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ABSTRACT
The objective of this systematic literature review was to
determine the association between cardiovascular events
(CVEs) and antirheumatic drugs in rheumatoid arthritis
(RA) and psoriatic arthritis (PsA)/psoriasis (Pso).
Systematic searches were performed of MEDLINE,
EMBASE and Cochrane databases (1960 to December
2012) and proceedings from major relevant congresses
(2010–2012) for controlled studies and randomised
trials reporting conﬁrmed CVEs in patients with RA or
PsA/Pso treated with antirheumatic drugs. Randomeffects meta-analyses were performed on extracted data.
Out of 2630 references screened, 34 studies were
included: 28 in RA and 6 in PsA/Pso. In RA, a reduced risk
of all CVEs was reported with tumour necrosis factor
inhibitors (relative risk (RR), 0.70; 95% CI 0.54 to 0.90;
p=0.005) and methotrexate (RR, 0.72; 95% CI 0.57 to
0.91; p=0.007). Non-steroidal anti-inﬂammatory drugs
(NSAIDs) increased the risk of all CVEs (RR, 1.18; 95% CI
1.01 to 1.38; p=0.04), which may have been speciﬁcally
related to the effects of rofecoxib. Corticosteroids
increased the risk of all CVEs (RR, 1.47; 95% CI 1.34 to
1.60; p<0.001). In PsA/Pso, systemic therapy decreased
the risk of all CVEs (RR, 0.75; 95% CI 0.63 to 0.91;
p=0.003).
In RA, tumour necrosis factor inhibitors and methotrexate
are associated with a decreased risk of all CVEs while
corticosteroids and NSAIDs are associated with an increased
risk. Targeting inﬂammation with tumour necrosis factor
inhibitors or methotrexate may have positive cardiovascular
effects in RA. In PsA/Pso, limited evidence suggests that
systemic therapies are associated with a decrease in all CVE
risk.

related elevated cardiovascular risk may affect all
patients with RA, beginning in the early stage of
disease ( perhaps even preceding clinical onset)6
and worsening with additional classical cardiovascular risk factors.
Many anti-inﬂammatory strategies have emerged
as potential therapeutic approaches for atherosclerosis.7 Likewise, treatment of the underlying inﬂammatory process could contribute to improved
cardiovascular outcomes in patients with RA and
Pso/PsA.8 This is reﬂected in one of the current
European League Against Rheumatism recommendations in RA,9 10 which advises achieving remission or low disease activity as early as possible, not
only for better structural and functional outcomes,
but also to reduce cardiovascular risk. However, it
is still open to discussion as to whether targeting
systemic inﬂammation itself with disease-modifying
antirheumatic drugs (DMARDs) reduces the occurrence of cardiovascular events (CVEs) in patients
with RA or Pso/PsA.
The purpose of this systematic literature review
and meta-analysis was to explore the association
between the use of biologics (including tumour
necrosis factor (TNF) inhibitors), non-biological
DMARDs (including methotrexate), corticosteroids
and non-steroidal anti-inﬂammatory drugs (NSAIDs),
and CVEs in patients with RA or Pso/PsA.

INTRODUCTION

Data sources and searches

Patients with rheumatoid arthritis (RA) have
increased risk of cardiovascular morbidity and mortality.1 2 Although less evidence has been published
so far,3 4 this increased risk is also suspected in
patients with psoriasis (Pso), with or without psoriatic arthritis (PsA). Irrespective of classical cardiovascular risk factors, the systemic inﬂammation
characteristic of RA and Pso/PsA plays a pivotal
role in increasing cardiovascular risk by accelerating
atherosclerosis.5 Vascular inﬂammation and the

A systematic literature search of MEDLINE (via
PubMed), EMBASE and the Cochrane Library databases (1960 to December 2012) was performed to
identify observational studies and randomised controlled trials that reported CVEs in adults with RA or
Pso/PsA treated with biologics (including TNF inhibitors), non-biological DMARDs (including methotrexate), NSAIDs and corticosteroids (see online
supplementary eMethods). Searches were restricted
to English language. We also searched the

METHODS
A systematic literature review and meta-analysis
were performed according to Preferred Reporting
Items for Systematic reviews and Meta-Analyses
statement.11

Roubille C, et al. Ann Rheum Dis 2015;74:480–489. doi:10.1136/annrheumdis-2014-206624

Ann Rheum Dis: first published as 10.1136/annrheumdis-2014-206624 on 5 January 2015. Downloaded from http://ard.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

The effects of tumour necrosis factor inhibitors,
methotrexate, non-steroidal anti-inﬂammatory drugs
and corticosteroids on cardiovascular events in
rheumatoid arthritis, psoriasis and psoriatic arthritis:
a systematic review and meta-analysis

Review

Study selection
Studies were included if they were observational studies or randomised controlled trials that reported relevant conﬁrmed CVEs
(including all CVEs, myocardial infarction, heart failure, stroke
and/or major adverse cardiac events); included patients with RA
or Pso/PsA treated with biologics, non-biological DMARDs, corticosteroids or NSAIDs (or phototherapy for Pso/PsA); and
included a suitable control group (another treatment, such as a
TNF inhibitor compared with methotrexate, or non-use of the
investigative treatment, such as use of a TNF inhibitor compared
with non-use of a TNF inhibitor). Studies were excluded if they
only reported data on cardiovascular risk factors (eg, diabetes
mellitus), intermediate endpoints (eg, lipid levels) or surrogate
markers of atherosclerosis (eg, arterial intimae media thickness);
reported data on <400 patients; had a follow-up duration
<1 year (to ensure that impact of the assessed treatment was
most likely to be a true effect and not due to chance in a short
duration of observation); included a patient population with a
mean age of 80 years or older (to allow homogeneous crossstudy populations, as the majority of studies included populations with a mean age of approximately 60 years); or did not
have sufﬁcient data to convert to relative risk (RR). Two studies
that speciﬁcally included veteran patients with RA12 13 were
excluded because 90% of the study population comprised men,
which is not representative of the classical gender stratiﬁcation
in RA.
One author (CR) screened all titles and abstracts for
potential inclusion. Two authors (CR and BH) then independently screened the full text of the selected studies for inclusion
in the systematic review and meta-analysis according to the
predetermined criteria. Disagreements were resolved by
consensus.

participant selection (0–4 points), comparability (0–2 points)
and exposure or outcome (0–3 points).

Data synthesis and statistical analysis
Extracted data were combined for meta-analysis using Review
Manager (RevMan) software (Cochrane Collaboration). When
only incident outcomes were reported, RRs were computed. If
patient-years of follow-up were available, rate ratios were calculated and used in analysis. The resulting adjusted or unadjusted
RRs, HRs and rate ratios were considered equivalent measures
of effect size and entered into RevMan. ORs were transformed
to RRs.15 16 These measures were generically referred to as risk
ratios. For all outcomes, random-effects meta-analyses were conducted. This assumes that different studies were estimating different intervention effects and partly explains the heterogeneity
between studies. Forest plots were constructed to summarise the
risk ratio estimates and their 95% CIs. These ﬁgures present
measures of heterogeneity across studies (Cochrane Q statistic,
noted as χ2 and the I2 statistic) and a test for overall effect (Z).
Funnel plots and Egger’s regression test were also produced to
help detect potential publication bias.

Primary and secondary outcomes
The primary outcome was the association between treatment
and all CVEs. The secondary outcomes were the association
between treatment and myocardial infarction, heart failure,
stroke or major adverse cardiac events.

RESULTS
Study selection
We identiﬁed 2630 unique references through searching databases, conference proceedings and reference lists (ﬁgure 1). Of
these, 2526 were excluded as they were not relevant to our
topic or related to cardiovascular risk factors or surrogate
markers of atherosclerosis. Of the 104 remaining references, 66
were selected for full-text review. Finally, 34 references met the
selection criteria for meta-analysis (see online supplementary
table S1): 28 in RA (total of 236 525 subjects; 5410 CVEs)17–44
and 6 in Pso/PsA (220 209 subjects; 2701 CVEs).12 45–49

Data extraction and quality assessment
Two investigators (CR and BH) independently extracted the following data for each study using a predeﬁned data collection
form: study design; data sources; sample size; age of the subjects; underlying disease (RA or Pso/PsA); duration of follow-up;
treatments under investigation; cardiovascular outcomes of
interest; number of outcomes and models of adjustment (age
and gender, cardiovascular risk factors, history of cardiovascular
disease, RA disease activity, and use of TNF inhibitors, methotrexate, corticosteroids or NSAIDs). HRs, ORs, RRs, rate ratios
or mean effect sizes for each drug and comparator, together
with their associated 95% CIs, were recorded for each endpoint. When only incident outcomes were reported, the
numbers of events in the compared groups were extracted. We
contacted authors for missing data when necessary. If studies
reported data on several drugs and/or on several cardiovascular
endpoints, each value was included in the analysis, so one reference could contribute several different data values to the ﬁnal
meta-analysis. When several models of adjustment were
reported, the most adjusted estimates were used in the analysis.
Selected studies were assessed for quality using the
Newcastle-Ottawa Scale, designed to assess the quality of nonrandomised studies such as cohort and case–control studies.14
Brieﬂy, this scale allocates points for appropriateness of

Cardiovascular outcomes in RA: results of meta-analyses
In RA, TNF inhibitors were signiﬁcantly associated with a
reduction in the risk of all CVEs (RR, 0.70; 95% CI 0.54 to
0.90; p=0.005), as well as in myocardial infarctions, strokes
and major adverse cardiac events (ﬁgure 2A). No signiﬁcant
effect on heart failure was observed (ﬁgure 2A). A beneﬁcial
association between methotrexate and reduction in the risk of
all CVEs (RR, 0.72; 95% CI 0.57 to 0.91; p=0.007) and myocardial infarction was also found (ﬁgure 2B). However, in contrast with TNF inhibitors, methotrexate was not associated with
a signiﬁcant decrease in the risk of strokes and major adverse
cardiac events, although trends towards decreasing risk of heart
failure were found (ﬁgure 2B). This may be due to the low
number of events included in the meta-analysis, which did not
provide sufﬁcient statistical power to observe a differential
effect.
NSAIDs increased the risk of all CVEs (RR, 1.18; 95% CI
1.01 to 1.38; p=0.04) and strokes. This effect appears mostly
driven by cyclooxygenase-2 (COX-2) inhibitors (RR, 1.36; 95%
CI 1.10 to 1.67; p=0.004) rather than non-selective NSAIDs
(RR, 1.08; 95% CI 0.94 to 1.24; p=0.28) (ﬁgure 2C). Of note,
some studies assessing rofecoxib, which has already been withdrawn from the market, have been included. Hence, we
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proceedings of the American College of Rheumatology, European
League Against Rheumatism, American Academy of Dermatology
and European Academy of Dermatology and Venereology annual
meetings (2010–2012) and hand-searched reference lists for relevant additional studies.
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performed separate meta-analyses for rofecoxib and celecoxib.
While rofecoxib increased the risk of all CVEs (RR, 1.58; 95%
CI 1.24 to 2.00; p<0.001), celecoxib did not (RR, 1.03; 95%
CI 0.80 to 1.32; p=0.81) (see online supplementary ﬁgure S1).
Additionally, NSAIDs did not demonstrate any signiﬁcant effect
on risk of myocardial infarction, heart failure or major adverse
cardiac events (ﬁgure 2C); however, with few studies included,
these ﬁndings should be interpreted with caution.
Corticosteroids were associated with an increased risk of all
CVEs (RR, 1.47; 95% CI 1.34 to 1.60; p<0.001), as well as
risk of myocardial infarction, stroke, heart failure and major
adverse cardiac events (ﬁgure 2D).
In the meta-analyses evaluating TNF inhibitors or methotrexate, some heterogeneity was found between studies for all endpoints (except stroke). Heterogeneity was only observed for the
all CVE endpoint in the meta-analyses evaluating all NSAIDs or
COX-2 inhibitors. Of note, no signiﬁcant heterogeneity was
found for the all CVE endpoint in the meta-analyses evaluating
482

non-selective NSAIDs and corticosteroids or for any speciﬁc
endpoint in the meta-analyses evaluating NSAIDs and corticosteroids. Analysis for publication bias was performed using
funnel plots for all CVE endpoints (ﬁgure 3). Although subjective, visual inspection did not suggest publication bias for this
outcome. Egger’s asymmetry coefﬁcient, known to be low
powered, did detect potential bias in the meta-analysis of corticosteroid use ( p=0.02, ﬁgure 3) and COX-2 inhibitor use
(p<0.01; see online supplementary ﬁgure S2).

Cardiovascular outcomes in Pso/PsA: results of meta-analyses
Only six studies met our selection criteria in patients with
Pso and/or PsA; therefore, we only had sufﬁcient data to
evaluate the effect of systemic therapy compared with no systemic therapy or topical treatment on risk of all CVEs.
Systemic therapy was associated with a signiﬁcant decrease in
risk of all CVEs in Pso/PsA (RR, 0.75; 95% CI 0.63 to 0.91;
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Figure 1 Search and selection of
studies for systematic review and
meta-analysis. PsA, psoriatic arthritis;
Pso, psoriasis; RA, rheumatoid
arthritis.
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p=0.003) (see online supplementary ﬁgure S3). No signiﬁcant heterogeneity was observed (see online supplementary
ﬁgure S4).

DISCUSSION
To our knowledge, this is the ﬁrst systematic literature review and
meta-analysis of published controlled studies assessing the
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Figure 2 Meta-analyses of all
cardiovascular events and individual
cardiovascular events in patients with
rheumatoid arthritis treated with (A)
tumour necrosis factor inhibitors; (B)
methotrexate; (C) non-steroidal
anti-inﬂammatory drugs; or (D)
corticosteroids in controlled studies.
Size of data markers indicates relative
weight of the study (from
random-effects analysis). COX-2,
cyclooxygenase-2; CVE, cardiovascular
event; MACE, major adverse cardiac
event; MTX, methotrexate; RR, relative
risk; TNFi, tumour necrosis factor
inhibitor.
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association between CVEs and use of TNF inhibitors, methotrexate, NSAIDs or corticosteroids in patients with RA or Pso/PsA.
In patients with RA, treatment with TNF inhibitors or methotrexate was associated with a 30% and 28% reduction in the
risk of CVEs, respectively, while use of NSAIDs or corticosteroids was associated with 18% and 47% increase in risk of all
CVEs, respectively. Moreover, while TNF inhibitors and methotrexate were also found to be associated with a reduction in risk
of some speciﬁc cardiovascular endpoints, corticosteroids were
associated with an increase in risk of all speciﬁc outcomes. In
patients with Pso/PsA, data suggest that biologics and other
DMARDs may be associated with a decreased risk of CVEs, but
we acknowledge that evidence is less conclusive than in RA and
that further studies are needed.
Compared with the general population, patients with RA have
an increased risk of cardiovascular disease or events50 and reduced
survival.2 Systemic inﬂammation is the cornerstone of both RA
and atherosclerosis. However, whether effective DMARD-based
therapy can ameliorate this increased risk in RA or Pso/PsA is still
under debate. Considering these immunomodulatory strategies in
atherosclerosis may also provide new perspective in managing cardiovascular disease in the general population. Indeed, in the
(non-RA) primary cardiovascular disease prevention Justiﬁcation
for Use of statins in Prevention: an Intervention Trial Evaluating
Rosuvastatin randomised controlled trial, the absolute risk of ﬁrst
major adverse cardiac events increased with increasing highsensitivity C-reactive protein (CRP) levels, a measure of systemic
inﬂammation.51 52 This study clearly showed an association
484

between inﬂammation and cardiovascular risk in otherwise
‘healthy’ individuals. In RA, elevated baseline CRP has been associated with cardiovascular death, persisting after adjustment for
classical cardiovascular risk factors, supporting a relevant link
between systemic inﬂammation and risk of cardiovascular disease.5
Hence, by controlling the systemic inﬂammation, TNF inhibitors
and methotrexate may decrease cardiovascular risk. Our present
ﬁndings in RA support this hypothesis.
Several previous publications have also suggested that TNF
inhibitors have a beneﬁcial impact on cardiovascular risk.53 54
As suggested in a systematic literature review,55 another
meta-analysis reported that TNF inhibitors in RA may reduce
the risk of all CVEs ( pooled adjusted RR, 0.46; 95% CI 0.28 to
0.77), myocardial infarction (pooled adjusted RR, 0.81; 95%
CI 0.68 to 0.96) and cerebrovascular accident ( pooled adjusted
RR, 0.69; 95% CI 0.53 to 0.89).15 Our analyses included more
studies than those previously reported and our results are consistent with these prior ﬁndings. Interestingly, we found no association between TNF inhibitors and risk of heart failure in RA.
In the general population with heart failure, TNF-α levels are
increased56 and associated with severity of clinical signs and
symptoms.57 Experimental heart failure models have suggested
that TNF inhibitors may improve ventricular dysfunction58;
however, a large clinical trial assessing etanercept in the treatment of congestive heart failure showed no beneﬁt59 while
another one found that high-dose inﬂiximab worsened heart
failure in patients with moderate-to-severe chronic heart
failure.60 Consequently, the presence of severe heart failure
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remains a contraindication to the use of TNF inhibitors in
patients with RA. This may account for our results, given that
the selected studies probably included patients with RA without
pre-existing heart failure, consistent with a bias by indication.
However, one recent study comparing 8656 new users of nonbiological DMARDs with 11 587 new users of TNF inhibitors
showed that TNF inhibitors were not associated with an
increased risk of hospital admissions due to heart failure.37
Further speciﬁcally designed trials assessing cardiovascular outcomes are needed to evaluate the use of TNF inhibitors in
patients with RA, including those with heart failure.
In RA, methotrexate has recently been associated with a 70%
reduction in mortality61 and may also be associated with a
reduced risk of cardiovascular disease.62 Consistent with our
results, methotrexate has been associated with a 21% lower risk
486

of total cardiovascular disease and an 18% lower risk of myocardial infarction in patients with chronic inﬂammatory diseases
including RA.63 Corticosteroids and NSAIDs are generally considered to have deleterious effects, although little evidencebased data are available in patients with RA. Both non-selective
NSAIDs and COX-2 inhibitors have been demonstrated to
increase cardiovascular risk64–66; however, few studies have
evaluated the impact of corticosteroids and NSAIDs on CVEs
speciﬁcally in RA.17–22 36 44 Our meta-analysis in patients with
RA revealed that COX-2 inhibitors were associated with an
increased risk of all CVEs and strokes, mainly because of rofecoxib, which is now withdrawn from the market. Conversely,
non-selective NSAIDs and celecoxib were not associated with
increased risk of CVEs. The practical consequence of this
ﬁnding may be to weigh the beneﬁt–risk ratio of using NSAIDs
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in patients with RA with higher cardiovascular risk, while not
avoiding them at all costs.
The potential harmful cardiovascular effects of corticosteroids
are well-known but not strongly evidence based.65 To our
knowledge, our meta-analysis is the ﬁrst to report a deleterious
association between corticosteroids and all CVEs, myocardial
infarction, heart failure, stroke and major adverse cardiac events
in the RA population. Corticosteroids may modulate the risk of
cardiovascular disease in patients with RA in two competing
directions: by increasing the risk due to deleterious effects on
lipids, glucose tolerance, weight gain and hypertension,67 but
conversely potentially decreasing the risk by exerting antiinﬂammatory and antiproliferative effects on vascular wall.
Additionally, corticosteroids may result in two independent
effects over time: an immediate effect of current exposure and a
long-term cumulative effect of past exposure.22 68 Notably, corticosteroid use has recently been associated with a dosedependent increased mortality in RA.69
In PsA/Pso, less evidence on risk of CVEs has been published.
However, the results of our meta-analysis are consistent with
recent reviews,70 71 underlining the need for adequately
powered trials to assess the cardiovascular effects of systemic
therapy including TNF inhibitors in patients with PsA/Pso.
Interpreting the evidence from observational studies requires
caution as these can generate more bias than randomised controlled trials. Hence, only an association between medication use
and CVEs can be determined. However, we were unable to ﬁnd
any adequately powered randomised controlled trial assessing the
impact of RA therapy on risk of CVEs. Furthermore, the duration

of follow-up of most randomised controlled trials in patients
with RA or PsA/Pso may not be long enough to investigate the
effects of such treatments on CVE rates. Finally, our results are
consistent with two large meta-analyses evaluating methotrexate
and TNF inhibitors in RA.15 63
Despite the mounting published evidence of an increased cardiovascular risk in patients with RA, few studies have investigated DMARD-based therapeutic strategies to reduce this risk.
Therefore, a low number of studies assessing the impact of
methotrexate on speciﬁc cardiovascular endpoints were included
in our analysis. Additionally, lack of sufﬁcient data did not allow
for subgroup analyses of dose effect for methotrexate and corticosteroids in RA, or of the inﬂuence of psoriasis severity on the
impact of systemic therapy on CVE rates in patients with PsA/
Pso. No study evaluating the impact of non-TNF inhibitor biologics was found, although several studies evaluating the vascular
impact of rituximab (NCT00844714) and tocilizumab
(NCT00844714 and NCT01752335) are ongoing in RA.
Another limitation in this analysis is the differences in the cardiovascular deﬁnitions and comparators across studies. To mitigate this, we used selection criteria that would provide as
homogeneous as possible study populations to provide clinically
relevant results.

CONCLUSION
Our meta-analysis provides important insights into the effect of
antirheumatic drugs on CVEs in RA by suggesting that TNF
inhibitors and methotrexate decrease the risk of such events
while NSAIDs and corticosteroids increase the risk in RA. In
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Figure 3 Funnel plots for the meta-analysis of occurrence of cardiovascular events associated with treatment with (A) tumour necrosis factor
inhibitors, (B) methotrexate, (C) non-steroidal anti-inﬂammatory drugs and (D) corticosteroids. The importance (weight) of each study is proportional
to the marker size.
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