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The effect of methotrexate on cardiovascular
disease in patients with rheumatoid arthritis:
a systematic literature review
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Abstract

Objectives. Patients with RA have an increased prevalence of cardiovascular disease (CVD). This is due
to traditional risk factors and the effects of chronic inflammation. MTX is the first-choice DMARD in RA.
We performed a systematic literature review to determine whether MTX affects the risk of CVD in patients
with RA.

Methods. We searched Medline, Embase, Cochrane database, database of abstracts of reviews of
effects, health technology assessment and Science Citation Index from 1980 to 2008. Conference
proceedings (British Society of Rheumatology, ACR and EULAR) were searched from 2005 to 2008.
Papers were included if they assessed the relationship between MTX use and CVD in patients with RA.
Two reviewers independently assessed each title and abstract for relevance and quality.

Results. A total of 2420 abstracts were identified, of which 18 fulfilled the inclusion criteria. Two studies
assessed the relationship between MTX use and CVD mortality, one demonstrated a significant reduction
in CVD mortality and the second a trend towards reduction. Five studies considered all-cause CVD mor-
bidity. Four demonstrated a significant reduction in CVD morbidity and the fifth a trend towards reduction.
MTX use in the year prior to the development of RA decreased the risk of CVD for 3—4 years. Four studies
considered myocardial infarction, one demonstrated a decreased risk and three a trend towards
decreased risk with MTX use.

Conclusion. The current evidence suggests that MTX use is associated with a reduced risk of CVD events
in patients with RA. This suggests that reducing the inflammation in RA using MTX not only improves
disease-specific outcomes but may also reduce collateral damage such as atherosclerosis.

Key words: Rheumatoid arthritis, Methotrexate, Cardiovascular disease, Inflammation, Systematic literature
review.

Introduction

RA is a chronic inflammatory polyarthritis that often leads
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to joint destruction, deformity and loss of function [1, 2].
In addition, patients with RA have a reduced life expec-
tancy [3, 4]. Early mortality is largely due to cardiovascular
disease (CVD), which is the commonest cause of death
in patients with RA [5, 6]. In a recent UK-based study,
the standardized mortality ratio for CVD in RA was 1.49
(1.21, 1.77) [7]. In a large (n=575) population-based
study, the risk of RA patients developing chronic heart
failure was approximately twice that of controls [8].
The increased prevalence of CVD is probably due to
an increase in both the traditional risk factors for
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atherosclerosis and the presence of chronic inflammation
[9]. Active systemic inflammation has multiple effects
which accelerate atherosclerosis. These include changes
to the endothelium by ICs, CRP and cytokines. Induction
of secondary dyslipidaemia, altered glucose metabolism
and creation of a hypercoagulable state due to platelet
activation and increased production of clotting factors
also play a role [10]. The importance of inflammation in
the development of atherosclerosis is supported by the
association of cardiovascular death with elevated levels
of CRP in patients with inflammatory polyarthritis [11]. In
the general population, raised levels of highly sensitive
CRP (HsCRP) predicts CVD events [12]. Given the impor-
tance of inflammation in the development of CVD, thera-
pies aimed at reducing disease activity in RA may also
have a positive impact on CVD risk by reducing the
burden of systemic inflammation.

MTX has become the most frequently used DMARD in
RA and the cornerstone in most DMARD and biologic
combinations [13]. Its mechanisms of action are diverse
and complex but in the doses used to treat RA its actions
are likely to be anti-inflammatory. Several studies have
suggested a beneficial effect of MTX on CVD risk. As
part of the 2007-08 international 3E initiative (Experts,
Evidence and Exchange) to develop consensus guidelines
on the use of MTX in rheumatic disorders, we performed a
systematic literature review to determine whether the use
of MTX in patients with RA affects the likelihood of devel-
oping CVD, the frequency of traditional risk factors and
the presence of atherosclerosis.

Methods

We searched for studies that investigated the relationship
between the use of MTX in patients with RA and CVD

Table 1 Outcomes measured

Risk factors

Clinical outcomes

outcomes. Studies were eligible for inclusion if they
included adult patients, >18 years with RA. Children
were excluded as CVD and RA are relatively rare in this
age group and the common condition of juvenile idio-
pathic arthritis is a distinct disease entity. To include the
broadest range of studies, patients did not have to fulfil
specific diagnostic criteria for RA, but this was considered
when assessing the quality of studies. Studies could be
included if they examined data on MTX use either orally,
subcutaneously or intramuscularly within the normal
dosing range (5-30 mg/week) for use in RA.

Our review was intended to inform clinicians when
deciding on individual treatment plans and also to identify
areas of lack of evidence and promote research agendas.
The selected outcome measures were common clinical
cardiovascular outcomes (e.g. ischaemic heart disease,
cerebrovascular disease and peripheral vascular disease),
established significant risk factors for CVD (e.g. hyperten-
sion and hypercholesterolaemia) or established methods
for detecting subclinical or early atherosclerosis. Table 1
shows a complete list of the included outcomes.

Papers were included from 1980 onwards when the first
studies demonstrating the efficacy of MTX in RA were
published [14-17]. Studies could be experimental (clinical
or other controlled studies) or observational. Case reports
and case series were excluded. Only English language
papers were included.

We searched Medline, Embase, Cochrane database,
database of abstracts of reviews of effects, health tech-
nology assessment, Science Citation Index and clinical
evidence from 1980 to 2008. The bibliographies of all
included papers were manually searched and the first
authors of each paper were contacted for information
on any other relevant studies or unpublished work.
Conference proceedings for the British Society of

Subclinical atherosclerosis

Death due to any CVD

Mi

Acute coronary syndrome
Angina

Ischaemic heart disease
Coronary artery disease
Heart failure

Chronic heart failure
Ischaemic cardiomyopathy
Stroke

Cerebrovascular disease
Transient ischaemic attack
Peripheral vascular disease
Aortic aneurysm
Abdominal aortic aneurysm
Thoracic aortic aneurysm

Hypertension

Diabetes

Type | diabetes

Type |l diabetes
Insulin-dependent diabetes
Tablet-controlled diabetes
Diet-controlled diabetes
Insulin resistance

Glucose intolerance
Smoking

Hypercholesterolaemia
Dyslipidaemia
Hypertriglyceridaemia
Unfavourable lipid profile
Obesity

Morbid obesity
Raised/elevated BMI
Physical inactivity

Raised plasma homocysteine

Endothelial dysfunction

Nitric oxide
depletion/unfavourable vascular
nitric oxide profile

Vascular oxidative stress

Arterial IMT

Arterial calcification

Coronary artery calcification

Arterial stiffness

Doppler ultrasound measuring
atherosclerosis or atherosclerotic plaques
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Effect of MTX on cardiovascular disease in RA

Rheumatology, ACR and EULAR were hand searched
from 2005 to 2008 to identify unpublished studies.

We followed the methods recommended by the Centre
for Reviews and Dissemination [18]. Two reviewers
(S.L.W. and A.N.C.) independently assessed each title
and abstract for potential relevance to the review. Full
articles were retrieved if the title and abstract did not
contain sufficient information and for papers fulfilling the
inclusion criteria. Study quality was assessed using a tool
based on ‘STrenthening the Reporting of Observational
studies in Epidemiology’ (STROBE) for assessing the
quality of observational studies and adapted from a tool
used in a systematic literature review of infant growth
and later obesity [19, 20]. Studies were assessed on
their use of an appropriate source population, measure-
ment methods of exposure and outcome, methods to deal
with design-specific issues such as bias and lost to
follow-up, use of analytical methods and use of statistics
for primary analysis of effect. Study quality was numeri-
cally assessed with a checklist of these domains and
summarized with an overall assessment of the risk of
bias as low, medium or high. The confounding factors
we considered important were age, disease characteris-
tics (duration, severity, level of function, RF positivity),
serological measures of systemic inflammation (ESR and
CRP), other drug treatments (NSAIDs, COX-2 inhibitors,
other DMARDs and biologics) and pre-existent CVD or
risk factors for CVD. Consideration of these factors by
the study authors was assessed when determining the
study quality. In particular, as MTX treatment is often
started in patients with a poorer prognosis (confounding
by indication) studies were considered to have a lower
risk of bias if they adjusted for disease characteristics
such as disease severity, erosive state and level of func-
tion (see Tables 2—-6 for individual studies of level of bias
and confounding factors controlled for). Our approach
to synthesis was mainly narrative but we explored
the potential for meta-analysis according to standard
procedures.

Results

A total of 2420 abstracts were identified. Eighteen articles
fulfiled the inclusion criteria, all were observational
studies (eight cohorts, six case-controls and four cross-
sectional studies): 12 articles from the original search;
2 after correspondence with the first authors of included
papers; and 4 unpublished studies identified from poster
abstracts.

MTX and cardiovascular mortality in RA

Two cohort studies assessed the relationship between
MTX and CVD mortality in patients with RA [21, 22]
(Table 2). Both studies controlled for multiple confounding
factors, including confounding by indication, i.e. patients
with the severest disease are more likely to be prescribed
MTX. One had a low risk of bias and the other a medium
risk. The first, a large (n=1240), high-quality study fol-
lowed up patients for a mean of 6 years. Patients were
recruited from a single US outpatient clinic and had a

www.rheumatology.oxfordjournals.org

mean age of 57 years, 72% were females and 88%
were RF positive. CVD death in patients ever treated
with MTX compared with those never treated with MTX
was reduced by 70% [hazards ratio (HR) 0.3 (0.2, 0.7)].
No dose-dependent relationship was demonstrated and
no relationship was observed with the use of SSZ, peni-
cillamine, HCQ and intramuscular gold. The risk of bias
in this study was considered as low. Rigorous methods
were used to adjust for the confounding effects of clinical
indication for MTX treatment. The weighted Cox propor-
tional hazards model that was used enabled study authors
to take account of the fact that MTX therapy may improve
patient disability, which is associated with increased CVD
survival. Furthermore, the use of DMARDs with an efficacy
similar to MTX was not associated with decreased CVD
mortality in this study suggesting an MTX-specific effect.
The second study, a large UK, unpublished cohort study
(The Norfolk Arthritis Register; n=923) followed patients
with newly diagnosed inflammatory arthritis (2/3 of
whom fulfilled the ACR criteria for RA) for 10-14 years. A
non-significant trend towards a decreased CVD mortality
was seen in patients ever treated with MTX, odds ratio
(OR) 0.53 (0.25, 1.14). A significant decrease in overall
mortality of 41% was seen in those treated with MTX.
In this study, a marginal structural model to weigh time
varying covariates was used to adjust for the potential
effect of clinical indication for MTX use. The results of
these large, well-conducted, cohort studies suggest that
MTX is associated with a reduced risk of CVD death in
patients with RA.

MTX and all-cause CVD morbidity in RA

The CVD morbidity outcomes considered were heteroge-
neous, but all studies included CVD, cerebrovascular
disease and atherosclerosis. Five studies, three cohort,
one case-control and one cross-sectional study, consid-
ered the risk of all-cause CVD morbidity and the use of
MTX [23-27] (Table 3). One study (case—control) had a low
risk of bias, two studies a medium risk of bias (one cohort
and one cross-sectional) and two studies a high risk of
bias (two cohorts) for our review. Four of the
studies (including those with low and medium risk of
bias) demonstrated a significant reduction in CVD morbid-
ity in patients treated with MTX (89, 35, 17 and 15%
reduction) [23, 24, 26, 27]. In the remaining study (unpub-
lished), the direction of association, though not significant,
was consistent with the findings of the other studies
[25]. Three of the studies compared ever with never use
of MTX [24-26]. One study measured years of exposure to
MTX. Another study considered MTX use in the year prior
to diagnosis of RA [International Classification of Diseases
(ICD-9) criteria] [23, 27]. This large (n=16752) US
research database study demonstrated a 35% decreased
risk of CVD events in patients treated with MTX in the year
prior to the diagnosis of RA for up to 3.9 years of follow-up
compared with non-users of MTX. The study with the
lowest risk of bias recruited patients from outpatients in
the Netherlands, and demonstrated a significantly
decreased risk of CVD morbidity with use of MTX as
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Effect of MTX on cardiovascular disease in RA

= o L 5 monotherapy or in combination with SSZ and/or HCQ.
= 2 8 2 E Indicators of RA disease severity were included in regres-
= Q © = . -
?ﬁ é—é Bc>_c sion analyses, and the association between DMARD use
== ER/E L 0T . .
22 gﬂ E ﬁ i Bk 2% E and CVD risk was apparent at all levels of RA severity.
TE 8°3 3 2 % “§) g %3 One study (high risk of bias) that recruited veterans with
[2] — g L Y . . . .
S B FonacsE RA subdivided MTX use into low or high dose [24]. Low
- dose was defined as less than the median dose used by
E 5 a9 the cohort and high dose as greater than the median
2 e - dose. No actual MTX doses were given in this study.
Q 3 [Sle) . .
o B EB N - Patients treated with low-dose MTX had a 35% reduced
= o o . .y . .
& S E_::" risk of CVD morbidity, whereas those treated with high-
LSO o ico dose MTX had no alteration in risk. The reliability of these
FeQ o = £3 . .
£8 S5 G2 < % 8292 findings may, however, be limited by the lack of control
0 n - [0 © .2 = X . . . .
ﬁ 8¢ ;g _Q::% 52582 g < for important disease-related confounding factors in the
2 x - = 292 . . .
il °XBZL9g £ —?g £5 analysis and the demographics of the population—90%
< O§§®5§§ ng%’Igc . L . . .
0 T5220 Q0> = male. The consistency of the findings in these five studies
E20F00= SwleLas ) ) . s
e & suggests that MTX is associated with a significantly
' LB 5 = reduced incidence of all-cause CVD morbidity in patients
il s = R . . . .
So :).’_“_',g 'é§ D o with RA. This may occur very early in the disease
[] = = 2 . . . . .
~2§ 288 s%° &2 2% course, with use as monotherapy or in combination with
o SE@ T 20 cl®
35 . §:% g2s gg_%g SSZ and HCQ and may be dependent on the dose
CRN¥E >5C Sco0 g =g - of MTX used.
Xl ci5 £°5 9526
o0 < 2 2 - N =]
Rl o35 °282 8955
5T3 = 53T S5 - . . )
L3 Z 5 E 0& 887 § § 2%0 MTX, myocardial infarction and heart failure in RA
— ,Iomw;_c'-ag_z_u_—gg ] .
- 8 <£% § § son 928L3 Four studies, one cross-sectional and three case-control,
go 2*‘?}?8 58 %g‘ %‘é 9%% related MTX use to the risk of myocardial infarction (M)
£ = OQC O 5.2 0 = © < . . .
S USJ'U 50 §7U ©0 § RN [27-30] (Table 4). All the studies had a medium risk of

bias for our review. One study defined the outcome as
hospitalization with acute MI, a second an incidence of
MI or unstable angina and the remaining studies as M.
One study (quantitative clinical assessment of patients
with rheumatoid arthritis), a large multi-national study
(n=4363), demonstrated an 18% reduction in the risk of
Ml in patients treated for 1 year with MTX [27]. This study
controlled for multiple confounders, including measures
of disease severity and traditional CVD risk factors.
However, there is a risk of selection bias in this study
due to exclusion of patients with fatal CVD events.
Ascertainment of outcomes relied on the reports of
participating rheumatologists raising the possibility that
reporting of an outcome data may have been incomplete.
The other studies showed a non-statistically significant
trend towards a reduction in the risk of MI with current
or ever use of MTX [28-30]. One of these studies, aimed at
determining the effect of disease activity on the risk of MI,
was not powered to determine the effect of MTX on CVD
risk [28]. One case-control study, with a medium risk of
bias, considered MTX use and heart failure. Five hundred
and twenty patients from the USA currently using MTX
(mean age 67 years and 67% female) had a 20% reduc-
tion in the risk of hospitalization with congestive heart fail-
ure compared with non-current users of MTX [31].
However, as this study was based on an insurance
claims database no adjustments could be made for
disease severity and measures of inflammation. Taken
together, these studies suggest that MTX use may be
associated with a decreased risk of Ml and congestive
heart failure in RA.

)
£
o
o
2
5
o
(=]
>
(8]

Stroke defined by
ICD-9 code

History of Ml

to MTX

Exposure - MTX
of MTX

Ever vs never use

No. of subjects
and 99 570 controls

age: 57 years, mean
from GPRD

disease duration:

78% females, 90%
11 years

Caucasians, mean

4363 patients with RA  Years of exposure
from 15 countries:

33191 cases with RA

Study type

Case-control

Naranjo et al. [27] Cross-sectional

Endean [32]

Table 5 Summary of studies of MTX use and stroke
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Effect of MTX on cardiovascular disease in RA

MTX and stroke in RA

Two studies, one cross-sectional and one case—control,
considered MTX and the risk of stroke [27, 32] (Table 5).
Both studies had a medium risk of bias for our review. One
large multi-national study demonstrated an 11% reduc-
tion in the risk of stroke with ever use of MTX [27].
In this study, the analysis was adjusted for features of
RA [disease activity score (DAS)-28 and HAQ]. The
second study, a large (n=33191) unpublished study
including patients with RA from a primary care database
in the UK, demonstrated a trend towards an increased risk
of stroke in ever users of MTX, although RA disease char-
acteristics were not known, or controlled for in analysis.
No firm conclusions can be drawn on the association of
MTX and the risk of stroke in RA.

MTX and lipids in RA

Three studies, all cohort studies, considered MTX use and
lipid profile (Table 6). All studies had a high risk of bias for
our review [33-35]. One small study (n =42) demonstrated
no change in lipid profile in patients with newly diagnosed
RA (mean disease duration 27 months) treated with MTX
for 1 year [33]. In the second study in patients with newly
diagnosed RA (<1 year), all patients were treated with
MTX and prednisolone for 1 year [34]. After treatment
there was a significant improvement in the lipid profile
which correlated with changes in CRP and ESR. MTX
was, however, not considered independent of improve-
ments in inflammation and prednisolone use. The final,
small study included 15 patients with RA [35]. Patients
were treated with DMARDs, 10 with MTX, and some
underwent dietary intervention for 3 months. No change
in lipid profile was seen in patients treated with MTX
despite a 76% reduction in CRP. The reliability of these
findings is, however, likely to be limited as DMARD choice
was based on previous response to DMARDs and a
proportion of patients treated with MTX were also given
dietary intervention. No firm conclusions can be drawn on
the association of MTX and lipids in RA.

MTX and hypertension in RA

One cross-sectional study related MTX use to the risk of
hypertension [36] (Table 5). This study had a medium risk
of bias for our review. In this UK outpatient-based popu-
lation (n =400), there was no difference in the current use
of MTX between RA hypertensive and normotensive
patients. As MTX use was not a univariate predictor of
hypertension no further analyses were carried out. There
is insufficient evidence to draw any conclusions on the
association of MTX and hypertension in RA.

MTX and insulin resistance in RA

One study, with a high risk of bias for our review, consid-
ered insulin resistance and MTX use (see above) [35]
(Table 5). No change in insulin resistance was seen after
3 months treatment with DMARDs (including 10 indivi-
duals taking MTX) and dietary intervention. No firm con-
clusions can be drawn on the association of MTX and
insulin resistance in RA.

www.rheumatology.oxfordjournals.org

MTX and atherosclerosis in RA

Two studies, both cohorts, related MTX use to the devel-
opment of pre-clinical atherosclerosis [37, 38] (Table 5).
Both studies had a high risk of bias for our review.
Atherosclerosis, determined by measuring intima-media
thickness (IMT), was determined by ultrasound in both
studies. In the first study (n = 138), there was no difference
between the carotid artery IMT in patients currently taking
MTX (n=16) and those not taking MTX (n=122) [37]. In the
second small study (n=39) in patients with a long disease
duration (19-23 years) treatment with MTX for at least
6 months decreased the carotid artery IMT by 17.6%,
which was nearly statistically significant [38]. No firm
conclusions can be drawn on the effect of MTX on ather-
osclerosis in RA.

Further analysis

We could not carry out a meta-analysis on the relationship
between MTX use and CVD outcomes because of the
heterogeneity in study design, participants, definition of
MTX use and CVD outcomes in the studies.

Discussion

Our review suggests that the use of MTX in RA is asso-
ciated with a decreased risk of clinical CVD morbidity and
mortality. With the exception of one study, all the studies
demonstrated either a significant reduction or trend
towards a reduction in CVD events in patients treated
with MTX [32]. The evidence is insufficient to draw con-
clusions on the association between MTX use and risk
factors for CVD or pre-clinical atherosclerosis.
Interestingly, the association between the reduction in
CVD events and MTX use may occur very early in the
disease course, potentially before the diagnosis of RA.
This raises the exciting prospect that MTX use very early
in the disease course may not only delay the onset of
RA but may also reduce the risk of collateral damage
such as atherosclerosis [39]. It is, therefore, possible
that a window of opportunity exists early in the disease
process not only for suppressing the disease activity but
also for limiting the effect of inflammation on atherosclero-
sis. Atherosclerosis in itself is an inflammatory disease.
It is unclear from the published literature whether the
effects of MTX on reducing CVD are due to direct effects
on atherosclerotic lesions or as a result of a reduction in
rheumatoid-driven systemic inflammation.

Our findings are consistent with those of other studies
that have demonstrated reduced mortality from acute Ml
in successive birth cohorts of RA patients during a period
when the use of MTX increased substantially [40].
A decreased risk of all-cause mortality was also seen in
patients with severe RA who responded to MTX treatment
when compared with non-responders [41]. However, in
one study the risk of all-cause mortality in patients with
pre-existent CVD treated with MTX was significantly
increased (relative risk of death 3.4, P=0.0054) [42]. The
description of this study was, however, limited as it was
published as a letter, making it difficult to rule out a
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chance finding and did not completely adjust for con-
founding by indication.

The mechanism by which MTX may reduce the risk
of CVD in RA is likely to be complex. Multiple factors
have been implicated in increasing the risk of CVD in
RA. These include the effects of inflammation, an increase
in traditional risk factors for CVD, drug therapies used in
RA, hyperhomocystinaemia and the presence of RF.

Inflammation

Although the primary site of inflammation in RA is in the
synovium, release of cytokines, including TNF and IL-6,
produce chronically elevated cytokine levels [43]. This can
induce changes in the vasculature that accelerate the
process of atherosclerosis including endothelial dysfunc-
tion, secondary dyslipidaemia and activation of the coag-
ulation cascade [10]. By reducing the disease activity and
systemic inflammation, MTX would be expected to reduce
the progression of atherosclerosis. However, in our review
several studies showed reductions in CVD events after
controlling for measures of systemic inflammation and
disease activity, suggesting an additional benefit of MTX
use. Indeed, in patients treated with TNF antagonists
dramatic improvements in inflammation have not been
mirrored by striking reductions in CVD events, such as
MI [44]. This may suggest either that other factors,
such as increases in traditional factors, may be equally
important in contributing to the increased CVD risk or
that inflammation in RA, despite being reduced by drug
therapy, is not suppressed enough to prevent the progres-
sion of atherosclerosis. Indeed an elevated HsCRP is
associated with an increased CVD risk in the general
population [12]. In the healthy population without hyperli-
pidaemia, but a a raised HsCRP rosuvastatin significantly
reduces the HsCRP and the risk of major CVD events [45].
HsCRP is not measured in routine clinical practice, and
therefore cannot be controlled for in the studies included
in our review.

It is also interesting to consider how different therapies
used in the treatment of RA may have an effect on the
different parts of the immune system, and therefore the
different effects on CVD. MTX appears to reduce the
disease activity in RA but has little or no effect on RF
levels. RF has recently been associated with CVD in
individuals with inflammatory arthritis (Norfolk arthritis
register) and in the normal population [46, 47].

Traditional risk factors

Patients with RA have an increase in traditional risk factors
for CVD. Treatment with MTX improves physical function
and mobility, which may subsequently increase exercise
levels leading to a reduced CVD risk [14-16]. Treatment
with some DMARDs and biologics may improve the lipid
profile and insulin resistance in patients with RA [48, 49].
One of our studies did demonstrate an improvement in
lipid profile in patients with early RA after treatment with
MTX and prednisolone [34]. However, this improvement
could have resulted from decreases in inflammation
rather than MTX use. Currently, there is not enough
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evidence to determine the effect of MTX on traditional
risk factors.

Drug therapies

Some studies in our review attempted to control for the
use of other drug therapies. However, changes in other
medications as a consequence of MTX use are difficult to
capture. Some drugs used for RA are known to have an
adverse impact on CVD or risk factors for CVD: non-
naproxen NSAIDs and Coxibs are associated with an
increased risk of CVD events and mortality [50]; glucocor-
ticoids are associated with hypertension, dyslipidaemia
and weight gain [51]; cyclosporin and LEF are associated
with hypertension and TNF antagonists may increase the
risk of heart failure [52-54]. Patients treated with MTX are
often able to decrease their use of NSAIDs and glucocor-
ticoids, producing a positive impact on their CVD risk.
Thus, some of the benefits of MTX use on CVD risk may
be through a reduction in other treatments that have an
adverse effect on CVD risk.

Hyperhomocystinaemia

Hyperhomocystinaemia is associated with an increased
risk of CVD, including mortality, stroke and heart failure,
in the general population [55]. MTX inhibits the
homocysteine-methionine pathway. Several studies have
demonstrated increased levels of homocysteine in
patients treated with low-dose MTX [56]. This can be
reduced by the use of concomitant folic or folinic acid
[57]. In the two studies that considered folic acid use as
a confounding factor, no difference in the occurrence of
CVD events was seen between users and non-users of
folic acid [21, 24]. However, in a large cohort of patients
with psoriasis treated with low-dose MTX users of folic
acid had a reduced risk of CVD events compared with
non-users, OR 0.56 (95% CI 0.39, 0.80) P <0.01 [24].

Strengths and limitations

Our review used rigorous and standard methods: an
extensive literature search was conducted; two reviewers
independently assessed the relevance of abstracts for
the review; grey literature was included in an attempt to
overcome publishing bias; and authors of all included
papers were contacted. The main limitation of our
review is interpreting the evidence of observational stu-
dies. These are subject to significantly greater sources of
bias than randomized controlled studies and can demon-
strate association between MTX use and CVD events but
not causality. The consistency of associations observed
between MTX use and CVD events, however, suggests
that the association is robust.

Potential sources of bias include any factors that are
responsible for the initiation of MTX. Particularly important
confounders include: confounding by indication, such that
patients with severe RA, with the highest risk of CVD, are
more likely to be treated with MTX; channelling bias, such
that patients with a higher CVD risk were selectively
treated, or not treated, with MTX; and bias caused
by selective adherence to treatment. Whereas these
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potential sources of bias cannot be completely overcome
in observational studies, some of the studies attempted to
control for them statistically which is reflected in our
assessment of the level of bias. Confounding by indication
would tend to underestimate any benefit of MTX on CVD
risk and potentially strengthens the positive association
demonstrated in our review. This is consistent with our
finding that the studies with the lowest risk of bias,
which attempted to control for confounding by indication,
demonstrated the greatest reduction in CVD events with
MTX use: a 70% reduction in CVD mortality and 89%
reduction in all CVD events, respectively [21, 26]. A
number of large-scale studies considered in this review
were based on large health insurance databases that
often lacked rich clinical information, thus increasing the
risk of residual confounding. Nevertheless, the fact that
the trends observed in these studies were consistent
with those of the studies with more detailed clinical infor-
mation suggests that their findings are robust. Channelling
bias may have influenced the results of our review as
physicians may avoid DMARD treatment in frailer patients
such as those with pre-existent CVD or risk factors for
CVD. Therefore, an association between reduced CVD
events and MTX may be explained by a reduced comorbid
CVD burden in patients prescribed MTX. Channelling bias
cannot be entirely corrected for by statistical analysis;
however, most of the studies in our review did attempt
to minimize this by controlling the baseline levels of
CVD (previous CVD events, cardiovascular drug use or
risk factors for CVD). Finally, most of the studies used
an intent-to-treat definition of MTX exposure irrespective
of adherence to therapy (selective bias) and are therefore
likely to demonstrate a conservative, or possible under-
estimate of the association between MTX use and the risk
of CVD events.

Conclusions

The current evidence suggests that MTX use is associated
with a reduced risk of CVD events in patients with RA. This
may be important early in the disease course. The mech-
anism for this possible benefit cannot be fully determined
from the current literature but is likely to be multi-factorial.
As disease control continues to improve in RA, future
studies need to address the impact of MTX and other
DMARDs or biologics on CVD, which remains the leading
cause of death and a significant comorbidity in these
patients. It is unlikely that a randomized controlled ftrial
designed to determine the impact of MTX on CVD
should be conducted. However, all future studies asses-
sing the efficacy of new or currently used DMARDs
or biologics could collect data on CVD and risk factors
for CVD. Furthermore, studies assessing the impact
of MTX on pre-clinical atherosclerosis would also be
helpful.

Rheumatology key message

e MTX reduces the likelihood of cardiovascular
events in individuals with RA.

www.rheumatology.oxfordjournals.org
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