seamlessly together will also influence the effectiveness of population 
health programs. This trend is likely to continue and bring new aspects for patients’ 
diagnosis and management.
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