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Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory disease affecting approximately 1% of the adult 
general population. Cardiovascular disease is recog-
nized as the leading cause of death in RA patients, 
accounting for nearly 40% of their mortality. Patients 
with RA are at a twofold increased risk for myocardial 
infarction and stroke, with risk increasing to nearly 
threefold in patients who have had the disease for 10 
years or more. Congestive heart failure appears to be 
a greater contributor to excess mortality than ischemia. 
This increased cardiovascular disease risk in RA patients 
seems to be independent of traditional cardiovascular 
risk factors. Pathogenic mechanisms include pro-oxi-
dative dyslipidemia, insulin resistance, prothrombotic 
state, hyperhomocysteinemia, and immune mechanisms 
such as T-cell activation that subsequently lead to endo-
thelial dysfunction, a decrease in endothelial progenitor 
cells, and arterial stiffness, which are the congeners of 
accelerated atherosclerosis observed in RA patients. 
This paper discusses pathogenic mechanisms, effects 
of methotrexate, tumor necrosis factor antagonists, ste-
roids, and statins, with a perspective on therapy.

Introduction
Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory disease affecting approximately 1% of the adult 
general population. It is widely recognized to confer an 
increased risk of mortality compared with age and sex-
matched controls without RA [1]. A pooled analysis of 
several studies computed a standardized mortality ratio 
ranging from 0.87 to 3.0 (mean, 1.71) in RA patients and 
calculated that the lifespan of these patients is shortened 
by 3 to 18 years [2]. Cardiovascular disease (CVD) is rec-
ognized as the leading cause of mortality in RA patients, 

followed closely by cerebrovascular disease. Together, 
they account for 35% to 51% of all mortality, with CVD 
accounting for approximately 40% [3,4]. 

Cardiovascular Risk in RA Patients
Patients with RA are at a twofold increased risk for myo-
cardial infarction (MI) and stroke, with younger patients 
at higher risk [5]. The risk increases to nearly threefold 
in patients who have had the disease for 10 years or more 
[6]. RA patients are also twice as likely to have an unrec-
ognized MI and sudden cardiac death, and less likely to 
report symptoms compared with non-RA patients [7]. 
In RA patients, congestive heart failure appears to be a 
greater contributor to excess mortality compared with 
ischemia [8]. Not only do patients with RA have almost 
twice the risk of developing heart failure, they tend to 
develop it at an earlier stage of the disease [9]. Even in 
the absence of clinical heart disease, RA patients exhibit 
diastolic dysfunction that appears to correlate with the 
presence of extra-articular manifestations [10,11]. 

Traditional Cardiovascular Risk Factors
The increased CVD risk in RA patients seems to be inde-
pendent of traditional cardiovascular risk factors such 
as age, gender, current smoking status, regular aspirin 
use, diabetes mellitus, hypercholesterolemia, hyperten-
sion, physical activity, family history of early MI, and 
body mass index [12,13]. Paradoxically, lower body mass 
index (< 20 kg/m2) is associated with a higher mortality, 
probably because those with more severe RA have higher 
circulating cytokine levels, promoting a catabolic state 
that lowers weight [14•]. 

Pathogenesis of CVD in RA
The inability of traditional cardiovascular risk factors to 
explain the increased CVD mortality in RA patients has 
prompted exploration of other mechanisms that acceler-
ate atherogenesis in RA, particularly high-grade systemic 
inflammation. Although, the primary site of inflammation 
is the synovium, the systemic release of cytokines, such as 
tumor necrosis factor-  (TNF- , interleukin (IL)-1 , and 
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IL-6, results in chronically elevated cytokine levels. This 
alters the function of adipose tissue, skeletal muscle, liver, 
and vascular endothelium and causes proatherogenic 
changes that include a distinctive type of dyslipidemia, 
insulin resistance, prothrombotic effects, oxidative stress, 
and endothelial dysfunction (Fig. 1) [15].

Pro-oxidative dyslipidemia in RA
TNF-  acts on hepatocytes to induce de novo fatty acid syn-
thesis and on the adipose tissue to stimulate lipolysis. The 
resulting free fatty acid release along with decreased triglyc-
eride breakdown due to decreased lipoprotein lipase activity 
leads to hypertriglyceridemia, low total cholesterol levels, 
low high-density lipoprotein (HDL) levels, and small, dense 
low-density lipoprotein (LDL) particles, which are easily 
oxidized and hence proatherogenic [15,16]. Early in the dis-
ease course, untreated patients show significant declines in 
HDL with concomitant elevations in LDL [17]. In addition 
to lower levels of normal HDL, RA patients seem to have the 
more proinflammatory HDL, which results in elevated oxi-
dized LDL levels [18]. Oxidized LDL and 2 glycoprotein I 
interact to form complexes that predispose to atherosclerosis 
[19]. Elevated lipoprotein(a) levels seen in RA patients might 
also contribute to atherosclerosis [20,21]. Although TNF-

 blockade with infliximab increases total cholesterol and 
HDL levels, no changes are observed after 2 and 6 weeks 
of treatment in the total cholesterol to HDL ratio (the ath-
erogenic index) [22]. However, administration of infliximab 
for 2 years was found to unexpectedly decrease HDL, and a 
proatherogenic profile developed despite a reduction in sys-
temic inflammation [23]. 

Insulin resistance in RA
TNF-  inhibits skeletal muscle glucose uptake and 
stimulates adipose tissue lipolysis, both of which con-

tribute to insulin resistance in RA patients [24–26]. 
Fatty acids released from adipocytes also elicit a 
nuclear factor- B–dependent inflammatory response 
in macrophages that promotes release of cytokines such 
as TNF-  and IL-6, perpetuating a vicious cycle [27]. 
The key role of TNF-  is evident from the observation 
that TNF antagonists improve insulin sensitivity in 
RA patients [28].

Prothrombotic state in RA
TNF-  has a procoagulant effect and induces produc-
tion of procoagulant proteins such as tissue factor from 
endothelial cells, which can elevate local thrombin con-
centration and subsequent fibrin deposition [29,30]. 
TNF-  also induces arterial smooth muscle cells to pro-
duce extracellular tissue factor, which ultimately may be 
responsible for atherosclerotic plaques and tissue factor 
located in injured arterial walls [31]. 

Hyperhomocysteinemia in RA
Homocysteine is an intermediary amino acid that is pro-
duced by removal of a methyl group from methionine, 
an amino acid regularly consumed in the diet. Hyper-
homocysteinemia, considered a potential risk factor for 
CHD, is seen in RA patients [32,33]. RA patients also 
have low levels of vitamin B6 (pyridoxine), which has 
been correlated with disease activity and severity as well 
as systemic inflammation, although vitamin B6 supple-
mentation did not reduce systemic inflammation [34,35]. 
Pulsed glucocorticoids improve disease activity and 
decrease homocysteine levels [36]. Although methotrexate 
decreases disease activity, it reduces plasma and erythro-
cyte folate levels and, therefore, increases homocysteine 
levels. This increase can be prevented by supplementation 
with folic or folinic acid [37]. 
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Figure 1. Diagram of the pathophysiology 
of atherosclerosis in rheumatoid arthritis 
(RA). RA is associated with the release of 
cytokines such as tumor necrosis factor-
(TNF- ), interleukin-1  (IL-1 ), and IL-6, 
which promote C-reactive protein (CRP) and 
fibrinogen release from the liver, free fatty 
acid (FFA) release from the adipose tissue, 
and impaired uptake of glucose into the 
skeletal muscle. The resultant pro-oxidative 
dyslipidemia, insulin resistance, endothelial 
dysfunction, reduced arterial compliance, 
and decrease in endothelial progenitor cells 
promote atherosclerosis. RA patients also 
have expansion of CD4+CD28null subtype of 
T cells, a unique subset of T cells that lack 
the co-stimulatory CD28 molecule on their 
surface. These CD4+CD28null T cells promote 
activation of T cells, monocytes, and macro-
phages, which may also be proatherogenic.
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Immune and autoimmune responses
There is an increasing body of evidence to suggest that 
atherosclerosis is an inflammatory disorder resulting 
from interactions between the endothelium, monocytes, 
and T cells [38]. Many features of immune dysregula-
tion seen in RA patients, such as macrophage, mast cell, 
and T-cell activation; endothelin production; and neo-
angiogenesis, are also observed in the pathogenesis of 
atherosclerosis [39]. Lately, T cells have received special 
attention in this regard. CD4+ helper T cells are of two 
subtypes: T-helper 1 (Th1) cells that produce interferon-
 that activates monocytes and macrophages, and Th2 

cells that produce cytokines (IL-4, IL-5, and IL-10) that 
stimulate immunoglobulin production. A unique subset 
of CD4+ T cells that lack the co-stimulatory CD28 mol-
ecule on their surface, called CD4+CD28null cells, have 
been implicated in atherosclerotic plaque disruption [40]. 
RA patients exhibit expansion of the CD4+CD28null cell 
population in the peripheral blood, which correlates 
with higher frequency of extra-articular manifestations, 
increased carotid artery intima-media thickness (IMT), 
and decreased flow-mediated vasodilation, lending sup-
port to the concept that CD4+CD28null cells may sustain 
synovial inflammation and promote atherosclerosis in 
RA patients [41]. TNF-  downregulates CD28 expres-
sion in CD4+ T cells, and TNF antagonists increase 
its expression [41,42]. A new class of drugs known as 
co-stimulation blockers (CTLA4Ig), which bind to CD80 
and CD86 on antigen-presenting cells (thereby blocking 
T-cell activation by the CD28 co-stimulatory pathway), 
appear to hold therapeutic promise [43].

Decreased endothelial progenitor cells
Endothelial progenitor cells (EPCs) are mononuclear cells 
that are present in bone marrow, peripheral blood, cord 
blood, and blood vessels. They express specific endothe-
lial markers and have the capacity to facilitate vascular 
repair at sites of endothelial injury. Low levels of EPCs 
in the presence of endothelial injury serve as a surrogate 
marker for progression of CVD [44]. Patients with active 
RA have low levels of EPCs and elevated plasma levels of 
asymmetric dimethyl-L-arginine, an endogenous inhibitor 
of nitric oxide synthesis that may play a role in depressing 
EPC counts in these patients [45,46]. TNF antagonists 
improve EPC differentiation and adhesion, and this cor-
relates with clinical improvement [47].

Endothelial dysfunction, inflammation, 
and arterial stiffness
Several subclinical changes in blood vessels, which often 
precede development of overt CVD, have been identi-
fied. These can be considered surrogate measures of early 
vascular disease, and the magnitude of their abnormality 
is usually a predictor of clinical outcome. Among these 
surrogates are endothelial function, arterial compliance 
or stiffness, and inflammation. Endothelial cells lining the 

vascular wall play a pivotal role in both normal and dis-
ease states, in large part by releasing a variety of factors, 
foremost among which is nitric oxide. Absence or reduced 
activity of nitric oxide not only predisposes the vessel wall 
to increased vasomotor tone, which could lead to spasm, 
hypertension, and exacerbation of ischemia, but also pre-
disposes it to increased platelet activation and aggregation, 
inflammation, and development of atherosclerosis. When 
it is evident in the human circulation, endothelial dysfunc-
tion is a predictor of future development of hypertension, 
diabetes, progression of atherosclerosis, and adverse 
cardiovascular events [48–51]. Even in early stages of dis-
ease, RA patients with low disease activity and absence 
of traditional cardiovascular risk factors or overt CVD 
exhibit decreased flow-mediated vasodilation, a measure 
of endothelial function [52]. Direct measurements by 
laser Doppler studies on the hands of RA patients show 
that they have impaired microvascular reactivity [52]. 
Treatment with methotrexate, prednisone [53], and TNF 
antagonists [54] ameliorates endothelial dysfunction. RA 
patients have systemic inflammatory activation, and the 
source of this inflammation has long been considered to be 
from synovial and joint inflammation. Increased levels of 
soluble adhesion molecules, such as intracellular adhesion 
molecule-1, soluble vascular cell adhesion molecule-1, and 
soluble P-selectin, correlate with markers of CVD activ-
ity, such as C-reactive protein [55,56]. 

Studies have also shown that arterial stiffness, another 
indicator of subclinical vascular disease that is associated 
with increased CVD risk, is abnormal in patients with 
RA [57,58]. Pulse-wave analysis, even in RA patients with 
normal endothelial dysfunction, was markedly abnormal, 
indicating reduced arterial compliance [59]. Small and 
large artery elasticity was found to inversely correlate 
with markers of inflammation, such as high-sensitivity 
C-reactive protein, serum amyloid A, and vascular cell 
adhesion molecule levels [60]. Finally, TNF-antagonist 
therapy reduces aortic stiffness in RA patients [61••].

Preclinical Atherosclerosis
Preclinical atherosclerosis, often considered a precursor 
for CVD events, is evident by ultrasound-guided measure-
ment of carotid artery IMT and identification of plaque 
in the carotid bulb [62,63]. RA patients have a threefold 
higher incidence of carotid plaque compared with age- and 
sex-matched controls that is independent of traditional 
risk factors for CVD [64••]. 

Newer Therapies
Statins have become the mainstay in management of 
patients with atherosclerosis. In RA, they not only facil-
itate clinical improvement as assessed by the disease 
activity score, but also improve endothelial dysfunction 
and reduce arterial stiffness [65,66••]. Apart from the 
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beneficial effects on vascular function of TNF antago-
nists described earlier in this review, newer therapies 
for RA have emerged, including the humanized IL-6 
antagonist tocilizumab [67]. 

Conclusions
The concept that RA is a cardiovascular risk factor 
can be questioned when the confounding direct influ-
ence of drugs used to treat RA on CVD risk factors is 
considered. For example, corticosteroids exacerbate dys-
lipidemia, increase blood pressure, and adversely affect 
glucose metabolism, but they also reduce inflamma-
tion, making their net effect on vascular risk variable. 
Similarly, disease-modifying antirheumatic drugs may 
be protective against CVD risk. Thus, methotrexate 
abates joint and systemic inflammation and also low-
ers MI frequency by almost 70% [68]. TNF antagonists 
improve endothelial dysfunction and arterial stiffness 
simultaneously, with a reduction in systemic and joint 
inflammation [54,61••]. However, whether this will 
translate into true reduction in CVD risk remains 
unknown. Separating these confounding effects will be 
crucial in developing a rational recommendation list for 
managing CVD risk in RA. Although surrogate mark-
ers such as endothelial dysfunction, arterial stiffness, 
and carotid atherosclerosis appear to herald future risk 
of atherosclerotic disease, it is not certain whether they 
will also be faithful markers of CVD risk progression 
when evaluating treatment strategies. Despite these 
shortcomings, the recently established clinical practice 
guidelines on CVD risk in RA offer a useful framework 
[69•]. Cardiologists and rheumatologists need to appre-
ciate that patients with RA, who constitute up to 1% 
of the population, are at increased CVD risk. Careful 
monitoring and aggressive treatment of risk factors, 
similar to what has been proposed for diabetic patients, 
should be recommended. Patients at increased risk for 
RA can be monitored by measurement of surrogate or 
subclinical markers of arterial disease. Glucocorticoids 
should be used in minimal effective doses, and disease-
modifying antirheumatic drug therapy, particularly 
with methotrexate and TNF antagonists, may improve 
cardiovascular risk. However, whether early aspirin 
therapy, aggressive statin use, or angiotensin inhibition 
are indicated for reduction in cardiovascular risk in 
patients with RA remains to be investigated.
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