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ABSTRACT
Objective Examine the association of methotrexate 
(MTX) use with cardiovascular disease (CVD) in 
rheumatoid arthritis (RA) using marginal structural 
models (MSM) and determine if CVD risk is mediated 
through modification of disease activity.
Methods We identified incident CVD events 
(coronary artery disease (CAD), stroke, heart failure 
(HF) hospitalisation, CVD death) within a multicentre, 
prospective cohort of US Veterans with RA. A 28- joint 
Disease Activity Score with C- reactive protein (DAS28- 
CRP) was collected at regular visits and medication 
exposures were determined by linking to pharmacy 
dispensing data. MSMs were used to estimate the 
treatment effect of MTX on risk of incident CVD, 
accounting for time- varying confounders between 
receiving MTX and CVD events. A mediation analysis 
was performed to estimate the indirect effects of 
methotrexate on CVD risk through modification of RA 
disease activity.
Results Among 2044 RA patients (90% male, mean 
age 63.9 years, baseline DAS28- CRP 3.6), there were 
378 incident CVD events. Using MSM, MTX use was 
associated with a 24% reduced risk of composite CVD 
events (HR 0.76, 95% CI 0.58 to 0.99) including a 57% 
reduction in HF hospitalisations (HR 0.43, 95% CI 0.24 
to 0.77). Individual associations with CAD, stroke and 
CVD death were not statistically significant. In mediation 
analyses, there was no evidence of indirect effects of 
MTX on CVD risk through disease activity modification 
(HR 1.03, 95% CI 0.80 to 1.32).
Conclusions MTX use in RA was associated with 
a reduced risk of CVD events, particularly HF- related 
hospitalisations. These associations were not mediated 
through reductions in RA disease activity, suggesting 
alternative MTX- related mechanisms may modify CVD 
risk in this population.

INTRODUCTION
Cardiovascular disease (CVD) is the most common 
cause of death in rheumatoid arthritis (RA)1 2 owed 
largely to a heightened risk of coronary artery 
disease (CAD), stroke and heart failure (HF)3–5 only 
partially explained by traditional CVD risk factors.6 
Controlling RA disease activity and select disease- 
modifying antirheumatic drugs (DMARDs) are spec-
ulated to provide cardioprotective benefits. Though 
methotrexate (MTX) did not reduce risk in non- RA 

patients with established CVD in the absence of 
systemic inflammation,7 multiple observational 
studies have demonstrated benefit in patients with 
RA. MTX was associated with a 28% lower risk 
of CVD events in a meta- analysis of observational 
studies including over 200 000 patients with RA.8 
Recent cohort studies report 20%–60% reductions 
in CVD events with MTX treatment.9–11 While 
associations with atherothrombotic CVD is more 
extensively studied, MTX has also been associated 
with a reduced risk of HF.12 13

The mechanisms by which MTX reduces CVD 
in RA remain poorly understood. Indirectly, MTX 
may lower CVD risk by reducing RA disease activity. 
Potential direct cardioprotective mechanisms of 
MTX include increased cholesterol efflux capacity, 
improved endothelial function, reduced foam cell 
generation and the ability to scavenge free radicals 

Key messages

What is already known about this subject?
 ► Several studies have demonstrated a reduced 
risk of atherothrombotic cardiovascular disease 
(CVD) with methotrexate (MTX) use, but its 
effect on heart failure (HF) and the mechanisms 
underlying its cardioprotective effect are poorly 
understood.

What does this study add?
 ► An evaluation of MTX treatment effect on 
CVD events, using novel marginal structural 
models accounting for the effect of time- varying 
confounders on the propensity to receive MTX, 
demonstrated a 24% reduction in composite 
CVD events and a 57% reduction in HF 
hospitalisation.

 ► Using mediation analysis, we observed that 
the effects of MTX use on CVD risk reduction 
are not mediated by reduction in rheumatoid 
arthritis (RA) disease activity.

How might this impact on clinical practice or 
future developments?

 ► These preliminary findings suggest that MTX- 
related mechanisms other than disease activity 
control may provide CVD, and particularly HF, 
benefit in patients with RA.
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implicated in CVD pathogenesis.14–17 Improved understanding 
of the mechanisms by which MTX reduces CVD in RA may help 
clinicians optimally use MTX as therapeutic options expand.

In this study, we evaluated the association of MTX with inci-
dent CVD in a prospective cohort of US Veterans with RA to 
test the hypothesis that CVD risk reduction with MTX in RA is 
mediated through modification of RA disease activity.

PATIENTS AND METHODS
Study design
We conducted a cohort study in the Veterans Affairs Rheumatoid 
Arthritis (VARA) registry, a multicentre, prospective cohort of 
US Veterans with RA initiated in 2003.18 Participants are >18 
years of age and satisfy 1987 American College of Rheuma-
tology (ACR) classification criteria for RA.19 Participants signed 
informed consent for participation. Demographic data are 
obtained at enrolment while clinical data, including ACR Core 
Measures for RA disease activity, are collected at each visit. We 
followed patients from the latter of VARA enrolment or 1 April 
2005 until incident CVD event, death or end of study period (1 
April 2015).

DMARD exposure
Prescription fills for MTX and other conventional DMARDs 
(hydroxychloroquine, sulfasalazine, leflunomide), tumour 
necrosis factor (TNF) inhibitors (adalimumab, etanercept, inflix-
imab, certolizumab, golimumab), non- TNF biologics (rituximab, 
abatacept, tocilizumab) and prednisone were identified from 
pharmacy dispensing records in the VA Corporate Data Ware-
house (CDW).20 Drug courses were defined from dispensing 
data using established algorithms.21 Because our hypothesis 
focused on whether current disease activity (affected by prior 
MTX exposure) mediated future CVD risk, we used a 90- day 
lookback (180 days for rituximab) at each encounter to define 
drug exposure (online supplemental figure 1).

RA disease activity
Patient and provider global assessments of disease activity, 
swollen and tender joint counts, and C reactive protein (CRP) 
values were used to calculate time- varying 28- joint Disease 
Activity Scores (DAS28- CRP) at each VARA encounter. Missing 
disease activity components (joint counts 3.6%, global assess-
ment 10.8% and acute phase reactant 5.1% of observations) 
were imputed using the last observation carried forward for 
subsequent missing data.

Covariates
Covariates were selected a priori and included age, sex, race, 
body mass index (BMI) categories, smoking status, comorbidi-
ties (including the Rheumatic Disease Comorbidity Index22), and 
use of aspirin, statins and non- steroidal anti- inflammatory drugs 
(NSAIDs). Demographics and smoking status were obtained at 
baseline. Time- varying BMI was obtained from the VA CDW, 
using the value closest to the visit date.23 Comorbidities including 
hypertension, hyperlipidaemia, diabetes, CAD, cerebrovascular 
disease, HF, chronic kidney disease and chronic liver disease 
were defined by ≥2 inpatient or outpatient International Clas-
sification of Disease, Ninth Revision (ICD- 9) codes prior to the 
index date (online supplemental table 1). Statin use was defined 
at baseline by the presence of at least one dispensing episode 
in the year prior to index. Aspirin and NSAIDs were defined 
at each visit using registry data as these agents are frequently 
obtained over the counter.

Outcomes
The primary outcome was a composite of incident (occurring 
after the index date) CAD (myocardial infarction (MI), percu-
taneous coronary intervention (PCI) or coronary artery bypass 
grafting (CABG)), stroke, HF hospitalisation or CVD- related 
death. Secondary outcomes included a composite of athero-
thrombotic major adverse cardiovascular events (MACE; CAD, 
stroke or CVD- related death) and individual CVD outcomes. 
CVD- related deaths were determined from the National Death 
Index (NDI), using ICD- 10 codes I00–I99. Non- fatal events were 
identified using an administrative algorithm incorporating previ-
ously validated ICD- 9 codes (online supplemental table 2).24–30 
We queried the VA CDW, requiring a primary or secondary 
hospital discharge diagnosis for CAD or stroke, including tran-
sient ischaemic attack. Since it is a chronic condition, HF was 
required to be a primary discharge diagnosis. Coronary revas-
cularisation was identified using ICD- Procedure and Current 
Procedural Terminology codes for PCI and CABG. A random 
sample of CVD events was validated by medical record review 
using previously described adjudication criteria,24 26 yielding a 
positive predictive value (PPV) of 90% for CAD and 83% for HF 
hospitalisations. The PPV for stroke was 70%; thus, all stroke 
events were validated by medical record review. Since acute 
events such as MI and stroke may result in treatment outside 
the VA, we identified outpatient CAD and stroke diagnoses in 
patients without a hospitalised event in the VA (online supple-
mental table 2). All events identified through this approach were 
validated by medical record review.

Statistical analysis
Baseline characteristics were stratified by ever- exposure or 
never- exposure to MTX during the study period. Crude inci-
dence rates (IRs) and IR ratios (IRRs) for CVD events were esti-
mated based on time- varying MTX exposure.

Marginal structural models (MSM) were used to evaluate 
the association of time- varying MTX use with CVD events. As 
time- varying covariates may dynamically affect the likelihood 
of receiving MTX, traditional analytical methods assessing the 
association of MTX with CVD events are at risk for substantial 
residual confounding.31 MSM uses inverse probability weighting 
to account for the influence of time- fixed and time- varying 
confounders on the propensity to receive MTX, providing a 
more robust measure of causality between MTX and incident 
CVD risk.31 MSM methods are described in detail in online 
supplemental appendix, following the approach described by 
Fewell et al.32 Variables from current and prior visits were used 
to estimate the propensity to receive MTX at the current visit. 
Standardised mean differences (SMD) were calculated to ensure 
covariate balance.33 In secondary analyses, we stratified patients 
by baseline DAS28- CRP (moderate/high vs remission/low) and 
high- sensitivity CRP (hs- CRP, with a previously used cut- off of 2 
mg/L34), restricted analyses to those without a history of MACE 
or HF, and examined these associations in those with RA dura-
tion of <5 years.

Recognising that RA disease activity represents a potential 
confounder and/or mediator in the exposure–outcome pathway 
between MTX and CVD (figure 1), additional MSMs were used 
to estimate natural indirect effects through disease activity modi-
fication and direct effects of MTX exposure on CVD risk based 
on this causal structure.35 Specific methods for this approach 
are detailed in online supplemental appendix. DAS28- CRP 
at the current visit served as the mediator between treatment 
with MTX and subsequent CVD events. Secondary analyses 
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examined measures of systemic inflammation (erythrocyte sedi-
mentation rate or CRP) as mediators between MTX exposure 
and CVD events. All analyses were completed using Stata V.15.1 
software (StataCorp) within the VA Informatics and Computing 
Infrastructure.20

Patient and public involvement
Patients and the public were not directly involved in the design 
or completion of this study.

RESULTS
Baseline characteristics
We followed 2044 Veterans with RA over 10 360 patient- years 
(median follow- up of 4.9 years, mean of 11.4 visits per patient). 
Patients were predominantly male (90.0%), white (77.0%), in 
their seventh decade (mean age 63.9 years) and seropositive 
(79.2% rheumatoid factor (RF) positive, 77.8% anti- cyclic citrul-
linated peptide (anti- CCP) positive) with a mean DAS28- CRP of 
3.6. Of 1090 patients on MTX at baseline, 561 discontinued 
MTX during the follow- up. Among patients not on MTX at 
baseline, 272 patients initiated MTX during the follow- up. 
Follow- up time was similar between patients treated with (5.0 
years) or without (4.8 years) MTX at baseline. Demographics, 
BMI, smoking status and CVD- related comorbidities were 
similar by exposure group, with a modestly higher frequency of 
hyperlipidaemia in the MTX ever- exposed population (table 1). 
Chronic kidney disease and liver disease were more common 
in MTX unexposed patients, as was the use of leflunomide and 
sulfasalazine. Across all observations, biological DMARD and 
prednisone use was similar between MTX exposure groups, 
while other conventional DMARDs were more frequent in MTX 
unexposed patients (52.8% vs 36.9% of observations).

Incidence of CVD events
We identified 378 composite CVD events with an incidence of 
CAD, stroke, HF hospitalisation and CVD- related death of 14.2, 
6.0, 7.9 and 15.0 events per 1000 person- years, respectively 

(table 2). Crude IRRs demonstrated a reduced incidence of 
HF hospitalisation (IRR 0.48, 95% CI 0.30 to 0.77) as well as 
composite CVD events (IRR 0.83, 95% CI 0.67 to 1.02) and 
CVD- related death (IRR 0.76, 95% CI 0.55 to 1.05) in MTX 

Figure 1 Directed acyclic graph modelling the causal framework 
between methotrexate (exposure) and incident cardiovascular disease 
(outcome). RA disease activity is both affected by MTX exposure and 
influences CVD risk, thus acts as the primary mediator of interest in this 
analysis. All confounding variables listed are assumed to influence the 
exposure, mediator and CVD outcome. RA disease activity measures 
included the DAS28- CRP as well as measures of systemic inflammation 
(erythrocyte sedimentation rate and CRP). ASA, aspirin; BMI, body mass 
index; CRP, C reactive protein; CVD, cardiovascular disease; DMARDs, 
disease modifying anti- rheumatic drugs; MTX, methotrexate; NSAIDs, 
non- steroidal anti- inflammatory drugs; RA, rheumatoid arthritis.

Table 1 Baseline characteristics of veterans with rheumatoid 
arthritis, stratified by methotrexate (MTX) ever- exposure (N=2044)

MTX ever- exposed (N=1369)
MTX never- 
exposed (N=675)

Age (years) 63.8 (11.2) 64.1 (10.6)

Male sex, N (%) 1238 (90.4) 602 (89.2)

White race, N (%) 1046 (76.4) 527 (78.1)

BMI (kg/m2) 28.7 (5.8) 28.1 (5.3)

Healthcare utilisation*
Inpatient
Outpatient

 

0.2 (0.6)
16.8 (15.0)

 

0.2 (0.7)
17.8 (16.2)

High school graduate, N (%) 1116 (86.6) 536 (86.7)

Smoking status, N (%)
Current
Former
Never

 

348 (25.5)
719 (52.7)
298 (21.8)

 

189 (28.1)
363 (54.0)
120 (17.9)

Comorbid conditions, N (%)

  RDCI 1.29 (1.31) 1.40 (1.39)

  Hypertension 858 (62.7) 436 (64.6)

  Hyperlipidaemia 682 (49.8) 315 (46.7)

  Diabetes 301 (22.0) 154 (22.8)

  Coronary artery disease 327 (23.9) 173 (25.6)

  Cerebrovascular disease 91 (6.6) 53 (7.9)

  Heart failure 109 (8.0) 63 (9.3)

  Chronic kidney disease 66 (4.8) 55 (7.5)

  Chronic liver disease 22 (1.6) 60 (8.9)

  Lung disease 303 (22.1) 204 (30.2)

RA- related factors

  Rheumatoid factor positive, 
N (%)

1035 (78.2) 520 (81.1)

  Anti- CCP positive, N (%) 1013 (76.7) 513 (80.2)

  RA disease duration (years) 10.5 (11.1) 13.4 (11.6)

  Tender joint count 5.5 (6.9) 4.3 (6.2)

  Swollen joint count 4.5 (5.6) 3.6 (5.0)

  Patient Global 41.2 (25.7) 39.5 (24.7)

  Provider Global 35.0 (23.1) 32.9 (22.6)

  ESR (mm/hr) 25.6 (22.6) 28.3 (24.4)

  CRP (mg/dL) 1.5 (2.4) 1.6 (2.6)

  hs- CRP (mg/L) 1.2 (2.0) 1.2 (1.9)

  DAS28- CRP 3.7 (1.4) 3.4 (1.3)

  MDHAQ 0.9 (0.6) 0.9 (0.6)

Medication use, N (%)

  Hydroxychloroquine 306 (25.9) 175 (22.4)

  Sulfasalazine 106 (7.7) 92 (13.6)

  Leflunomide 52 (3.8) 144 (21.3)

  Prednisone 605 (44.2) 252 (37.3)

  TNF inhibitor 343 (25.1) 210 (31.1)

  Non- TNF biologic 23 (1.7) 15 (2.2)

  Statins 599 (43.8) 290 (43.0)

  Aspirin 85 (6.2) 41 (6.1)

  NSAIDs 475 (34.7) 234 (34.7)

Baseline characteristics are stratified by whether a patient was ever exposed to MTX during 
the study period. Values mean (SD) unless otherwise noted.
*Number of visits in the 12 months prior to index date.
.BMI, body mass index; DAS28, disease activity score with 28- joint count; ESR, erythrocyte 
sedimentation rate; hs- CRP, high sensitivity C- reactive protein; MDHAQ, multidimensional 
health assessment questionnaire; MTX, methotrexate; NSAIDs, non- steroidal anti- 
inflammatory drugs; RA, rheumatoid arthritis; RDCI, Rheumatic Disease Comorbidity Index.
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exposed patients in unadjusted analyses, although the latter two 
were not statistically significant. IRRs for MACE, CAD and 
stroke were not significantly different between MTX exposed 
and unexposed patients (table 2).

Mtx and CVD risk using MSM
In MSM including time- varying variables from the current and 
prior encounter, covariate balance was achieved between expo-
sure groups (SMD <0.1 for all variables). MTX was associated 
with a reduced risk of composite CVD events (HR 0.76, 95% CI 
0.58 to 0.99) and HF- related hospitalisation (HR 0.43, 95% CI 
0.24 to 0.77). While MTX was associated with a numeric reduc-
tion in MACE (HR 0.82, 95% CI 0.63 to 1.06), CAD (HR 0.84, 
95% CI 0.55 to 1.28), stroke (HR 0.72, 95% CI 0.34 to 1.53) 
and CVD- related death (HR 0.78, 95% CI 0.55 to 1.13), these 
differences were not statistically significant (table 3).

When stratified by baseline DAS28- CRP, associations between 
MTX and composite CVD events and MACE were gener-
ally numerically stronger among those with moderate to high 
DAS28- CRP at baseline, though 95% CIs were overlapping 
(online supplemental table 3). Minimal differential associations 
between MTX and CVD events were observed based on a hs- CRP 
cut- off of 2 g/dL at baseline (online supplemental table 3). When 
restricting analyses to those without a history of MACE or HF 

(online supplemental table 4) as well as RA duration <5 years 
(online supplemental table 5), similar estimates were observed, 
although this did not reach statistical significance for HF (HR 
0.52, 95% CI 0.23 to 1.18). Sensitivity analysis including educa-
tion, lung disease, and baseline MDHAQ were similar, but less 
precise (composite HR 0.79, 95% CI 0.59 to 1.05, HF hospital-
isation 0.45, 95% CI 0.24 to 0.84) (online supplemental table 
6).

Mediation analysis of MTX and CVD risk
In mediation analyses modelling RA disease activity as the 
primary mediator between MTX exposure and CVD events, 
indirect effects of MTX on CVD events through modification of 
RA disease activity were not significant (range HR 0.87–1.06, all 
ps>0.05, figure 2). Direct effects of MTX were associated with a 
lower risk of HF hospitalisation (HR 0.41, 95% CI 0.18 to 0.92) 
and a numeric, but non- significant, reduction in composite CVD 
events (HR 0.74, 95% CI 0.51 to 1.07). Similarly, secondary 
analyses did not demonstrate that reductions in inflammatory 
markers mediated MTX- related CVD risk (range HR 0.91–1.48, 
figure 3).

DISCUSSION
In this multicentre, prospective cohort of US Veterans with RA, 
we observed a significantly reduced risk of CVD events associ-
ated with MTX use, independent of age, BMI, traditional CVD 
risk factors, RA disease activity and other RA therapies using 
state- of- the- art causal inference techniques. To our knowledge, 
this is among the first studies to demonstrate a greater risk reduc-
tion for HF hospitalisations with MTX use compared with CAD 
and stroke, supporting a potential cardioprotective role of MTX 
extending beyond atherothrombotic events. While the associa-
tion of MTX with lower CVD risk in RA has been consistently 
reported,3 4 6 whether this is driven primarily by reductions in 
RA disease activity has not been elucidated. Through mediation 
analysis, we observed that the cardioprotective effect of MTX 
was not attributable to modification of disease activity. This 
suggests that use of MTX may have additional direct cardiovas-
cular benefits in patients with RA that are independent of its role 
in controlling clinical RA disease activity, though this requires 
further study.

We estimated that MTX exposed patients carried a 24% lower 
risk of CVD, similar to prior studies supporting a cardiopro-
tective effect of MTX.8 36 Non- significant trends suggesting a 
protective effect against MACE (HR 0.82, 95% CI 0.63 to 1.06) 
or the MACE components of CAD (HR 0.84, 95% CI 0.55 to 
1.28) and stroke (HR 0.72, 95% CI 0.34 to 1.53) are similar 

Table 2 Incidence rates of cardiovascular events in veterans with rheumatoid arthritis (per 1000 person- years)

Event category* N Follow- up time (PY) Mean time to event, years

Incidence rates (per 1000 PY)

IRR (95% CI)MTX ever- exposed MTX never- exposed

Composite 378 10 360 3.42 33.05 39.88 0.83 (0.67 to 1.02)

HF hospitalisation 87 10 956 3.47 5.17 10.66 0.48 (0.30 to 0.77)

MACE 342 10 443 3.45 30.32 35.14 0.86 (0.69 to 1.07)

CAD 151 10 605 3.08 13.50 14.97 0.90 (0.65 to 1.26)

Stroke 66 10 934 3.36 6.13 5.95 1.03 (0.62 to 1.72)

CVD Death 167 11 098 3.99 13.00 17.03 0.76 (0.55 to 1.05)

Values listed in bold indicate p<0.05.
*MACE is a composite of outcomes included in CAD, stroke and CVD death. CAD includes acute myocardial infarction, percutaneous coronary intervention or coronary artery 
bypass.
.CAD, coronary artery disease; CVD, cardiovascular disease; HF, heart failure; IRR, incidence rate ratio; MACE, major adverse cardiovascular event; MTX, methotrexate; PY, person 
years; RA, rheumatoid arthritis.

Table 3 Association of methotrexate use with cardiovascular 
disease events in veterans with rheumatoid arthritis*

Event category† HR (95% CI) P value

Composite 0.76 (0.58 to 0.99) 0.04

HF hospitalisation 0.43 (0.24 to 0.77) 0.005

MACE 0.82 (0.63 to 1.06) 0.12

CAD 0.84 (0.55 to 1.28) 0.42

Stroke 0.72 (0.34 to 1.53) 0.39

CVD Death 0.79 (0.55 to 1.13) 0.19

Values listed in bold indicate p<0.05.
*Marginal structural models adjusting for time- varying age, BMI, RA disease 
activity, and medication use (prednisone, conventional and biological DMARDs, 
ASA and NSAIDs). Time- invariant variables assessed at baseline included sex, race, 
smoking status, RA duration, comorbidities and statin use. Primary analysis includes 
variables from the current and prior visit into the propensity to receive MTX.
†MACE is a composite of CAD, stroke and CVD death. CAD includes acute 
myocardial infarction, percutaneous coronary intervention or coronary artery 
bypass.
.ASA, aspirin; BMI, body mass index; CAD, coronary artery disease; CVD, 
cardiovascular disease; DMARD, disease- modifying anti- rheumatic drug; HF, heart 
failure; MACE, major adverse cardiovascular event; MTX, methotrexate; NSAIDs, 
non- steroidal anti- inflammatory drugs; RA, rheumatoid arthritis.
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to prior estimates.8 36 While most prior studies use covariate 
adjustment in proportional hazards regression models, their 
adjustment for time- varying covariates that confound MTX use 
is limited. We used MSM, an approach that more accurately 
accounts for time- varying variables that influence the propensity 
to receive MTX and develop CVD events.31 Importantly, this 
represents a novel methodological approach in addressing this 
high- impact clinical question.

Patients with RA are at a 20%–50% increased risk of HF 
referent to the general population, independent of ischaemic 
heart disease and suffer higher mortality rates after HF diag-
nosis.5 37–42 Given the chronic nature of HF often complicated by 
recurrent hospitalisations, poorly controlled HF poses a substan-
tial burden to patients and healthcare systems.43 Effective preven-
tion and management of HF in patients with RA could yield 
considerable benefits in this population. Initial case–control and 
cohort studies in RA demonstrated a 20%–50% reduction in HF 
risk associated with MTX use.12 13 37 Our study builds on these 
findings, demonstrating a 57% lower risk of HF hospitalisation 
in those with MTX exposure in a large, multicentre, prospective 
RA cohort while accounting for longitudinal RA disease activity 
and other DMARD use. When restricting to those without HF 
at enrolment, a similar, but less precise, reduction in new- onset 
HF was seen (online supplemental table 4).

Mechanisms underpinning CVD risk in RA are multifacto-
rial, including traditional CVD risk factors, RA disease activity, 
systemic inflammation, lipoprotein dysfunction, endothelial 
dysfunction and oxidative stress.44 We demonstrated that indi-
rect effects of MTX through modification of RA disease activity 
and systemic inflammation did not mediate CVD risk reduction 
in this cohort. Our findings suggest potential benefit of MTX in 
the context of CVD risk management beyond its important role 
of improving disease activity, particularly as it relates to reducing 

HF hospitalisations. Supporting this, a previous study of patients 
initiating biological DMARDs demonstrated a 24% lower risk 
of incident CVD in those on concomitant MTX.45 Continued 
research is warranted to elucidate direct effects of MTX, such 
as improvements in lipoprotein and endothelial function,14–17 
on CVD outcomes in RA. Although not observed as an indirect 
effect from MTX in this study, evidence linking disease activity 
with CVD risk necessitates tight control of RA for lowering CVD 
risk.

The effect of antirheumatic drugs on CVD risk in non- RA 
patients is of increasing interest.34 46 Whether MTX- related 
mechanisms might translate to effective CVD prevention outside 
of RA was investigated in the Cardiovascular Inflammation 
Reduction Trial.7 In non- RA patients with prior CAD, low- dose 
MTX treatment did not reduce CVD events compared with 
placebo. These findings may relate to the inclusion of patients 
without high levels of systemic inflammation,7 though in our 
study baseline hs- CRP minimally influenced the association 
between MTX and CVD events. RA likely portends a more 
complex inflammatory milieu than the non- RA population, thus, 
it remains unclear whether a specific inflammatory phenotype in 
the non- RA population might receive CVD benefit from MTX.

There are limitations to this study. This is an older, male- 
predominant cohort of US Veterans, which may limit generalis-
ability of these findings. Sample size did not allow for a new- user, 
active- comparator design, thus changes in disease activity related 
to MTX may be underestimated and further study is required 
to specifically compare the observed CVD benefits of MTX, 
alone or in combination, with other DMARD regimens. As in 
any observational study, residual confounding is possible and 
manifests as a direct effect in mediation analyses, which must 
be considered when interpreting a causal link between MTX 
and CVD risk. While longitudinal measures allowed for robust 

Figure 2 Forest plot illustrating the natural direct and natural indirect effects of MTX mediated by DAS28- CRP with CVD events using a 
counterfactual- based mediation analysis abbreviations: CAD, coronary artery disease; CVD, cardiovascular disease; DAS, Disease Activity Score; HF, 
heart failure; MACE, major adverse cardiovascular event; MTX, methotrexate.
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assessment of indirect effects of MTX through modification of 
disease activity, additional studies could explore the contribu-
tion of alternative mediators to CVD risk reduction with MTX 
use, such as reduced glucocorticoid dose. Additionally, folic acid 
supplementation may lead to modest reductions in atherothrom-
botic CVD,47 although this has not been shown to affect HF 
risk. Though time- varying data were available for many vari-
ables, smoking status, statin use and comorbid conditions were 
available only at baseline. As this is an older population with 
a high degree of established comorbidity, the new incidence of 
traditional CVD comorbidities during follow- up has been shown 

to be relatively infrequent in this cohort.48 Left truncation of our 
cohort limits the ability to account for accumulated RA disease 
activity and DMARD exposure prior to index, though including 
surrogate measures of prior RA disease activity including RA 
duration, DMARD (both conventional and biologic) and pred-
nisone exposure, as well as MDHAQ did not substantially affect 
results. Because we relied on administrative data to identify CVD 
events, an event outside of the VA may be missed, though efforts 
were made to systematically minimise outcome misclassification 
by identifying new outpatient diagnoses and validating events 
through medical record review.

Figure 3 Forest plot illustrating the natural direct and natural indirect effects of MTX with cardiovascular disease events mediated by CRP (A) and 
ESR (B) using a counterfactual- based mediation analysis. CAD, coronary artery disease; CRP, C reactive protein; CVD, cardiovascular disease; ESR, 
erythrocyte sedimentation rate; HF, heart failure; MACE, major adverse cardiovascular event; MTX, methotrexate.
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Causal inference methodology is rapidly evolving, offering 
means for more robust estimates of treatment effects and disease 
and/or treatment mechanisms in the observational setting. The 
use of propensity score- based methods is increasing, particularly 
in pharmacoepidemiological studies.49 There remains underuti-
lisation of MSM and causal mediation analyses in longitudinal 
observational studies of rheumatic diseases. Continued imple-
mentation of these methods in epidemiological studies is needed 
to improve the validity of study findings and to elucidate the 
mechanisms underlying observed associations.

In conclusion, MTX exposure was associated with a 24% 
reduced risk of CVD events including a 57% reduced risk of HF 
hospitalisation in a large RA registry linked to national VA data. 
These cardioprotective effects were not attributable to indirect 
effects through modification of RA disease activity or systemic 
inflammation. These data suggest MTX may offer CVD benefit, 
particularly in HF, beyond its role in reducing RA disease activity, 
and these roles should be especially considered in RA patients at 
high risk of CVD.
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