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Abstract Rheumatoid arthritis (RA) is associated with
increased cardiovascular (CV) morbidity and mortality,
related not only to traditional CV risk factors, but also to a
chronic inflammatory state. However, lipid profiles in RA
are different from those observed in the general population
at risk of CV disease, where there is evidence of a positive
relationship between disease and high cholesterol levels. In
untreated patients with active RA this relationship is differ-
ent, with a paradoxical effect resulting in lower levels of
cholesterol associated with an increased risk of CV disease.
In this review, we summarize the latest evidence on lipid
abnormalities in the setting of RA and the interaction
between inflammation and lipoproteins, as well as the effect
of DMARDs and biologic therapies on lipid profiles and the
possible implications for CV outcomes in this population.
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Introduction

In inflammatory rheumatic diseases, accelerated athero-
sclerosis leads to increased cardiovascular (CV) morbid-
ity and mortality [1]. Patients with rheumatoid arthritis
(RA) have higher odds ratios (ORs) for ischemic
cerebro-vascular events and myocardial infarction (MI),
as compared with healthy matched controls [2, 3]. This
increased CV risk remains after adjusting for traditional
cardiac risks factors, including age, diabetes, hyperlipi-
demia, and hypertension [4].

The lipid profile in patients with RA differs from
what is observed in the population at large. Many
studies have reported decreases in total cholesterol
(TC), low-density lipoprotein cholesterol (LDLc), and
high-density lipoprotein cholesterol (HDLc) prior to
RA development and in patients with active untreated
RA [5–7]. Since both HDLc and TC are decreased, the
atherogenic index (AI), calculated as the TC/HDLc
ratio, will vary according to their relative decrease; in
fact, high AI has been reported despite low TC [7].
These findings contrast with those in patients without
RA, where CV risk is associated with increased choles-
terol levels [8]. In RA, the major determinant of CV
disease appears to be the presence of elevated inflam-
matory markers [9•].

These paradoxical effects are not well understood, and the
relationship and interactions between inflammation, lipid pro-
files, and CV disease in RA appear to be quite complex.
Furthermore, the effects of RA therapies on lipid profiles and
CV risk as inflammation decreases are only recently being
recognized. We did a literature search in Medline, EMBASE,
and the Cochrane Library of articles in English, French, Ger-
man, and Spanish published between January 2007 andMarch
2012 on the most recent evidence on lipid profiles in RA, the
interaction between inflammation and lipoproteins, the effects
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of disease-modifying antirheumatic drugs (DMARD) and bio-
logic therapies on lipid profiles, and the impact of these factors
on CV disease.

Atherosclerosis

In individuals without RA, one of the major contributors to
atherosclerosis and CV events is an atherogenic lipid profile
with high levels of TC and LDLc, together with low levels
of HDLc [8]. Various mechanisms are involved in the patho-
genesis of the atherosclerotic lesion, including inflamma-
tion, dyslipidemia, endothelial damage, and immune
processes. Figure 1 schematically shows the mechanisms
involved in atherosclerosis. Briefly, LDLc moves in and
out of artery walls, where it is oxidized (oxLDLc), becom-
ing proinflammatory. Endothelial cells are injured, increas-
ing the expression of adhesion molecules and releasing
inflammatory products, particularly cytokines such as tumor
necrosis factor alpha (TNF-α), interleukin-1 (IL-1),
interleukin-6 (IL-6), and interferon gamma (INF-γ). The
release of cytokines attracts monocytes into the artery wall,
crossing it and evolving into monocytes/macrophages that
engulf oxLDLc to form foam cells. These cells play a key
role in the formation of the atherosclerotic plaque by releas-
ing growth factors and proteinases that destroy normal tissue
and cause smooth muscle hypertrophy in the arterial wall.
Cytokines released by damaged endothelium and foam cells
also attract additional cells, including T and B lymphocytes,
which contribute to further damage. HDLc protects the
artery wall from plaque formation through its apolipoprotein
A (ApoA-I) molecules, which help in the reverse transport
of cholesterol. ApoA-I can move cholesterol from foam
cells into macrophages and out of the endothelial cells.
Moreover, HDLc inhibits oxidation of LDLc through the
release of antioxidant enzymes such as lecithin cholesterol
acyltransferase (LCAT) and paroxonase 1 (PON1). HDLc
has also been implicated as an immunomodulator through
inhibition of adhesion molecule expression in endothelial
cells [10, 11]. HDLc molecules are altered during stress and
inflammation, with decreased levels of Apo A and PON1 as
a result of the oxidative stress process, losing some of its
anti-inflammatory properties (pro-inHDLc) [10].

Lipid Profiles in RA

The lipid profile in RA is altered quantitatively and qual-
itatively. A continuous decline in TC and LDLc levels has
been demonstrated during the 5 years prior to the develop-
ment of RA, and an increase in the AI has also been
observed [5–7]. Different observational studies have found
abnormal lipoprotein and apolipoprotein patterns in RA,

with higher levels of lipoprotein a [Lp (a)]. Lp (a) is a
cholesterol-rich lipoprotein similar to the LDLc particle,
known to be a risk factor for atherosclerosis [12]. HDLc is
decreased with an increase in TC/HDLc and LDLc/HDLc
ratios. Apolipoprotein B (Apo B) is one of the major apoli-
poproteins in LDLc; the Apo B/Apo A ratio is also
increased in RA [7, 13, 14]. There is controversy regarding
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Fig. 1 Pathogenesis of atherosclerosis (1) Cytokines attract monocytes
(Mono) ,damaging endothelial cells (ECs) ,increasing adhesion mole-
cules (AM) and inflammation. (2) and (3) Monocytes evolve into
macrophages (M) incorporating LDLc through the LDLc receptor
(LDLcR). (4) LDLc is oxidized (oxLDLc), becoming pro-
inflammatory. Macrophages engulf oxLDLc to form foam cells
(FCs). Damaged ECs increase AMs and release inflammatory prod-
ucts: tumor necrosis factor alpha (TNF-α), interleukin-1 (IL-1),
interleukin-6 (IL-6), and Interferon gamma (INF-γ). (5) FCs release
growth factors and proteinases, damaging tissue and leading to athero-
sclerotic plaque formation. (6) Cytokines attract additional cells,
including T and B cells, promoting further damage. (7) Interaction
between T and B cells perpetuates inflammation. Right upper corner
of figure: HDLc prevents atherosclerosis, through the role of apolipo-
protein A (ApoA-I) in the reverse transport of cholesterol from FC to
M, and out of EC in the arterial wall, and from interfering with the
oxidation of LDLc by antioxidant enzymes, including Lecithin/choles-
terol acyltransferase (LCAT) and paroxonase 1 (PON1)
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triglyceride (TG) levels in RA, with some suggesting an
increment in TG in the setting of inflammation [15] and
others reporting decreased levels [16].

While studies in the general population indicate a pos-
itive relationship between CV disease and cholesterol levels
[8], in RA this relationship is different, likely as a result of a
chronic inflammatory state, where inflammation as a CV
risk factor seems to be inversely associated with cholesterol
levels [9•]. In the CARRE study, which examined the occur-
rence of fatal and nonfatal CV events and their association
with lipid profiles and inflammatory markers in a cohort of
patients with RA, increasing C-reactive protein (CRP), a
well known inflammatory marker, was negatively associated
with TC, HDLc, and Apo A-I levels [17]. Inflammatory
markers are associated with increased risk of CV death in
RA patients, even when other CV risk factors are controlled
for [18]. In a population-based inception cohort of patients
with RA, Myasoedova et al. found that CV risk in RA was
associated with an increased erythrocyte sedimentation rate
(ESR) and, concomitantly, decreased TC and LDLc [19••].

Effect of Therapy on the Lipid Profiles of Patients
With RA

There are different targets in the therapeutic pathophysio-
logic pathways in RA. Nonsteroidal anti-inflammatory
drugs (NSAIDS) are used for symptomatic control, and
although relevant to CV outcomes, their effects are beyond
the topic of this review. We will review here the effects of
treatment with (1) glucocorticoids, (2) traditional DMARDs,
and (3) biologic agents. In general, it is known that as
inflammation decreases with therapy in RA, lipid levels rise
[20–22], and TC and HDLc appear to increase more in
DMARD responders, as compared with nonresponders
[23]. A summary of the reported effects on lipids of the
various RA therapies is shown in Table 1. Specific findings
for each drug or class of drugs are described below.

Glucocorticoids

The current thinking about the use of glucocorticoids in RA
is that they adversely impact lipid profiles and CV risk [24].
Yet there is contradictory evidence on the impact of steroids
on lipid metabolism; many studies have not adequately
controlled for confounding factors, and often, the dosages
used in many studies is higher than the low doses recom-
mended for therapy in RA [25]. In a randomized controlled
trial evaluating the effect of low-dose prednisolone (7.5 mg
daily) added to DMARD, Hafstrom et al. [26] examined the
lipid profiles of patients after treatment for 2 years and did
not find statistically significant differences in the levels of
TC, LDLc, HDLc, Lp (a), and TG between those who

received steroids and those who did not. However, in a
subset of patients who were treated with prednisolone for
4 years, there was a significant increase in TC. Supporting
these results, a cross-sectional study in women with RA [27]
examined lipid profiles, comparing patients treated with
low-dose prednisone (mean dose, 5.1 mg daily) in conjunc-
tion with DMARDs for a mean total duration of therapy of
9 years with patients treated with DMARDs only. There
were no changes in the level of TC, TG, LDLc, and its main
protein, Apo B, in patients on low-dose steroid therapy, but
HDLc levels increased by 14.7 %. This suggests that in
patients with RA, the corticosteroid effect of suppressing
inflammation may be more important than the effects on
lipid profiles when inflammation is not present [17]. In
another study, glucocorticoid therapy was independently
correlated with increased levels of HDLc and TG, but not
with levels of TC and LDLc; CRP levels had an inverse
relationship with TC, HDLc, and LDLc levels, but not with
any lipid ratio [28•, 29]. These findings diverge from the
observation made by Chung et al. [30••], where higher ORs
of high LDLc were found in patients with RA taking ste-
roids, as compared with controls (multivariable-adjusted
OR02.12 {1.14, 3.95}).

Independently of the effect of steroids on the lipid profiles
of patients with RA, these agents increase the prevalence of
hyperglycemia, diabetes mellitus type 2, osteoporosis, and
hypertension [31–34]. The use of steroids in high cumulative
doses has been linked to increased risk of CV mortality, MI,
and heart failure [35].

Because the interplay between inflammation and lipid
metabolism is complex, it is reasonable to think that lipid
profiles and CV risk of patients with RA treated with steroids
result from the opposing effects of the anti-inflammatory
action of steroids, and the potential resulting decrease in
atherosclerosis, and their deleterious effects on other CV risk
factors, including hypertension, diabetes mellitus type 2, and
hyperlipidemia. The final CV risk and outcome will depend
on which of these effects prevail, also considering duration of
treatment and dose [25–27].

DMARDS

As was mentioned before, a decrease in inflammation can
result in lower CV risk, independently of the effects of
abnormal lipid profiles. However, individual DMARDs
may have added effects. Hydroxychloroquine (HCQ) is an
antimalarial drug with DMARD properties commonly used
in RA and systemic lupus erythematosus [14]. Munro et al.
[36] compared patients with RA treated with HCQ or gold
and observed at 12 months a 15 % rise in HDLc in those
treated with HCQ, as compared with a 12 % decline in those
treated with gold (p0 .006). TC levels remained unchanged
in both groups. The mechanisms underlying the beneficial
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effects of HCQ on lipid profiles are not clear. While it may
have a general effect through the reduction of inflammation
and disease activity, it may also decrease cholesterol syn-
thesis in the liver and up-regulate LDLc receptors. Other
research has also supported the beneficial effects of HCQ in
lipid profiles [29], and a recent study by Toms et al. [28•]
showed that HCQ use was inversely associated with higher
levels of TC and LDLc and lower TC/HDLc and LDLc/
HDLc ratios in RA patients. Consistent with these results,
Morris et al. [37] found, in a retrospective study, that HCQ
use was associated with a significant decrease in LDLc, TC,
LDLc/HDLc ratio, and TC/HDLc (AI) in patients with RA.

With respect to CV outcomes, there is no data to support
whether the favorable changes on lipids seen with HCQ
translate into better CVoutcomes. A concern for cardiomyo-
toxicity has been raised on the basis of case reports (at least
20) of patients suffering from restrictive cardiomyopathy
and arrhythmias after prolonged use of chloroquine or
HCQ [38, 39].

Methotrexate (MTX) is the cornerstone treatment for RA.
Data regarding the impact of MTX on lipid profiles are
sparse and conflicting. In an observational study [29] in
patients with RA taking MTX or leflunomide, there was
no significant difference in the levels of LDLc, HDLc, and
TG. In contrast, another study reported that MTX may
induce increments in both TC and TG levels [40]. Another
report showed higher levels of TC and HDLc associated
with use of MTX [28•]. A recent systematic review [41]
evaluated the effects of MTX on CV disease in RA patients:
One study found no differences in lipid profiles after a 1-
year treatment with MTX; another one reported improve-
ment in lipid profiles, correlating with changes in CRP and
ESR levels; finally, another found no changes in lipid pro-
files with reductions in CRP during MTX therapy. Given the
conflicting results in these studies, it is difficult to establish
the net effect of MTX on lipids in these patients. With
regard to CV disease in patients with RA, most of the
studies evaluated in this review [41] showed that CV mor-
bidity, including death, MI, heart failure, and ischemic
stroke, were significantly decreased in patients taking
MTX. Overall, regardless of the conflicting effect of MTX
on lipid profiles in patients with RA, there seem to be
beneficial CV outcomes in this population, as supported by
another study demonstrating a reduced rate of MI in associ-
ation with MTX therapy in patients with RA [42].

Tumor Necrosis Factor α (TNF-α) Inhibitors

TNF-α is an inflammatory cytokine that has an atherogenic
effect on the endothelial cells of artery walls, inducing cell
apoptosis and up-regulating expression of adhesion mole-
cules [43]. TNF-α inhibitors neutralize soluble and/or
membrane-bound TNF-α. Currently, there are five agentsT
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approved for the treatment of RA in the US: infliximab
(human–mouse chimeric antibody), etanercept (fully
humanized TNF receptor-IgG1 fusion protein), adalimumab
(recombinant humanized IgG1 monoclonal antibody),
certolizumab-pegol (novel PEGylated human anti-TNF-α
antibody), and golimumab (fully human anti-TNF-α mono-
clonal antibody) [44]. Our prior systematic review [45]
found an increase in levels of TC, LDLc, HDLc, and TG
with treatment with anti-TNF-α in patients with RA. These
data are also supported by the subsequent literature, includ-
ing a recent review by van Sijl et al. [46] that found that TC
levels rose up to 10 % and HDLc increased up to 7 % within
6 months of therapy with TNF-α inhibitors, without
changes in the AI. Another meta-analysis [47] also sug-
gested that anti-TNF-α therapy is associated with significant
increments of TC, HDLc, and TG levels; LDLc and AI were
not affected. With long-term therapy, the ApoB/ApoA ratio
seemed to decrease, but further evaluation of these results is
necessary in larger studies.

A potential benefit from anti-TNF-α therapy is its
qualitative effect on HDLc. Oxidative changes seen
during inflammation and the presence of serum amyloid
A alter HDLc structure and decrease Apo A-I, an effect
reversed with TNF-α inhibitors [11, 48]. The beneficial
effect of TNF-α inhibitors could also be related to the
suppression of inflammation, with decreased CRP levels
associated, in turn, with increments in HDLc [20]. The
overall rise in TC levels that is seen after 6 weeks of
treatment can be a consequence of an increase in HDLc,
with a trend toward a more athero-protective lipid pro-
file that can potentially represent a benefit in terms of
CV risk in patients with RA [20, 45].

There is evidence to support that anti-TNF-α therapy
reduces the incidence of cerebro-vascular events, heart fail-
ure (HF), and MI in patients with RA [48, 49]. However,
patients with heart failure classes III and IV, on the basis of
New York Heart Association (NYHA) criteria, have a con-
traindication for anti-TNF-α therapy because of an
increased risk of worsening HF [50].

T-Cell Costimulatory Modulation

Abatacept is a recombinant fully human soluble fusion
protein used in the treatment of RA that modulates costimu-
lation of T-lymphocytes and prevents activation of B-
lymphocytes and macrophages, resulting in decreased levels
of proinflammatory cytokines and complement fixation [48,
51]. Data on the impact of abatacept on the lipid profile of
patients with RA are scarce. Phase III trials of abatacept
combined with DMARDS, and compared with DMARDS
alone, found no significant differences in the incidence of
MI, cardiac arrest, hypertension, and HF, as compared with
patients treated with placebo and DMARDs [48].

Rituximab

Few studies have evaluated the effect of CD20 targeted
therapy on lipids. Rituximab is a human-murine chimeric
monoclonal antibody against the B-lymphocyte specific
CD20 surface protein, approved for the treatment of refrac-
tory RA. One study examined the lipid profiles of 5 patients
with RA refractory to anti-TNF-α agents treated with ritux-
imab and followed for 16 weeks. They observed a 3 %–
11 % decrement in TC and a 14 %–35 % increment in HDLc
levels. Variable levels of TG were found, with a net
effect of zero by week 16 [52]. In a study carried out
by Gonzalez-Juanatey et al. [53] evaluating the effect of
rituximab on endothelial dysfunction and lipid profiles in
6 patients with RA, no significant differences were
observed in TC, LDLc, HDLc, and TG after 2 weeks
and 6 months of therapy. A potential athero-protective
effect of rituximab is the decrease in proatherogenic IgG
antibodies against oxLDLc, as well as decreased secre-
tion of INF-γ by depletion of B-lymphocytes that causes
a modulatory effect on T-cells. Further investigations are
needed to confirm these effects on a long-term basis, in
larger samples of patients, and to evaluate their impact
on CV outcomes in patients with RA [54].

Available research evaluating the CV impact of rituximab
in patients with RA is scant, but the most common findings are
related to the infusion itself with hypotension and edema and,
very rarely but fatally, with MI, and with life-threatening
arrhythmias [48, 55]. Van Vollenhoven did not find an
increased frequency of MI in RA patients treated with ritux-
imab when comparing them with the general population [56].

Tocilizumab

Interleukin 6 (IL-6) is an inflammatory cytokine with
effects in multiple systems, including immune, hepatic,
and hematologic, and is considered the major regulator of
CRP synthesis in the liver. IL-6 is elevated in RA [57],
and persistent elevated levels of CRP are associated with
CV morbidity [58] and all cause mortality [59]. Tocili-
zumab, a recombinant human monoclonal antibody,
blocks soluble and membrane-bound IL-6 receptors [60].
In patients with RA, this agent has an adverse impact in
lipid profile [48, 61]. A recent meta-analysis [62] found
elevations of TC, LDLc, and HDLc during the first
weeks of treatment that remained up to several years
during follow-up, without changes in the AI. A subse-
quent study of 9 patients with RA who received tocilzu-
mab reported similar results, with increases in TC, LDLc,
HDLc, Apo A-I, and Apo A-2 and no effect on the AI
[63]. However, until now, there has been no evidence
supporting an increase in CV events in patients treated
with tocilizumab [48, 62, 63].
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Statins and RA

Statins have recognized beneficial effects in the primary
and secondary prevention of CV events in the general
population with lipid abnormalities [64]. The clinical
benefits of statins are attributed to multiple effects,
including anti-inflammatory actions preventing endothelial
dysfunction and a decrease in the oxidation of lipids,
especially LDLc [65]. Patients with RA have as much
benefit from therapy with statins as lipid-lowering agents
as the general population, with cardio-protective effects
noted. This was seen in the IDEAL trial, which exam-
ined the effect of statin therapy on lipid levels and CV
mortality and morbidity in a subgroup of patients with
RA and previous MI [66]. There is also limited evidence
suggesting that discontinuation of statin therapy in
patients with RA for more than 3 months is associated
with increased risk of myocardial infarction [67]. Toms et
al. [68], in a recent observational study, raised a concern
for underuse of statins in patients with RA without CVD;
these patients were stratified by different risk scores as at
high risk of CV events, and depending on the method of
risk stratification, up to 26 % of patients with RA should
have been receiving statin therapy for primary CV pre-
vention, but the use of this drug was suboptimal in this
population.

El-Barbary et al. [69] evaluated disease activity, inflam-
matory markers, and lipid profiles in 30 patients with early
RA (less than 1 year of disease duration). All of them were
treated with MTX (mean dose, 15.5 mg weekly) and pre-
dnisone (10 mg/day), but only 15 of them received atorvas-
tatin (40 mg/day); both groups were compared with 10
matched healthy controls. A statistically significant incre-
ment in HDLc was observed, with a decrease in LDLc, TG
levels, and AI, in association with significant improvement
in disease activity scores and reduction in inflammatory
markers, including ESR and CRP, in both groups, but much
more prominently in patients receiving atorvastatin. This
study supports the findings of the TARA trial [70], where,
in a double-blind placebo-controlled study with intention to
treat, 116 patients with RA were randomized into two
groups, one treated with atorvastatin (40 mg/day) and
DMARDs, and the other one with DMARDs and pla-
cebo, followed for 6 months. A modest but clinically
and statistically relevant effect was observed for patients
receiving atorvastatin, with decreased disease activity
and declines in CRP and ESR at 6 months of 50 %
and 28 %, respectively.

Interestingly, a retrospective cohort study by Jick et al.
[71], using the General Practice Research Database in the
U.K., found that in patients with hyperlipidemia, those who
were prescribed statins had lower risk of developing RA, as
compared with those who did not.

Little is known with regard to the interaction between
DMARDS, biologic drugs, and concomitant use of sta-
tins. Of interest, studies by Winiarska et al. [72] and
Arts et al. [73] investigated whether the concomitant use
of rituximab with statins inhibited the effect of this drug
in RA activity. Patients on statins had a statistically
significant shorter effective treatment period, as com-
pared with patients not exposed to statins. This could
be related to changes in the structure of CD20 induced
by statins, which could alter the capability of rituximab
to bind to this receptor [72]. More research in this area
is necessary to validate these observations.

Current recommendations for CV risk management in
patients with RA [74] state that statin therapy should be
implemented when cholesterol levels are elevated, mostly
targeting LDLc, as is done in the general population, and
after estimating CV risk individually [8, 75, 76]. However, it
has been suggested that risk score models for the general
population should be adapted for patients with RA, increas-
ing risk by 1.5 when the patient meets two or more of these
factors: presence of certain extra-articular manifestations,
positive rheumatoid factor or anti-cyclic citrullinated pep-
tide antibody, or disease duration of 10 years or more [74].

Other Aspects of Lipid and CV Risk Management
in Patients With RA

Patients with RA are at increased risk of CV morbidity and
mortality. In addition to the risk conferred by a persistent
inflammatory state, it has also been shown that patients with
RA have increased rates of undiagnosed type 2 diabetes
mellitus and hypertension [30••]. Treatment target goals
are accomplished only in 57 % of RA patients with diabetes
and in 40 % of RA patients with hypertension [30••].

Some studies suggest that in patients with RA treated
with DMARDS and/or biologics drugs, the assessment of
lipid profiles should be focused on lipid ratios rather than
individual lipoproteins, given that the ratios tend to be less
affected by RA treatment [17, 28•]. However, further longi-
tudinal studies are necessary to determine the best approach
in the long-term management of these patients.

Conclusions

Lipid metabolism in chronic inflammatory diseases is com-
plex. In RA, the paradoxical relationship between lipid pro-
files and CV risk might be mediated by the effects of
inflammation. While many agents commonly used for the
treatment of RA can alter lipid profiles with an increase in
TC, these changes are often accompanied by increases in
HDLc and minimal impact on deleterious lipid ratios. Overall,
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it appears that tight therapeutic control of inflammation
can decrease CV risk and related deleterious outcomes.
Additional research is needed to better establish the
pathophysiology of lipid abnormalities in RA, the phar-
macologic effects of RA therapy on CV risk, and the
potential effects of drugs such as statins that are bene-
ficial for the CV risk of the population at large.
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