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a b s t r a C t

immune-mediated inflammatory diseases (iMids), 
including rheumatoid arthritis and spondyloarthritis, are 
associated with increased cardiovascular morbidity and 
mortality, independent of the established cardiovascular 
risk factors. the chronic inflammatory state, a hallmark of 
iMids, is considered to be a driving force for accelerated 
atherogenesis. Consequently, aggressive control of 
disease activity has been suggested to be instrumental 
for cardiovascular risk reduction. specific guidelines for 
cardiovascular risk reduction in patients with iMids, 
particularly rheumatoid arthritis, are lacking, largely due to 
the absence of randomised clinical trial data. in this review, 
we focus on pathophysiology and observational evidence of 
cardiovascular risk in different prototypes of iMids. 
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i n t r o d u C t i o n

Immune-mediated inflammatory diseases (IMID), including 
atherosclerosis, Sjögren’s syndrome, systemic lupus 
erythematosus (SLE), spondyloarthritis (e.g. ankylosing 
spondylitis (AS) and psoriatic arthritis (PsA)), and rheumatoid 
arthritis (RA), are characterised by common inflammatory 
pathways leading to inflammation and accompanied by 
increased cardiovascular morbidity and mortality. Chronic 
activation of innate and adaptive inflammatory pathways 
that provide an essential defence against ‘foreign’ substances, 
ranging from bacterial products to endogenous oxidised 
lipids, may contribute to atherosclerotic plaque progression, 
destabilisation, and ultimately rupture with subsequent 
clinical sequelae such as myocardial infarction or stroke. 
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In fact, both localised and systemic infections involving 
respiratory or urinary tract transiently increase the risk of 
cardiovascular events.1,2 A marked association has been 
reported between poor dental health and myocardial 
infarction, regardless of traditional cardiovascular risk 
factors,3 which may be ascribed to bacterial components 
from the dental cavity, which directly affect endothelial 
integrity, blood coagulation and platelet function.3 Thus, a 
wide array of infectious diseases may trigger manifestations 
of atherosclerosis and contribute to the onset of acute 
cardiovascular events. During the last decade, the role of 
chronic inflammatory disorders in the onset of cardiovascular 
events has increasingly been recognised. The nature of the 
inflammatory response preceding vascular events may have 
a profound impact on the final outcome.4 
In this review, we address the impact of chronic 
inflammation on the cardiovascular risk profile by focussing 
on highly prevalent IMIDs, such as RA and SLE. Identifying 
critical inflammatory pathways involved in progression and 
destabilisation of pre-existing atherosclerotic plaques may 
help to define novel therapeutic strategies to further reduce 
cardiovascular disease burden, particularly in patients with 
chronic inflammatory disorders. 

r h e u M a t o i d  a r t h r i t i s 

For many years, RA has been recognised to increase 
cardiovascular morbidity and mortality, irrespective of 
established cardiovascular risk factors.5-7 In the early 1990s, 
it was shown that having RA may shorten overall survival 
with mortality rates exceeding a twofold increase.8 This 
increased cardiovascular event rate was largely restricted 
to patients with marked disease activity. At that time, the 
five-year survival in RA patients with the highest disease 
activity proved comparable to that of individuals with 
three-vessel coronary artery disease or stage 4 Hodgkin’s 
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disease.9 Subsequently, the increased cardiovascular disease 
among RA patients has been corroborated in a large 
number of studies.5, 9-17 In recent years, tighter control of the 
inflammatory process in RA has been held accountable for a 
significant reduction in atherosclerosis-related death rates, as 
elegantly demonstrated in a cohort of nearly 3900 patients, 
followed from 1980 to 1997.18 Determinants that probably 
have beneficial effects on the cardiovascular risk profile 
involve potent suppression of inflammation, diminished use 
of non-steroidal anti-inflammatory drugs, higher functional 
status and increased physical activity.19,20

vascular function changes and atherogenesis
One of the earliest changes in the onset of atherosclerosis 
pertains to loss of vascular protection against ‘atherosclerotic 
insults’ (≈endothelial dysfunction). The severity of endothelial 
dysfunction has been shown to predict future cardiovascular 
events.21 Active RA has been consistently associated with 
endothelial dysfunction, which can be reversed by retraction 
of the inflammatory insult.22 Thus, acetylcholine-mediated 
vasodilation, as measured by venous plethysmography, 
was reduced in newly diagnosed RA patients, indicative of 
decreased vascular nitric oxide (NO) bioavailibility.23 Six 
months of routine anti-inflammatory therapy effectively 
mitigated clinical and biochemical markers of inflammation 
in these patients, with ensuing improvement of endothelial 
vasomotor function. Similar findings have been confirmed 
in small-scale studies, where improvement of endothelial 
function paralleled the reduction in systemic inflammation 
and disease activity scores (DAS28) upon tumour-necrosis 
factor α (TNFα) blockade or treatment with the anti-CD20 
monoclonal antibody rituximab.24-26 Taken together, these 
data imply that endothelial dysfunction is an integral part of 
the early disease process in RA. 

vascular structure changes and atherogenesis
Morphological changes in the carotid artery wall, visualised 
as increased intima-media thickening (IMT) by B-mode 
ultrasonography, are reported to precede the development of 
overt atherosclerotic lesions by at least one to two decades.21 
In this regard, carotid IMT proved thicker in RA patients, 
compared with controls29 and smoking inclined towards 
higher carotid IMT compared with non-smokers.27 Additional 
studies revealed increased prevalence and severity of 
coronary-artery calcification in RA patients.28,29 Furthermore, 
the prevalence of carotid atherosclerotic plaques was 
threefold higher in 94 RA patients compared with matched 
controls, and was associated with age, hypertension and 
TNFα-blocking therapy, most likely confounded by a more 
severe subgroup of patients.30 Once cardiovascular disease 
becomes manifest, RA patients exhibit a higher prevalence 
of multivessel disease and greater need for revascularisation 
than age- and sex-matched controls.31 Consistent with this 
notion, angiographic scores indicate that RA patients have an 

increased risk for multivessel disease compared with matched 
controls.32,33 Taken together, it seems safe to assume that RA 
can be considered a high-risk condition for cardiovascular 
events; once cardiovascular disease is present it may carry a 
poorer prognosis in the post-event period. 

p s o r i a t i C  a r t h r i t i s

Hitherto, several studies provide support for augmented 
cardiovascular risk, represented by both functional and 
structural arterial wall changes in association with PsA. 
Flow-mediated dilation (FMD) was significantly impaired 
in 50 PsA patients without traditional cardiovascular 
risk factors or cardiovascular disease compared with 
matched controls (mean, [range] 6.3%, [0.3-13.4%] vs 8.2%, 
[0.0-21.2%]). In this report, a significant correlation between 
inflammation indices (i.e. C-reactive protein and erythrocyte 
sedimentation rate) at the time of diagnosis and FMD was 
found.34 In addition, a cohort of 59 PsA patients showed 
increased carotid IMT compared with healthy controls.35 
Another study also showed a higher prevalence of subclinical 
atherosclerosis, as measured by carotid IMT, among 82 
PsA patients compared with matched controls, even after 
adjusting for traditional cardiovascular risk factors.36 In this 
report, independent variables that significantly correlated 
with subclinical atherosclerosis include increased glucose 
and triglyceride levels. In accordance with these data, a recent 
case control study showed higher carotid IMT and carotid 
plaque index in 40 patients with PsA than in matched 
controls, whereas PsA status as well as age and triglyceride 
levels correlated with carotid plaque presence.37 There was 
a trend suggesting that other traditional risk factors were 
also more prevalent among patients with PsA. As in RA, 
cardiovascular diseases and their risk factors including 
hyperlipidaemia, diabetes mellitus and hypertension were 
more common in patients PsA than in matched controls.38 
Taken together, having PsA is associated with increased 
cardiovascular risk, particularly in the presence of risk 
factors that relate to the metabolic syndrome. 

a n K y l o s i n g  s p o n d y l i t i s

A recent study demonstrated impairment of endothelial 
function, as measured by FMD, in 54 patients with AS 
compared with healthy controls. FMD did not correlate with 
known risk markers such as age, serum lipids, smoking 
habits or inflammatory indices and disease activity scores.39 
The findings of a recent study show that coronary flow 
reserve, reflecting coronary microvascular function, and 
left ventricular diastolic function are impaired in AS, 
possibly pointing at an early manifestation of cardiac 
involvement in patients with AS.40
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The severity of these impairments correlated with 
inflammation indices, including C-reactive protein. 
Referring to structural changes, another study found 
significantly increased carotid IMT in 60 AS patients 
compared with healthy controls, whereas carotid IMT was 
positively correlated with smoking habits, waist-hip-ratio 
and blood pressure.41 
Other studies, however, failed to demonstrate increased 
cardiovascular risk among AS patients. A cross-sectional 
study in 28 AS patients showed that carotid IMT and 
parameters related to arterial elastic properties in young 
AS patients free of traditional cardiovascular risk factors 
were not different from those in healthy controls.42 Two 
additional studies also failed to observe difference in 
subclinical atherosclerosis, as detected by carotid IMT, 
between AS patients compared with matched controls,39,43 
although there was a higher prevalence of metabolic 
syndrome among AS patients. Based on the foregoing, 
the evidence for increased cardiovascular risk in AS is still 
inconclusive and needs further clarification.

s y s t e M i C  l u p u s  e r y t h e M a t o s u s 

Epidemiological reports from the early 1970s unambiguously 
showed that cardiovascular disease contributes significantly 
to morbidity and (premature) mortality in SLE.44-49 In a 
retrospective study on a cohort of 498 women with SLE 
that was followed for 14 years, the age-specific incident 
rates of cardiovascular events, including myocardial 
infarction and angina pectoris, was 50-fold higher compared 
with age-matched controls.50 Combining data from 263 
participants in two SLE registries, retrospective assessment 
demonstrated a relative risk of 10.1 for nonfatal myocardial 
infarction (95% CI 5.8-15.6), 17.0 for death due to coronary 
heart disease (95% CI 8.1-29.7), 7.5 for overall coronary 
heart disease (5.1-10.4), and 7.9 for stroke (4.0-13.6) after 
a mean follow-up of 8.6 years.51 These findings could only 
partially be attributed to traditional Framingham risk 
factors. Accordingly, a population-based estimation of the 
relative prevalence of myocardial infarction, congestive 
heart failure, or cerebrovascular accident among young 
women with SLE, using the California Hospital Discharge 
Database, revealed that the frequencies of hospitalisation due 
to these cardiovascular ‘entities’ was increased by 2.3 times 
(95% CI 1.1-3.5), 3.8 times (2.4-5.2), and 2.1 times (1.2-2.9), 
respectively, compared with controls.52 

vascular function changes and atherogenesis
FMD was impaired in 62 SLE patients compared with 
controls (median, 3.6 vs 6.9%; p<0.01).53 In a study 
comprising 111 SLE patients, lupus was associated with 
significant endothelial dysfunction compared with healthy 
controls.54 Recent studies have corroborated these findings, 

showing endothelial dysfunction and increased arterial 
stiffness in patients with SLE compared with matched 
controls,55 which correlates with disease activity.56, 57 

vascular structure changes and atherogenesis
A large case-control study showed that preclinical carotid 
atherosclerosis was more prevalent among SLE patients than 
in the controls (37.1 vs 15.2%, p<0.001), whereas older age, the 
presence of SLE (odds ratio 4.8; 95% CI 2.6-8.7), and higher 
serum cholesterol were independently related to the presence 
of plaque.58 Similar findings were achieved in other studies, 
where a higher prevalence of carotid plaques was observed 
among patients with SLE compared with controls, and 
carotid IMT was higher in the former.54,59 Additional studies 
revealed increased carotid IMT in patients with SLE,55,60,61 
particularly among those with a history of cardiovascular 
disease62 and in the presence of nephrotic-range proteinuria.50 
Last, a longitudinal study of 217 women with SLE from the 
Pittsburgh Lupus Registry showed that carotid plaque 
progression rate was higher than the control group, whereas 
the IMT progression rate was similar.63 Noticeably, SLE 
patients showed a higher prevalence of coronary-artery 
atherosclerosis (calcification), as measured by electron-beam 
computed tomography, compared with controls, whereas the 
age at onset was reduced.64

Despite a few studies that failed to show evidence for early 
carotid atherosclerosis,65 available data clearly indicates that 
SLE similar to RA potentiates the risk of cardiovascular 
disease in a young, predominantly female population 
without common risk factors. 

M e C h a n i s M s  C o n t r i b u t i n g  t o 
a C C e l e r a t e d  a t h e r o g e n e s i s

Accelerated atherogenesis in IMID may involve many 
inflammation-related and non-inflammatory factors. Due 
to space limitations, we forego a detailed discussion of all 
factors described and provide the reader with a brief insight 
into the most common mechanisms involved.

innate immunity 
Monocytes have been firmly implicated in the 
pathogenesis of atherosclerosis, starting from adhesion 
to the endothelium and their migration into the intima 
early in atherogenesis, followed by differentiation 
into macrophages. Macrophages that are crucial to all 
IMIDs66-68 are phenotypically polarised by specific signals 
and secrete a variety of proinflammatory cytokines, and 
proteinases that may accelerate atherosclerosis progression. 
Among many proatherosclerotic activities TNFα, a key 
inflammatory mediator, induces potent atherogenic effects 
on the arterial wall, involving cell apoptosis, upregulation 
of adhesion molecules69 and endothelial cells adopting 
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a more procoagulant70 and vasoconstrictor phenotype.71 
Matrix metalloproteinases are proteolytic enzymes that 
can degrade collagen and render the growing plaque’s cap 
thin and susceptible to rupture.72 Neutrophils that infiltrate 
the atherosclerotic plaque and express destabilising 
factors such as myeloperoxidase, gelatinase-associated 

lipocalin, proteolytic enzymes and tissue factor, have been 
increasingly linked to accelerated atherogenesis, as has been 
shown elegantly in experimental atherosclerosis.73,74 With 
regard to inflammatory proteins, the acute phase reactant 
CRP has emerged as a direct partaker in atherosclerosis, 
and we have shown that infusion of CRP in humans 
renders the endothelium dysfunctional with ensuing 
procoagulant responses, particularly under hypercholes-
terolaemic conditions.75 The atherogenic role of the terminal 
complement has been confirmed recently by showing that 
the absence of CD59, a key regulator of the complement 
membrane attack complex assembly, accelerated 
and a neutralising anti-mouse C5 antibody attenuated 
atherosclerosis in experimental atherosclerosis.76

adaptive immunity
Peripheral blood CD4+ T-cell subsets that lack expression 
of the CD28 molecule may contribute to increased 
cardiovascular risk.77 Individuals with RA, in whom 
expansion of this T-cell subset with a proinflammatory 
phenotype and tissue damaging potential78, 79 is detected, 
show impairment of FMD and increased IMT compared 
with those without, and TNFα-blockade induces CD28 
reappearance on the CD4+ cell surface.77 Additional T-cell 
activities that have been linked to atherogenesis involve IL-17 
production with interferon-γ by coronary artery-infiltrating 
T cells, inducing proinflammatory responses in vascular 
smooth muscle cells.80 Further, CXCR6, a chemokine 
receptor expressed on a subset of CD4+ T helper 1 cells and 
natural killer T cells, has been implicated in lymphocyte 
homing and the local immune response within the vessel 
wall.81 Furthermore, dendritic cells at the media-adventitia 
junction were identified to have an important role in 
immune-sensing and T-cell-stimulatory functions, 
modulating wall-infiltrating T cells to display vessel-specific 
activation profiles including that of atherosclerosis with 
differential production of CD40L, lymphotoxin-α, and 
interferon-γ in medium and large human arteries.82

non-inflammatory factors
Referring to non-inflammation-related factors, few IMIDs 
such as RA have been associated with an atherogenic lipid 
profile, i.e. elevated levels of apolipoprotein-B containing 
lipoproteins and low HDL, which is reversible upon 
effective treatment and correlates significantly with clinical 
scores and inflammatory activity.83-85 Improvement of lipid 
profile is accompanied by atheroprotective alterations in 
high-density lipoprotein composition upon tumour necrosis 

factor blockade. As indicated above, IMID patients exhibit 
a higher prevalence of the metabolic syndrome, a cluster of 
cardiovascular risk factors including dyslipidaemia, insulin 
resistance, elevated blood pressure and abdominal obesity.86 
Another mechanism focuses on endothelial progenitor 
cells (EPC), of which the numbers inversely correlate with 
cardiovascular risk factors, and thus constitute a biomarker 
for vascular malfunction.87 In RA, peripheral numbers of 
EPCs have been found to correlate inversely with disease 
activity.88 Statin therapy, at least in the experimental 
adjuvant-induced arthritis model of RA, appears to have 
favourable effects on the presence of EPCs.89 
Collectively, the mechanisms by which chronic 
inflammation in IMIDs may contribute to the pathogenesis 
of atherosclerosis are multifactorial by nature. High 
disease activity promotes an inflammatory endothelial 
and leucocyte phenotype combined with a proatherogenic 
lipid profile that in conjunction stimulates plaque growth 
and destabilisation, ultimately culminating into an acute 
clinical event.

C o n C l u s i o n

Over the past two decades it has become increasingly 
clear that chronic inflammation is an independent risk 
factor for cardiovascular events, with an impact over and 
above established risk factors. Since IMIDs are protracted 
disorders, the focus on adequate cardiovascular prevention 
in these patients is long overdue. Pathophysiologically, 
chronic inflammation provides a direct link between 
IMIDs and accelerated atherogenesis. Therefore, proper 
management of cardiovascular risk, first and foremost, 
requires aggressive control of disease activity. Yet, 
guidelines for optimal cardiovascular risk reduction in 
patients with IMIDs are lacking, largely due to the absence 
of randomised clinical trial data. As implicated by this 
review, the need to adapt cardiovascular risk calculators 
is growing to better accommodate the impact of chronic 
inflammatory disease over and above established risk 
factors to predict cardiovascular risk in the individual 
patient with an IMID. 
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