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Comorbidities in patients with rheumatoid arthritis (RA) are often associated with poor health outcomes and increased

mortality. Treatment decisions should consider these comorbidities due to known or suspected associations with certain

drug classes. In clinical practice, it is critical to balance potential treatment benefit against the possible risks for

comorbidities as well as the articular manifestations of RA. This entry summarises the current literature relating to

prevalence and risk factors for the important comorbidities of cardiovascular disease, infections, lymphomas and

nonmelanoma skin cancers in patients with RA. The impact on patient outcomes and the interplay between these

comorbidities and the therapeutic options currently available, including tumour necrosis factor inhibitors and newer

biological therapies, are also explored. As newer RA therapies are developed, and patients gain wider and earlier access

to advanced therapies, in part due to the emergence of biosimilars, it is important to consider the prevention or treatment

of comorbidities as part of the overall management of RA.
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1. Introduction

The relationship between rheumatoid arthritis (RA) and a wide range of comorbid conditions and extra-articular

manifestations is well known . The development of comorbidities is associated with poor health outcomes, including

decreased function, reduced quality of life, and increased morbidity and mortality . The identification of tumour

necrosis factor (TNF) as a therapeutic target and its subsequent validation in clinical trials led to the approval of biologic

TNF inhibitors for the treatment of RA over two decades ago, greatly improving the outlook for many patients . The

success of this therapeutic class was followed by the introduction of other biologic disease-modifying antirheumatic drugs

(bDMARDs) and, more recently, small molecule targeted synthetic disease-modifying antirheumatic drugs . However,

high costs of originator drugs have resulted in varying degrees of access restrictions across national health care

economies . Furthermore, although all targeted therapies have a broadly similar efficacy, they differ in mechanisms of

action and associated target-related benefits and toxicities . In the face of a wide range of available contemporary

treatment options and management strategies for RA , careful consideration needs to be given to certain

comorbidities with respect to treatment decisions . The large international population-based, cross-sectional

COMOrbidities in Rheumatoid Arthritis (COMORA) study evaluated the prevalence of comorbidities in 3920 patients with

RA from 17 countries . The most commonly observed comorbidities (past or current) were depression (15%), asthma

(7%), cardiovascular (CV) events (myocardial infarction (MI), stroke; 6%), solid-organ malignancies (5%) and chronic

obstructive pulmonary disease (4%) . Results from the COMORA study demonstrated considerable intercountry

variability for the prevalence of these comorbidities; for example, the prevalence of depression was 2% in Morocco

compared with 33% in the USA . For patients with RA, CV disease (CVD), infections and malignancies are important

comorbidities as they may lead to an increased risk of mortality . Furthermore, they are also impacted by at least one of

the therapeutic options currently available for the treatment of RA  and may therefore affect treatment decisions in

clinical practice. Notably, patients with congestive heart failure, active hepatitis B or a history of other serious infections or

malignancy are classified as high risk in the current American College of Rheumatology treatment guidelines for RA, and

they have separate treatment recommendations .

In this encyclopaedia entry, CVD is discussed as a comorbidity of RA. Other key comorbidities associated with RA,

including infection, lymphoma and nonmelanoma skin cancer, are reviewed in detail in the full publication, accessible

here: 10.3390/jcm10030509.
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2. CV Comorbidities in RA

2.1. Prevalence of CVD in Patients with RA

CVD is a major comorbidity affecting patients with RA and a leading cause of morbidity and mortality in this population .

Multiple recent studies have highlighted the extent to which patients with RA are affected by CVD, although comparisons

between studies are often hindered by differences in the definition of events. Patients with RA have been shown to be at

higher risk of CVD compared with healthy controls. Using a large database of primary care patients across England,

patients with early RA had a 33% higher CVD risk (composite endpoint of MI, stroke or heart failure) than matched

controls without RA after adjustment for baseline differences including inflammatory markers, seropositivity and use of

glucocorticoids (GCs) at diagnosis . Similarly, in the CARdiovascular research and RhEumatoid arthritis (CARRÉ) long-

term, prospective cohort study, patients with RA had a risk of CV events (coronary heart disease, cerebral arterial disease

or peripheral arterial disease) that was almost double that of the general population. In the same study, the increased risk

of CVD associated with RA was even higher than that associated with diabetes mellitus . An increased risk of heart

failure in patients with RA has also been highlighted recently in a systematic review that included over 5 million patients; in

this study, the incidence of heart failure was almost two-fold higher in patients with RA than in matched controls . It is

important to note that the increased risk of CVD associated with RA may already be present at an early stage of the

disease, with an excess of stroke and heart failure reported prior to RA diagnosis compared with matched controls in

England .

Imaging studies have also demonstrated the increased risk of CV in patients with RA. A study of patients referred for

computed tomography (CT) angiography due to chest pain reported a higher prevalence of coronary artery calcification in

RA patients than in controls . The strongest associations were reported in seropositive RA patients and in patients

requiring treatment with GCs for relapse or flare; treatment with conventional synthetic disease-modifying antirheumatic

drugs (csDMARDs), but not bDMARDs, was also associated with a tendency for increased risk of obstructive coronary

artery disease (CAD). Consistent with these findings, a recent meta-analysis of CT studies reported that asymptomatic

CAD is more prevalent in patients with RA than in controls . Although the evidence was limited, it was also noted that

patients with RA had a higher prevalence of moderate-to-severe CAD and more multivessel CAD . CV abnormalities in

patients without overt cardiac disease have also been detected by echocardiography in patients with RA. In a prospective

study in Italy, a five-fold increased risk of abnormal changes to the structure and function of the left ventricle was observed

in patients with RA compared with matched controls . In this study, left ventricular strain was independently associated

with a 2.4-fold increased risk of all-cause hospitalisation and a 6.6-fold increased risk of CV-related hospitalisation.

2.2. Impact of CV Comorbidities in Patients with RA

Patients with comorbid CVD and RA tend to have worse long-term health outcomes than patients with CVD alone. In a

large population cohort study in Denmark of patients undergoing coronary angiography, the 10-year risk of MI was higher

in patients with RA and coincident CAD compared with non-RA patients with CAD (12.2% vs. 9.9%). Similar associations

were observed for major adverse CV events (MACE) and all-cause mortality . Worse outcomes were also noted in a

recent meta-analysis, which demonstrated that patients with co-existing CAD and RA had significantly increased risks of

all-cause mortality, cardiac death and congestive heart failure compared with CAD patients without RA. In patients who

underwent percutaneous coronary intervention, all-cause mortality rates remained significantly higher in patients with RA

and CAD than in non-RA patients with CAD . Similarly, in a large cohort study of patients who experienced an acute

coronary syndrome (ACS) event, patients with RA had a 27% and 50% increased risk of ACS recurrence or mortality,

respectively, after a mean 2-year follow-up compared with controls, which remained statistically significant even after

adjustment for baseline comorbidities. This increased risk could not be explained by differences in the use of standard-of-

care secondary preventative drugs .

The presence of RA can also have a negative impact on short-term outcomes following CV events. In a recent database

study in Taiwan, patients with RA had a higher risk of in-hospital mortality after acute MI, intracranial haemorrhage or

ischaemic stroke compared with patients without RA . Similarly, a large Swedish study demonstrated that mortality

rates within 1 week and 1 month following an ACS event were significantly higher in patients with RA compared with a

matched cohort from the general population, even after adjustment for age, sex, pre-existing comorbidities and

pharmacotherapies, and ACS type. Patients with RA also had higher troponin levels, and higher frequencies of in-hospital

complications and ST-segment elevation MIs compared with the control cohort . In contrast, a small study in Israel

found that the outcome and prognosis of patients with ACS were not affected by the coexistence of inflammatory

rheumatic diseases. The authors of this study argued that excess mortality in patients with rheumatic diseases reflects the

higher prevalence of CVD in this population rather than worse outcomes for CV events . However, it should be noted

that this study included only 20 patients with ACS and inflammatory rheumatic conditions, of whom only 11 had RA.
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2.3. Risk Factors for CVD in Patients with RA

The increased CVD risk observed in patients with RA is likely to be multifactorial, reflecting an increased prevalence of

traditional CVD risk factors, the impact of systemic inflammation and potential side effects from medications used to treat

RA.

The burden of traditional risk factors for CVD among patients with RA has been extensively documented, with multiple

large studies reporting a high prevalence of current tobacco use (ranging from 19 to 29%), hypertension (19 to 61%),

diabetes mellitus (5 to 14%) and hyperlipidaemia (10 to 32%) . In addition, many patients were reported to

be overweight or obese (mean body mass index (BMI) ranged from 27 to 29 kg/m ) . In the COMORA study,

around half of the enrolled patients were overweight or obese (51%), and almost half (43%) were considered to have a

high 10-year risk of CVD based on the Framingham score . Compared with the general population, the prevalence of

traditional CVD risk factors is often higher amongst patients with RA. For example, in a large study of primary care

patients in England, patients with RA had a higher BMI and were significantly more likely to have diabetes and to be

current or former smokers than age- and gender-matched controls without RA . A similar pattern was reported in the

CARRÉ study, with patients with RA having a significantly higher prevalence of hypertension and tobacco use than a

control population . Interestingly, in both studies, total and low-density lipoprotein (LDL) cholesterol levels were lower in

patients with RA than in controls .

To date, numerous studies have shown that traditional risk factors contribute to the increased CVD risk faced by patients

with RA. In a large, international cohort study, traditional risk factors were responsible for 49% of the CV risk in RA

patients, with current smoking status and hypertension being major modifiable risk factors . Similar conclusions were

drawn by Nikiphorou et al., who reported that current smoking, BMI and diabetes were associated with a higher rate of

CVD among patients with RA . At a subclinical level, traditional risk factors (age, mean arterial pressure and diabetes)

have also been shown to be independently associated with worsening atherosclerosis in patients with RA who had not

experienced previous CV events .

The presence of traditional risk factors does not fully account for the increased CVD risk in patients with RA, with many

studies reporting that a considerable residual risk remains even after adjustment for traditional risk factors .

Systemic inflammation may, at least in part, explain the remaining risk, and this theory is supported by a multitude of

studies demonstrating an association between high RA disease activity and increased CVD risk .

The relationship between chronic inflammation and CVD remains to be fully delineated, but it has been reported that the

proinflammatory mechanisms underlying the pathogenesis of RA may contribute to the development of atherosclerosis 

, promotion of cardiac remodelling , alterations in lipid blood profiles  and changes to the morphology of red

blood cells  (Figure 1). RA-related inflammation can also be exacerbated by cytomegalovirus infection and is linked to

coronary artery damage through the actions of a population of cytotoxic T cells (reviewed in detail by Broadley et al. ).

Autoimmune mechanisms that drive RA progression have also been linked to abnormal fibrin clot formation and increased

CVD risk. However, the extent to which haemostasis is affected in RA remains unclear (reviewed in detail by

Bezuidenhout et al. ).

Figure 1. Chronic inflammation in rheumatoid arthritis as a risk factor for cardiovascular disease. The proinflammatory

mechanisms underlying RA may contribute to the development of atherosclerosis , promotion of cardiac

remodelling , alterations in lipid blood profiles  and changes to the morphology of red blood cells . RA can be

exacerbated by cytomegalovirus infection and is linked to coronary artery damage via cytotoxic T cells . The

autoimmune mechanisms that drive RA have been linked to abnormal fibrin clot formation and increased CVD risk;

however, the extent to which this is affected in RA remains unclear . Grey bar indicates nonlocalised effects.

Abbreviations: CVD, cardiovascular disease; HDL, high-density lipoprotein; RA, rheumatoid arthritis.
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Targeted CVD risk management is an important part of the overall clinical management of patients with inflammatory joint

disorders, including RA . Guidance based on expert opinion and scientific evidence was issued by the European

League Against Rheumatism (EULAR) in 2017 and includes the importance of optimal control of disease activity, CVD risk

assessment every 5 years and lifestyle recommendations . CVD risk prediction models should incorporate a

multiplication factor of 1.5 for patients with RA (if not already included) and screening for asymptomatic atherosclerotic

plaques by carotid ultrasound should be considered; however, this has not yet been assessed in a clinical setting . In

terms of treatment, nonsteroidal anti-inflammatory drugs (NSAIDs) should be used with caution in patients with

documented CVD or with CVD risk factors, and the dose of GCs should be kept to a minimum for prolonged treatments

. The guidelines also emphasised the important role of the rheumatologist in CVD risk management . Fortunately,

physicians appear to be aware of the need to monitor CVD risk in patients with active RA: a study of 14,503 patients in

world-wide data from the SUrvey of cardiovascular disease Risk Factor management in Rheumatoid Arthritis (SURF-RA)

database demonstrated that positivity for rheumatoid factor and anticitrullinated protein antibodies, longer disease

duration and higher disease activity (measured by Disease Activity Score 28 joint count-C reactive protein [CRP]) was

associated with a higher likelihood of lipid and blood pressure assessments .

In order to improve the management of comorbidities in chronic inflammatory rheumatic diseases in daily practice, an

initiative supported by EULAR aimed to standardise reporting and screening of comorbidities . For CVD, this included

the use of a standardised form for reporting a history of ischaemic CV diseases, risk factors and CVD-related treatments

.

2.4. Effect of RA Treatments on CV Risk

In addition to traditional CV risk factors and inflammatory processes, CVD risk may also be altered by some of the

common medications used for the treatment of RA. For example, corticosteroids and NSAIDs, particularly COX-2

inhibitors, are generally associated with an increase in CVD risk in patients with RA (reviewed by Jagpal et al.  and

DiMizio et al. ). Conversely, nonbiologic DMARDs, such as methotrexate, are associated with an improved CVD risk

.

As chronic inflammation is considered to be a modifiable risk factor for the development of CVD, targeting systemic

inflammation with TNF inhibitors has the potential to reduce CVD risk in patients with RA . This is supported by a meta-

analysis from 2015, which demonstrated that TNF inhibitors and methotrexate significantly reduced the risk of CV events

compared with no treatment; however, treatment with NSAIDs or corticosteroids led to an increase in risk . Similarly, a

large study of patients with RA recruited to the British Society for Rheumatology Biologics Register for Rheumatoid

Arthritis (BSRBR-RA) demonstrated that treatment with TNF inhibitors significantly reduced the risk of MI compared with

csDMARDs, although no differences in MI severity or mortality were observed between treatment groups . The benefits

of TNF inhibitors and other biologics were also demonstrated in a prospective cohort study from Australia, which

concluded that, after adjustment for a number of risk factors, the risk of CV events was significantly reduced following the

use of these agents in patients with RA, psoriatic arthritis or ankylosing spondylitis . Length of treatment may also have

an impact on CV risk, with a large retrospective insurance claims database study in the USA reporting a positive

correlation between duration of treatment with TNF inhibitors and reduction in CV risk. This study concluded that

cumulative use of 1, 2 or 3 years of anti-TNF therapy is expected to reduce CV risk by 21%, 38% and 51%, respectively,

compared with non-use .

Consistent with the reduced risk of clinical events, treatment with TNF inhibitors may also lead to improvements in CV

abnormalities detected by imaging. For example, patients with early RA and no CVD history have been shown to have

abnormal vascular stiffness, evidence of diffuse myocardial fibrosis and reduced left ventricular mass compared with

controls. Treatment with methotrexate and etanercept (either concomitantly or following a step-up strategy) resulted in

significant improvements in vascular stiffness after 1 year . Similarly, patients with RA have been reported to have

impaired left ventricle longitudinal strain, which improved after treatment with TNF inhibitors .

The benefits of TNF inhibitors on CVD risk correlate with their impact on RA disease control, with data from the Swedish

biologics register demonstrating that the 1-year risk of ACS for patients with a good EULAR response was approximately

half that of patients with no EULAR response . Similarly, improvements in the apolipoprotein profile, a biomarker of

CVD risk, were observed in patients with RA who exhibited a good or moderate EULAR response to etanercept but not in

EULAR nonresponders . The relationship between RA disease control and the impact of TNF inhibitors on CV risk

suggests that these agents may exert their effects through reducing systemic inflammation rather than by modifying

traditional CV risk factors. This is supported by a phase IV, randomised, double-blind, placebo-controlled study, which

demonstrated that etanercept did not affect levels of traditional metabolic risk factors (including glucose, insulin, lipid and

apolipoprotein parameters) despite reducing RA severity, as indicated by decreases in CRP . Additional support for this
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theory includes a molecular profiling study, which demonstrated that patients with RA at the greatest risk of CVD

expressed high levels of biomolecules, which are known to be mediators of autoimmunity, inflammation and oxidative

damage. Importantly, bDMARDs, such as TNF inhibitors and cluster of differentiation 20 (CD20) inhibitors, were shown to

re-establish normal levels of these circulating biomolecules and, therefore, reduce CVD risk .

The impact of newer classes of therapy on CVD risk is also of considerable interest for the management of patients with

RA. Concerns have previously been raised regarding lipid elevations associated with the interleukin-6 inhibitor

tocilizumab, including significantly increased levels of total and LDL cholesterol . However, this does not appear

to translate to increased clinical risks, with a number of studies showing no significant differences between TNF inhibitors

and tocilizumab in terms of CV risk . This included the ENTRACTE randomised controlled trial (RCT), which

demonstrated no significant differences in the risk of MACE between tocilizumab and etanercept in a large population of

patients with RA and at least one CV risk factor . Conversely, there is some limited evidence that tocilizumab may offer

CV benefits compared with TNF inhibitors, including improvements in lipoprotein markers  and a lower risk of MACE

. Similarly, a large study utilising data from Taiwan’s National Health Insurance claims database reported that TNF

inhibitor nonresponders who received tocilizumab had a lower risk of CV events compared with patients who received

rituximab . The disconnect between clinical CVD risk and elevated lipids remains to be fully elucidated but may relate to

protective changes to other surrogates of CV risk following treatment with tocilizumab. For example, in the MEASURE and

ADACTA trials, tocilizumab treatment altered high-density lipoprotein particles towards an anti-inflammatory composition

(reduced serum amyloid A content) and induced a significant reduction in secretory phospholipase A2-IIA, lipoprotein(a),

fibrinogen and D-dimers . Abatacept, which inhibits the activation of T cells, has also been associated with modest

decreases in the risk of CV events compared with TNF inhibitors  and rituximab .

Janus kinase (JAK) inhibitors and, in particular, tofacitinib, have been associated with an increased risk of venous

thromboembolisms (VTEs) in postmarketing surveillance studies . However, it should be noted that this increased

risk was only observed when tofacitinib was used at a dose of 10 mg twice a day, which is higher than the dose approved

for RA in most countries . Moreover, a recent meta-analysis of 26 RCTs, comprising 11,799 patients, indicated that

treatment with JAK inhibitors as a class or as individual therapies did not affect the risk of VTEs, CV events or MACE in

patients with RA, at least in the short term .
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