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Abstract There is evidence that rheumatoid arthritis (RA) is
associated with higher overall and cardiovascular (CV) morbid-
ity and mortality as compared with general population.
Increased prevalence of traditional risk factors and chronic in-
flammation, that has been recognized as independent CV risk
factor, may play an important role in atherosclerosis and subse-
quently ischemic heart disease development. However, myo-
cardial dysfunction as a result of chronic inflammation and
secondarily myocardial fibrosis markedly participates on heart
failure development. Proinflammatory cytokines, such as C-
reactive protein, tumor necrosis factor alpha (TNF«), interleu-
kins 1 and 6, that are markedly increased in RA, play a role in
the acceleration of atherosclerosis as well as myocardial fibrosis
development. Several studies documented that increased CV
risk was associated with seropositivity, disease activity score,
citrullination, and duration of RA. Early detection of heart dys-
function is based on echocardiographic detection of diastolic
dysfunction resulting from myocardial inflammation and fibro-
sis. Some studies showed also higher prevalence of left ventric-
ular systolic dysfunction and increased prevalence of cardiac
arrhythmias as compared to non-RA population. There are still
controversies on the impact of NT-proBNP in predicting cardi-
ac impairment in RA patients. Some authors consider it to be a
sensitive noninvasive predictor of subclinical CV disease in
these patients and also a predictor of all-cause mortality inde-
pendently on traditional CV risk factors. However, the correla-
tion with parameters of cardiac function was confirmed only in
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a few studies. The impact of biological treatment on progres-
sion of atherosclerosis and heart failure is still controversial and
seems to be not harmful in young patients with normal left
ventricular function. The effect of biologics, especially anti-
TNF« drugs, is probably related to the cardiac function before
treatment. Larger prospective clinical, echocardiographic, and
magnetic resonance studies are needed.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflammatory
disease affecting approximately 1 % of adults in the general
population and resulting in impairment of various organs and
tissues [1]. It is associated with higher overall and cardiovas-
cular (CV) morbidity and mortality as compared with popula-
tion without RA [2, 3]. Excess mortality in RA has been seen
in CV disease (31 %), pulmonary fibrosis (4 %), and lympho-
ma (2.3 %) [4]. Baseline predictors of mortality in patients
with RA have been reported male gender, older age, poor
function, lower socio-economic status, extra-articular mani-
festations, rheumatoid factor (RF) and anti-cyclic citrullinated
peptide antibodies (anti-CCP) positivity, higher inflammatory
parameters, and glucocorticoid therapy [4—8].
Cardiovascular diseases (CVD) have been recognized as
the main cause of mortality among RA patients, and recent
data confirmed this trend also in earlier stages of RA. The risk
of developing CVD is estimated at least 50 % greater than
compared with the general population. Increased CV morbid-
ity and mortality in RA patients is mainly due to accelerated
atherosclerosis [9—11]. Two major factors have been evoked
as determinants of higher CV morbidity and mortality due to
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atherosclerosis, i.e., elevated prevalence of traditional CV risk
factors and chronic systemic inflammation, that has been rec-
ognized to be an independent risk factor for CVD in RA. This
finding is supported by the evidence that optimal control of
the disease activity by conventional or targeted disease mod-
ifying antirheumatic drugs (DMARDs) decreases the risk of
CV morbidity and mortality [10]. Besides coronary athero-
sclerosis, myocardial dysfunction itself as a result of chronic
systemic inflammation leading to myocardial edema and fi-
brosis may also markedly participate in CV morbidity, espe-
cially in heart failure (HF) development [12, 13].

Three most important pathogenic mechanisms are sup-
posed to participate in cardiac impairment in RA:

1. Genetic factors (HLA DRBI1 04, gene polymorphism for
TNFx, MTHFR, CCRS, etc.) that seem to be associated
with a higher risk of CVD in RA [14]

2. Traditional risk factors for atherosclerosis and CVD (obe-
sity, dyslipidemia, diabetes mellitus, arterial hypertension,
smoking, hyperuricemia, etc.) [15]

3. Proinflammatory cytokines (CRP, TNF«, IL-1, IL-6) that
are markedly increased in RA play a role in the accelera-
tion of atherosclerosis as well as myocardial fibrosis de-
velopment [16]

In this article, we review current data on mechanisms par-
ticipating in CV morbidity and mortality in RA and also the
influence of anti-inflammatory treatment.

Atherosclerosis and coronary heart disease in patients
with RA

As was mentioned above, increased CV mortality in RA
patients is mainly due to atherosclerosis. Several studies
over last 20 years showed that patients with RA have
significantly higher risk of coronary heart disease
(CHD) when compared with non-RA subjects. Patients
with RA are more likely to experience unrecognized
myocardial infarction and sudden death and, they also
have poorer long-term outcomes than those with myocar-
dial infarction without RA [10, 17]. The influence of
traditional risk factors and chronic systemic inflammation
is described in this article. Figure 1 shows proven or
potential mediators and their effects on the cells and
tissues resulting in endothelial and myocardial dysfunc-
tion in RA. Low-grade inflammation that is typical for
the disease results in platelet dysfunction and the forma-
tion of a denser clot structure and hypofibrinolysis.
Following activation or apoptosis, various cell types re-
lease microparticles which contain procoagulants.
Activation of neutrophils causes the release of neutrophil
extracellular traps (NETs), which display procoagulant
properties including platelet activation [3].
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Traditional risk factors
Metabolic syndrome

The metabolic syndrome (MetS) is a cluster of cardiometabol-
ic disorders that result from the increasing prevalence of obe-
sity. Several studies have shown that MetS may provide an
additional link between accelerated atherosclerosis and in-
flammation in RA. However, their results are inconsistent,
probably due to differences in the definition of the MetS,
study populations and also treatment of RA. The prevalence
of MetS in the study of Rostom et al. was mildly but signifi-
cantly higher in RA patients. Increased systemic inflammatory
markers and use of glucocorticoids (GC) were independent
predictors associated with the presence of MetS.
Approximately 40 % of RA women had MetS and almost all
of these patients had abdominal obesity [18]. On the other
side, it was not confirmed in Korean and Mexican women.
In the Mexican study, the prevalence of MetS in patients with
early RA was lower than that in controls [19]. In Korean
women, the group who received RA treatment showed signif-
icantly lower prevalence of MetS as compared to untreated
group. The control of inflammation and disease activity can
reduce the frequency of MetS in RA patients. Moreover, treat-
ment with methotrexate (MTX) also may be a protective fac-
tor against MetS [20]. Despite this different results, a
metaanalysis of Zhang et al. clearly identified a significant
association between RA and the risk of MetS with an overall
odds ratio of 1.24 (95 % CI, 1.03-1.50) [21]. Conversely,
some studies showed that among patients with RA, low body
mass index was associated with a significantly increased risk
of CV death, probably due to development of “rheumatoid
cachexia” [9]. It seems that both obesity and cachexia may
represent an increased cardiovascular risk in these patients.

Diabetes mellitus

Recent data showed that RA is associated with increased risk
of diabetes mellitus (DM), including type 1 (T1DM), and type
2 (T2DM). Oppositely, patients with T2DM also demonstrat-
ed an elevated risk of RA [22, 23]. It is consistent with the
hypothesis that chronic low-grade inflammation in T2DM
may elicit the development of RA in genetically susceptible
individuals. Both types of DM participate on higher risk of
CV morbidity and mortality in RA. The risk of CVD in RA
could be as high as that conferred by T2DM [22].

In the recent Italian study, increasing age and RA duration
were both associated with an increased likelihood of being
classified as prediabetes or T2DM. The authors conclude that
RA seems to be characterized by increased prevalence of un-
diagnosed DM, especially in patients with longer disease du-
ration [24].
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Fig. 1 Endothelial and myocardial dysfunction resulting from different
effects of proven or potential mediators and effects on cells and tissues in
chronic inflammatory disease as RA (direction of small arrows by
mediator and effect mean up or downregulation; adapted from Schuett

Insulin resistance and glucose intolerance have been asso-
ciated with an increased risk of CHD in RA patients on the
long-term treatment with GC that can markedly potentiate
development of insulin resistance or impaired glucose toler-
ance. GC use is a clinically important and quantifiable risk
factor for DM. The risk is influenced by dose and treatment
duration, although only within the last 6 months. Recent
metaanalytic study showed that RA patients with T2DM were
almost two times more likely to experience any CV event
compared to non-diabetic patients with RA [25].

Arterial hypertension

Studies on the prevalence of arterial hypertension (AH) in RA
yielded conflicting results, with that reporting lower, equiva-
lent, or elevated mean systolic and/or diastolic blood pressure
compared to non-RA population [26-28]. AH was not asso-
ciated with systemic inflammation or insulin resistance in RA,
but it was showed to be associated with increased concentra-
tions of homocysteine and leptin [29]. Higher activity of RA
may negatively influence nocturnal fall in blood pressure [30].
Additionally, other factors such as the chronic use of
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etal. [3], Ahmed et al. [40], Maijer et al. [43]; TNFa tumor necrosis factor
alpha, /L-1 interleukin 1, /L-6 interleukin 6, /L-10 interleukin 10, TGF3
transforming growth factor beta, PA/-/ plasminogen activator inhibitor 1)

nonsteroidal anti-inflammatory drugs or GC are known to
increase blood pressure. If present, AH may participate in
increased CV morbidity and mortality as compared with
non-hypertensive RA patients. Carotid intima-media thick-
ness (IMT) was associated with age and systolic blood pres-
sure in RA patients [25]. Moreover, anti-tumor necrosis factor
alpha (anti-TNF ) therapy was associated with a significantly
increased risk of developing AH in these subjects [31].

Dyslipidemia

Accelerated atherosclerosis in RA may be related also to lipid
profile changes [32]. Dyslipidemia, commonly observed in
patients with active RA, appears to be present very early in
the disease development. Majority of studies detected lower
total cholesterol (TC) levels as well as lower levels of high-
density lipoprotein cholesterol (HDL-C) and low-density lipo-
protein cholesterol (LDL-C) in RA patients as compared with
non-RA subjects, although overall incidence of dyslipidemia
was higher in RA [27, 33-35]. Only some studies demonstrat-
ed typical atherogenic lipid profile in these patients [36, 37].
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In the Japan multicenter observational study of 488 patients
with RA, the prevalence of hyper-LDL-C,
hypertriacylglycerolemia, and hypo-HDL-C were 29.3, 24.2,
and 10.2 %, respectively, and the overall prevalence of dys-
lipidemia was 56.5 %. The level of HDL-C was in inverse
correlation with the disease activity expressing as DAS28
score. Patients treated with low-dose GC showed significantly
higher levels of HDL-C and lower TC/HDL-C ratio compared
with those GC-untreated. On the other side, patients treated
with biological agents showed significantly higher levels of
LDL-C, lower levels of HDL-C and higher TC/HDL-C ratio.
These results suggest that controlling RA disease activity
might improve lipid profiles and eventually lower CV risk
[33]. Low-dose atorvastatin was effective for the treatment
of dyslipidemia in RA but had no apparent effect on RA dis-
ease activity [34].

The impact of dyslipidemia in RA and its influence on
CVD risk is still unknown. The complex relationship between
LDL-C and HDL-C levels and risk of CV events was not
significantly different from that in age and sex-matched non-
RA cohort [38]. According to some authors, the association
between lipid profile and the risk of CVD seems to be para-
doxical, whereby lower levels of TC and LDL-C are associ-
ated with higher CVD risk. This may be due to lipid-lowering
effects of systemic inflammation. Adipose tissue in RA is
quantitatively increased, but it may be more inflamed resulting
in metabolic dysfunction of adipose tissue and to lower HDL-
C [34].

Inflammatory markers

Over the years, multiple studies evidenced increasing numbers
of cytokines involved in RA pathophysiology, further to those
used as target of cytokine-blocking therapies. In fact, some
experimental and human studies showed that inflammatory
pathways of RA may initiate and/or accelerate atherosclerosis
and this effect can be ameliorated by anti-inflammatory treat-
ment. In RA, inflammation and atherosclerosis are closely
linked. Inflammation mediates its effects on atherosclerosis
both through modulation of traditional risk factors and
through direct affecting the vessel wall and contributing to
plaque formation [39, 40]. This systemic inflammation may
result in impaired insulin sensitivity and subsequently en-
hance the impact of MetS. Studies on IMT in RA patients also
demonstrated that systemic inflammation and CV risk factors
were associated with rapid IMT progression. MTX and anti-
TNF« agents may influence IMT progression by reducing the
effect of the systemic inflammation on the IMT [41]. C-
reactive protein (CRP) and erythrocyte sedimentation rate
(ESR) were similarly associated with higher risk of myocar-
dial infarction as well as stroke, reflecting the prominent role
of'inflammation in CHD risk in RA [42]. In the study of Innala
et al., 4.3 % of patients with RA had a new myocardial
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infarction and 5.1 % of all developed stroke during the
follow-up period. In this study, the authors found inflamma-
tory activity to be harmful in terms of new CV events and
inflammation potentiates the effect of traditional CV risk fac-
tors [8&].

The role of anti-CCP positivity in atherosclerosis is sup-
ported by some studies showing that patients anti-CCP posi-
tive had increased risk of CV death that correlated with higher
levels of proinflammatory cytokines such as TNFx and inter-
leukin 6 (IL-6) [6]. If anti-CCP positivity plays a direct role in
the development of atherosclerosis or if it represents only
marker of proinflammatory state resulting in atherosclerotic
process in these patients is still unknown.

Angiotensin II that has been demonstrated to be elevated in
RA patients is also closely related to AH, endothelial dysfunc-
tion, and atherosclerosis. The role of adipokines, such as lep-
tin, adiponectin, vaspin, resistin, omentin, and others in the
prevention or acceleration of atherosclerosis in RA patients is
not fully recognized [43]. Treatment modalities such as TNFx
inhibition might have a beneficial effect on CV risk (see be-
low). However, whether this benefit is attributable to effective
control of inflammation or whether targeting specific cyto-
kines, implicated in atherosclerosis, provides additional risk
reduction, is unclear. Further knowledge of the predictors of
CV risk, the effects of early control of inflammation and of
drug-specific effects are likely to improve the recognition and
management of CV risk in RA patients. Cytokines and bio-
markers of endothelial dysfunction and heart failure in RA are
demonstrated in the Table 1.

Rheumatoid arthritis and heart failure

Heart failure (HF) and inflammation are important contribu-
tors to the excess of overall morbidity and mortality in patients
with RA. HF rather than ischemic heart disease appears to
participate in the increased mortality in these patients [44].

Table 1  Cytokines and biomarkers of endothelial dysfunction and
heart failure in rheumatoid arthritis (adapted from Schuett et al. [3],
Yang et al. [29], Ahmed et al. [40], Maijer et al. [43])

Cytokines and biomarkers
of endothelial dysfunction

Cytokines and biomarkers
of heart failure

TNF«, IL-1, IL-6 ANP, BNP, NT-proBNP
CRP Homocysteine

TGFf, FGF TNF«, IL-1, IL-6
Angiotensin 11 CRP

Leptin, adiponectin, vaspin, omentin

TNF« tumor necrosis factor alpha, /Z-/ interleukin 1, /-6 interleukin 6,
TGF3 transforming growth factor beta, FGF fibroblastic growth factor,
CRP C-reactive protein, ANP atrial natriuretic peptide, BNP brain natri-
uretic peptide, NT-pro BNP N-terminal fragment of the pro-brain natri-
uretic peptide
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Nicola et al. demonstrated significant excess risk of conges-
tive HF in RA population as compared with non-RA, yielding
hazard ratio 1.87 (95 % CI, 1.47-2.39) after 30 years of
follow-up [45].

,Similarly in the study of Wolfe and Michaud, HF was
more common among patients with RA (3.9 %, n=461) than
in those with osteoarthritis (2.3 %, n = 87). Patients with RA
had the same risk factors for HF (e.g., AH, prior myocardial
infarction, DM, advanced age) as persons in population-based
studies. HF was significantly less common in anti-TNF«x-
treated patients than in the remaining patients, even after
adjusting for baseline differences. In the absence of pre-
existing CVD, the risk of HF was low and was not related to
anti-TNF« therapy [16]. Factors associated with higher prev-
alence of congestive HF in RA were similar to that typically
associated with HF in the non-RA population (male gender,
age, AH, CHD, DM, and smoking). Additionally, RA-related
parameters (patient’s disability, pain, severity of RA, RF pos-
itivity) were associated with prevalent HF [16, 45]. Disease
activity is also considered to be an independent risk factor of
HF as well as systemic inflammation (ESR, CRP) or duration
of RA [46, 47]. Besides several RA characteristics, the use of
GC was also associated with HF after adjustment for CV risk
factors and CHD. On the other side, MTX use appeared to be
protective against HF [48]. In the study of Listing et al., an
increased risk of HF developing after adjustment for tradition-
al CV factors was found in patients who had a higher disease
activity score DAS28 at follow-up with hazard ratio 1.47
(95 % CI, 1.07-2.02) [49].

Mechanisms resulting in developing or worsening of heart
failure in RA patients are shown in the Table 2. Increased risk
of HF in RA may be mediated in part by vascular disease
including endothelial dysfunction and coronary atherosclero-
sis. In addition to atherosclerosis, RA appears to be associated
with subclinical structural heart disease. HF in RA typically
presents with occult clinical symptomatology and is mainly
associated with structural and functional left ventricle (LV)
abnormalities leading to diastolic dysfunction, while systolic
performance remains well preserved longer time [12, 50].

Table 2 Mechanisms of heart failure developing or worsening in
rheumatoid arthritis

Endothelial dysfunction, atherosclerosis, coronary heart disease

Myocardial edema, myocardial fibrosis

Cardiac arrythmias (atrial fibrillation)

Valvular diseases (aortic stenosis and regurgitation, mitral regurgitation,
tricuspidal regurgitation, combined valvular lesions)

Inflammatory cytokines involved in atherosclerosis, myocardial fibrosis,
arrythmias

Drugs (glucocorticoids, TNFx blockers in pre-existing heart dysfunction,
tocilizumab)

TNFo tumor necrosis factor alpha

Causes of heart dysfunction in RA patients include several
morphologic changes, such as valvular diseases or myocardial
fibrosis and edema. RA is known to cause rheumatoid nodules
leading to valvular disease, particularly regurgitation. The
most commonly reported valvular diseases include aortic ste-
nosis and regurgitation, mitral regurgitation, tricuspidal regur-
gitation, or combined valvular lesions [47, 51].

Experimental, histopathologic, and clinical echocardio-
graphic and magnetic resonance studies demonstrated sub-
clinical myocardial fibrosis and dysfunction in RA subjects
without clinical symptoms of HF. This association remained
significant after adjustment for CV risk factors and comorbid-
ities [52]. In the study of Ntusi et al., myocardial fibrosis was
found in 46 % of patients with RA. These patients had larger
areas of myocardial edema, but LV mass and ejection fraction
(EF) were similar to controls [13]. Both myocardial fibrosis
and inflammation were associated with the disease activity.
Thus, the chronic low-grade myocardial inflammation
resulting in fibrosis may predispose RA patients to diastolic
dysfunction that is common in RA and was confirmed by
several echocardiographic studies [53—55]. Most studies dem-
onstrated a significant inverse relationship between the E/A
ratio and disease duration [54, 56]. In the study of Liang et al.,
IL-6 levels were independently associated with diastolic dys-
function even after adjustment for CV risk factors. TNFx
levels were also in inverse relationship with E/A ratio [54].

LV systolic dysfunction in RA was reported only in a few
studies [55-58]. In the study of Bhatia et al., the prevalence of
systolic dysfunction was three times more common as com-
pared to general population [57]. In some studies, HF in RA
has been associated with concentric LV hypertrophy and re-
duced longitudinal strain [46, 47].

RA was also associated with an increased incidence of car-
diac arrythmias, in particular atrial fibrilation and also other
tachyarrythmias. RA patients were twice as likely to experi-
ence sudden cardiac death compared with non-RA subjects,
pointing to an increased propensity to develop malignant ven-
tricular arrhythmias. Indeed, ventricular repolarization (QT
interval) abnormalities and cardiovascular autonomic nervous
system dysfunction, representing two well-recognized risk
factors for life-threatening ventricular arrhythmias in the gen-
eral population, are commonly observed in RA. Moreover,
large population-based studies seem to indicate that also the
prevalence of atrial fibrillation is significantly higher in RA
subjects than in the general population, suggesting that these
patients are characterized by an abnormal diffuse myocardial
electrical instability. Although the underlying mechanisms ac-
counting for the pro-arrthythmogenic substrate in RA are prob-
ably intricate, the leading role seems to be played by chronic
systemic inflammatory activation which is able to promote ar-
rhythmias both indirectly, by accelerating the development of
ischemic heart disease and congestive heart failure, and direct-
ly, by affecting cardiac electrophysiology [59, 60].
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Biomarkers associated with heart failure

B-type natriuretic peptide (BNP) or N-terminal fragment
of proBNP (NT-proBNP)

There are still controversies on the impact of NT-proBNP in
predicting cardiac impairment in RA patients. Some authors
consider it to be a sensitive noninvasive predictor of subclin-
ical CVD in these patients and a predictor of all-cause mortal-
ity independent of traditional CV risk factors [61]. There is
evidence that NT-proBNP is increased in RA patients and it is
associated with inflammatory markers [35, 61]. However,
some studies did not demonstrate relationship between NT-
proBNP levels and LV function in RA patients. In our study,
RA patients had significantly higher plasma NT-proBNP as
compared with controls. A significantly higher levels were
detected in RF positive patients. TNFo rather than NT-
proBNP was in negative correlation with systolic and diastolic
LV function. Thus, we concluded that TNF appears to be a
better marker of heart impairment caused by chronic inflam-
mation in RA patients than NT-proBNP itself [55].

Homocystein

Elevated serum homocysteine have been independently
linked to an increased risk of HF, particularly in women. In
RA patients, serum homocysteine levels were shown to be
significantly higher than in non-RA controls and were associ-
ated with both inflammatory markers and MTX therapy. Folic
acid treatment reduced homocysteine levels in RA patients. It
has been proven recently that a combination therapy with
MTX and folic acid was associated with a reduced incidence
of CVD in RA patients [29, 62].

Inflammatory cytokines

In RA, the inflamed synovium of the rheumatoid joint as well
as peripheral blood mononuclear cells are a major source of
macrophage-derived cytokines, such as TNFe, interleukin 1
(IL-1), and IL-6 that are markedly expressed in serum of these
patients [63]. These cytokines are in non-RA patients associ-
ated with an increased prevalence of congestive HF. However,
in RA, the relationship between systolic or diastolic HF and
serum interleukin levels is poorly documented [55].

Influence of biological treatment

HF is generally characterized by the elevation of proinflam-
matory cytokines and mediators that contribute to disease pro-
gression and may serve as relevant markers of the disease
severity and HF progression. Major proinflammatory cyto-
kines include TNF, IL-1, and IL-6, which circulating levels
are substantially elevated in HF [63-66]. Thus, it was
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hypothesized that inhibition of these cytokines may improve
heart function in patients with HF. Unfortunately, the results of
large studies yielded disappointing results.

The effect of infliximab on the heart function was evaluated
in a randomized placebo-controlled, double-blind pilot study
ATTACH in patients with chronic HF in NYHA classes [I-1V.
This study did not show any beneficial effect of infliximab
over placebo in terms of efficacy. On the contrary, its higher
dose was associated with an increase in both all-cause mortal-
ity and the number of hospitalizations due to HF [67]. Similar
results were observed in two studies RENAISSANCE and
RECOVER (design similar to ATTACH) evaluating the influ-
ence of etanercept on the heart function. Both studies showed
a trend toward increased mortality or hospitalizations due to
HF in the etanercept group. The results of the studies with
etanercept and infliximab suggest a deleterious effect, espe-
cially of higher doses of TNFa blockers in patients with
NYHA classes III and IV [68].

How do TNF«x blockers influence heart function
in patients with RA?

TNF« promotes inflammatory response that is essential in the
pathogenesis of RA [69]. A disease activity and systemic in-
flammation in RA represent an increased risk of CV mortality
and HF. Therefore, it is suggested that TNF « inhibitors should
reduce the risk of HF in RA group. On the other side, there is a
question whether RA patients with heart dysfunction are con-
traindicated for treatment with TNFo blockers. Studies that
were performed so far yielded controversial results. Some of
them were stopped prematurely due to lack of efficacy and
because of worsening HF in the anti-TNF«x-treated groups
suggesting that TNF« inhibitors may promote and/or worsen
HF in RA patients. Treatment with infliximab led to an in-
crease in LV EF in patients with RA. Unfortunately, this was
detected in only patients with normal ejection fraction (EF).
This treatment also resulted in a significant reduction of
endothelin 1, IL-6, and NT-proBNP levels [70, 71]. In our
study, no significant changes in echocardiographic structural
and functional parameters of the LV were detected after 6 and
12 months of infliximab administration. We conclude that
long-term infliximab administration does not deteriorate both
cardiac morphology and function [72]. In other studies, it was
also demonstrated protective role of infliximab on the myo-
cardium or no significant changes of HF incidence in young
RA patients [16, 73, 74]. On the other side, acute infliximab
administration decreased cardiac output due to low stroke vol-
ume in RA patients without heart disease [75]. In our study,
acute infliximab administration led to significant increase in
NT-proBNP levels but long-term treatment showed tendency
to decrease the NT-proBNP levels [72]. Similar, but signifi-
cant, positive effects of long-term TNF« inhibitors treatment
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(infliximab, adalimumab) were confirmed by other authors in
RA patients without previous HF [71, 76].

Based on these data and also the study of Setoguchi et al.,
TNF« blockade may pose a greater risk of HF hospitalization
in elderly patients with RA compared to MTX use. Anti-
TNF«x therapy may also pose a greater risk of death in those
with previous HF [77]. Controversially, recently published
papers showed that anti-TNFo therapy was not associated
with a risk of HF hospital admissions compared with
DMARD:s in the RA population [74, 78]. The effects are
probably related to heart function before treatment.

RA patients with no history of congestive HF and concom-
itant indication for TNFa blockers do not need a baseline
echocardiography to screen for HF. Patients with well com-
pensated, mild HF (NYHA classes I and II) before starting of
TNFa blockers should undergo echocardiography. TNFax
blockers should be avoided in patients with decreased EF or
in NYHA classes III and IV of HF [48, 70].

In the network metaanalysis of Singh et al., the adverse
affects of biologics were evaluated summarizing data from
Cochrane Library, Medline, and Embase. Although biologics
were associated with significantly higher rates of adverse
events and withdrawals due to adverse events, the rate of
congestive HF was not significantly higher between biologics
and control treatment [79].

There are also few studies with IL-6 inhibition by toci-
lizumab (TCZ) in patients with RA and HF. In one study,
treatment with TCZ for 5 years led to an improvement of
inflammatory activity without adverse effects on the heart
function [80]. However, in the recent study, TCZ was associ-
ated with LV dysfunction in RA patients or resulted in a de-
crease of EF in RA patients with normal heart function [81].

The most protective effects on the heart function in RA
patients have been described in IL-1 inhibition. After anakinra
treatment, there was significant improvement of LV systolic
and diastolic function. The improvements in biomarkers and
vascular and LV function were greater in anakinra group than
in the prednisolone group after 30 days of treatment. The
possible mechanism is the improvement of myocardial defor-
mation in RA that was shown in some studies [82—84].
Studies comparing TNFx blockers with anakinra showed a
safety of anakinra in RA patients on progression of HF in
comparison with TNFx blockers [85]. IL-1 blockade led to
a lower incidence of HF in RA patients [86].

Conclusion

Summarizing all reported data, we can conclude that patients
with RA, who constitute approximately 1 % of the population,
are at increased risk of CV morbidity and mortality. Higher
prevalence of traditional risk factors and chronic inflammation
plays an important role in atherosclerosis and subsequently

ischemic heart disease development. However, myocardial
dysfunction as a result of myocardial edema and fibrosis par-
ticipates markedly on HF development. Proinflammatory cy-
tokines, such as CRP, TNF«, IL-1, and IL-6, that are increased
markedly in RA, play a role in acceleration of atherosclerosis
as well as myocardial fibrosis development. Additional eval-
uation is needed to clarify the effect of RA as well as thera-
peutic strategies on the myocardium at all stages of the disease
in order to early detect cardiac impairment or to prevent the
development of HF in these patients.
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