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Céline Méhats, France
Barbro Melgert, The Netherlands
Vinod K. Mishra, USA
E. Moilanen, Finland
Eric F. Morand, Australia
Jonas Mudter, Germany
Marja Ojaniemi, Finland
Sandra H. P. Oliveira, Brazil
Andrew Parker, Switzerland
Jonathan Peake, Austria

Vera L. Petricevich, Mexico
Peter Plomgaard, Denmark
Marc Pouliot, Canada
Michal Amit Rahat, Israel
Jean-Marie Reimund, France
Alexander Riad, Germany
Huub Savelkoul, The Netherlands
Natalie J. Serkova, USA
Sunit Kumar Singh, India
Dirk E. Smith, USA
Helen C. Steel, South Africa
Dennis Daniel Taub, USA
Kathy Triantafilou, UK
Fumio Tsuji, Japan
Peter Uciechowski, Germany
Giuseppe Valacchi, Italy
Luc Vallières, Canada
Jan van Amsterdam, The Netherlands
Elena Voronov, Israel
Jyoti J. Watters, USA
Soh Yamazaki, Japan
Satoru Yui, Japan
Teresa Zelante, Singapore
Dezheng Zhao, USA
Freek J. Zijlstra, The Netherlands



Contents

Atherosclerosis in Rheumatoid Arthritis, Miguel A. González-Gay, Zoltan Szekanecz, Calin D. Popa,
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There is a growing body of evidence supporting an increased
risk of cardiovascular (CV) mortality in patients with
rheumatoid arthritis (RA). This is the result of complex
mechanisms leading to accelerated atherosclerosis [1]. In
this regard, besides classic CV risk factors [2], chronic
inflammation [3] and a genetic component [3, 4] have been
proposed to influence the development of atherosclerosis in
RA.

This special issue encompasses different aspects of the
CV disease associated to RA. With respect to this, the link
between atherosclerosis and RA was discussed. Surrogate
markers of atherosclerosis have been found to be useful
in predicting the presence of atherosclerosis disease in
subclinical stages in adults with RA [5, 6]. Data shown in
this special issue also confirmed that children with juvenile
idiopathic arthritis may have higher carotid intima-media
wall thickness index values than controls. These observations
emphasize the need for increased awareness of the risk of
atherosclerosis in children with juvenile idiopathic arthritis.

An exhaustive literature review on the genetic influence
in the development of CV disease in patients with RA was
also included. With respect to this, it is important to keep
in mind that besides gene polymorphisms located within the
MHC region [3, 4], variations of genes located outside this
region, such as CCR5, MTHF [7, 8], are of potential relevance
in the increased risk of CV disease associated to RA.

Adipokines are molecules not only implicated in the
development of metabolic syndrome but also in inflamma-
tory mechanisms that may play a role in the pathogenesis

of different autoimmune diseases [9, 10]. A timely review
on the implication of adipokines in the development of the
atherosclerotic disease not only focusing on RA but also
discussing the link between these molecules and the presence
of atherosclerosis in other chronic inflammatory rheumatic
diseases was included in the special issue.

The mechanisms associated with endothelial dysfunc-
tion, an early step in the atherogenesis process, in patients
with RA are far from being completely understood. In
this special issue an assessment of the potential role of
asymmetric dimethylarginine and apelin as biomarkers to
detect early data of endothelial dysfunction in patients with
RA was included.

Anti-TNF-α drugs constitute the mainstay of therapy in
RA patients with severe disease that is refractory to conven-
tional disease modifying antirheumatic drugs. One of the
articles included in the special issue confirmed the previously
reported short-term beneficial effect of the fully human-anti-
TNF-α monoclonal antibody adalimumab on endothelial
function [11]. In addition, new data showing persistent
improvement of endothelial function in adalimumab-treated
RA patients without progression of the carotid intima-media
thickness are reported. This is of potential relevance as
the use of anti-TNF-α therapy has been associated with
a decrease of mortality in RA patients, mainly due to a
reduction in the incidence of CV events [12].

In line with the above, Popa et al. had previously
assessed the effects of the anti-TNF-α therapy on the HDL
antiatherogenic function. They observed that infliximab,
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a chimeric anti-TNF-α monoclonal IgG1 antibody was able
to improve HDL antioxidative capacity. This effect was
sustained 6 months after anti-TNF-α therapy had been
initiated [13]. In this special issue the same group conducted
an extensive review on the effect that different biologic
therapies exert on the atherogenic index and HDL cholesterol
in patients with RA.

Taken together, these studies confirm the presence of
complex mechanisms that influence the development of
atherosclerosis in RA. Nevertheless, further studies are
needed to shed light on the problem of augmented risk of
CV disease in patients with RA.

Miguel A. González-Gay
Zoltan Szekanecz

Calin D. Popa
Patrick Dessein
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[9] R. Gómez, J. Conde, M. Scotece, J. J. Gómez-Reino, F. Lago,
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In the last decades a large amount of evidence linked rheumatoid arthritis (RA) to atherosclerosis. In fact, RA patients have an
increased risk of cardiovascular events that is not fully explained by other classic cardiovascular risk factors. RA and atherosclerosis
may share several common pathomechanisms and inflammation undoubtedly plays a primary role. The proinflammatory
cytokines such as tumor necrosis factor alpha and interleukin-6, involved in the pathogenesis of RA, are also independently
predictive of subsequent cardiovascular disease (CVD). In RA, inflammation alters HDL constituents and the concentration of LDL
and HDL, thus facilitating atherosclerosis and CVD events. On the other hand, also the increase of oxidative processes, frequently
observed in RA, induces atherosclerosis. Interestingly, some genetic polymorphisms associated with RA occurrence enhance
atherosclerosis, however, other polymorphisms associated with RA susceptibility do not increase CVD risk. Several other
mechanisms may influence atherosclerotic processes in RA. Moreover, atherosclerosis may be directly mediated also by underlying
autoimmune processes, and indirectly by the occurrence of metabolic syndrome and impaired physical activity. Finally, the effects
of RA therapies on cardiovascular system in general and on atherosclerosis in particular are really wide and different. However, the
starting point of every RA treatment is that disease control, or better remission, is the best way we have for the reduction of CVD
occurrence.

1. Introduction

Rheumatoid arthritis (RA) and atherosclerosis are two
inflammatory diseases strictly linked; in fact, although joint
involvement is the prototypical feature of RA, atherosclerotic
cardiovascular diseases (CVDs) are the major cause of
mortality and morbidity in these patients [1, 2]. Therefore,
the increased CVD risk occurs even early during the course of
RA, being so intended as a possible preclinical manifestation
of the disease [3]. On this basis, the understanding of com-
monly shared pathomechanisms is mandatory for the right
treatment of RA, in order to reduce atherosclerosis and the
subsequent impact of CVD, on these patients. Moreover, it’s
also important to evaluate the different effects of RA
therapies (i.e., corticosteroids, NSAIDs, DMARDs, anti-TNF
agents, and other biological drugs) on cardiovascular risk. All
these aspects will be analyzed in this paper.

2. The Link between Atherosclerosis
and Rheumatoid Arthritis

In the last years, a large amount of data improved the
understanding of pathomechanisms leading to atherosclero-
sis appearance, thus allowing its classification among inflam-
matory disorders [4], similarly to RA. But this is not the only
point that links atherosclerosis and RA; undoubtedly, smoke
is the most evident one, being clearly involved in the appear-
ance of both diseases [5, 6]. Moreover, it is well established
that RA patients had an increased risk of cardiovascular
events that is not fully explained by smoke and other classic
CVD risk factors [3]. Therefore, atherosclerotic processes are
increased in RA [7, 8], and subsequently also CVD risk.
Inflammation plays a primary role in this relationship; in
fact, in patients with recent onset polyarthritis, baseline CRP
levels were independent predictors of CVD-related death,
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with an hazard ratio of 3.3, and this after adjusting for age,
sex, smoking status, rheumatoid factor positivity, swollen
joint counts, and Health Assessment Questionnaire score
[9]. Furthermore, it is interesting to observe that the risk of
CVD events, myocardial infarction in particular, is increased
also in the 2 years preceding formal diagnosis of RA [10];
so, on this basis, it is possible to speculate that systemic
inflammation may increase atherosclerosis before it affects
the joints [11]. On the other hand, the longer the duration
of disease, the higher the risk of plaques in the carotid artery
[12] and CVD events [13], thus indicating that chronic RA-
related inflammation increases the CVD risk and suggesting
the need of early therapeutic intervention in these patients.
Therefore, between the proinflammatory cytokines involved
in the pathogenesis of RA, tumor necrosis factor (TNF) alpha
and interleukin (IL)-6 are independently predictive of subse-
quent CVD events in these patients. In fact, these cytokines
are released into the systemic circulation, with a large
amount of systemic effects, in particular on endothelium
[11]. The result is a cascade of alterations throughout our
organism that leads to the proatherogenic profile that is
prototypical of RA.

3. Pathomechanisms Involved in Rheumatoid
Atherosclerosis Appearance

RA-related inflammation may lead to atherosclerosis occur-
rence in several ways. The enhancement of oxidative modifi-
cation of LDL, that has been linked to TNF-α action through
the stimulation of superoxide secretion from monocytes
and endothelial cells, is among involved processes [11];
moreover, also HDL constituents may be altered by the
inflammation, thus losing their ability to remove cholesterol
from atherosclerotic lesions and reducing their antioxidant
activity [14]. On the other hand, not only the function
but also the concentration of LDL and HDL is altered in
RA; in particular small-dense LDLs are increased, whereas
small-dense HDLs are decreased [11], thus leading to an
unbalance toward atherosclerosis appearance. Therefore,
HDL impairment may be related to paraoxonase (PON)
activity reduction, that has been found in RA, in particular
in patients with both active [15] and quiescent disease [16];
in fact, PON is a peculiar enzyme linked to HDL that binds
and destroys oxidized lipids, thus reducing atherosclerosis
occurrence [11]. Another aspect is the increase of oxidative
processes, that in RA is demonstrated in several ways, for
example, by the depletion of vitamins A and E and by the
reduced degradation of asymmetric dimethyl-L-arginine
(ADMA), an endogenous inhibitor of nitric oxide synthase
(NOS) [11, 17]. Recently, the attention has been pointed out
on Interleukin-17; this cytokine, involved in RA pathogen-
esis [18], may accelerate myocardial fibrosis and promote
atherosclerosis in non-RA animal models [19]. Therefore,
elevated circulating IL-17 levels have been detected in
patients with acute coronary syndromes [20]. In RA patients,
this cytokine influences microvascular function and arterial
compliance, thus playing a significant role in development of
endothelial dysfunction and CVD in the setting [21].

But although these factors are important, the “sine qua
non” condition for atherosclerosis appearance is the occur-
rence of endothelial dysfunction, a feature frequently des-
cribed in RA patients [22]; this generic term indicates the
endothelial phenotypic alterations that appear in response to
a large amount of noxious stimuli. The increased expression
of adhesion molecules such as ICAM-1, VCAM-1 and
E-selectin, the enhancement of pro-inflammatory cytokines
(TNF-α, IL-1, IL-6, IFN-γ), and the upregulation of oxidative
stress processes are the starting point of this condition
[23]; moreover, also the increase of leptin and resistin
(proatherogenic hormones) and the decrease of adiponectin
(antiatherogenic hormones) may alter endothelial home-
ostasis in RA patients [22]. These features lead to an increase
in endothelial permeability to lipoproteins and plasma con-
stituents, with subsequent infiltration of lipids into the
arterial wall and migration of monocytes and T-lymphocytes
into the vessel intima [24]. Foam cells and fatty streaks
appearance within the vessel wall is the consequence of
these processes [25]. The inflammatory state leads to smooth
muscle cells proliferation, that migrates into the lesion with
subsequent vessel walls thickening and fibrotic tissue deposi-
tion. The result is the appearance of atherosclerotic plaques,
that appear as a dynamic lesions, due to the large amount
of ongoing modifying processes; but these lesions are also
unstable, with an increased risk of rupture [24]. Therefore,
recent data showed that endothelial progenitor cells (EPCs)
action is altered in RA [26]; EPCs are mononuclear cells
present in blood, bone marrow, and vessels that express spe-
cific endothelial markers and can help the repair of injured
endothelium [11]. So, on this basis it is possible to speculate
that in RA not only atherosclerosis formation mechanisms
are increased, but also reparatory mechanisms are impaired.

4. Genetic and Autoimmunity: Beside Classic
Inflammation Pathways

After the identification through genome-wide association
studies of a large amount of putative loci that may increase
the risk of CVD in the general population, several researches
have been addressed to the identification of a genetic back-
grounds also for RA-related atherosclerosis. In particular,
recent data evidenced that rs599839 A/G polymorphism
(chromosome 1p13.3), previously associated with higher
plasma total and LDL cholesterol levels and with an increased
risk of CVD in general population, seems to increase the
risk of endothelial dysfunction also in RA patients without
evidence of overt CVD [27]. Another identified polymor-
phism, MIA3 rs17465637 A/C, enhances the risk of CVD also
in RA, although only in case of concomitant dyslipidemia
[28]; MIA3 protein is involved in leukocyte adhesive inter-
actions with vascular endothelium, reduces attachment, and
promotes migration of monocytes across the endothelium,
thus leading to foam cells and fatty streak appearance with
vessel walls [29]. Likewise to general population, acid phos-
phatase locus 1∗C allele is associated with CVD events in
RA population; as the authors state, this may result from the
major production of the S isoform of low molecular weight
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phosphotyrosine phosphatase by this allele, which may influ-
ence the regulation of energy metabolism and the response
to oxidative stress [30]. Therefore, a potential influence on
CVD risk in RA patients has been suggested also for the
CCR5Δ32 deletion [31], MTHFR 1298 A > C [32] and IL6-
174 [33] gene polymorphisms.

Due to the relevance of TNFα in the inflammatory path-
way of RA, several polymorphisms of this cytokine have been
evaluated as a potential risk factors for atherosclerosis occur-
rence in this setting. In fact, both TNFα rs1800629 [34] and
TNFα 1031 T/C [35] polymorphisms were associated with
an enhancement of atherogenic processes in RA patients.
Moreover, among the several HLA-DRB1 alleles involved in
RA susceptibility, HLA-DRB1∗0404 [36] is associated with
an increased risk of endothelial dysfunction and CVD events
in RA patients. In particular, patients with HLA-DRB1∗0404
alleles had decreased endothelium-dependent vasodilata-
tion with respect to other RA patients; interestingly, in these
patients the authors do not find correlations between dis-
ease-related parameters (i.e., disease duration, activity
parameters) and endothelial dysfunction. Moreover, the
authors excluded also the occurrence of linkage disequilib-
rium with TNF microsatellite alleles, thus confirming that
cardiovascular risk in RA may be partially genetically deter-
mined by HLA-DRB1∗0404 alleles. However, up to now, the
biological mechanisms underlying this association are not
established, although antigen presentation and upregulated
expression of HLA-DRβ1 molecules on the endothelial cell
wall may be involved [37].

It is interesting to observe that some polymorphisms
may enhance CVD risk in RA patients carrying the HLA-
DRB1∗0404 allele, as recently demonstrated for endothelial
nitric oxide synthase (NOS2A and NOS3) gene polymor-
phisms [38]. Another gene involved in RA susceptibility, the
methionine sulfoxide reductase A (MSRA) gene, in particular
the minor allele G, is associated with an increased risk of
ischaemic heart disease in anticyclic citrullinated peptide
antibodies (ACPAs) positive RA [39]. These data confirm
that similarly to general healthy population, also in RA the
genetic background influences atherosclerosis occurrence.
However, some gene polymorphisms are associated with RA
susceptibility but not with an increased CVD risk, as,
for example, PTPN22, STAT4 and TRAF1/C5 [40], IL6R
rs2228145 and IL6ST/gp130 rs2228044 [41], VEGFA
rs2010963 and the rs1570360 [42], and MHCIITA rs3087456
and rs4774 [43]; on the other hand, potentially involved
polymorphisms, such as those of macrophage migration
inhibitory factor-173, do not link with RA susceptibility and
atherosclerosis occurrence [44]. These results by itself are
very intriguing, because they indicate that the pathway of
atherosclerosis in RA is really complex, being influenced by
several factors, that may transcend inflammation and genetic
background. In fact, atherosclerosis in RA may be mediated
also by underlying autoimmune processes; in particular,
antibodies against oxidized low-density lipoprotein have
been found to be associated with subclinical atherosclerosis
in recent-onset RA [45–47]. Moreover, anti-apoA-1 IgG are
increased in RA patients, being also significant predictors of
CVD in these patients [48]. The APCAs, that are important

serological markers of RA, have been assessed as a possible
markers of atherosclerosis appearance in this setting. In
particular, Gerli et al. [49] showed that RA patients with
detectable circulating APCA had higher intima-media
thickness (IMT) at internal carotid arterial wall than patients
without evidence of these antibodies, thus linking ACPA
positivity and subclinical atherosclerosis in RA. Recently,
the attention has been pointed out on another citrullinated
antibody, the antimodified citrullinated vimentin (anti-
MCV); changes in serum levels of this antibody correlate
with changes in atherogenic ratios (total cholesterol/HDL-C
and LDL-C/HDL-C), apolipoprotein A-I, and carotid IMT,
thus becoming a possible marker of subclinical atheroscle-
rosis in RA [50]. But the autoantibodies may be sometimes
protective, as demonstrated for antibodies against phos-
phorylcholine (anti-PC) [51], that probably play a role in the
clearance of atherosclerotic plaques [52]. In fact, low IgM
anti-PC levels are associated with an increased occurrence of
carotid plaques in RA patients [53].

So, taken together, these data indicate that between RA
and atherosclerosis there is a very close link, that is not
limited to inflammation processes and involves also genetic
and autoimmunity; in fact, this link is so deep that some
authors include atherosclerosis among the extra-articular
manifestations of RA [11].

5. Other Factors Involved in
Atherosclerosis Appearance

In order to better understand the increased CVD risk in
RA we should take into account also other indirect factors.
In fact, metabolic syndrome is common in both early and
long-standing RA, as indicated by the increase of waist
circumference and blood pressure, by the occurrence of dys-
lipidaemia and abnormal visceral fat distribution [54, 55].
Therefore, also the impaired physical activity may affect the
risk of CVD in these patients; in fact, low physical activity
in RA women is associated with increased levels of oxidized
low-density lipoprotein (oxLDL) and insulin, with reduced
levels of HDL, Apo A1 and atheroprotective natural anti-PC,
and, in particular, with insulin resistance [56]. This latter
in particular is associated with impaired vascular insulin
signaling and blunted vascular effects of insulin, that lead
to atherogenesis appearance, although through mechanisms
that are not completely established [57].

6. Atherosclerosis and RA Therapies

The effects of RA therapies on cardiovascular system in
general and on atherosclerosis in particular are really wide
and different. In fact, RA treatment comprehends drugs that
may either increase or reduce CVD risk [58]. However, the
starting point of every RA treatment is that disease control,
or better remission, is the best way we have for the reduction
of cardiovascular morbidity and mortality in these patients
[59]; but RA patients always ask for pain control, so that we
should take into account the drugs used for pain control.
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6.1. Nonsteroidal Anti-Inflammatory Drugs (NSAIDs).
NSAIDs are largely used in RA as a painkillers; actually two
main classes of NSAIDs are available: COXIBs, that act
selectively on inducible COX-2, and classic NSAIDs, that
block both COX-1 and COX-2. These classes of drugs have
been recently linked to an increased CVD risk, first for
rofecoxib [60], with subsequent reduced trend in COXIBs
prescription [61], and then also for other COXIBs and
NDSAIDs [62]. However, the relationship between COXIBs/
NSAIDs and atherosclerosis occurrence is not clearly estab-
lished; in particular, some authors hypothesized that COXIBs
may promote the early appearance of atherosclerosis,
whereas in case of more advanced stages, they may demon-
strate protective/antiatherogenic properties [63]; it is inter-
esting to observe that this dualism has been confirmed
also in subsequent studies for both COXIBs and NSAIDs
[64–67].

6.2. Corticosteroids. Corticosteroids (CTs) are powerful anti-
inflammatory agents widely used in the treatment of RA
[68]. Although long-term CTs use may be associated with a
dose-related increased risk of CVD, due to effects on blood
pressure, insulin resistance, lipid profile, body weight, and
fat distribution [69–71], up to now there is no evidence
that low-dose CTs may influence atherosclerosis appear-
ance in RA [72]. Moreover, other data showed that anti-
inflammatory and antiproliferative actions on vessel walls
of low-term CTS therapy may reduce first atherosclerosis
occurrence and then CVD risk [58].

6.3. Disease Modifying Antirheumatic Drugs (DMARDs). The
term DMARDs indicates a wide group of drugs poten-
tially able to inhibit the occurrence/progression of articular
damage in RA patients [73]. Therefore, DMARDs may
reduce also CVD risk by influencing atherosclerotic processes
directly through inflammation; but in order to obtain this
goal, the early identification and treatment of patients with
RA are crucial [74]. Among DMARDs are listed drugs such
as methotrexate (MTX), leflunomide (LFN), sulphasalazine
(SSZ), cyclosporine (CsA), and hydroxychloroquine (HCQ).

MTX is today the anchor DMARDs for RA treatment;
moreover, recent studies showed that although increasing
serum homocysteine levels [75], MTX reduces CVD-related
mortality and morbidity in RA with respect to other
DMARDs [58, 76, 77]; this suggests that reducing RA
inflammation, MTX may also reduce collateral damage such
as atherosclerosis. Therefore, MTX-related atherogenesis
reduction has been confirmed also in a recent experimental
model [78]. Data on other DMARDs are scanty; LFN may
improve vascular function through the inhibition of NFκB
signal transduction pathway in endothelial cells, the reduc-
tion of subendothelial migration of peripheral blood mono-
nuclear cells, and, finally, to the impairment of antigen
presenting dendritic cells [58]. However, despite these poten-
tial beneficial effects on atherogenesis, LFN-related arterial
hypertension may increase CVD risk [79]. On the other
hand, despite the established anti-inflammatory effects, also
CsA has been associated with an increased susceptibility

to atherosclerosis and development of hyperlipidemia; in
fact, CsA demonstrates complex effects on lipoprotein
metabolism and bile acid production and affects endothelial
cells, smooth muscle cells, and macrophages, all critical for
atherosclerotic process occurrence [80]. The effects of SLZ
on atherosclerosis have been recently evaluated, although in
patients with coronary artery disease without RA; the final
findings of the study suggested that SLZ is not the opti-
mal anti-inflammatory treatment for reversing endothelial
dysfunction in cardiovascular disease [81]. Finally, hydrox-
ychloroquine exerts an antithrombotic effect and improves
glucose and lipid profiles in treated patients, being a poten-
tially protective factor against atherosclerosis appearance
[58].

6.4. Biological Agents

6.4.1. Anti-TNF Agents (Infliximab, Etanercept, Adalimumab,
Golimumab, and Certolizumab). These drugs act through the
inhibition of TNF alpha, a proinflammatory cytokine playing
a primary role in RA appearance [82]; however, as previously
described, TNF alpha has been implicated also in the patho-
genesis of RA-related atherosclerosis. According to these sug-
gestions, in the last decade numerous publications suggested
that TNF blockers exert significant effects on the vasculature
[83, 84] and decrease the incidence of CVD in RA patients
[85]. The cardioprotective effect of TNF inhibition in RA
may be related to several factors, as, for example, the increase
of HDL levels; therefore, these drugs do not affect LDL
levels or atherosclerotic index (i.e., TC/HDL ratio) [86]. On
the other hand, these drugs may reduce significantly insulin
levels and the insulin/glucose index, as well as improve
insulin resistance [58, 87] and also a dramatic reduction of
resistin, an adipokine that showed strong correlation with C-
reactive protein, was observed following infliximab infusion
in RA patients undergoing this therapy because of severe
disease [88]. Likewise, improvement of endothelial function
following anti-TNF-alpha administration has been observed
in RA patients with severe disease refractory to conventional
DMARDs therapy [89, 90].

It is also important to remember that levels of circulating
adhesion molecules, such as serum E-selectin and inter-
cellular adhesion molecule-1, are decreased following these
treatments [58]. However, despite this behavior, the use of
TNF-blockers in patients with severe chronic heart failure
may have detrimental effects on cardiac function, and this
despite the increase of circulating levels of TNF observed;
consequently, severe heart failure contraindicates anti-TNF
treatment in patients with RA [91].

6.4.2. Other Biological Drugs (Tocilizumab, Abatacept, and
Rituximab). Today a large number of non-anti-TNF bio-
logical drugs are available for RA treatment. The targets of
these drugs are very wide; tocilizumab (TCZ) acts through
the inhibition of IL-6, another proinflammatory cytokine
that may contribute to atherosclerosis processes; in fact, TCZ
improves endothelial function and aortic stiffness in RA and
this despite the increase of total and LDL-cholesterol [58].
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Abatacept is a fully human soluble fusion protein consisting
of the extracellular domain of human CTLA-4 and the mod-
ified Fc portion of human IgG1; to date, there is no data on
the effects of this drug on atherosclerosis. Rituximab (RTX)
is a chimeric monoclonal antibody against CD20 depleting
B cells in peripheral blood; also RTX data are scanty,
although, at least in short term, this drug seems to improve
endothelial dysfunction, carotid atherosclerosis, and lipid
profile in RA [92, 93].

7. Conclusions

Rheumatoid arthritis and atherosclerosis are strictly linked
in several ways; this link is so strong that atherosclerosis
may be considered an “extra-articular manifestation” of the
disease, leading to an increased risk of CVD [11]. Moreover,
the impact of this “extra-articular manifestation” on patients
survival is of primary importance, being in fact CVD, the
main prognostic factor in this setting [1]. So it is important
to screen and monitor RA patients for the occurrence of
existing traditional-risk factors for CVD appearance, in order
to reduce the impact on cardiovascular system, as suggested
in the recently published EULAR evidence-based recom-
mendations for cardiovascular risk management in patients
with RA [94]. Therefore, according to literature evidence,
it will be of primary importance that all risk stratifications
models used to calculate CVD risk in general populations
consider also RA among risk factors [95]. Additional tools
such as the use of carotid ultrasonography in patients with
RA that exhibit an intermediate risk have recently been sug-
gested [96]. However, further studies are needed to better
establish the cardiovascular risk of patients with RA. Regard-
ing the treatment of atherosclerosis in RA patients, beside
the classical approach [97], RA control, or better remission,
should be considered the reference therapeutic strategy for
the reduction of CVD risk in this setting [94].
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[51] J. Frostegård, “Low level natural antibodies against phospho-
rylcholine: a novel risk marker and potential mechanism in
atherosclerosis and cardiovascular disease,” Clinical Immunol-
ogy, vol. 134, no. 1, pp. 47–54, 2010.

[52] U. de Faire, J. Su, X. Hua et al., “Low levels of IgM antibodies
to phosphorylcholine predict cardiovascular disease in 60-year
old men: effects on uptake of oxidized LDL in macrophages as
a potential mechanism,” Journal of Autoimmunity, vol. 34, no.
2, pp. 73–79, 2010.

[53] S. Ajeganova, C. Ehrnfelt, R. Alizadeh et al., “Longitudinal
levels of apolipoproteins and antibodies against phospho-
rylcholine are independently associated with carotid artery
atherosclerosis 5 years after rheumatoid arthritis onset—a
prospective cohort study,” Rheumatology, vol. 50, no. 10, pp.
1785–1793, 2011.

[54] C. S. Crowson, E. Myasoedova, J. M. Davis et al., “Increased
prevalence of metabolic syndrome associated with rheumatoid
arthritis in patients without clinical cardiovascular disease,”
Journal of Rheumatology, vol. 38, no. 1, pp. 29–35, 2011.

[55] J. T. Giles, M. Allison, R. S. Blumenthal et al., “Abdominal
adiposity in rheumatoid arthritis: association with cardio-
metabolic risk factors and disease characteristics,” Arthritis
and Rheumatism, vol. 62, no. 11, pp. 3173–3182, 2010.
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Cardiovascular (CV) diseases are a serious concern in rheumatoid arthritis (RA), accounting for approximately one-third to one-
half of all RA-related deaths. Besides the attempts to identify new risk factors, the proper management of traditional CV risk factors
such as dyslipidemia should become a priority in the periodic evaluation of every RA patient. Atherogenic index has been suggested
to be less susceptible to disease activity variation during large periods of time, making him more attractive to be used in CV risk
prediction in this group of patients as compared to individual lipids concentrations. Nevertheless, inflammation may negatively
impact HDL antiatherogenic properties, suggesting that HDL function assessment is of particular importance when predicting CV
risk in these patients. A tight control of inflammation becomes therefore crucial for a successful CV risk management. The present
paper debates these hypotheses focusing on the effects of therapy with biologicals on the above mentioned parameters.

1. Introduction

Cardiovascular (CV) diseases are a serious concern in
patients with chronic inflammatory diseases. For patients
with rheumatoid arthritis (RA), it represents the leading
cause of death, accounting for approximately one third to
one half of all RA-related deaths [1, 2]. In order to decrease
this incidence, risk factors need to be identified in the first
place. Intriguingly, previous studies have suggested that the
augmented CV burden found in RA patients seems not to
be fully explained by traditional CV risk factors, such as
dyslipidemia, hypertension, smoking, and physical inactivity
[3]. Consequently, factors leading or deriving from the
chronic inflammation have been suggested to be responsible
for the augmented risk [4–6]. Until nowadays, however, no
such factor is proved to solidly confirm this hypothesis.

Recently, several studies have suggested that it might
have been enough room to improve the cardiovascular
profile of RA patients only by focusing on the traditional
risk factors. Impaired during the periods of active disease,
physical activity could be importantly improved by a better
disease control as suggested in the recent international

guidelines, consequently improving CV profile [7]. Using
different methods to assess the risk of developing CVD,
Toms et al. have recently reported that between 2% and 25%
of RA patients who should receive a lipid-lowering drug
(statin) according to their calculated risk do not actually
use this medication [8]. The percentages may even increase
from 7% to 30% if the 1.5 multiplier factor is applied as
recently recommended [9]. Despite its limitations, the study
emphasizes the possibility of suboptimal therapy of tradi-
tional risk factors in RA patients, providing a solid alternative
to improve CV pattern in RA. Finally, inflammation may
alter traditional CV risk factors including lipids pattern, both
at the concentration and composition level [10, 11]. This
observation has recently led to the concept of “smaller slice
of a bigger pie,” which emphasizes that due to the presence
of chronic inflammation, the relative contribution of these
factors to the overall CV risk in RA is different than in the
general population. All these data suggest that despite the
progresses made in the past years, traditional CV risk factors
such as dyslipidemia are not yet entirely understood and
appropriately managed in patients with RA.
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Traditionally, the atherogenic lipid profile is made up
of increased TC, LDL, TG, and decreased HDL. In chronic
inflammatory diseases such as RA, however, different con-
centrations of lipids can be found throughout different stages
of the disease: increased TC and LDL in the years prior
to disease onset, reduced levels of TC and HDL-C during
early active disease, and different patterns in established RA
[12, 13]. Hence, due to the variable degree of chronic inflam-
mation, the individual lipid concentrations may frequently
fluctuate during the course of disease making the impact of
such changes on CV risk less clear. Nevertheless, the different
cholesterol fractions seem to fluctuate together in the same
direction. In line with this, recent studies have suggested
that the atherogenic index (AI—the ratio TC : HDL) is less
susceptible to disease activity fluctuations in RA. Therefore,
one can hypothesize that AI may be more appropriate
to be used to assess the relative contribution of lipids to
the CV risk in RA patients than individual cholesterol
fractions measurements. Finally, inflammation may not only
modulate the levels but also the composition of lipoproteins.
In line with this, our group and others have shown that
HDL becomes less antiatherogenic in RA patients, and this is
associated with inflammatory status [10, 11]. Therefore, we
suggest that in chronic inflammatory conditions, HDL anti-
atherogenic properties (i.e., antioxidant, cholesterol reverse
transport) may prove to be a valuable alternative marker to
predict the development of atherosclerosis and CV burden in
RA patients.

Recent recommendations for the treatment of RA pro-
pose a tight control of disease activity to achieve rapid
remission in the early disease stage. Controlling the inflam-
matory process is likely to favorably impact CV risk. In
line with this, new therapeutic strategies have been recently
elaborated, encouraging the use of aggressive antirheumatics,
including biologicals, earlier in the course of disease [7].
The consequence will be that an increasing number of RA
patients will be treated in the future with these drugs. Appro-
priate knowledge about their effects on cardiovascular risk
factors, including lipid pattern, would therefore be of great
importance. Several previous publications have addressed
the effects of biologicals on the lipid profile, concentrat-
ing on individual lipid levels/changes. However, important
questions regarding the overall atherogenic capacity of the
lipid profile and the subsequent impact on the cardiovascular
risk remain largely unanswered. The present paper focuses
on the relation between the therapy with biologicals and
atherogenic index as a more suitable parameter in RA to
address CV risk in this population. In addition, data on HDL
function in the same context will be discussed.

2. Methods

2.1. Literature Search and Study Selection. We conducted
a literature search in Medline via PubMed for articles
published up to May 2012. The MeSH terms used were
anti-TNF, infliximab, adalimumab, etanercept, tocilizumab,
rituximab, and rheumatoid arthritis (MeSH). These were
combined with cholesterol (MeSH), lipids, HDL, and
atherogenic index. Articles were selected if they met all

of the following criteria: (a) clinical trial or observational
study that included ≥10 patients with rheumatoid arthritis
(except for rituximab studies), (b) treatment with infliximab,
adalimumab, etanercept, tocilizumab, or rituximab, and (c)
values of total cholesterol (TC), HDL, and atherogenic ratio’s
taken before and after treatment. The search was further
restricted to English language full-text articles. Studies were
manually selected by two authors (CP, EA) by screening the
title, keywords, and abstract, using the eligibility criteria. If
possibly eligible, full-text articles were retrieved and judged
using the eligibility criteria. The inclusion of articles was
determined by consensus.

2.2. Data Presentation. Due to the heterogeneity of study
populations, type of treatment, dosages, follow-up time,
outcome measures, and statistical analysis, a meta-analysis
was not performed. Hence, a narrative summary of the
results is provided. The primary summary measure used
to compare results was the difference in AI for short-term
studies (<6 months) and long-term studies (>6 months).
Results regarding anti-TNFα, anti-IL-6R, and anti-CD20
therapy are discussed. No additional quality assessments
were performed. Sample size, differences in type of treatment
and dosages, and study duration were taken into considera-
tion when comparing results.

3. Results and Discussion

In total, there were 105 records identified. Of them, 4 were
excluded because they were not written in English, 5 were
case reports, 56 were off topic, 3 were themselves reviews, and
4 studies investigated less than ten RA patients (see inclusion
criteria). At the end of the selection procedure, 33 full-text
articles met the eligibility criteria and were considered for
this paper (Figure 1). Of the 33 studies, the vast majority
concerned anti-TNF users, usually infliximab, adalimumab,
and etanercept [11, 14–32], 8 studies concerned tocilizumab
(including three randomized clinical trials) [21, 33–39], and
5 studies investigated rituximab effects on lipids pattern
[14, 40–43]. Data on other biologicals, including abata-
cept, anakinra, golimumab, or certolizumab have not been
addressed here due to their very limited and preliminary
character.

3.1. Anti-TNF Agents. TNF-α is a proinflammatory cytokine
which plays a pivotal role in both RA and atherosclerosis
pathogenesis. A beneficial effect of anti-TNF treatment on
CV morbidity and mortality in RA has been demonstrated
[44]. Many studies have investigated the effects of anti-TNF
medication on the lipid profile, yet the majority of studies
comprise small groups of patients with a short followup. This
paper will further focus on studies concerning infliximab,
adalimumab, and etanercept. As previously mentioned, it
will separately address the short and long-term effects,
respectively, for all three drugs taken together. Finally, the
effects on HDL function will be summarized.
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105 articles

33 articles

Exclusion: n = 72

• 56 out-off topic

• 3 reviews

• 5 case reports

• 4 not English

• 4 (N < 10)

Figure 1: Flowchart.

3.1.1. Short-Term Studies. Short-term studies demonstrate
primarily significant antiatherogenic changes, particularly in
TC and HDL levels, whereas TG and LDL concentrations
often remain unchanged. Interestingly and of importance
for our present paper, changes in the atherogenic index
(TC : HDL) and other ratios (LDL : HDL, ApoB : ApoA-1)
have also been noticed. Our group found a significant
decrease of approximately 8% in both LDL : HDL and
the TC : HDL ratio after two weeks of treatment with
adalimumab in a group of 33 RA patients as compared to
placebo [24]. Our results have been further confirmed by
a recent study in 50 RA patients receiving adalimumab: AI
baseline—16 weeks was 3.33 (0.93) versus 3.15 (0.85), P =
0.034 [32]. A significant decrease in the apoB : apoA-1 ratio
has been also reported (P = 0.014). A trend towards a
more pronounced effect on HDL in the responders group
has been noticed together with an association with disease
activity changes (r = −0.31, P = 0.03). Similar results have
been reported by Jamnitski et al., who found a significant
decrease in the ApoB : ApoA-1 ratio over a period of 3
months [19] in 292 RA patients receiving TNF blockade.
Interestingly, this change has been found only in good and
moderate EULAR responders. Nevertheless, some further
studies reported opposite results (Table 1). Following 45 RA
patients treated with infliximab during a period of almost
6 months, our group reported a significant increase in the
TC : HDL ratio [11] at the end of this period. These findings
were supported by Dahlqvist et al. [17], who reported an
increase of 8% and 9% in the LDL : HDL and TC : HDL ratio,
over the same time period in 52 RA patients treated with
infliximab. Other studies did not indicate any change in the
atherogenic index or other ratios within a period of 3 or
6 months of anti-TNF therapy [14, 16, 18, 21, 25, 26, 28,
30, 31], although individual lipid levels were often found to
increase in the initial months of treatment [25, 26, 30, 31].
Studying 56 patients with RA receiving infliximab for 30
weeks, Allanore et al. found no changes in the atherogenic
index despite a significant stable increase of HDL and TC.
They also noticed no relations between response to therapy
and lipid pattern modifications [15]. Similar findings have
been reported by Seriolo et al. in 34 consecutive RA patients
treated with various TNF blockers (n = 16 for etanercept,
n = 14 for infliximab, and n = 4 for adalimumab) for

24 weeks [26]. The authors reported however on a relation
between changes in HDL and disease activity (DAS28) by the
end of the study (r = −0.52, P < 0.01), without making
any reference to response rate. These findings are in line
with those from a previous study, indicating a correlation
between the decrease in disease activity and the increase in
HDL 6 weeks after therapy with infliximab has been initiated
[31]. This association remained after adjusting for changes in
prednisone dose, age, gender, and disease duration. Although
the mean atherogenic index did not change, changes in
DAS28 were significantly associated with changes in the
atherogenic index in the period 0 to 2 weeks. However, this
association disappeared when the whole study period (6
weeks) has been considered.

A few more studies should be mentioned, which did
investigate the effects of TNF blockade on lipids pattern
in RA patients, however, without entirely fulfilling our
inclusion criteria. Several investigators pulled together data
from patients with RA and other inflammatory conditions
such as ankylosing spondylitis [20]. In this setting, they
found no changes in AI after 6 months of therapy with
infliximab. Other studies provided data only on individual
lipids without atherogenic index or other ratios [22, 27,
29]. Finally, in an elegant study, Gonzalez-Juanatey et al.
investigated endothelial function and atherogenic index in
a small group (N = 8) of RA patients who failed on
infliximab and were now treated with adalimumab. Besides
rapid improvement of endothelial function, a significant
decrease of the atherogenic index was observed at week 2
(3.30 ± 0.55) and at week 12 (3.28 ± 0.48) when compared
with baseline atherogenic index result (3.52± 0.50) (P value
for both comparisons = 0.012). This was associated with a
decrease in disease activity and inflammation status [45].

The apparent heterogeneity of these results may be due
to several factors. Firstly, it mostly concerns small-group
studies enrolling RA patients from diverse countries with a
distinctive health care system and lifestyle habits, including
physical activity (biking for the Dutch population) [11, 23–
25, 31, 32] and alimentation (fish-reach diet in Northern
Europe, Mediterranean diet in the Southern Europe) [14,
15, 17, 18, 20, 26, 28]. Secondly, a difference between the
anti-TNF agents may be present, leading to a more pro-
atherogenic profile in the case of infliximab [11, 17], with
milder effects for adalimumab and etanercept [19, 24, 32].
Thirdly, gender may also contribute to this heterogeneity, our
group reporting a more pronounced effect on lipid pattern
in male RA patients. Accordingly, total cholesterol and HDL
increased more markedly 6 months after starting infliximab
(P < 0.04), translating into a tendency to increase of the
atherogenic index [25]. Finally, the response rate and the
degree of response to anti-TNF therapy is likely to impact
the changes in lipid profile. Though several studies have
addressed the association between changes in disease activity
or inflammatory status and changes in lipids concentrations,
only a few investigated the association between the latter
and response according to established criteria (EULAR/ACR)
[19, 25, 32]. These studies suggest that the atherogenic index
tends to increase more in nonresponders as compared to
responders [25], or to decrease only in responders [19, 32].
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Table 1: Short-term effects of anti-TNF drugs on atherogenic index and other ratios.

Study Drug Number of patients Duration
Effect

AI Other ratios

Popa et al. [24] ADA 33 2 wk L LDL : HDL

Wijbrandts et al. [32] ADA 50 16 wk L apoB : apoA-1

Gonzalez-Juanatey et al.
[45]

ADA 8 12 wk L —

Kume et al. [21] ADA/ETN 42 24 wk n —

Seriolo et al. [26] ADA/ETN/IFX 34 24 wk n —

Soubrier et al. [28] ADA/ETN/IFX 29 14 wk n apoB : apoA-1

Jamnitski et al. [19] ETN 292 16 wk L apoB : apoA-1

Allanore et al. [15] IFX 56 30 wk n LDL : HDL

Popa et al. [11] IFX 45 24 wk H —

Dahlqvist et al. [17] IFX 52 24 wk H —

Popa et al. [25] IFX 55 24 wk H —

Tam et al. [30] IFX 19 14 wk n LDL : HDL

Vis et al. [31] IFX 69 6 wk n —

Engvall et al. [18] IFX 40 14 wk — apoB : apoA-1

Ajeganova et al. [14] ADA/ETN/IFX 162 24 wk — apoB : apoA-1

Curtis et al. [16] not specified 289 8 wk L —

ETN: etanercept, ADA: adalimumab, IFX: infliximab, AI: atherogenic index, wk: weeks, L: lower, n: neutral, H: higher.

3.1.2. Long-Term Studies. During the first year of treatment
with anti-TNF agents, lipid concentrations tend to increase,
with some reporting a return to baseline levels after an initial
increase [23]. Despite a constant dosage of the anti-TNF
drug, changes in AI reported by short-term studies are often
not sustained over longer periods of time. Using etanercept
in a group of 292 RA patients, Jamnitski et al. found a more
pronounced decrease of apoB : apoA-1 ratio 4 months after
therapy has been initiated as compared to one year time-
point, whereas TC : HDL ratio remained similar throughout
study period [19]. The authors have also performed an
analysis in patients who responded and patients who did not
respond to the therapy according to the EULAR response
criteria. There was a trend towards a lower AI both 4
months as well as one year after starting etanercept in the
responders subgroup as compared with the nonresponders,
reaching significance in the case of apoB : apoA-1 ratio (P =
0.005). Wijbrandts et al. also reported an improvement of
the atherogenic index 52 weeks after adalimumab has been
started in a group of 44 RA patients [32], with apoB : apoA-
1 ratio decreasing with 7% (P = 0.05) and TC : HDL ratio
with 4% (P = 0.27). Of note, both ratios reached statistical
significance 16 weeks after starting adalimumab (P = 0.014
and P = 0.034, resp.) [32]. In contrast, in a case-control
study of 52 established RA patients and 70 early RA patients,
Dahlqvist et al. reported that the LDL : HDL and TC : HDL
ratios significantly worsened one year and even two years
after infliximab was started: 9.2% and 10.4%, respectively
[17]. In line with this, our group found a significant increase
in the TC : HDL ratio in a group of 55 RA patients treated
with infliximab: 9% after 6 months (P = 0.02) and 4% after
12 months (P = 0.05) [25]. In the same study, LDL : HDL
ratio did not significantly changed over time. Peters et al.

found no change in the apoB : apoA-1 ratio and TC : HDL
ratio, respectively, in a group of 80 RA patients treated with
infliximab for a period of 48 weeks [23]. Interestingly, they
observed that changes in prednisone dose were related to
changes in HDL and TC, with a relatively greater impact on
HDL, resulting in a inverse association between prednisone
dose and atherogenic index (TC : HDL and apoB : apoA-1)
[23]. Finally, in a large study involving different anti-TNF
agents (infliximab, adalimumab, and etanercept), Ajeganova
et al. found no changes in apoB : apoA-1 ratio in all three
subgroups according to the drug, 12 months after therapy
has been initiated [14]. Similar results have been previously
reported by Engvall et al., who observed no change in
apoB : apoA-1 ratio between 3 months and 2 years of
followup [18]. Both studies report no data on TC : HDL
index.

Despite apparent discrepancy, some trends may be
depicted when analyzing these long-term effects of anti-
TNF drugs on lipids in patients with RA. These trends
become clearer when focusing on atherogenic index, which
demonstrates therefore to be superior to individual lipid
concentrations in this respect (Table 2). Therapy with
etanercept or adalimumab seems to have a positive impact
on atherogenic index, although this improvement does not
always reach statistical significance [19, 32]. In contrast,
the use of infliximab may worsen lipid ratios on the long
term [17, 25], though some report a neutral effect [23].
Nevertheless, a rapid and sustained control of disease activity
as in the case of responders would be associated with better
ratios as compared to non-responders, even in those patients
treated with infliximab [23]. Alternatively, the concomitant
use of prednisone may influence atherogenic index. Given
the prognostic value of these ratio for future CV events,
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it is likely that these changes are clinically relevant and
may contribute to the decreased incidence of myocardial
infarction and other CV events observed with anti-TNFα
treatment in RA.

3.1.3. Anti-TNF Therapy and HDL Function. The link
between HDL and cardiovascular disease risk is far more
complex than originally thought. This may be explained
by the inherent heterogeneity of HDL particles in terms of
composition, structure, and biological function. Emerging
evidence suggests that for instance small dense protein-rich
HDL3 particles are less capable of protecting LDL against
oxidative modification [46]. This has led some to propose
that the functionality of HDL may be as relevant as plasma
levels of HDL to cardiovascular risk assessment [47, 48]. In
the same context, a number of studies have demonstrated
that inflammation is able to negatively impact the anti-
atherogenic properties of HDL [49]. The issue becomes of
interest thus in the case of patients suffering from chronic
inflammatory diseases, such as RA.

In a study on 48 RA patients, which also included patients
with SLE and healthy controls, McMahon et al. demonstrated
for the first time the presence of a pro-inflammatory HDL
in this group of patients [10]. About 20% of RA patients
were likely to have such an HDL, as compared to 4% of
healthy controls. HDL function tended to correlate with ox-
LDL concentrations (r = 0.355). Inflammatory markers and
prednisone dosage have been shown to be associated with a
proinflammatory HDL. Interestingly, the authors found no
association between HDL function (proinflammatory) and
HDL concentrations, an observation which has been recently
confirmed by an elegant study in the general population [47].
Statins may reverse the pro-inflammatory HDL in a small
group of RA patients during a period of 12 weeks [50]. This
improvement was not entirely associated with a decrease in
inflammatory state. It was further indicated that the pro-
inflammatory function of HDL in RA might be due to a
different composition as compared with anti-inflammatory
HDL (51), including a lower LCAT activity and higher MPO
activity. Nevertheless, the study does not provide sufficient
evidence to support the standard use of statins in patients
with RA.

Our group has investigated for the first time the effects
of anti-TNF therapy on HDL antiatherogenic function. We
found that infliximab is able to improve HDL antioxidative
capacity, an effect that was sustained 6 months after anti-
TNF therapy has been initiated [11]. It is still unclear how
stable these effects are further in the course of therapy and
whether they are solely due to TNF blockade or more likely
to reflect the overall inflammatory suppression achieved in
these patients. Recently, we observed that HDL subfractions
are modified in RA patients, especially in women [51],
reinforcing again the importance and in the same time the
complexity of HDL status in these patients with respect to
their cardiovascular risk. Whether anti-TNF drugs are able
to restore this detrimental HDL profile remains a subject for
further investigations.

3.2. Anti-IL6 Agents. Interleukin (IL6)- is another cytokine
that plays a key role in the pathogenesis of chronic inflam-
matory diseases. Recently, the therapeutic blockade of its
receptor proved to efficiently suppress disease activity in
patients with RA [33–35, 37, 39]. Owing to the increased
cardiovascular risk and anti-TNF experience, trials investi-
gating the effects of tocilizumab (TCZ), the IL-6 receptor
(IL-6R) antagonist in patients with RA have included for
the first time the impact of the therapy on the lipid pattern
as part of the safety analysis of the drug. An increase of
individual lipid concentrations has been constantly reported
with TCZ [37, 38]. Nevertheless, detailed results regarding
the effect of treatment on the atherogenic index could
not be derived from all of the studies (Table 3). Maini et
al. reported that lipids levels increased initially and then
stabilized and did not continue to increase during the
treatment period, which is comparable to the effects reported
in anti-TNF studies. Importantly, the mean atherogenic
index remained largely unchanged and was reduced to below
its initial level by the 20-week follow-up visit in the groups
receiving 8 mg/kg of TCZ [37]. In another trial by Emery
et al., 20-week therapy with TCZ resulted in higher rate
of more than 30% increase in LDL/HDL ratio in patients
receiving the drug as compared to controls: 22.2% (TCZ
8 mg/kg), 19.1% (TCZ 4 mg/kg), and 10,1% (controls),
respectively [33]. In contrast, comparable proportions of
patients had greater than 30% increase in the apoB/apoA
ratio: 11.6% (TCZ 8 mg/kg), 9.4% (TCZ 4 mg/kg), and 9.7%
(controls), respectively. No acute cardiovascular event has
been reported during the study period. In the OPTION
study comparing two TCZ regimens with placebo, Smolen
et al. report similar results [39]. Increases in the ratio of
total cholesterol to HDL of more than 30% above baseline
were observed in 17% of patients treated with TCZ 8 mg/kg,
8% of patients receiving TCZ 4 mg/kg and 5% in the
placebo group. Comparable apoB/apoA ratio between the
groups have been reported however. One last trial adds to
strengthen the previous presented data (TOWARD study)
[34]. It compared patients receiving TCZ 8mg/kg and a
DMARD with patients receiving a DMARD and placebo. The
authors indicate increases of more than 30% in the TC/HDL
ratio in 12% and 7% of patients in the TCZ and control
group, respectively, and increases of more than 30% in the
LDL/HDL ratio in 20% and 12% of patients, respectively.
Again, no significant changes in the apoB/apoA ratio have
been noticed in both groups. Finally, Jones et al. compared
the monotherapy with TCZ and methotrexate in a group of
673 RA patients (AMBITION study) [35]. They report no
data on atherogenic index during the 24 weeks of therapy.
It was however noted that TCZ is more prone to disturb
lipid pattern as compared to methotrexate and leads to
LDL and triglycerides elevations. In an observational study,
Kawashiri et al. noticed no changes in the ApoB/ApoA-1
and TC/HDL ratio despite an increase of individual lipids
in a small group of RA patients treated with TCZ for 12
weeks [36]. Similar findings have been reported by Kume
et al., who found no changes in TC/HDL ratio 24 weeks
after starting tocilizumab in 22 RA patients, despite sustained
increase of both TC and HDL alone [21]. Interestingly,
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Table 2: Long-term effects of anti-TNF drugs on atherogenic index and other ratios.

Study Drug Number of patients Duration
Effect

AI Other ratios

Jamnitski et al. [19] ETN 292 1 year n apoB : apoA-1

Wijbrandts et al. [32] ADA 50 1 year n apoB : apoA-1

Dahlqvist et al. [17] IFX 52 2 years H —

Popa et al. [25] IFX 55 1 year H LDL : HDL

Peters et al. [23] IFX 80 1 year n apoB : apoA-1

Ajeganova et al. [14] ETN/ADA/IFX 162 1 year — apoB : apoA-1

Engvall et al. [18] IFX 18 2 years — apoB : apoA-1

ETN: etanercept, ADA: adalimumab, IFX: infliximab, AI: atherogenic index, n: neutral, H: higher.

Table 3: Effects of tocilizumab on atherogenic index and other lipid
ratios.

Atherogenic index Study (ref), patients (N), and lipid ratio’s

Higher

Emery et al. [33] (N = 338) LDL/HDL;
Genovese et al. [34] (N = 803) TC/HDL,
LDL/HDL;
Smolen et al. [39] (N = 418) TC/HDL

Neutral

Kume et al. [21] (N = 22) TC/HDL;
Kawashiri et al. [36] (N = 19) TC/HDL,
apoB/apoA-1;
Maini et al. [37] (N > 50) TC/HDL

N.A. Jones et al. [35]; Schultz et al. [38]

N.A: not assessed.

the authors noticed that the increase in TC in the TCZ group
has been higher than in the patients receiving adalimumab or
etanercept, reaching statistical significance (TCZ versus ETN
P = 0.024, TCZ versus ADA P = 0.032). Although the first
of its kind by directly comparing three different biologicals
with respect to endothelial dysfunction and lipid pattern, the
results of the study should be interpreted with caution given
the relative low number of patients enrolled in each group
(approximately 20).

Overall, the present experience with tocilizumab appears
to suggest a certain detrimental effect on lipids pattern,
translated into a higher percentage of patients with a
significant increase in the atherogenic index—TC/HDL and
LDL/HDL [33, 34, 39], whereas apoB/apoA-1 ratio remains
stable throughout the therapy [33, 36, 39]. These lipid
modifications led in several cases to the start of therapy with
lipid-lowering agents. It is still unclear if long-term treatment
with TCZ would reverse these detrimental effects and achieve
sustained improvements in AI. To our knowledge, no studies
have investigated the effect of TCZ on the HDL cholesterol
function. Given the emerging importance of this factor
in CVD risk assessment, future studies on this issue are
warranted.

3.3. Rituximab. Up to date, there are few studies investi-
gating the effects of newer biologicals on lipids pattern in
RA patients. Rituximab, a B-cell depletion drug, targeting
the CD20 positive B lymphocytes, has been so far scarcely

investigated for its effects on atherogenic index and HDL
composition, as compared to anti-TNF drugs. In a small
group of RA patients, Gonzalez-Juanatey et al. investigated
for the first time the effects of rituximab on lipid param-
eters [40]. The authors have found a slight, nonsignificant
increase in HDL levels both 2 weeks (56 ± 11 mg/dl) and
6 months (57 ± 15 mg/dl) compared to baseline (52 ±
11 mg/dl), whereas total cholesterol increased only 2 weeks
after starting rituximab (211 ± 42 mg/dl versus 191 ±
37 mg/dl). No direct information on atherogenic index has
been provided. In another study, Kerekes et al. found an
increase in HDL levels with 14.3%, 33.1%, and 35.4% as
compared to baseline, at 2, 6, and 16 weeks, respectively,
after rituximab has been initiated [41]. At sixteen-week
time-point, the difference reached significance (P = 0.035).
Interestingly, total cholesterol tended to decrease without
significance, throughout study period. This may suggest a
decrease in the atherogenic index. The results are likely
in line with the previous ones, yet the limited number of
patients investigated (n = 5) makes their interpretation
difficult. The first larger study on this issue comes from
Ajeganova et al. [14]. The Swedish group investigated the
effects of various biologicals on lipids pattern in 215 RA
patients receiving therapy with various biologicals, focusing
on apolipoproteins (apoA and apoB) and their ratio. The
investigators found that in the rituximab-treated group (n =
53) apoA-1 levels increased throughout the study with 0.09
± 0.32 g/L (P = 0.022, followup of 6 months) and 0.09 ±
0.32 g/L (P = 0.06, followup of 12 months), respectively.
The ratio apoB/apoA-1 remained relatively stable and did not
change significantly over the study period. The TC, HDL,
and their ratio (AI) have been not assessed. Interestingly,
the authors found no associations between apoB/apoA-1
ratios and markers of disease activity, therefore sustaining
our hypothesis that ratios are less susceptible to changes in
disease activity and thus likely more proper to predict CV
risk in these patients. Finally, two more studies should be
mentioned, which further investigated the interplay between
rituximab and lipids in RA patients by assessing the effects of
this drug on HDL antiatherogenic function [42, 43]. In the
first one, 49 RA patients have been followed 6 months after
receiving rituximab [43]. As previously suggested, rituximab
modestly increased HDL and apoA-1 levels and significantly
improved atherogenic index (P < 0.05). A subanalysis
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revealed that these changes were only present in the subgroup
of responders. There is no association found with the use
of prednisone. HDL composition changed upon rituximab
therapy, becoming depleted in SAA-1 in patients who have
demonstrated a good response to the therapy, rendering the
molecule to be anti-atherogenic. This observation further
substantiates the importance of HDL function assessment in
patients with RA and other chronic inflammatory conditions
in order to get a proper picture of their CV risk. In the
second study, Mathieu et al. presented data on 33 RA patients
treated with rituximab [42]. Atherogenic index remained
stable, although TC significantly increased both 6 and 12
months after rituximab (P < 0.001). The study enrolled RA
patients with longer disease duration (mean 17.6 years) who
have already fallen on two anti-TNF drugs.

4. Concluding Remarks

The available literature shows that anti-TNF drugs, IL-6R
antagonists, and anti-CD20 antibodies are able to modulate
the lipid profile in RA. Interestingly, when considering their
effects on the atherogenic index and other lipoproteins ratio,
it becomes evident that changes in individual lipid levels
often do not translate into a change in AI, or are not
sustained long enough to significantly affect the atherogenic
index. Therapy with etanercept, adalimumab, or rituximab
seems to have a positive impact on atherogenic index,
although this improvement does not always reach statistical
significance and sometimes an initial gain is lost over time.
In contrast, the use of infliximab may worsen lipid ratios on
the long term, though some report a neutral effect. Similarly,
tocilizumab is likely to worsen lipid ratios in the first months
after therapy has been initiated, while the longer-term effects
remain still unknown. Nevertheless, controlling disease
activity and achieving remission seem to beneficially impact
the lipid pattern, as suggested by the positive effects seen in
responders. Finally, the form and function of HDL appear
to be compliant to changes in inflammation. Treatment with
anti-TNF agents and rituximab results in improvements of
the HDL antiatherogenic capacity. It is unclear whether these
changes progress over time and to what extent they decrease
the CV risk. No data on the effects of tocilizumab on HDL
function are available.

The interpretation of our conclusions should not be
without caution. It is still unclear to what extent these
changes actually lead to a change in the CV risk. Moreover,
some suggest that even if changes occur, they might have a
milder impact degree on CV risk as compared to the general
population [52]. The follow-up period of these studies is
often too short to include CV events. Sometimes possible
confounding variables are not accounted properly for the
effect on lipids, which is not a primary outcome for instance
in the majority of tocilizumab studies.

In conclusion, we suggest that atherogenic index and
HDL function are more suitable parameters of lipid profile
as determinants of CV risk in patients with RA, and perhaps
for other chronic inflammatory diseases including lupus,
psoriatic arthritis, and ankylosing spondylitis. The effects

of biologicals on these parameters depend on the response
rate, concomitant prednisone use, duration of therapy, and
the biological self. If CV risk management will become an
integrated part of RA therapeutic strategies, and given the
increasing importance of personalized medicine, the choice
of biological might be done in the future also in accordance
with its own CV risk profile, where its effect on lipids pattern
will become of crucial value, as presented above. Future
studies with clinical CV endpoints would have to address the
value of monitoring AI and HDL function during therapy
with biologicals in order to establish their real impact on CV
risk in these patients.
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Atherosclerosis is a chronic inflammatory disease of the arteries. Clinical consequences of the atherosclerotic process occur in the
adult population, however atherosclerotic process begins in childhood. The classic risk factors for atherosclerosis include obesity,
dyslipidaemia, age, gender or family history. In recent years, attention has been drawn to the similarity between atherosclerotic
inflammatory processes and inflammatory changes in the course of systemic connective tissue disease, in particular systemic
lupus etythematosus (SLE) or rheumatoid arthritis (RA). There is also observed the similarity of the pathogenetic background
of development of atherosclerosis and juvenile idiopathic arthritis (JIA). Elevated levels of pro-inflammatory cytokines are
observed in the course of juvenile idiopathic arthritis. Also homocysteine concentrations, which may play a significant role in
the development of atherosclerotic lesions, are observed higher in patients with JIA. Some studies revealed higher carotid intima-
media thickness (IMT) index values in children with JIA. In view of the fact that atherosclerotic process begins as early as in
childhood, the introduction of appropriate preventive measures in children is a matter of utmost importance.

1. Introduction

Atherosclerosis is a chronic inflammatory disease of the
arteries. Clinical consequences of the atherosclerotic process,
in the form of ischaemic heart disease, disorders of cerebral
circulation, or circulatory disorders of peripheral arteries
occur in the adult population; however atherosclerotic
changes have their beginning in childhood. The severity of
atherosclerosis correlates with the number and intensity of
risk factors such as body mass index (BMI), systolic and
diastolic arterial blood pressure, total cholesterol, LDL, HDL,
triglyceride concentrations, and passive and active cigarette
smoking. At present, much significance is attached to the
inflammatory aetiology of atherosclerosis, which makes it an
inflammatory disease, a vascular wall response to injury.
Proinflammatory cytokines, such as IL-1b, IL-6, IL-8, or
TNF-α, play a significant role in the development and pro-
gression of atherosclerotic lesions. Elevation of the concen-
trations of acute phase proteins, such as CRP, is also a reflec-
tion of the inflammatory process. An elevated homocysteine

concentration also increases the risk of developing cardio-
vascular diseases. Awareness of the fact that initiation of the
atherosclerotic process takes place very early in life under-
scores the need for identifying these changes as early as pos-
sible despite the absence of clinical symptoms. Special atten-
tion must be given to children belonging to the risk group
for cardiovascular disease, which includes children with the
following medical problems: familial hypercholesterolaemia,
diabetes, chronic kidney disease, a past history of neoplastic
disease, Kawasaki disease, congenital heart disease, history of
a heart transplantation, and chronic inflammatory diseases.
Chronic inflammatory diseases include juvenile idiopathic
arthritis (JIA); typically, this disease begins before the age
of 16 years and has several clinical presentations, of which
the most common is the oligoarticular-onset JIA, affecting 1
to 4 joints, and less common subtypes: polyarticular-onset
JIA (inflammation of 5 or more joints), systemic JIA and
psoriatic arthritis, enthesitis-related arthritis, and forms that
do not meet the criteria for the abovementioned subtypes or
comprising features of more than one of these subtypes [1].
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2. The Beginning of the Atherosclerotic Process

The atherosclerotic process begins in childhood, and even
in utero. Evidence of this was found in studies by Italian
pathologists, headed by Napoli and Palinski [2–4]. They
examined 82 aortas obtained from spontaneously aborted
foetuses (n = 35) and preterm newborns who had died soon
after birth (n = 47). The mean age of the examined foetuses
was 6.2 +/− 1.3 months. Some of the mothers of the exam-
ined foetuses had a history of hypercholesterolaemia prior to
and during the course of their pregnancy, some only during
pregnancy, while others had no history of hypercholestero-
laemia. Atherosclerotic lesions were present in 60–80% of the
examined aortas, irrespective of whether the mothers of these
foetuses had normal cholesterol concentrations or hyperc-
holesterolaemia, and the rate of progression of these changes
corresponded to the severity of hypercholesterolaemia.

In the FELIC (Fate of Early Lesions in Children) study,
Napoli et al. assessed the aortas of 156 children, aged 1 to 13
years, who had died as a result of trauma or other sudden
causes. The children were stratified according to maternal
cholesterol status (normocholesterolaemic or hypercholes-
terolaemic) during pregnancy. All of the children had normal
serum cholesterol concentrations. Nonetheless, atheroscle-
rotic lesions in the abdominal aorta and the aortic arch,
whose progression advanced with age, were present in all the
children; moreover, the rate of progression of these lesions
was higher in children of hypercholesterolaemic mothers
versus that in children whose mothers were normocho-
lesterolaemic [5].

The Bogalusa Heart Study was an extensive epidemio-
logical study evaluating cardiovascular risk factors in both
African Americans and Caucasians, conducted in Louisiana
(USA) in the years 1972–2005. In 1998, autopsy reports
of 204 individuals who had died from sudden causes were
published as part of this study. Fatty streaks were present in
all the examined aortas. The presence of fatty streaks in the
coronary arteries increased with age and was seen in 50%
of children aged 2–15 years and in 85% of individuals in
the 26- to 39-year age group. These studies also revealed an
association between the extent of atherosclerotic lesions and
the presence of risk factors for atherosclerosis (BMI, systolic
blood pressure, TG and LDL concentrations, and cigarette
smoking) [6]. Furthermore, a 12-year followup of children in
the course of the Bogalusa Heart Study revealed that after 12
years approximately 50% of these children still had elevated
total cholesterol or LDL concentrations (exceeding the 75th
percentile) [7].

The prevalence of atherosclerotic lesions in young indi-
viduals was also assessed in the multicentre Pathobiological
Determinants of Atherosclerosis in Youth (PDAY) study. The
study group consisted of approximately 3,000 individuals
who had died aged 15 to 34 years as a result of accidents,
suicide, or homicide. Fatty streaks were present in all the ado-
lescents. The degree of progression of atherosclerotic lesions
increased with age. Lesion size and the degree of progression
were higher in men than in women. The risk factors for
developing atherosclerotic lesions were obesity, smoking, and
arterial hypertension. Ten percent of the examined young

individuals were found to have very advanced atherosclerotic
lesions and 80% of them were cigarette smokers [8].

3. The Classic Risk Factors for Atherosclerosis

The presented studies, which were based on autopsy results,
reveal not only the presence of atherosclerotic lesions, but
also a correlation between these changes and the estab-
lished risk factors for cardiovascular disease: BMI, arterial
hypertension, serum lipoprotein concentration, and cigarette
smoking. The earliest possible identification of increased-
risk groups that should receive particular preventive care
becomes of utmost importance. In December 2006, the
American Heart Association (AHA) published guidelines
endorsed by the American Academy of Pediatrics. Children
with the following diseases were identified as being at high
risk for cardiovascular disease: familial hypercholestero-
laemia, diabetes, chronic kidney disease, a past history of
neoplastic disease, Kawasaki disease, congenital heart disease,
history of a heart transplantation, and chronic inflammatory
diseases. The abovementioned diseases were then divided
into 3 groups according to the level of risk. Chronic inflam-
matory disease was classified as a moderate-risk disorder [9].
March 2010 saw the publication of the Consensus of the
Polish Forum for Prevention of Cardiovascular Diseases Task
Force regarding prophylactic measures against cardiovascu-
lar diseases in children and adolescents, which presented
guidelines enabling identification of groups at increased
risk and subsequent, appropriate nonpharmacological and
pharmacological management [10].

The classic risk factors for atherosclerosis have been well
known for years. They include both factors that are amenable
to modification, such as obesity or dyslipidaemia, which
allow for the introduction of appropriate preventive mea-
sures, as well as factors that are not amenable to modifica-
tion, such as age, gender, or family history, which makes it
possible to establish the group at high risk for cardiovascular
disease.

4. Atherosclerosis as the Inflammatory Disease

In 1999, Russell Ross presented his ground-breaking hypoth-
esis of an inflammatory aetiology of atherosclerosis [11].
According to this hypothesis, the first stage in the devel-
opment of atherosclerosis is endothelial dysfunction. The
inflammatory reaction is initiated directly by the effect of
oxidatively modified LDL on endothelial cells. Lymphocytes
and macrophages, which are a source of chemokines, cyto-
kines, growth factors, and proteolytic enzymes, play a major
role in the development of atherosclerotic plaques. Proin-
flammatory cytokines, such as IL-1b, IL-6, IL-8, or TNF-α,
play a significant role in the development and progression
of atherosclerotic lesions. The inflammatory process is also
reflected by an increase in the concentration of acute phase
proteins, such as C-reactive protein (CRP).

Chronic inflammatory diseases are rheumatic diseases—
such as rheumatoid arthritis or juvenile idiopathic arthritis,
diseases with multifactorial aetiology and pathogenesis. In
recent years, attention has been drawn to the similarity
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between atherosclerotic inflammatory processes and inflam-
matory changes in the course of systemic connective tissue
diseases, in particular systemic lupus erythematosus or RA.
Persistently elevated CRP values in the course of RA increase
the risk of death due to cardiovascular disease [12]. CRP
determined using high-sensitivity assays appears to be an
independent and very robust prognostic factor for cardio-
vascular events. CRP is not only an indicator for generalized
inflammatory reaction, but also a mediator involved in
the pathogenesis of atherosclerosis. CRP has been found
to correlate with the degree of subclinical atherosclerosis,
measured by carotid artery intima-media wall thickness, and
the presence of clinically evident cardiovascular disease in
adults with rheumatoid arthritis [13, 14].

Cardiovascular disease is the main cause of mortality in
patients with RA [15]. Compared with the general popula-
tion, patients diagnosed with RA have a 60% higher risk of
experiencing a first episode of cardiovascular disease [16],
and a 3-fold higher risk of myocardial infarction in the case
of disease of over 10 years duration [17]. Dyslipidaemia is
one of cardiovascular risk factors in RA. It is defined as
higher total cholesterol and/or triglycerides and/or lower
high-density lipoprotein (HDL) cholesterol levels. The dys-
lipidaemia in RA is dependent on disease activity. A higher
disease activity is associated with lower total cholesterol
levels, and even more depressed HDL cholesterol levels [18].
Studies conducted by Lakatos in patients with RA (26 men
and 103 women) revealed higher LDL values along with
lower HDL and TG concentrations compared to those in the
control group (625 men and 749 women) [19].

5. Similar Pathogenesis of Atherosclerosis
and Juvenile Idiopathic Arthritis

At the same time, attention is being drawn to the similarity
of the pathogenetic background of development of athero-
sclerosis and JIA. Children with JIA are seen to have lipid
metabolism dysfunction. A study by Urban et al. in 25
children with JIA, with early-phase disease and an absence of
clinical signs of obesity, revealed increased concentrations of
total cholesterol, LDL, and triglycerides; decreased concen-
trations of HDL; as well as correlations between homocys-
teine and total cholesterol concentrations, and homocysteine
and LDL [20].

Studies by Gonçalves conducted in a group consisting of
28 children with the polyarticular subtype of JIA revealed
decreased HDL concentrations in the serum of 57% of
patients with polyarticular JIA and elevated LDL values in
18%; 14% of the children had elevated triglyceride levels
while 7% had elevated total cholesterol values. There was
no association between reduced HDL concentrations and
disease activity, the duration of the disease or the treatment
administered [21]. Studies by Tselepis, conducted on a group
of 26 children with active JIA, revealed lower plasma total
cholesterol and HDL levels and higher plasma triglyceride
levels as compared with controls [22]. However, studies
conducted by Bakkaloglu, involving a group of 37 children
with JIA compared with a group of 18 healthy children

did not reveal statistically significant differences in total
cholesterol, triglyceride, or HDL concentrations [23].

Homocysteine is a sulphur-containing amino acid pro-
duced in the body in the course of methionine conversion,
obtained from food. An increase in homocysteine concen-
tration may be caused by a genetically determined deficiency
or absence of enzymes involved in the metabolism of
homocysteine, a deficiency of coenzymes participating in the
conversion of homocysteine, and medications, among them
methotrexate, which is the dihydrofolate reductase inhibitor.
Methotrexate is the drug most commonly used to treat
juvenile idiopathic arthritis. Regarding genetic influence,
it is known that a genetic polymorphism—MTHFR 1298
A/C—associated with changes in the levels of homocysteine
was also found to influence the development of endothelial
dysfunction and increased risk of cardiovascular disease in
adults with RA [24]. Postmortem studies by McCully, pub-
lished in 1969, conducted in children that had died as a result
of homocystinuria, gave rise to the hypothesis that an excess
of homocysteine may play a significant role in the devel-
opment of atherosclerotic lesions [25]. Since the late 1960s
there have been many studies conducted that confirm this
hypothesis. Among others, studies by Gonçalves revealed that
homocysteine concentrations are higher in patients with JIA;
at the same time, however, no correlation was found between
the administration of methotrexate and homocysteine con-
centrations [26]. Meanwhile, studies by Pietrewicz in chil-
dren with JIA revealed higher and statistically significant
concentrations of homocysteine compared to the control
group and higher concentrations of homocysteine in the pol-
yarticular subtype compared with the oligoarticular presen-
tation, particularly among children treated with methotrex-
ate [27]. However, methotrexate use has been associated with
a decrease of cardiovascular mortality in adults with rheuma-
toid arthritis. Therefore, the anti-inflammatory effect medi-
ated by this drug may compensate for the potential ominous
effect mediated by the increase of homocysteine levels [28].

Proinflammatory cytokines play a significant role in the
development of atherosclerotic lesions [29]. Elevated levels
of proinflammatory cytokines are observed in the course
of juvenile idiopathic arthritis [30]. Studies by Prahalad
revealed that sCD154, IL-1b, IL-5, IL-6, IL-8, IL-13, INF-
gamma, sIL-2R, and TNF-alpha concentrations were higher
than in the control group [31]. Studies conducted by
Yilmaz evaluated IL-1b, IL-6, IL-8, IL-12, and TNF-alpha
concentrations in patients with various forms of JIA:
systemic, polyarticular, and oligoarticular, during periods of
exacerbation as well as in remission. Patients with systemic
disease were found to have the highest IL-1b and IL-6
concentrations, both during exacerbations and while in
remission. The concentration of these cytokines was higher
during periods of exacerbation than that in remission, and
cytokine levels during remission were higher than those
in the control group. IL-8 and TNF-alpha concentrations
in periods of exacerbation and remission were comparable
to control group values [32]. The macrophage migration
inhibitory factor (MIF) is an immunoregulatory cytokine
with proinflammatory properties. It plays a significant role
in the pathogenesis of atherosclerosis and the development



4 Mediators of Inflammation

of advanced atherosclerotic lesions [33]. At the same time,
high MIF concentrations are found in the serum and
synovial membrane of patients with RA [34]. In a study by
Morand, MIF concentrations in the synovial membrane of
patients with RA correlated with disease activity, while a
reduction in the activity of the inflammatory process was
associated with a decrease in MIF levels [35]. However,
genetic polymorphisms encompassing the whole IL-6 gene
in a large series of patients with RA [36] and a study of the
MIF-173 gene polymorphism [37] did not show association
with cardiovascular disease in Spanish patients with RA.

The problem of finding noninvasive methods of assessing
the risk of developing atherosclerosis in children with risk
factors for atherosclerosis, including children with JIA, is
answered by carotid intima-media thickness (IMT) assess-
ment via ultrasonographic imaging. A rent meta-analysis
confirmed that IMT is increased in adults with RA [38]. This
is of particular relevance as an abnormally increased carotid
IMT was also found to predict the risk of cardiovascular
events in the followup of adults with RA [39]. Studies by
Pietrewicz conducted in a group of 40 children with JIA
revealed higher IMT index values compared to those in the
control group and higher IMT index values in the polyartic-
ular subtype compared to the oligoarticular presentation
[27]. Studies conducted by Urban in a group of 63 children
(40 with JIA and 23 healthy children) revealed statistically
significant differences compared to the control group [40].

Carotid intima-media thickness represents the combined
thickness of the intimal and medial layers of carotid artery.
The method showing changes in the microcirculation is the
capillaroscopy, a simple, safe, and easy technique. It is a
good method for detecting microvascular abnormalities in
disorders associated with Raynaud’s phenomenon. The pres-
ence of microangiopathy, ascertained using this technique,
appears to be associated with endothelial dysfunction, the
earliest form of the atherosclerotic process. However, defini-
tive conclusions regarding the usefulness of capillaroscopic
examination requires further studies [41].

6. Summary

At present, there are many known risk factors for developing
atherosclerosis. Some of them are amenable these may be
modified, while some are nonamenable, these cannot be
modified; however, they make it possible to identify groups
at increased risk for cardiovascular diseases. The list of
new factors is constantly growing. In view of the fact that
clinical consequences of the atherosclerotic process manifest
themselves in the adult population while the atherosclerotic
process itself begins as early as in childhood, the introduction
of appropriate preventive measures in children, particularly
children belonging to the risk group for cardiovascular
disease, including children with JIA, is a matter of utmost
importance. These measures may halt the development of
the atherosclerotic process at a very early stage. However,
further studies are required that would enable assessment of
the risk of early development of atherosclerosis in children,
including children with JIA, particularly since attention is

being increasingly drawn to the similar pathogeneses of
atherosclerosis and JIA.
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Objectives. Impaired endothelial function represents the early stage of atherosclerosis, which is typically associated with systemic
inflammatory diseases like rheumatoid arthritis (RA). As modulators of endothelial nitric oxide synthase expression, asymmetric-
dimethylarginine (ADMA) and apelin might be measured in the blood of RA patients to detect early atherosclerotic changes. We
conducted a prospective, case-control study to investigate serum ADMA and apelin profiles of patients with early-stage RA (ERA)
before and after disease-modifying antirheumatic drug (DMARD) therapy. Methods. We enrolled 20 consecutively diagnosed,
treatment-naı̈ve patients with ERA and 20 matched healthy controls. Serum ADMA and apelin levels and the 28-joint disease
activity scores (DAS28) were assessed before and after 12 months of DMARDs treatment. All patients underwent ultrasonographic
assessment for intima-media tickness (IMT) evaluation. Results. In the ERA group, ADMA serum levels were significantly higher
than controls at baseline (P = 0.007) and significantly decreased after treatment (P = 0.012 versus controls). Baseline serum apelin
levels were significantly decreased in this group (P = 0.0001 versus controls), but they were not significantly altered by treatment.
IMT did not show significant changes. Conclusions. ERA is associated with alterations of serum ADMA and apelin levels, which
might be used as biomarkers to detect early endothelial dysfunction in these patients.

1. Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory
disease associated with increased cardiovascular morbidity
and mortality [1–5]. The erosive joint damage occurs during
the first 2 years of the disease [6, 7], and prompt intervention
during this phase may slow the progression to chronic
disability [8–10]. Mortality related to cardiovascular disease
(CVD) is also increased during the early years of the disease,
with a standardized mortality ratio SMR of 1.49 [11].
Therefore, comprehensive care of patients with RA implies
prevention and treatment not only of joint damage but also

of co-morbidities, particularly cardiovascular disease, which
is the cause of 40%–50% of the deaths in this population
[4, 5].

Evidence of subclinical CVD has been demonstrated in
patients with early RA (ERA) [12]. These patients have also
been found to have a higher prevalence of atherosclerotic
plaques, increased intima-media thickness (IMT) of the
carotid arteries [13, 14], and significantly impaired endo-
thelial function compared with controls [15]. The high fre-
quency in RA patients of risk factors like smoking, dys-
lipidemia, hypertension, diabetes mellitus, and increased
body mass index accounts only partially for their high
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cardiovascular morbidity and mortality [16, 17]. The accel-
erated atherosclerosis observed in these patients seems to be
due to systemic inflammatory processes [18]. Rheumatoid
synovia and atherosclerotic plaques have proinflammatory
endothelial phenotypes represented by expression of the
same adhesion molecules and cytokines [19].

The availability of a marker of endothelial dysfunction
would facilitate the stratification of patients with ERA
according to their cardiovascular risk. Increased formation
of nitric oxide (NO) has been shown to improve vascular
function, attenuate leukocyte adhesion to endothelial cells,
inhibit platelet aggregation, and modulate smooth muscle
proliferation [20]. In the present study, we examined 2
endogenous regulators of NO production as candidate mark-
ers of endothelial function. The first, asymmetric-dimeth-
ylarginine (ADMA), is an L-arginine analogue that inhibits
endothelial NO synthase (eNOS). Elevated ADMA levels
are an independent risk factor for endothelial dysfunction,
and they have been associated with hypertension, diabetes,
hypercholesterolemia, renal failure, and atherosclerosis in
both experimental models and humans [21]. Plasma levels
of ADMA are increased in a variety of conditions linked
with increased risk of CVD. Higher than normal levels have
also been found in patients with established cardiovascular
diseases [21] and more recently in RA patients as well
[22, 23]. The second potential biomarker we assessed is
apelin, a recently described peptide that is known to be pro-
duced by several cell types. It causes endothelium-dependent
vasorelaxation by triggering the release of NO [24]. This
effect is almost completely abolished by the eNOS inhibitor,
NG-nitro-L-arginine methyl ester, which indicates that
apelin may exert its vasorelaxant effects by activating the
eNOS pathway [25].

The aim of this case-control study was to evaluate serum
levels of these two molecules in ERA patients at the time
of diagnosis and to determine whether and how these
levels are changed by disease-modifying antirheumatic drug
(DMARDs) therapy.

2. Patients and Methods

2.1. Patients and Controls. Twenty patients who were con-
secutively diagnosed with ERA [26] and had never received
glucocorticoids or DMARDs (biological or nonbiological)
were recruited from the hospital’s Early Arthritis Clinic over
a 2-year period. At the time of enrolment, all the patients
had an active disease. The control group included 20 age- and
sex-matched blood donors recruited during the same period.
Patients and controls were excluded if they had previously
diagnosed cardiovascular disease, renal disease, dyslipidemia,
and/or diabetes.

2.2. Treatment and Duration of Followup. Patients in the ERA
group were started on conventional DMARD therapy plus
glucocorticoids and followed in the Early Arthritis Clinic.
Responses were evaluated after 3 months, and if there was no
decrease in the 28-Joint disease activity score (DAS28), the
patient was switched to biological TNFα inhibitor therapy.
Followup ended after a total treatment period of 12 months.

2.3. Assessments. A 20 dL sample of peripheral venous blood
were collected at baseline from each ERA patient and con-
trol. Erythrocyte sedimentation rates were determined with
standard procedures. Serum was isolated by centrifugation
(3000×g for 10 min at room temperature), aliquoted, and
stored at −80◦C before analysis.

Serum levels of ADMA, apelin and anticyclic citrulli-
nated peptide (aCCP) antibody titers were determined with
commercial human enzyme linked immunosorbent assay
(ELISA) kits used according to the manufacturers’ instruc-
tions (ADMA ELISA kit, Vinci Biochem—Florence, Italy;
Apelin ELISA kit, Phoenix Pharmaceuticals, Inc., CA, USA;
anti-CCP2 ELISA kit, Axis-Shield—Dundee, UK). Each
assay was performed in duplicate, and the mean result ±
SE is reported. For each ERA patient, we also recorded the
number of tender/swollen joints and patient’s global health
assessment were recorded for the disease activity assessment
performed using the DAS28 [27]. All of the above-listed
assessments were repeated at the end of followup.

All patients underwent echo-color Doppler of the carotid
arteries to evaluate IMT. The carotid arteries were evaluated
at baseline and followup with high-resolution B-mode ultra-
sonography (Esaote Biomedica, MyLab Vinco). One longi-
tudinal image of the common carotid artery and 3 longi-
tudinal images of the internal carotid artery were acquired.
The maximal IMT of the common carotid artery and of the
internal carotid artery was defined as the mean of the maxi-
mal IMT of the near and far walls on both the left and right
sides. Carotid IMT was defined as a composite measure that
combined the maximum common and internal carotid wall
thickness of the left and right carotid arteries after standardi-
zation [28].

The study protocol was approved by the Institutional
Review Board of the Policlinico Umberto I (Sapienza Univer-
sity of Rome), and written informed consent was obtained
from all participants.

2.4. Statistical Analysis. Data for matched pairs were ana-
lyzed with the Wilcoxon signed-rank test. Correlations were
evaluated with the Spearman rank correlation test. A pro-
bability (P) value of 0.05 was considered significant.

3. Results

3.1. Clinical Characteristics of ERA Patients. The clinical
characteristics of the 20 ERA patients at baseline are shown in
Table 1. All 20 were started on glucocorticoids and DMARDs
therapy, and 14 continued these drugs for the duration
of the 12-month observation period: methotrexate (MTX,
15 mg/week) alone (n = 7) or MTX with either hydroxy-
chloroquine (400 mg/day) (n = 3) or sulfasalazine (1.5 g/
day) (n = 1). The other 6 were treated for the first 3 months
with one of the regimens listed above, but no response was
observed, so they were switched to the biological TNFα inhi-
bitor, adalimumab. All 20 ERA patients received glucocor-
ticoids (mean daily dose: 7.5 mg) for the entire 12-month
period.

As shown in Table 1, the 12-month follow-up visit
revealed a significant decrease (versus baseline values) in
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Table 1: Demographic and clinical characteristic of ERA patients.

F/M 13/7

Age, yrs
51± 14.2 (27–77)

Mean± SD (range)

Disease duration, months
7.5± 9.5 (1–24)

Mean± SD (range)

DAS28 baseline
5.0± 2.9 (2.39–8.58)

Mean± SD (range)

DAS28 followup
2.9± 1.5 (0.84–5.86)∗

Mean± SD (range)

IMT baseline, mm
0.73± 0.15 (0.44–0.80)

Mean± SD (range)

IMT followup, mm
0.73± 0.14 (0.45–0.90)

Mean± SD (range)

Corticosteroids 20/20

Methotrexate 14/20

Hydroxychloroquine 4/20

Sulfasalazine 3/20

Adalimumab 6/20

Etanercept 0/20

ERA: early rheumatoid arthritis; DAS28: disease activity score 28.
∗P <0.05 versus baseline value.

the mean DAS28 (P = 0.0006). A reduction in RF- and/or
aCCP-positivity was also observed.

3.2. Serum Levels of ADMA and Apelin. At baseline, the
mean serum ADMA level for the ERA group was significantly
higher than that of controls (0.55 ± 0.03 versus 0.41 ±
0.02 ± μmol/L, P = 0.0070), but after 12 months of treat-
ment, the mean level for these patients was significantly lower
(0.38 ± 0.03μmol/L; P = 0.012 versus baseline) and was no
longer different from the control value (P > 0.05) (Figure 1).
As for serum apelin, the ERA group had significantly lower
mean levels than controls at baseline (1.06 ± 0.56 versus
4.67+3.0 ng/mL, P = 0.0001) and at the 12-month follow-up
visit (0.81±0.27 versus 4.67 + 3.0 ng/ml, P = 0.0001). In this
case, the decrease observed after 12 months of treatment was
appreciable but not statistically significant. Figure 2 shows
apelin levels in RA patients and control group.

Neither of the potential markers of endothelial function
displayed significant correlation with DAS28, swollen/tender
joint counts, ESR, CRP, RF, or aCCP antibody titers.

3.3. Echo-Color Doppler of the Carotid Arteries. Mean IMT
values at baseline was 0.73 ± 0.15. After 12 months of treat-
ment, mean IMT was 0.73 + 0.14 (Table 1). No significant
difference from baseline to followup was observed.

4. Discussion

The increased risk of cardiovascular disease observed in RA
can be attributed to accelerated, early atherosclerosis. Using
Doppler ultrasound techniques, several groups have docu-
mented impaired flow-mediated dilatation (FMD) and IMT
in patients with longstanding RA despite chronic DMARDs

treatment [29–32]. Moreover, an association with the shared
epitope has been detected, suggesting that HLA-DRB1 allele
status may predict cardiovascular risk in these patients [32].

In a recent study by Södergren et al. on 79 patients with
newly diagnosed RA, no signs of early atherosclerosis were
detected since FMD and IMT values did not differ between
ERA and control group [33]. Endothelial function in ERA
patients was investigated only in other two previous, smaller
studies. Bergholm et al. [15] found impaired FMD in 10
ERA patients, which improved after 6 months of therapy,
and more recently, similar results were reported by Hannawi
et al. in patients who had been treated for 1 year [34]. In
contrast with the Swedish registry, other authors detected
evidence of subclinical CVD in ERA patients who showed
a higher prevalence of increased IMT of the carotid arteries
and atherosclerotic plaques compared with controls [13, 14].

Doppler ultrasonography is the method most widely
used to evaluate early atherosclerotic modification of arterial
wall (i.e., impaired endothelial function and intima-media
thickening) and it has several advantages, including nonin-
vasiveness, widespread availability, and relatively low cost.
However, while IMT expresses a morphological change of
the arterial wall which increases with disease progression
becoming more evident in longstanding RA, brachial FMD
represents an impaired endothelial responsiveness which
indicates a distinct and independent stage of atherosclerotic
process. These surrogate markers of atherosclerosis seems to
poorly correlate, particularly in the early stage of the disease.
This statement has been confirmed in a recent study on
118 RA patients in which no correlation between FMD and
carotid IMT has been detected in patient with less than 7
years of disease, but an inverse correlation become apparent
in patients with longer disease duration [35].

One of the major limitations of ultrasonographic investi-
gation of IMT and FMD is substantial operator-dependency.
For this reason, it is important to identify other markers
of endothelial function in ERA patients, which are less
susceptible to this type of variability. As candidate markers,
we evaluated serum levels of ADMA and apelin, which mod-
ulate NO homeostasis by inhibiting (ADMA) or activating
(apelin) eNOS [24, 36].

Elevated serum ADMA levels have been associated with
several inflammatory states and several mechanisms have
been proposed to explain this link, including downregu-
lation of dimethylarginine dimethylaminohydrolase activity
as a result of oxidative stress induced by proinflammatory
cytokines [37], increased expression of protein arginine
type I N-methyltransferase, which is responsible for ADMA
synthesis [38], and increased endothelial cell turnover with
potential liberation of ADMA during cell catabolism [36].
In our cohort of treatment-naive ERA patients, baseline
ADMA levels were significantly higher than control values,
and they returned to the normal range after 12 months of
conventional or biological DMARD therapy. These findings
suggest that early intervention in RA might help to restore
endothelial function. With respect to this, different anti-
TNF agents have proved to improve endothelial function in
RA patients refractory to conventional therapy [39, 40]. In
their recent study of endothelial function in ERA patients,
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Figure 1: ADMA serum levels in ERA patients and controls (a) and in ERA patients before and after treatment (b). CG: control group; ERA:
early rheumatoid arthritis.
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Figure 2: Apelin serum levels in ERA patients and controls (a) and in ERA patients before and after treatment (b).

Turiel et al. [41] found that DMARD therapy had no effect
on ADMA levels although it did improve 2D-echo-derived
coronary flow reserve (CFR), which is indicative of at least
partial restoration of vascular function. To explain the dis-
crepancy between ADMA and CFR modification, the authors
hypothesized that RA treatment could affect vascular func-
tion throughout pathways different from NO cycle. The
absence of effects on ADMA levels contrasts with our find-
ings in the ERA group, but it is also inconsistent with recent
findings reported by Kuwahata et al. [42], who found that
acetylcholine-induced increases in coronary blood flow are
inversely correlated with ADMA levels, at least in women.
The discrepancies between the results of these studies may be

largely due to differences in the patient enrolment criteria,
observation times, and above all the small size of the cohort
studies.

As for apelin, this recently characterized adipokine [43]
has been shown to induce vasodilatation by activating eNOS
[25] and its effect is reduced by eNOS inhibition [44]; apelin
has been demonstrate to act as a coronary vasodilator and,
when administered at systemic doses, reduces peripheral
vascular resistance [44]. High serum levels would be expected
to have an antiatherogenic role improving endothelium-
dependent vasorelaxation; in murine models, apelin has
been shown to increase vascular nitric oxide generation
and reverses endothelial dysfunction [45] and to reduce
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macrophage infiltration into the arterial wall by direct anti-
inflammatory effect within the vessel wall [46]. Low apelin
levels have been detected in patients with high LDL levels
[47] and those with type 2 diabetes mellitus [48], both of
which are associated with an increased risk for atherosclero-
sis. Apelin levels have also been shown to correlate with levels
of the adhesion molecules VCAM-1 and E-selectin [49]. The
ERA patients we investigated presented low baseline levels of
apelin along with elevated ADMA levels, which adds support
to the hypothesis that endothelial dysfunction in these
patients is related to altered NO homeostasis. Unlike ADMA
levels, however, serum apelin levels were not significantly
affected by treatment in our ERA group. This discrepancy
suggests that apelin and ADMA may be independent indices
of endothelial function with different degrees of sensitivity.
It is important to recall that apelin is thought to exert a
wide range of effects on different organs, and although its
role in cardiovascular diseases is well established, its exact
effect on endothelial cells has not been clearly defined. In
addition, apelin is an adipokine, and its expression can be
modulated by steroids. It may also be involved in immune
and neurohormonal signaling [50]. It follows that apelin
metabolism in RA patients is probably influenced by multiple
factors.

As previously described by others [33, 41], our patients
did not show any increase in carotid IMT; nevertheless,
carotid IMT is a marker of structural damage of arterial
wall reflecting the chronic atherosclerotic process. It is still
debated if inflammation could have a rapid impact on vessel
structure as assessed by IMT or the detection of earlier,
preclinical and reversible atherosclerotic change such as
endothelial dysfunction could be more affected by inflam-
matory state and its treatment in RA patients [51].

Finally, RA treatment reduces the inflammatory state as
demonstrated by the reduction of disease activity. In our ERA
patients, the DAS28 was significantly lower after 12 months
of traditional and/or biological DMARD therapy, but this
parameter showed no correlation with serum ADMA nor
apelin levels. This correlation has also failed to emerge from
previous case-control studies, probably because of the small
number of patients included [22, 23, 37]. Even if in our
study patients with hypercholesterolemia were excluded, a
limit could be the lack of complete lipid profile at baseline
and followup; however, other studies failed to demonstrate
any correlation between ADMA and HDL cholesterol [23].
In this way, it would be interesting to investigate on larger
groups of patients the correlation of endothelial function
with inflammation-related cardiovascular markers.

This small, prospective study has been designed to assess
the effect of RA treatment on two endothelial biomarkers
ADMA and, for the first time apelin. The major shortcoming
of our study is the size of the cohort we examined. Future
attempts to address this issue should involve much larger
populations for a longer followup.

In conclusion, it is reasonable to speculate that early,
aggressive treatment of RA aimed at suppressing the inflam-
matory response and inducing disease remission might
reduce the progression of endothelial damage. Serological
markers and Doppler ultrasonography could both be used to

assess endothelial function in patients with early-stage RA,
not only for the purpose of detecting existing impairment
but also for estimating the risk of cardiovascular disease.
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Cardiovascular (CV) disease is the most common cause of premature mortality in patients with rheumatoid arthritis (RA). It is the
result of an accelerated atherosclerotic process. Both RA and atherosclerosis are complex polygenic diseases. Besides traditional CV
risk factors and chronic inflammation, a number of studies have confirmed the role of genetic factors in the development of the
atherogenesis observed in RA. In this regard, besides a strong association between the HLA-DRB1∗04 shared epitope alleles and
both endothelial dysfunction, an early step in the atherosclerotic process, and clinically evident CV disease, other polymorphisms
belonging to genes implicated in inflammatory and metabolic pathways, located inside and outside the HLA region, such as the
308 variant (G > A, rs1800629) of the TNFA locus, the rs1801131 polymorphism (A > C; position + 1298) of the MTHFR locus,
or a deletion of 32 base pairs on the CCR5 gene, seem to be associated with the risk of CV disease in patients with RA. Despite
considerable effort to decipher the genetic basis of CV disease in RA, further studies are required to better establish the genetic
influence in the increased risk of CV events observed in patients with RA.

1. Introduction

Many epidemiological studies have reported in a consistent
way an increased risk of nearly all forms of cardiovascular
(CV) disease, a higher prevalence of subclinical atheroscle-
rosis, and an increased CV mortality among rheumatoid
arthritis (RA) patients [1, 2]. However, traditional CV risk
factors, such as hypertension or diabetes mellitus, are not
substantially different in RA compared to general population
[3, 4]. Therefore, these risk factors may not account for the
difference in risk between RA and the general population,
and RA-associated factors, such as systemic inflammation,
must be the main contributors to the observed gap [5].

Both RA and atherosclerosis are chronic inflamma-
tory diseases [6, 7] that exhibit similar pathophysiological

mechanisms [8], and that display a strong genetic compo-
nent of susceptibility [9–11]. RA has an estimated heritability
of up to 60% [12] and CV disease in the general population
of up to 30–60% [13]. Besides, a specific genetic background
may contribute to the development of both diseases [14].

Subclinical atherosclerosis is present in patients with RA
[15, 16]. Noninvasive surrogate markers of atherosclerosis,
such as the presence of endothelial dysfunction (established
as an impaired flow-mediated endothelium-dependent va-
sodilatation FMD by brachial ultrasonography) or an abnor-
mally increased carotid intima-media (cIMT) wall thickness
and the presence of carotid plaques in the carotid artery
(disclosed by carotid ultrasonography) are useful tools to
establish a subgroup of RA patients with high risk of CV
events [15–18].
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Multiple variants in multiple genes have been investi-
gated regarding their association with clinical and subclinical
CV disease, traditional CV risk factors, and CV mortality.

2. HLA and Related Genes

Alleles from the HLA-DRB1 gene are not only risk factors
for RA but also for CV disease (especially the HLA-DRB1
∗0404 allele) [19] (Table 1). Carriers of two copies of the
shared epitope (SE) alleles also were associated with about
a two-fold increase of mortality from CV disease [19, 20],
particularly from ischemic heart disease (IHD) [21]. When
specific SE genotypes were analyzed, the HLA-DRB1 ∗01/∗04
combination conferred the highest risk of mortality from CV
disease, regardless of the duration of the disease [19–21].

Also, this combination resulted as predictive of mortality
due to IHD independently of the inflammatory burden [21].
Furthermore, HLA-DRB1 ∗04 SE alleles, in particular HLA-
DRB1 ∗0404, were associated with endothelial dysfunction,
manifested by an impaired FMD [22, 49] and presence of
atherosclerotic plaques [23]. An interaction between alleles
of the HLA-DRB1 gene and other CV risk factors, such as
the presence of anti-CCP (which seems to be associated with
the presence of preclinical atherosclerosis [50]) has been
observed. The combination of carrying two copies of the
SE alleles, in the presence of anti-CCP and with a smoking
background, appears to confer a very high risk of premature
death from CV disease [20].

MHC class II genes expression is regulated by the class
II transactivator [51], a protein that acts as a scaffold for
the assembly of various transcription factors. This protein
is expressed by cells from the atherosclerotic plaque, playing
an important role in its development and complication [52].
Two variants of this gene were analyzed by our group,
regarding their association with CV disease in two pooled
cohorts of Spanish RA patients of Caucasian ancestry: the
polymorphism located at position −168 (A > G; rs3087456),
previously associated to a lower expression of MHC2TA
and to a higher risk both of RA and IHD [53], and the
variant rs4774, located at position +1632 (G > C; amino
acid substitution, glycine to alanine, at codon position 500).
Neither of them, either isolated or in combination, showed
a significant association with a higher risk of clinical or
subclinical CV disease [24].

3. TNF Superfamily Genes

TNF-α is an important proinflammatory cytokine, with a
central role both in RA and atherosclerosis. Two variants in
the promoter region of the gene have been analyzed, located
at position −308 and −1031.

Regarding the −308 variant (G > A, rs1800629), the
minor allele C has been associated with enhanced sponta-
neous or stimulated TNF-α production in both in vitro and
in vivo [54, 55]. Our group observed a significant association
of this minor allele with a higher rate of CV events, in
two pooled cohorts of RA Spanish patients of Caucasian
ancestry [25], only in those subjects carrying at least a copy
of the SE, even after adjustment for sociodemographical and

traditional CV risk factors. When the influence of this poly-
morphism in subclinical CV disease was analyzed, although
the homozygote for the minor allele showed higher and
lower mean values of two surrogate markers of subclinical
atherosclerosis, cIMT and FMD, respectively, no statistical
significant differences were observed.

The variant located at the −1031 position (T > C,
rs1799964) has not shown influence in the transcription
activity of the gene [56], neither has been associated to a
higher risk of CV disease. However, this polymorphism has
been associated with a more proatherogenic lipid profile
[57].

Polymorphisms located in the LTA gene (that codes for
the TNF-β or lymphotoxin α) have also been studied. This
cytokine has been implicated in the early stages of the
vascular inflammatory process [58], inducing expression of
leukocyte adhesion molecules (LAMs) in endothelial cells.
Also, in mice models, its concentration has been correlated
with plaque size [59]. The variant located at position +252
(A > G) of the LTA gene has been associated with a higher
risk of IHD in a cohort of UK Caucasian RA patients
[26], with independence of traditional CV risk factors, RA
characteristics, and medication.

Galectin-2 is a soluble beta-galactoside binding lectin,
that interacts with TNF-β and it is required for a correct
secretion of the latter into the medium [60]. The polymor-
phism analyzed regarding its association with CV disease
is located in intron 1, at position +3279 (C > T) and has
been associated to a decreased transcriptional activity of the
LGALS2 gene. Although this variant showed association to
IHD in general population [60], no association was observed
in a cohort of UK Caucasian RA patients [26]. However, the
minor allele T showed a significant association, even after
being adjusted by confounders, with a lower value of diastolic
blood pressure [61].

A polymorphism located in the TNF-α receptor II
(TNFRSF1B) was also studied, located at position +676 (T >
G; substitution of methionine for arginine at codon position
196). No association neither with IHD nor with stroke in
a cohort of Sweden Caucasian RA patients was observed.
However, this variant showed a significant association with
a higher risk of hypertension in the same study [27].

4. Cytokine and Chemokine Genes

IL-6 is a cytokine with pleiotropic and redundant actions. IL-
6 is also a major regulator of the synthesis of acute-phase
reactants by the liver [62]. This cytokine is produced by
a wide variety of cells, and it is involved in both RA and
atherosclerosis pathogenesis [63, 64]: circulating IL-6 con-
centration has been associated with endothelial activation
and treatment with traditional disease modifying antirheu-
matic drugs, resulting in a suppression of IL-6, has been
associated to a reduced endothelial activation in patients
with RA [65, 66]. Three polymorphisms of this gene were
studied regarding their association with CV disease in RA.
With respect to the variant located in the 5′ flanking region at
position−174 (G>C; rs1800795), previously associated with
higher transcriptional activity and increased serum levels
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of IL-6 [67] in general population, the results have been
controversial. A study found a significant association with
CV disease [28], adjusting for traditional CV risk factors, but
not with a higher risk of hypertension [68], in a relatively
small (n = 383) cohort of UK Caucasian RA patients [28].
However, in assessing a larger cohort of patients (n = 1250),
our group did not observe any significant association with
clinical CV disease in RA Spanish patients [29], although
the minor allele was associated with impairment of FMD
in a subgroup of RA patients without clinically evident CV
disease [30].

The other two polymorphisms studied (rs2069827 and
rs2069840) showed no significant association in the same
Spanish Caucasian cohort [29].

Variants located in the two subunits forming the IL-6
receptor were also studied. rs2228145 is located at position
+1510 of the IL6R gene (A > C; substitution of aspartame
for alanine at codon position 358), and its minor allele is
associated to higher plasma levels of the soluble form of the
receptor [69, 70] and a protective effect regarding CV disease
in the general population [71]. However, our group did not
observe any statistical association with clinical or subclinical
CV disease [31].

In keeping with the above, the polymorphism rs2228044
located at position +755 of the IL6ST or GP130 gene (C >
G; substitution of glycine for arginine at codon position 148)
was also analyzed in our RA cohort. However, no significant
association with clinical or subclinical CV disease was found
[31].

The macrophage migration inhibitory factor (MIF) is a
cytokine involved in the pathogenesis of RA and atheroscle-
rosis [72]. Two variants of MIF were studied regarding
their potential association with CV disease: a tetranucleotide
repeat element starting at position −794 (CATT5−8) and a
single-nucleotide polymorphism at position −173 (G > C),
both of them were previously associated with higher plasma
MIF levels [73]. However, neither of them [32, 33] showed a
significant association to CV disease, in two Caucasian RA
cohorts from The Netherlands and Spain. The MIF −173
variant was not associated to surrogate markers of subclinical
CV disease (endothelial dysfunction or abnormally increased
cIMT) either [33].

CCR5 is a chemokine receptor that could be potentially
involved in the pathogenesis of both RA and atherosclerosis
[74], with a proinflammatory effect. The polymorphism ana-
lyzed regarding its association with CV disease was a deletion
of 32 base pairs (rs333; with starting position at +676) that
leads to a truncated nonfunctional receptor [75]. Conse-
quently, in individuals homozygous for the deletion, CCR5
is removed from the cell surface [76], while heterozygous
expresses 20% to 30% of the wild-type normal levels [77].
The protective effect of this deletion regarding CV disease
in the general population has not always been confirmed
[78, 79]. However, in RA population, our group observed
a protective effect of the minor allele [34]. Regarding
subclinical atherosclerosis, this variant was associated to a
higher (normal) value of FMD but no association with cIMT.

The chemokine CCL21 has also been implicated in the
pathogenesis of both RA and atherosclerosis [80, 81]. A

polymorphism from this gene (rs2812378) was associated to
a higher CV and all-causes mortality risk, in a UK chronic
arthritis, including RA, cohort [35].

CXCL12, also known as stromal cell-derived factor-1,
highly expressed in the atherosclerotic plaque [82], has been
also studied by our group, owed to the recently association
of the rs501120 (T > C) polymorphism with CV disease
in Caucasians in a recent genome-wide association study
(GWAS) [83]. However, we did not observe any significant
association with clinical or subclinical CV disease [36].

5. Adipocytokines

Adipose tissue secretes a variety of proteins known as
“adipokines” or “adipocytokines” that influence a variety of
processes, including metabolism, immunity, and inflamma-
tion [84]. Besides, clinical obesity measures, such as body
mass index and waist-to-hip ratio, have been recently shown
to predict the presence of atherosclerosis in patients with RA
from a developed population [85].

At present, the most extensively studied adipocytokines
are resistin, adiponectin, leptin, and visfatin.

Resistin plays a proinflammatory role [86]. In RA, a
strong correlation between resistin serum levels and markers
of inflammation, such as C- reactive protein or erythrocyte
sedimentation rate, has been observed [87]. The polymor-
phism rs1862513, located in the promoter region (C > G;
position −420), has previously been associated to a higher
risk of cerebrovascular disease in type 2 diabetes mellitus
patients, both in Asian [88] and Caucasian [89] populations.
No association with coronary arterial disease [90], nor with
subclinical atherosclerosis was observed [91]. Regarding RA,
our group did not observe a significant association with a
higher risk of CV disease [37]. Although not included in the
published paper, this polymorphism showed no association
with the risk of cerebrovascular ischemic events. Regarding
subclinical CV disease, the carriers of the minor allele showed
a nonsignificant lower FMD and higher cIMT [37].

Adiponectin exerts at the vascular level an anti-inflam-
matory and antiatherogenic role [92], with lower serum lev-
els in subjects with CV disease [93]. However, at the joint
level, it exerts proinflammatory effects [94], with a correla-
tion between radiologic joint damage and adiponectin serum
levels [95]. We have previously reported that in patients with
severe RA undergoing anti-TNF-alpha therapy high-grade
inflammation was independently and negatively correlated
with circulating adiponectin concentrations whereas low
adiponectin levels clustered with metabolic syndrome fea-
tures that reportedly contribute to atherogenesis in RA [96].
Taking these data into account, two variants of the ADIPOQ
gene were analyzed by our group regarding their potential
association with CV disease. However, none of them was
found to be associated with adiponectin plasma levels [97],
despite the major genetic regulation in adiponectin synthesis.
rs266729, located in 5′UTR (C > G; position −11377),
had been associated with a higher risk of type 2 diabetes
mellitus in Caucasians [98], and to a higher risk of CV
disease, both clinical (in Chinese [99] and in nondiabetic
Caucasian subjects [100, 101]) and subclinical (in Caucasian
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populations) [100, 102]. On the other hand, rs1501299 (G >
T; located at position +276 in the second intro of the gene),
its minor allele, has been associated to a lower risk of CV
disease in Caucasian subjects of south European ancestry
[103] and in type 2 diabetes mellitus patients [104], but it
showed no association with subclinical CV disease [100].
In our RA cohort, these two variants were not associated
with clinical or subclinical atherosclerosis, either when their
influence was analyzed isolated or in combination [38].

Leptin is a nonglycosylated peptide hormone, encoded
by the gene LEP, with proinflammatory activities [105], and
higher serum levels both in RA and atherosclerosis [106,
107]. In our patients with RA undergoing anti-TNF-alpha
therapy, we disclosed a positive correlation between body
mass index of RA patients and baseline serum level of leptin
[108]. Leptin serum levels were unrelated to disease activity
but constituted a manifestation of adiposity in patients
with severe RA [108]. Our group analyzed the role of a
polymorphism, previously associated with leptin levels [109]
and obesity [110], located at position +19 (G > A; rs2167270)
in the risk of CV disease [39]. In our study, no significant
association was observed with clinical or subclinical CV
disease [39].

Visfatin is produced by visceral adipose tissue and im-
mune cells, with proinflammatory and proatherogenic pro-
prieties [111, 112]. The variants rs9770242 (T > G; located
at −1001) and rs59744560 (G > T; position −948) were ana-
lyzed by our group, owed to their previously reported asso-
ciation with insulin resistance and a proatherogenic lipid
profile [113, 114]. However, in our patients with severe RA
circulating visfatin levels are unrelated to disease activity,
adiposity, or metabolic syndrome [115]. Similarly, in our
series of RA patients the visfatin polymorphisms discussed
above did not show any significant association, either ana-
lyzed isolated or in combination, with clinical or subclinical
CV disease [40].

6. Nitric Oxide Synthase Genes

One of the primary causes of initiation of atherosclerosis is
endothelial dysfunction, which leads to altered nitric oxide
synthase (NOS) function and NO synthesis [116]. Both the
endothelial NOS (eNOS, NOS3) and the inducible isoform
of NOS (iNOS, NOS2) have been studied in connection to
CV disease. The variant located at exon 7 of the NOS3 gene
(position +5557; G > T), leading to a glutamate to aspartate
substitution at codon position 298, was not associated to a
higher risk of CV events [41]. The functional effects of this
variant in the enzymatic activity are uncertain [117]. On the
other hand, two variants of the NOS2A gene located in the
promoter region were analyzed: the microsatellite CCTTT
(with a influence in the gene transcriptional activity [118])
and the single nucleotide polymorphism at position –786 (C
> T). Neither variants shows a significant association with
the risk of CV disease [41]. However, in carriers of the HLA-
DRB1 ∗0404 allele, these three variants showed association
with CV disease [41], suggesting an interaction among dif-
ferent genes.

7. Genes Involved in the Haemostatic Process

The plasminogen activator inhibitor type 1 (PAI-1) is the
primary physiologic inhibitor of plasminogen activation in
blood [119]. PAI-1 overexpression may compromise normal
fibrin clearance mechanisms and promote pathological fib-
rin deposition and thrombotic events. A polymorphism of
this gene, located in the promoter region (at starting position
–675, 4G/5G), has previously been associated to CV disease
and venous thrombotic episodes [120] in the general popu-
lation. In RA patients, this variant has also been associated
with IHD in a cohort of Sweden patients [27].

The fibrin stabilizing factor, or Factor XIII, has a crucial
role in blood coagulation and fibrinolysis, stabilizing the
fibrin clot and making the clot more lysis resistant [121]. A
variant located at exon 2 (amino acid change from a valine
to leucine at codon position 34), previously associated to a
decreased clot formation and lower risk of IHD [122], was
analyzed regarding its influence in the risk of CV disease in a
cohort of Swedish RA patients. However, no differences were
observed [27].

Fibrinogen plays a major role in arteriosclerosis and
thrombosis [123]: increased plasma levels are an indepen-
dent risk factor for CV diseases [124]. The polymorphism
located at position –455 (G > A) showed no association with
a higher risk of CV disease in RA patients [27], despite its
association with higher plasma levels [123].

8. Other Genes

Regarding other variants strongly associated to RA different
from those located in the HLA region, such as PTPN22,
STAT4 and TRAF1/C5, none of them showed a significant
association with clinical or subclinical CV disease in a cohort
of RA Spanish patients of Caucasian ancestry [42]. In keeping
with that, TRAF1/C5 polymorphism was not associated with
a higher incidence of mortality due to CV disease in another
two Caucasian cohorts [125].

The 5,10-methylene tetrahydrofolate reductase (MTHFR)
is an enzyme that catalyzes the transformation of methionine
to cysteine. The lack of this enzyme leads to the accumulation
of homocysteine, an independent nontraditional risk factor
for CV disease [126]. Two variants associated to a lower
enzyme activity and higher homocysteine plasma levels
[127, 128] were analyzed by our group. The polymorphism
rs1801133 (C > T; position +677; amino acid substitution
alanine to valine at codon position 222; exon 4) showed no
significant association. Nevertheless, the variant rs1801131
(A > C; position +1298; amino acid change from glutamine
to alanine at codon position 429; exon 7) was associated
with a higher risk of CV disease and endothelial dysfunction
manifested by lower values of FMD [43].

Neovascularization is an important process in the devel-
opment and stabilization of atherosclerotic plaques [129].
One of the most important pro-angiogenic factors is VEGF.
Its expression can be stimulated through both hypoxia [130]
and proinflammatory cytokines [131]. Several polymor-
phisms have been described within the VEGFA promoter and
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5′UTR regions, which regulate its expression at the post-
transcriptional level [132]. We selected two variants with
functional relevance: rs1570360 located within the VEGFA
promoter (G > A; position −1154) and rs2010963 located
within 5′UTR (G > C; position −634), both associated to
lower VEGFA transcription [132]. Also, the latter has been
associated to higher serum VEGF levels [133]. The major
allele C of the −634 variant has been associated to Behçet
disease [134], giant cell arteritis [135] and the presence of
severe ischemic complications in the latter [136], and clinical
CV disease but only in type 2 diabetes mellitus subjects
[133]. However, the −1154 polymorphism has not shown
association with CV disease [137]. In our study, we did
not observe significant association between any of these
two VEGFA polymorphisms and clinical or subclinical CV
disease in RA patients [44].

GHSR codes for the receptor of the growth hormone
secretagogue, ghrelin. Besides its metabolic and endocrine
effects [138], this receptor also mediates anti-inflammatory
[139] and antiatherogenic [140] effects through its expres-
sion in immune and vascular cells.

In RA patients with severe disease undergoing anti-TNF-
alpha therapy, we found an increase in ghrelin concentra-
tions upon TNF-α blockade that was associated with reduc-
tions in P-selectin, a biomarker of endothelial activation
that predicts CV event rates [141]. Three polymorphisms
were analyzed by our group rs512692, located in the 5′

UTR region, rs509035, located in the intron, and rs2922126,
located in the promoter region. Previously, these 3 variants
had showed no association with RA [142]. Regarding CV
disease, both rs509035 and rs512692 were associated to IHD
in the Caucasian general population [143], while rs512692
was not. In our study, we found no association with clinical
or subclinical CV disease for any of the variants [45].

Toll-like receptor 4 (TLR4) plays a key role in the activa-
tion of innate immune responses and has been implicated in
the initiation, progression, and plaque destabilization stages
of atherosclerosis [144]. Our group studied the role of the
TLR4 gene polymorphism rs4986790 (position +896; A > G;
amino acid substitution from aspartame to glycine at codon
position 299), previously associated with an attenuated
signaling leading to a dampened response to LPS [145] and
with a lower risk of proatherogenic metabolic traits [146].
However, in a German cohort of Caucasian ancestry, this
variant did not show association with a lower risk of IHD.
In keeping with that, in our population, we did not observe
any significant association with a lower risk of clinical nor
subclinical CV disease [46].

Low-molecular-weight phosphotyrosine phosphatase
(encoded by ACP1) plays a key role as regulator of signalling
pathways in receptor-stimulated immune cells, in growth
factor regulation, in cellular adhesion, and in T-cell de-
velopment and lymphocyte activation [147]. Three common
alleles have been described in Caucasian populations
(ACP1∗A, ACP1∗B, ACP1∗C), tagged by two SNPs:
rs7576247 (A > G; amino acid substitution from arginine
to glutamine at codon position 105; exon 6) and s11553742
(C > T; synonymous polymorphism at codon position 44;
exon 3). Another two variants, previously associated to

quantitative traits related to type 2 diabetes mellitus [148],
were also studied by our group: rs10167992 and rs3828329.
We observed that the minor allele of the rs11553742 variant
was associated to a significant higher risk of CV disease.
Likewise, the classic allele ACP1∗C (defined by the presence
of the minor allele of the rs11553742 polymorphism and
the major allele of the variant rs7576247) also showed a
significant association with a higher risk. Both associations
remained after adjustment by sociodemography and
tradition CV risk factors [47].

Based on the results of previous GWAS [149], a polymor-
phism located in the region 1p13.3, near the gene PSRC1
(proline/serine-rich coiled coil protein 1), was analyzed in
our group regarding it role in subclinical CV disease. In
accordance with those data, we observed a significant asso-
ciation between the minor allele and lower values of FMD
[48].

9. Conclusions

In the last years, an important advance in the knowledge of
the genetic basis of CV disease has taken place, both in gen-
eral population and in RA patients. However, in aggregate,
the discovered variants explain only a small fraction of the
heritability of CV disease (estimated to be up to 30–60%
in the general population [13]), probably in part due to
the limited power of previous studies to discover effects of
modest size. Until now, research performed in RA patients
was based on hypothesis-driven candidate gene association
studies, such as the ones performed in this work. This
approach provides a focused view of genomic regions of
interest, allowing targeting putative functional variant. Also,
this design is especially useful when allele frequencies are
low, effect sizes are small, or the study population is limited
[150]. However, this kind of approach has its own pitfalls,
such as the lack of replication of results, presence of false
positive results, and little account for genetic heterogeneity.
To overcome these limitations, among other things, it would
be necessary to increase the number of individuals, in both
cases and controls. To that end, it would be necessary the
joint collaboration of different groups to replicate the results
in different populations. Also, pooling various cohorts would
allow improving the detection of modest genetic effects.

Taking into account the influence of different genetic
markers in the risk of CV disease and CV mortality, we
consider that it is maybe the time to start routinely assessing
some of these markers in order to identify those RA subjects
at very high risk of developing CV disease. for example, we
propose to assess the HLA-DRB1 genotype at the moment of
RA diagnosis, due to its repeated association with higher risk
of CV mortality, especially in those patients who are anti-
CCP-positive and/or current smokers. Besides, these patients
at higher risk would probably benefit from a thorough and
more intense management of their classic CV risk factors, as,
in example, those subjects with a previous CV event.

A better understanding of the genetic basis of CV
disease in RA will grant a better comprehension of the
signaling pathways and the knowledge of different molecules
implicated in the pathogenesis of this condition. The results



Mediators of Inflammation 9

derived from these studies will be useful in the discovery of
new therapeutic targets and in the development of new drugs
that aim to decrease the CV mortality observed in patients
with RA.
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[31] R. López-Mejı́as, M. Garcı́a-Bermúdez, C. González-Jua-
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natey et al., “Lack of association between TLR4 rs4986790
polymorphism and risk of cardiovascular disease in patients
with rheumatoid arthritis,” DNA and Cell Biology, vol. 31, no.
7, pp. 1214–1220, 2012.

[47] M. Teruel, J. E. Martin, C. Gonzalez-Juanatey et al., “Asso-
ciation of acid phosphatase locus 1∗C allele with the risk
of cardiovascular events in rheumatoid arthritis patients,”
Arthritis Research & Therapy, vol. 13, article R116, 2011.
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To determine whether treatment with the anti-TNF-alpha blocker adalimumab yields persistent improvement of endothelial
function and prevents from morphological progression of subclinical atherosclerosis in patients with rheumatoid arthritis (RA)
refractory to conventional therapy, a series of 34 consecutive RA patients, attending hospital outpatient clinics and who were
switched from disease modifying antirheumatic drug therapy to anti-TNF-alpha-adalimumab treatment because of severe disease,
were assessed by ultrasonography techniques before the onset of adalimumab therapy (at day 0) and then at day 14 and at month
12. Values of flow-mediated endothelium-dependent vasodilatation at day 14 and at month 12 were significantly higher (mean ±
standard deviation (SD): 6.1± 3.9%; median: 5.7% at day 14, and mean ± SD: 7.4± 2.8%; median: 6.9% at month 12) than those
obtained at day 0 (mean: 4.5 ± 4.0%; median: 3.6%; P = 0.03 and P < 0.001, resp.). Endothelium-independent vasodilatation
results did not significantly change compared with those obtained at day 0. No significant differences were observed when carotid
artery intima-media wall thickness values obtained at month 12 (mean± SD: 0.69±0.21 mm) were compared with those found at
day 0 (0.65± 0.16 mm) (P = 0.3). In conclusion, anti-TNF-alpha-adalimumab therapy has beneficial effects on the development
of the subclinical atherosclerosis disease in RA.

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
associated with accelerated atherosclerosis and increased
incidence of cardiovascular (CV) events [1]. Besides a genetic
component [2] and classic (traditional) CV risk factors [3],
chronic inflammation plays a pivotal role in the develop-
ment of atherogenesis in patients with RA [4]. Different

validated techniques are currently available to determine
subclinical atherosclerosis in patients with rheumatic dis-
eases. Macrovascular endothelial dysfunction, an early stage
in atherosclerosis, can be detected by brachial ultrasonogra-
phy as the result of impaired flow-mediated endothelium-
dependent vasodilatation (FMD). Carotid ultrasound studies
are also useful to disclose the presence of subclinical
atherosclerosis [5]. By this technique, morphological changes
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such as abnormally increased carotid artery intima-media
wall thickness (IMT) and carotid plaques can be observed
[5].

A number of studies have shown short-term improve-
ment of endothelial function in RA refractory to disease
modifying antirheumatic drugs (DMARDs) following anti-
TNF-alpha therapy [6, 7]. However, carotid ultrasound stud-
ies in patients with RA undergoing anti-TNF-alpha therapy
have yielded contradictory results in terms of reduction
or progression of carotid IMT [8–10]. Nevertheless, from
a clinical point of view, anti-TNF-alpha therapy has been
associated with a decrease in the incidence of CV events
in patients with RA. In this regard, results from the British
Society for Rheumatology Biologics Register showed that
the risk of myocardial infarction was markedly reduced in
RA patients who responded to anti-TNF-alpha therapy by 6
months compared with nonresponders [11]. Also, in a study
that included 10156 RA patients enrolled in the Consortium
of Rheumatology Researchers of North America, individuals
using a TNF-alpha antagonist experienced a reduced risk
of the primary composite CV endpoint compared with
users of nonbiological DMARDs [12]. In keeping with
these observations, data from a recent systematic review
confirmed that anti-TNF-alpha therapy was associated with
a reduced risk for all CV events, myocardial infarction, and
cerebrovascular accidents [13]. Meta-analysis of randomized
controlled trials also yielded a point estimate indicating a
lower risk of CV events in patients undergoing anti-TNF-
alpha therapy [13].

Taking these observations together, in an attempt to
further investigate the potential beneficial effect of TNF-
alpha antagonist therapy on subclinical atherosclerosis in RA,
we sought to determine whether adalimumab therapy might
yield persistent improvement of endothelial function and
no morphological progression of subclinical atherosclerosis
measured by the determination of carotid artery IMT in RA
patients with severe disease, refractory to DMARDs, who
were prospectively followed over 1 year period.

2. Materials and Methods

2.1. Patients. A series of consecutive RA patients that fulfilled
the 1987 American College classification criteria for RA
[14], attending hospital outpatient clinics from Hospital
Xeral-Calde (Lugo, NW Spain), who were switched from
standard DMARD therapy to anti-TNF-alpha-adalimumab
treatment between April 2008 and May 2009 because of
severe and active disease (DAS28 greater than 5.1) [15],
were assessed before the onset of adalimumab therapy and
then prospectively until 1 year after the commencement of
treatment with this therapy.

For the purpose of this study, RA patients seen during
the period of recruitment with diabetes mellitus, current
smokers, history of coronary heart disease, heart failure,
stroke, peripheral arteriopathy, estimated pulmonary artery
systolic pressure greater than 35 mmHg, mitral, aortic,
tricuspid, pulmonary valve involvement (regurgitation or
stenosis), pericardial effusion in an echocardiography study

performed at the time of recruitment, or body mass index
less than 20 or greater than 35 Kg/m2 were excluded.

Based on the inclusion and exclusion criteria, we
recruited 34 RA white patients (30 women, 28 (82.4%) of
them rheumatoid factor positive). The median age at the
time of disease diagnosis was 50.1 (interquartile range (IQ)
41.3–55.9) years. The delay to the diagnosis of RA from the
onset of symptoms was 0.5 (IQ range 0.3–1.6) years. The
age at the onset of adalimumab therapy was 54.9 (IQ range
47.5–63.0) years. At the commencement of adalimumab,
26 patients were on methotrexate (MTX) therapy (median
15 mg/week) and 14 on leflunomide (20 mg/day), some
of them receiving combination therapy with these two
DMARDs. Six of the 34 patients were also receiving hydrox-
ychloroquine (median 200 mg/day). Twenty-four patients
were on prednisone (median 5 mg/day). Five received non-
steroidal anti-inflammatory drugs. Nine patients had a
history of hypertension. However, in each case appropriate
control of blood pressure was achieved following treat-
ment with antihypertensive drugs. Seven patients received
statins because of hypercholesterolemia. Another 7 were ex-
smokers.

None had ever used nitrates or were on treatment with
estrogens.

Adalimumab therapy (40 mg) was subcutaneously ad-
ministered every 2 weeks over the period of study. Concomi-
tant medication was not changed during the period of study.

The Galician ethical Committee approved this study.
Also, patients signed and informed consent to participate in
this study.

2.2. Study Protocol. Patients received adalimumab therapy
40 mg every other week by subcutaneous injection from day
0 (onset of study) to month 12 (end of the study) 1 year after
the initiation of adalimumab therapy.

In each patient, a DAS 28 (0–10) (determined in each
patient by the same rheumatologist throughout the study)
using erythrocyte sedimentation rate (ESR) as the laboratory
datum was assessed at day 0 (two hours before the first
administration of adalimumab), at day 14 (two hours before
the second administration of adalimumab), and at month
12 (two hours prior to adalimumab administration). Systolic
and diastolic blood pressure, C-reactive protein (CRP-
immunoturbidity method), ESR (Westergren), and serum
creatinine were also determined at day 0 (two hours before
the first administration of adalimumab), at day 14 (two
hours before the second administration of adalimumab), and
at month 12 (two hours before adalimumab administration).
Furthermore, total cholesterol, triglycerides, LDL choles-
terol, HDL cholesterol (fasting overnight determinations),
and total cholesterol/HDL ratio (atherogenic index) were
assessed at day 0, and at month 12.

Endothelial function was assessed before the first admin-
istration of adalimumab (two hours before) at day 0 at
day 14 (two hours before the second administration of
adalimumab), and at month 12 (at the end of the study, two
hours before adalimumab administration).
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Figure 1: Changes in DAS28 (a) and C-reactive protein (b) from day 0 onwards, obtained via locally weighted regression. Central estimate
and lower and upper limits of 95% confidence bands.

Carotid artery IMT was measured before the first admin-
istration of adalimumab (two hours before) and at month 12
(at the end of the study).

Flow-mediated endothelium-dependent vasodilatation
(postischemia) FMD and independent vasodilatation (post-
nitroglycerin) NTG were measured by brachial ultrasonog-
raphy. Brachial artery diameter and flow were determined
as previously described [16, 17]. B-mode scan of the right
brachial artery, in a longitudinal Section 2 to 12 cm proximal
to the antecubital fossa, was performed in supine subjects
using a Philips IE33 (Philips Healthcare, DA Best, The
Netherlands) with a 11 MHz linear transducer. The anterior
and posterior media-intima interfaces were used to define
the baseline artery diameter, calculated as the average of
measurements made during four cardiac cycles at end
diastole. The forearm blood pressure cuff was inflated on
the ipsilateral wrist to 50 mmHg above resting systolic blood
pressure for 5 minutes and then released. FMD (an increase
in brachial artery diameter) was measured from 30 to 60
seconds after cuff release. To assess NTG endothelium-
independent vasodilatation, we used 400 μg of sublingual
nitroglycerin, which acts directly on vessel smooth muscle
to cause vasodilatation. NTG was measured 4 minutes after
nitroglycerin intake. Intraobserver variability showed the
following coefficients of variation: FMD 1.3% and NTG
1.9%.

Assessment of carotid artery IMT was performed as
previously described in recent studies from our group [18,
19]. Briefly, carotid IMT was measured in the right common
carotid. The study was performed using high-resolution B-
mode ultrasound (Philips IE33; Philips Healthcare, DA Best,
The Netherlands) with an 11 MHz linear transducer. For the
purpose of the present study, QLAB’s IMT-quantification
software measurement plug in (Philips Healthcare, DA Best,
The Netherlands) was used to increase the consistency and
reliability of IMT measurements, reduce the effort required
to successfully carry out IMT measurements, and minimize

the time needed to complete an IMT study. The repro-
ducibility of the IMT measurements was evaluated in 10
patients within 1 week of the first ultrasound examination.
The correlation coefficient for carotid IMT was 0.985.

In all cases a cardiologist (CG-J) analyzed ultrasound
data offline and he was blind to the clinical information and
study date.

2.3. Statistical Analysis. Data were expressed as mean ±
SD, median, and IQR. Measurements of FMD and NTG
represented the maximal increase in brachial diastolic artery
diameter and were expressed as percentage of change (%)
from baseline. Equality of values at day 0 versus day 14 and
at day 0 versus month 12 was tested using the Wilcoxon
matched-pairs signed-rank test. All tests were two tailed.
Statistical significance was accepted at P < 0.05.

Figures on the evolution from day 0 on (onwards) were
obtained via locally weighted regression; its results were
displayed with three curves representing the central estimate
and lower and upper limits for confidence bands.

3. Results

The use of anti-TNF-alpha-monoclonal antibody-adali-
mumab yielded clinical improvement in this series of
RA with severe disease refractory-to-conventional DMARD
therapy (Figure 1). DAS28 values at month 12 were signif-
icantly reduced (mean ± SD: 3.3 ± 1.5; median: 3.3) when
compared to those observed before the onset of adalimumab
therapy at day 0 (mean ± SD: 5.9 ± 0.7; median: 5.9;
P < 0.001) (Table 1). Moreover, a significant reduction
in the serum levels of CRP was achieved following the
administration of adalimumab at day 14 (median: 4.9 mg/L)
compared to baseline levels observed at day 0 (median:
9.1 mg/L; P = 0.008) (Table 1).
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Table 2: Changes in the lipid profile and blood pressure levels in 34 patients undergoing anti-TNF-alpha-adalimumab therapy due RA
refractory to conventional DMARDs.

Variable
Day 0 Month 12 Day 0 versus month 12

Mean ±SD Mean ±SD P

Total cholesterol (mg/dL) 206.1 ±33.5 208.2 ±40.7 0.94

LDL-cholesterol (mg/dL) 125.4 ±4.8 124.8 ±38.8 0.90

HDL-cholesterol (mg/dL) 60.4 ±15.8 61.8 ±14.7 0.96

Atherogenic index 3.61 ±1.03 3.51 ±0.98 0.73

Triglycerides (mg/dL) 101.6 ±5.5 108.7 ±4.1 0.31

Systolic blood pressure (mmHg) 136.0 ±17.8 126.9 ±18.2 0.10

Diastolic blood pressure (mmHg) 81.6 ±9.6 79.2 ±11.6 0.36
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Figure 2: Changes in flow-mediated endothelium-dependent (FMD%) (a) and endothelium-independent (NTG%) vasodilatation (b) from
day 0 onwards, obtained via locally weighted regression. Curves are central estimate and lower and upper limits of 95% confidence bands.

However, no statistically significant differences were
found when total cholesterol, HDL-cholesterol and LDL-
cholesterol, levels observed at month 12 were compared
with those found at day 0. This was also the case for the
atherogenic index (Table 2).

As previously described in RA patients with long-
standing disease [20], this series of RA patients also had
endothelial dysfunction prior to the onset of adalimumab
therapy as the mean and median FMD percentage values
were lower than 7% [21]. In addition, the present study
confirmed a short-term rapid and significant improvement
of endothelial function following the first administration of
adalimumab [7]. In this regard, at day 14, values of FMD
percentage were significantly higher (mean ± SD: 6.1 ±
3.9%; median: 5.7%) than those observed at day 0 (mean
± SD: 4.5 ± 4.0%; median: 3.6%; P = 0.03) (Table 1).
Moreover, persistent improvement of endothelial function
was observed at the end of the study (Figure 2). With respect
to this, values of FMD percentage at month 12 (mean ± SD:
7.4 ± 2.8%; median: 6.9%) were significantly higher than
those observed at day 0 (P < 0.001) (Table 1). However,
no statistically significant differences were achieved when
NTG percentage values observed at day 0 were compared

with those obtained at day 14 or at month 12 (Table 1 and
Figure 2).

No statistically significant changes were found when
carotid artery IMT results obtained at month 12 (mean± SD:
0.69 ± 0.21 mm; median: 0.68) were compared with those
obtained at day 0 (mean± SD: 0.65±0.16 mm; median: 0.64;
P = 0.30) (Table 1). Therefore, no significant morphological
progression of subclinical atherosclerosis was observed in
this series of adalimumab-treated RA patients.

4. Discussion

The present study shows persistent improvement of endothe-
lial function following the TNF-alpha antagonist adali-
mumab in a cohort of patients with RA refractory to conven-
tional DMARD therapy. Also, unlike our previous observa-
tions on patients with severe disease undergoing treatment
with the chimeric anti-TNF-alpha monoclonal antibody-
infliximab [8], no progression of subclinical atherosclerosis
was observed after 1 year of adalimumab therapy.

A recent study on 8 early RA patients (disease duration
≤ 1 year), treated with adalimumab during 6 months,
showed significant improvement of endothelial function that



6 Mediators of Inflammation

inversely correlated with CRP levels [22]. Sidiropoulos et al.
also demonstrated an improvement of endothelial function
after 18 months therapy with infliximab or adalimumab
[23]. In keeping with these observations, we observed that
adalimumab therapy yielded improvement of endothelial
function after 12 months of therapy. However, the beneficial
effect on endothelial dysfunction does not seem to be
specific of anti-TNF-alpha drugs as therapy with rituximab,
a monoclonal antibody that selectively targets CD20 positive
B cells, demonstrated in two different studies an early
and sustained favorable effect on endothelial function in
RA patients refractory to TNF-alpha blockers [17, 24]. In
a former study of our group, we demonstrated that in
long-term anti-TNF-α infliximab-treated RA patients, the
intravenous infusion of this monoclonal antibody yielded a
significant rapid but transient improvement of endothelial
dysfunction [25]. In this regard, following infusion of the
drug, a dramatic and rapid increase in the percentage of
FMD was observed. In all patients, percentages of FMD were
greater than those observed 2 days before infusion. However,
of FMD percentage values returned to baseline by 4 weeks
after infusion of the drug. Therefore, we think differences
in the bioavailability of the different TNF-α blockers may
be a possible explanation for the persistent positive effect
of adalimumab on endothelial function in long-term RA
patients when compared with data obtained in long-standing
RA patients following a single infusion of infliximab.

A result derived from the present study is that the
improvement of endothelial function in RA seems to be
independent of the effect of these biologic agents on the
lipid profile. In this regard, although dyslipidemia is also
closely linked to the development of endothelial dysfunction
and atherosclerosis [1], short-term infliximab therapy was
associated with significant increase of both total cholesterol
and HDL cholesterol levels [26], plasma total cholesterol
concentrations, LDL cholesterol concentrations, and also the
atherogenic index increased after 1 year from the start of
this therapy [26]. In accordance with these observations, in
our study we did not observe a significant change in the
atherogenic index when results obtained at month 12 were
compared with baseline results.

Atherosclerosis is increasingly considered to be an
immune system-mediated process of the vascular system
and the inflammatory process taking place in the arterial
wall as part of atherosclerosis disease. The actual evidence
suggests that proinflammatory cytokines and metabolic
abnormalities associated with systemic inflammation may be
implicated in the development of endothelial dysfunction
in RA. The chronic inflammation may lead to endothelial
dysfunction, subsequent atherosclerosis, and cardiovascular
events in RA [1].

Regardless of the biologic agent used (viz., adalimumab,
infliximab, or rituximab), improvement of endothelial dys-
function has been demonstrated in RA patients that exhibit
low levels of inflammation and clinical remission. In this
regard, RA patients with early diagnosed disease treatment
with adalimumab yielded improvement of endothelial func-
tion that was significantly related to clinical remission [22].
In keeping with that, although in our study reduction of

blood pressure following 12-month adalimumab therapy did
not reach statistical significance, it is remarkable to see that
both the mean systolic and diastolic blood pressure were
reduced in adalimumab-treated patients when compared
with baseline results of blood pressure obtained at the onset
of this biologic therapy. To the best of our knowledge, this
reduction of blood pressure levels in long-term adalimumab-
treated patients has not previously been reported. Whether
the reduction of blood pressure levels following 12-month
adalimumab therapy is the consequence of the decrease of
the systemic inflammatory burden is a question that still
remains unanswered. However, we feel that it may be a
plausible explanation for these findings.

Carotid IMT is a useful surrogate marker of subclinical
atherosclerosis and a predictor of CV events in patients with
RA [27]. Due to this, as discussed before, another important
result derived from the present study was the lack of
significant increase of the carotid IMT following 12 months
of adalimumab therapy. Previous studies on high resolution
B-mode ultrasound of the common carotid artery disclosed
a strong correlation between the carotid IMT and markers
of systemic inflammation in both controls and patients with
RA [4, 28]. Studies that addressed the effect of the control
of CV risk factors on the progression of atherosclerosis,
as measured by carotid IMT, used the concept of “change
in the progression of IMT” because progression in the
measurements of carotid IMT is expected with time/age [29]
and because a reduction in this progression should be of
great clinical significance. With respect to this, anti-TNF
blocking agents, but not MTX, have been found to reduce
carotid IMT in patients with RA [9, 10, 22]. In line with
these studies, no progression in the carotid IMT was found
in our series of adalimumab-treated patients. However,
despite having a reduction in markers of inflammation, we
could not disclose a decrease in the carotid IMT in our
series. Nevertheless, the absence of carotid IMT progression
enhances the potential usefulness of the TNF-alpha blocker
therapy to decrease the accelerated atherosclerosis observed
in patients with RA.

5. Conclusion

Twelve-month adalimumab therapy reduces mechanisms
implicated in the increased risk of CV death observed in
patients with RA.
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Patients with rheumatic diseases have an increased risk of mortality by cardiovascular events. In fact, several rheumatic diseases
such as rheumatoid arthritis, osteoarthritis, systemic lupus erythematosus, and ankylosing spondylitis are associated with a
higher prevalence of cardiovascular diseases (CVDs). Although traditional cardiovascular risk factors have been involved in
the pathogenesis of cardiovascular diseases in rheumatic patients, these alterations do not completely explain the enhanced
cardiovascular risk in this population. Obesity and its pathologic alteration of fat mass and dysfunction, due to an altered pattern
of secretion of proinflammatory adipokines, could be one of the links between cardiovascular and rheumatic diseases. Indeed,
the incidence of CVDs is augmented in obese individuals with rheumatic disorders. Thus, in this paper we explore in detail the
relationships among adipokines, rheumatic diseases, and cardiovascular complications by giving to the reader a holistic vision and
several suggestions for future perspectives and potential clinical implications.

1. Introduction

Patients with rheumatic diseases have an increased risk of
mortality and fatal cardiovascular events. Several rheumatic
diseases including rheumatoid arthritis (RA), osteoarthritis
(OA), systemic lupus erythematosus (SLE), and ankylosing
spondylitis (AS) have been associated with higher prevalence
of cardiovascular diseases (CVDs) [1]. For instance, CVDs
are responsible for almost 50% excess of mortality in patients
with RA [2, 3].

Classic risk factors such as obesity and the related
metabolic syndrome, presented in patients with rheumatic
diseases, might explain the increased risk of CVDs occurred

in rheumatic disorders [4]. In fact, there are reports showing
a major prevalence of metabolic syndrome in lupus patients
compared to healthy controls, and a higher risk of CVDs
in these patients was also reported [5, 6]. Moreover, it has
been reported that there is a considerably higher prevalence
to develop metabolic syndrome and CVDs in AS patients [7].

White adipose tissue is described as an endocrine organ,
which secrete a wide variety of factors called adipokines,
which have multiple functions. At present, it is well known
that adipokines play relevant roles in the pathophysiology
of rheumatic diseases and CVDs [8, 9]. To note, visceral
fat accumulation associated with adipokine dysregulation
affects both atherosclerotic plaque development and plaque
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disruption [10, 11]. Clearly, when the advanced plaque
becomes unstable, ruptures can occur, establishing an acute
coronary syndrome that is aggravated by the adipokine-
induced prothrombotic and inflammatory state, which can
further worsen syndromes.

Here, we present an updated review based on the func-
tion played by four adipose tissue-derived factors (leptin,
adiponectin, visfatin, and resistin) in atherosclerosis and
different rheumatic diseases.

2. Leptin

Leptin is a 16 kDa nonglycosylated hormone encoded by
the gene ob, the murine homologue of the human gen LEP
[12]. It belongs to class I cytokine superfamily, consisting
of a bundle of four α-helices. Leptin is mainly produced
by adipocytes and circulating levels are correlated with
WAT (white adipose tissue) mass. It decreases food intake
and increases energy consumption by acting on specific
hypothalamic nuclei, where leptin induces anorexigenic fac-
tors as cocaine amphetamine-related transcript (CART) and
suppressing orexigenic neuropeptides such as neuropeptide
Y (NPY) [13]. Leptin levels are mostly dependent on the
amount of body fat, but its synthesis is also regulated by
inflammatory mediators [14]. Leptin exerts its biological
actions through the activation of its cognate receptors, which
are encoded by the diabetes gene (db) and belong to the
class I cytokine receptor superfamily. There are six different
isoforms of leptin receptors, but only the long isoform
is functional (Ob-Rb). Several tissues produce leptin and
express its receptors, including those of the cardiovascular
system such as blood vessels and cardiomyocytes [15]. Leptin
gene expression is mainly regulated by food intake, energy
status, hormones, and also by inflammatory mediators [8,
16]. Genetic deficiency in the gene encoding for leptin or its
receptors provokes severe obesity and diabetes mellitus.

3. Leptin and Atherosclerosis

Leptin is associated with cardiovascular diseases (CVD)
(Figure 1), In fact, elevated serum concentrations of this
adipokine are related with myocardial infarction and stroke
independently of traditional cardiovascular risk factors
[17]. Moreover, it has been proposed that leptin plays a
pathogenic role in atheromatous plaques, due to its positive
association with C-reactive protein (CRP) and soluble
IL-6 receptor (sIL-6R) [18], two inflammatory mediators
involved in the pathogenesis of atherosclerosis [19, 20].
The proatherogenic actions of leptin are supported by
several experimental observations demonstrating that this
adipokine induces hypertrophy of vascular smooth muscle
cells [21] and the production of matrix metalloproteinase
2 (MMP-2) [22]. The latter develops main actions in
plaque rupture [23]. Also, leptin could stimulate vascular
remodeling by promoting profibrotic cytokines production
[24]. Apart from this, leptin increases the secretion of
proatherogenic lipoprotein lipase by cultured human and
murine macrophages [25], enhances platelet aggregation

[26, 27], and induces C-reactive protein (CRP) expression in
human coronary artery endothelial cells [28].

It has been described that leptin induces caveolin-1
expression in endothelial cells [29]. Caveolin-1 plays a rel-
evant regulatory role in the development of atherosclerosis,
promoting the transcytosis of LDL to the subendothelial
space, and inhibiting eNOS function [30, 31]. This study
represents a novel mechanism through which hyperleptine-
mia contributes to the development of atherosclerosis.
Recently, it has been reported that leptin was able to increase
plasminogen activator inhibitor-1 (PAI-1) expression in
human coronary artery endothelial cells [32]. PAI-1 plays
an important role in the development and progression
of atherosclerosis [33, 34], with its deficiency described
to protect being against atherosclerosis progression [35].
Indeed, in human atherosclerotic arteries, PAI-1 production
and enhanced expression appear to be directly related with
the degree of atherosclerosis [36].

4. Leptin and Rheumatic Diseases

In addition to its well-known actions on immune system,
leptin has also been associated with rheumatic diseases due
to its ability to modulate bone and cartilage metabolism
[37, 38].

Leptin plays main actions in certain autoimmune dis-
eases such as rheumatoid arthritis (RA). This idea is
supported by several in vitro and in vivo studies. Serum
leptin levels were increased in RA patients compared to
healthy controls [39, 40]; however, other studies reported
unchanged levels [41]. Moreover, several authors suggested
that a correlation between the RA disease activity and
leptin levels might exist [42–44]. To note, synovial/serum
leptin ratio was correlated with disease duration and erosion
parameters in RA patients [45], whereas other authors did
not found any correlation between leptin levels and disease
activity [46]. In patients undergoing anti-TNF-α therapy
because of severe diseases refractory to conventional therapy,
there was a positive correlation between body mass index
of RA patients and serum level of leptin [46]. Interestingly,
in these patients there was a correlation between leptin
levels and VCAM-1 [46]. This is of potential irrelevance
as biomarkers of endothelial dysfunction endothelial cell
activation have been found elevated in patients with RA
and anti-TNF blockade improved endothelial dysfunction
[47] and also yielded a decrease of the levels of some of
these endothelial cell activation biomarkers [48]. Regrettably,
although different studies have confirmed the influence of
gene polymorphisms, located in inside and outside the
MHC region, in the increased risk of endothelial dysfunction
and cardiovascular events observed in patients with RA
[49–51], leptin-LEP polymorphisms do not seem to be a
genetic risk factor for disease susceptibility or clinically
evident cardiovascular disease and subclinical atherosclerosis
in patients with RA [52].

Low leptin levels, related with food restriction, have been
linked to CD4+ lymphocyte hyporeactivity and increased
interleukin-4 secretion [53]. Leptin was involved in RA-
induced hypoandrogenicity, due to the fact that leptin levels
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Figure 1: Schematic representation of the involvement of leptin, adiponectin, resistin, and visfatin in atherosclerosis.

were negatively correlated to androstenedione [54]. Then,
since leptin acts as a proinflammatory factor and androgens
are commonly considered as anti-inflammatory agents, the
preponderance of leptin and hypoandrogenicity may help
to perpetuate chronic rheumatic diseases such as RA. In
addition, TNF-α blockers such as infliximab or adalimumab
did not modify serum leptin levels [46, 54, 55]. Several
studies carried out in arthritis animal models, as well as
in vitro studies, support the involvement of leptin in RA [56].

Leptin stimulation increases IL-8 production in RA
synovial fibroblasts via leptin receptor/JAK2/STAT3 pathway
[57]. However, the effects of leptin in RA are not only related
to articular tissues. Leptin also modulates the activity of
multiple immune cells, including regulatory T cells, which
are potent inhibitors of autoimmunity [58]. The ability of
leptin to induce regulatory T cells anergy and T-cell receptor
hyporesponsiveness has gained much interest since altered
functioning of this cell type was described in RA [59].

Leptin has also been related with osteoarthritis (OA)
and cartilage metabolism. It is known that chondrocytes
from human OA cartilage produce much more leptin than
chondrocytes from normal cartilage [60]. Moreover, leptin
was found in synovial fluid from OA-affected joints [60, 61].
In fact, the expression pattern of leptin was related to the
grade of cartilage destruction [60] and with the severity of
the disease, with the highest levels of leptin in being the
advanced stages of the disease [62, 63].

Recently it has been reported that extreme obesity due
to the impaired leptin signalling induces alterations in

subchondral bone morphology but without increasing the
incidence of OA [64]. These results suggest that obesity, per
se, is not sufficient to induce OA, leptin being necessary
in the development and progression of OA associated with
obesity. In vitro experiments also pointed a role of leptin
in OA. Leptin increases IL-8 production by OA synovial
fibroblasts and chondrocytes [57, 65]. In human cultured
chondrocytes, leptin synergizes with IL-1 and interferon-γ
in the synthesis of nitric oxide [38, 66]. In addition, this
adipokine enhances MMP-9, MMP-13, prostaglandin E2 and
IL-6 production in human chondrocytes [63, 67]. Leptin has
also been related with bone metabolism. Actually it has been
suggested that abnormal leptin production by OA osteoblasts
could be responsible for an altered osteoblast function in OA
[68].

Regarding the role of leptin in systemic lupus erythema-
tous (SLE), some contradictory data exists. Nowadays, most
of the studies suggest a role for leptin in this disease. Several
authors found higher leptin levels in SLE patients compared
with healthy controls, even after BMI correction [69–73].
Interestingly, in some of these studies, the hyperleptinemia
was associated with cardiovascular diseases and with several
features of the metabolic syndrome [72, 73]. Indeed, using a
lupus animal model, it was determined that leptin enhanced
the proinflammatory high-density lipoproteins scores and
atherosclerosis induced by a high-fat diet [74], indicating
that factors related with metabolic syndrome can accelerate
the disease and its cardiovascular complications. On the
other hand, other groups have described lower or unchanged
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Figure 2: Schematic representation of leptin implication in several rheumatic diseases.

circulating leptin levels in SLE patients compared to healthy
control [75, 76].

The role of leptin in ankylosing spondylitis (AS) is
still unclear and the data available are almost limited. For
instance, certain studies have not found any correlation
between serum leptin concentrations and markers of disease
activity [77, 78]. However, other authors determined an asso-
ciation among serum leptin levels, CRP, IL-6, and markers of
disease activity [79, 80]. In addition, it has been also reported
that peripheral blood mononuclear cells (PBMCs) from AS
patients express higher amounts of leptin compared with
PBMCs from controls [81], and exogenous administration
of leptin exacerbates the production of proinflammatory
cytokines in PBMCs from AS patients compared with those
from controls [81] (Figure 2).

5. Adiponectin

Adiponectin, also known as GBP28, apM1, Acrp30, or
AdipoQ, is a 244-residue protein with structural homology
to types VIII and X collagen and complement factor C1q that
is prevalently synthesized by adipose tissue. Adiponectin cir-
culates in the blood in large amounts and constitutes approx-
imately 0.01% of the total plasma proteins and it is secreted
from adipocytes as different molecular forms (trimers, hex-
amers, and also 12–18-monomer forms) [82, 83]. It increases
fatty acid oxidation and reduces the synthesis of glucose in
the liver and other tissues [82]. Ablation of the adiponectin
gene has no dramatic effect on knockout mice on a normal
diet, but when placed on a high-fat/sucrose diet, animals
develop severe insulin resistance and exhibit lipid accumula-
tion in muscles [84]. Circulating adiponectin levels tend to be

low in morbidly obese patients and increase with weight loss
and with the use of thiazolidinediones (insulin-sensitizing
drugs) which enhance sensitivity to insulin [82, 85].

Adiponectin acts via two receptors, one (AdipoR1) found
predominantly in skeletal muscle and the other (AdipoR2) in
liver. Transduction of the adiponectin signal by AdipoR1 and
AdipoR2 involves the activation of AMPK, PPAR-α, PPAR-
γ, and other signalling molecules [82]. To note, targeted
disruption of AdipoR1 and AdipoR2 causes abrogation of
adiponectin binding and all its metabolic actions [86].
The gene that codes for human adiponectin is located on
chromosome 3q27, a locus linked with susceptibility to
diabetes and cardiovascular diseases [87].

6. Adiponectin and Atherosclerosis

Unlike most other adipokines, plasma levels of adiponectin
are decreased in obesity and related pathologies, includ-
ing type 2 diabetes and cardiovascular diseases [88].
Adiponectin possesses multiple healthy effects on obesity-
related metabolic complications, dyslipidaemia, nonalco-
holic fatty liver disease, and several types of cancers [89]. It
has been suggested that hypoadiponectinemia is an indepen-
dent risk factor for hypertension [90] and has a detrimental
effect on aortic stiffness [91]. Furthermore, subjects carrying
the genetic variants that are related to lower plasma levels
of adiponectin have a higher risk of hypertension [92,
93]. Several studies have shown that dyslipidemia is also
associated with low circulating levels of adiponectin, even
in the absence of other metabolic syndrome risk factors
[94]. Hypoadiponectinemia has been linked to inflammatory
atherosclerosis, suggesting that normal adiponectin levels are
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required to maintain a noninflammatory phenotype on the
vascular wall [8].

Adiponectin might regulate many steps in the athero-
genic process, such as antiapoptotic actions on endothelial
cells and angiogenic effects on the vasculature [95]. Anti-
atherosclerotic effects of adiponectin were exerted through
multiple actions on almost each vascular cell type, such as
cardiomyocyte endothelial cell and endothelial progenitor
cell. Particularly, adiponectin inhibits neointimal formation
by suppressing proliferation and migration of vascular
smooth muscle cells [96–98], blocks inflammation and
foam cell formation from macrophages [99, 100] and
stimulates the production of the anti-inflammatory cytokine
IL-10 and of interleukin 1 receptor antagonist (IL1Ra) by
macrophages [101]. Adiponectin also was able to inhibit
the production of reactive oxygen species (ROS) in cultured
endothelial cells [102–104]. In addition to its effects on the
vasculature, several studies in vitro and in vivo demonstrated
that adiponectin acts directly on cardiomyocytes to protect
the heart from ischaemic injury, hypertrophy, cardiomy-
opathy and systolic dysfunction [105]. In particular, the
cardioprotective effects of adiponectin are attributed to its
ability in suppressing apoptosis, oxidative/nitrative stress,
and inflammation in cardiomyocytes [106]. Also, high
plasma adiponectin levels are associated with a lower risk
of myocardial infarction in men [107], a reduced coronary
heart disease risk in patients with diabetes mellitus [108], and
a lower risk of acute coronary syndrome [109] (Figure 1).

7. Adiponectin and Rheumatic Diseases

In contrast to its previously described protective role in
cardiovascular diseases and obesity, there are multiple evi-
dence that adiponectin acts as a proinflammatory factor
in joints and it could be involved in matrix degradation.
Adiponectin levels have been found to be higher in RA
patients than in healthy controls [39, 110–114]. Recently,
it has been reported that adiponectin and adiponectin
receptor-1 expression are higher in synovial fluids and the
synovial tissues of RA patients compared with controls,
confirming the correlation of circulating adiponectin levels
with the severity of RA [115]. In RA patients undergoing
anti-TNF infliximab therapy because of severe disease, high-
grade inflammation was independently and negatively cor-
related with circulating adiponectin concentrations, whereas
low adiponectin levels clustered with metabolic syndrome
features such as dyslipidemia and high plasma glucose levels
that have been reported to contribute to atherogenesis in
RA [116]. However, the interaction of high-grade inflamma-
tion with low circulating adiponectin concentrations does
not likely to be TNF-α mediated in RA [116]. Also, no
association between adiponectin and carotid intima-media
wall thickness, a surrogate marker of cardiovascular events
in RA [117], was observed in patients with RA [118]. In
keeping with these negative results, no associations between
functional adiponectin-ADIPOQ rs266729 and ADIPOQ
rs1501299 polymorphisms and cardiovascular disease were
found in patients with RA [119].

Several studies supported the catabolic role for adi-
ponectin. It has been reported that adiponectin is able
to stimulate the production of PGE2, IL-6, IL-8, vascular
endothelial growth factor, and MMP-1 and MMP-13 in RA
synovial fibroblasts [62, 120–122]. In addition, in cultured
human chondrocytes and synovial fibroblasts, adiponectin
also induces the production of NO, IL-6, MMP-3, MMP-
9, monocyte chemotactic protein 1 (MCP-1), and IL-8 [65,
123–125]. Adiponectin has a similar behaviour in other
cell types also involved in the RA, such as lymphocytes
and human macrovascular endothelial cells. This adipokine
promotes inflammation through increased TNF-α, IL-6, IL-
8, and RANTES secretion by human primary lymphocytes.
Moreover, it induces IL-6, IL-8, MCP-1, and RANTES secre-
tion by human macrovascular endothelial cells [126, 127].

Concerning the role of adiponectin in SLE, several
studies have showed elevated levels of this adipokine in
SLE patients [70, 73, 75]. Nevertheless, other authors did
not find any difference in adiponectin levels between SLE
patients and controls [72, 128]. However, the same authors
find a positive correlation of leptin with vascular stiffness
parameters whereas adiponectin inversely correlates [129].

In the study by Rovin et al. [130], the authors showed that
serum adiponectin levels are higher in patients with renal
SLE than in healthy controls and in patients with nonrenal
SLE. In addition, lower levels of adiponectin were presented
in SLE patients with insulin resistance (IR) compared to SLE
subjects without IR [70]. It also has reported that mice with
experimental lupus, that lack adiponectin, develop more
severe disease than wild-type mice, suggesting the involve-
ment of adiponectin in regulating disease activity [131].

In addition, very recently, McMahon and colleagues
have demonstrated that leptin levels confer increased risk
of atherosclerosis in women with systemic lupus erythe-
matosus and that there is no significant association between
adiponectin and atherosclerotic plaques in SLE [132].

Little is known about the role of adiponectin in other
rheumatic diseases, such as AS and Sjögren’s syndrome.
However, it has reported that serum adiponectin levels are
not different between AS patients and healthy controls [78].
Regarding the Sjögren’s syndrome, it has been described that
adiponectin is expressed in salivary gland epithelial cells, and
this expression is higher in patients with Sjögren’s syndrome
[133]. Moreover, the same group was demonstrated that
adiponectin is able to protect salivary gland epithelial
cells from spontaneous and INF-γ-induced apoptosis [134]
(Figure 3).

8. Visfatin

Visfatin, also called PBEF (pre-B-cell colony-enhancing fac-
tor), and Nampt (nicotinamide phosphoribosyltransferase),
is a protein of approximately 471 amino acids and 52 kDa
[135]. It is a hormone that originally was discovered in liver,
bone marrow, and muscle, but it is also secreted by visceral
fat [135, 136].

It has been reported that visfatin is increased in obesity.
Moreover, leucocytes from obese patients produce higher
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amounts of visfatin compared with lean subjects, and specif-
ically, granulocytes and monocytes are the major producing
cells [137, 138]. Macrophages have been described as a source
for visfatin production too [139].

It is supposed that visfatin has insulin mimetic prop-
erties; however, the role of this adipokine in glucose
metabolism is still unclear [136, 140]. Visfatin is upregulated
in models of acute injury and sepsis [141], and its synthesis
is regulated by other factors such as glucocorticoids, TNF-
α, IL-6, and growth hormone (GH). Moreover, visfatin has
been shown to induce chemotaxis and the production of IL-
1β, TNF-α, and IL-6 in lymphocytes [138].

9. Visfatin and Atherosclerosis

The role played by visfatin in atherosclerosis is still confused,
but some studies recognize the involvement of this adipokine
in atherosclerotic processes (Figure 1). Serum visfatin con-
centrations were increased in metabolic syndrome patients
with atherosclerotic plaques compared with those without
carotid atherosclerosis [142]. Moreover, visfatin expression
was found to be increased in symptomatic plaques, while
asymptomatic plaques presented lower visfatin expression
[143]. Recently, it has been described that visfatin pericoro-
nary fat expression was positively correlated with coronary
atherosclerosis [144], in addition CRP and the atherogenic
small dense low-density lipoprotein subclasses (sdLDL-C)
levels were increased in individuals with higher visfatin levels
[145]. All of these data suggest that visfatin develops certain
actions in the progression of atherosclerosis, probably related
to the fact that visfatin acts as an inflammatory mediator.

In vitro experiments support a proinflammatory role
of visfatin. This adipokine induces MCP-1 expression in
human endothelial cells via NF-κB and PI3Kinase [146].
In line with this, macrophage foam cells from coronary
atherosclerotic lesions produce visfatin, and this is able to
enhance inflammatory factors synthesis such as IL-8, TNF-α,
or MMP-9 in the monocytic cell line THP-1 and in PBMCs
[143]. These results indicate strong proinflammatory effects
of visfatin, which could be related with atherogenesis and
plaque destabilization.

Another study reveals that visfatin could improve endo-
thelial function by increasing eNOS expression [147].

10. Visfatin and Rheumatic Diseases

Serum visfatin levels were also increased in RA patients com-
pared with healthy controls [39, 112, 148]. This adipokine
has important proinflammatory and catabolic roles in RA
pathogenesis, and it is now being intensively studied as a
potential target in this illness. In fact, serum and synovial
visfatin concentrations were associated with the degree of
inflammation, clinical disease activity, and with increased
radiographic joint damage [112, 149, 150]. Although in a
study that included RA patients with severe disease under-
going anti-TNF-α infliximab therapy, visfatin levels were
not associated with inflammation or metabolic syndrome
and infliximab infusion did not show significant changes in
visfatin levels [151], another study showed that prolonged
anti- TNF-α treatment may reduce visfatin levels [151, 152].
Brentano et al. reported an interesting study, in which high
levels of visfatin were observed in the synovial lining layer
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and at sites of cartilage loss [149]. In addition, the authors
demonstrate that visfatin induced IL-6, IL-8, MMP-1, and
MMP-3 production in RA synovial fibroblasts as well as IL-
6 and TNF-α in monocytes. Notably, visfatin knockdown in
RA synovial fibroblasts significantly reduced the synthesis of
IL-6, IL-8, MMP-1, and MMP-3 [149].

Other authors identified visfatin as a key component of
the inflammatory processes leading to arthritis, because vis-
fatin inhibition significantly reduced inflammation, cartilage
damage, and the severity of arthritis in a collagen-induced
arthritis animal model [153]. Moreover, the inhibition of
this adipokine reduced the circulating levels of TNF-α
[153]. Anyway, the mechanisms by which visfatin exerts its
proinflammatory and catabolic functions in the arthritic
joint are not well understood, therefore, the use of visfatin
as a therapeutic target needs to be studied more in deep.

Visfatin is encoded by the NAMPT gene. Studies
on the potential influence of functional NAMPT gene
polymorphisms in the risk of cardiovascular disease of
RA were conducted. However, no significant association of
NAMPT rs9770242 and rs59744560 polymorphisms with
disease susceptibility and cardiovasculary risk in patients
with RA was observed [154].

At cartilage level, human OA chondrocytes produce
visfatin, and similar to IL-1β, visfatin is able to enhance
the synthesis of prostaglandin E2 [155]. This adipokine
also increases the expression of ADAMTS 4, ADAMTS5,
MMP-3, and MMP-13, which are very relevant cartilage
degradative enzymes [155]. To note, OA patients had higher
synovial fluid visfatin concentrations, which are correlated
with degradation biomarkers such as collagen type II and
aggrecan [156]. Taken together, these data indicate that
visfatin develops catabolic functions at cartilage level, and it
could play an important role in the pathophysiology of OA.

Studies performed in SLE and AS patients present
conflicting results. Some authors determined higher visfatin
levels in SLE patients than in healthy controls [73], but others
did not found any variation between patients and controls
[157]. Similarly, there was no association between visfatin
levels and disease activity in both SLE and AS [77, 157].

11. Resistin

Resistin, known as adipocyte-secreted factor (ADSF) or
found in inflammatory zone 3 (FIZZ3), was discovered in
2001 and was proposed as potential link between obesity and
diabetes [158]. It was secreted by adipose tissue but has been
found also in macrophages, neutrophils, and other cell types.
Serum resistin levels increase with obesity in mice, rats, and
humans [159, 160]. Resistin belongs to a family of resistin-
like molecules (RLM) with distinct expression patterns and
biological effects [161].

In animal models, resistin promotes insulin resistance,
while the evidence for this effect in human is less clear
[158, 162]. Also, it was observed that resistin production is
restricted to adipocytes in mice, while in humans it is mainly
derived from circulating monocytes and macrophages [163].

12. Resistin and Atherosclerosis

Increasing evidence indicates that resistin might play impor-
tant regulatory roles apart from its role in insulin resistance
and diabetes, in a variety of biological processes such
as atherosclerosis and cardiovascular diseases (Figure 1).
Several studies suggested that resistin was involved in
pathological processes, leading to CVD including inflam-
mation, endothelial dysfunction, thrombosis, angiogenesis,
and smooth muscle cell dysfunction [164, 165]. Several
studies have showed that CVD is accompanied by changes
in serum resistin levels, including [166]. Moreover, a sim-
ilar study demonstrated a significant increase in plasma
resistin levels in patients with unstable angina when com-
pared with patients with stable angina or control patients
[167]. Resistin levels were elevated in ACS, which has
been hypothesized to be due to release of resistin from
atherosclerotic plaque during plaque rupture [168]. In
addition, the group of Jung has showed that macrophages
infiltrating atherosclerotic aneurysms were able to secrete
resistin, which in turn, affects endothelial function and
vascular smooth muscle cell migration, thus, contributing
to atherogenesis [169]. Resistin also might be involved
in the maintenance of epithelial cell barrier function, a
physical barrier between blood and the arterial wall. In
fact, it has been reported that high concentrations of
resistin generated in conditional media from epicardial
adipose tissue of patients with ACS, increase endothelial
cell permeability [170]. Very recently, a novel role of
resitin has been described in modulating serum low-density
lipoproteins and, thereby, atherosclerotic CVDs in obese
humans [171].

13. Resistin and Rheumatic Diseases

There are several demonstrations that resistin may be
involved in the pathogenesis of RA. Increased levels of this
adipokine it have previously been observed in synovial fluid
from patients of rheumatoid arthritis (RA) compared to
patients with noninflammatory rheumatic disorders [110].
Resistin may be a significant mediator in the inflammatory
process of RA. In fact, serum resistin levels are associated
with disease activity and acute phase reactants, including C-
reactive protein and IL-1Ra antagonizing IL-1β [172, 173].
However, resistin-RTN rs1862513 polymorphism was not
found to be a genetic risk factor for both clinically evident
cardiovascular disease and subclinical atherosclerosis in a
large series of patients with RA [174].

Resistin has been found in the plasma and synovial
fluid of RA patients, and injection of resistin into mice
joints induces an arthritis-like condition, with leukocyte
infiltration of synovial tissues, hypertrophy of the synovial
layer, and pannus formation [173, 175]. Bokarewa et al.
have showed that resistin induces and is induced by several
proinflammatory cytokines, such as TNF-α or IL-6, in
peripheral blood mononuclear cells, via NF-κB pathway,
indicating that resistin can increase its own activity by a
positive feedback mechanism [175]. This group has recently
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demonstrated that resistin utilizes IGF-1R pathway in RA
synovial [176].

Increased serum resistin in patients with rheumatoid
arthritis correlated with both C-reactive protein (CRP) and
DAS28, suggesting a role of this adipokine in the patho-
genesis of rheumatoid arthritis [173]. Gonzalez-Gay et al.
have confirmed this association between laboratory markers
of inflammation, particularly CRP and resistin levels and
have showed that anti-TNF-alpha therapy results in a rapid
reduction of serum resistin levels in patients with RA [177].

Recent experimental data suggest that resistin, in the
presence of dentritic cells, might induce the expansion of
functional regulatory T cells [178].

The proinflammatory profile of resistin, together with its
association with obesity, suggests that this adipokine might
be another potential mediator that links OA with inflamma-
tion and obesity.

In addition, resistin has a role as a marker of inflam-
mation in other rheumatic diseases, such as systemic lupus
erythematous (SLE) [179]. In fact, Almehed et al. have dem-
onstrated a positive correlation between serum resistin levels,
inflammation, bone mineral density, and renal functions in
patients with SLE [180].

In a very recent study, higher serum resistin levels have
been reported in patients with AS compared to healthy sub-
jects giving clues that resistin could have also a role in the
pathogenesis of AS [181].

14. Conclusions

Adipose tissue-derived factors, called adipokines, are now
considered to play multiple and relevant roles in the body,
including a complex adipokine-mediated interaction among
white adipose tissue, cardiovascular disorders, and rheumatic
diseases. The chronic increase of the inflammatory tone is
generally associated with an increased risk for the develop-
ment of cardiovascular diseases, and the proinflammatory
environment presented in rheumatic diseases contributes to
the increase of severe cardiovascular disorders. In addition,
the inflammatory functions exerted by adipokines in certain
rheumatic diseases could explain some of their associated
cardiovascular comorbidities, suggesting a potential thera-
peutic role for these molecules.

Anyway, the main causes of abnormal fat mass accumu-
lation and adipokine dysfunction are bad nutritional and
lifestyle habits, such as overeating and physical inactivity.
Therefore, the first therapeutic approach for cardiovascular
disorders in rheumatic diseases should be the correction of
these bad habits.

In summary, modification in the lifestyle, as well as
other therapeutic interventions leading to reduce fat mass,
and its associated dysfunction might improve cardiovascular
mortality in patients with rheumatic diseases.
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