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systemic inflammation attenuates both [3, 5–7]. Methotrex-
ate is the main conventional synthetic disease modifying 
antirheumatic drug (DMARD) endorsed by guidelines for 
initial treatment in RA [8]. It decreases proinflammatory 
cytokines instrumental in disease pathogenesis [9] and was 
shown to decrease cardiovascular risk [10]. This effect may 
be dose-dependent, with higher doses yielding greater ben-
efit [11]. Moreover, the beneficial effects of methotrexate on 

Introduction

Patients with rheumatoid arthritis (RA) exhibit greater 
atherosclerosis burden and cardiovascular risk compared 
to age and gender-matched individuals without autoim-
mune disease [1, 2]. Residual RA activity and cumulative 
inflammation predict plaque progression and cardiovascular 
risk [3, 4]. In contrast, suppression of disease activity and 
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cardiovascular risk may involve pathways beyond control 
of systemic inflammation [9, 12].

Methotrexate treatment reduced atherosclerosis in 
animals [13–15] and inhibited transformation of human 
macrophages to foam cells—the main cell population in ath-
erosclerotic plaques [16]. Several mechanisms may underlie 
the beneficial effects of methotrexate, including adenos-
ine production. Adenosine promotes cholesterol efflux by 
engaging adenosine A2 receptor on macrophages, which 
upregulates synthesis of ATP-binding cassette A1-mem-
brane transporter protein (ABCA1) that exports cholesterol 
to apolipoprotein A1 (ApoA1) and lipid-poor pre-β HDL 
particles [17, 18]. Lipid removal from lesional macrophages 
attenuates atherosclerosis progression and was shown to 
reduce cardiovascular risk [19]. Adenosine may also bind 
adenosine A3 receptor on endothelial cells within visceral 
adipose tissue and promote microRNA-181b synthesis, a 
potent anti-inflammatory factor which attenuates endothe-
lial cell activation, decreases macrophage accumulation and 
inflammation, and increases insulin signal activity within 
visceral fat [20]. Both endothelial cell activation and vis-
ceral fat inflammation have been linked to cardiometabolic 
risk in RA [6, 21].

Prior studies showed that males with RA have a better 
response to methotrexate than females [22, 23] and better 
response to methotrexate is linked to reduced mortality [24, 
25]. Testosterone enhanced the in vitro anti-inflammatory 
and antiproliferative effects of methotrexate [26]. In pso-
riasis, another autoimmune disease with enhanced ischemic 
cardiovascular risk, methotrexate treatment reduced eryth-
rocyte sedimentation rate (ESR), C-reactive protein (CRP), 
and proatherogenic apoB/apoA1 ratio exclusively in males 
[27, 28]. We previously reported that males with RA expe-
rienced higher cardiovascular risk compared to females 
[29]. However, it is unknown whether males and females 
derive similar cardioprotective benefit from methotrexate 
treatment.

In the present study we evaluated the influence of sex 
on major adverse cardiovascular events (MACE) and all 
ischemic cardiovascular events in methotrexate users and 
nonusers. We further explored potential differences in car-
dioprotective benefits from methotrexate among males and 
females with RA.

Methods

Patient recruitment

The sample included RA patients from 13 academic cen-
ters in 10 countries (Canada, Greece, Mexico, Netherlands, 
Norway, South Africa, Spain, Sweden, United Kingdom, 

and United States) enrolled into An inTernationAl Cardio-
vascular Consortium for people with Rheumatoid Arthritis 
(ATACC-RA) between 1985 and 2012. Details of the sam-
ple have been previously reported [30]. Inclusion criteria 
upon enrollment entailed patient ages between 18 and 85 
years and fulfillment of 1987 classification criteria for RA. 
Exclusion criteria were presence of concurrent autoimmune 
syndromes (except Sjogren’s), and prior diagnosis or sus-
picion of cardiovascular disease including stable angina, 
acute coronary syndrome, transient ischemic attack, stroke, 
peripheral arterial disease, revascularization, or heart fail-
ure. Participants were followed either prospectively through 
regular study visits or retrospectively through chart review. 
The study was approved by the local institutional review 
boards of all participating centers and complied with the 
declaration of Helsinki. Of 4537 enrolled participants, 
individuals were excluded from the analysis for the follow-
ing reasons: missing methotrexate data (n = 54), over 85 
years old (n = 25), and missing all RA disease activity data 
(n = 96). The final sample included 4362 individuals.

Covariates and outcomes

Cardiac risk factors recorded at the enrollment visit included 
hypertension, systolic and diastolic blood pressure, diabe-
tes, family history of coronary artery disease, smoking sta-
tus, body mass index, total cholesterol, HDL-c, low-density 
lipoprotein cholesterol, and triglycerides. Antihypertensive 
and lipid-lowering medication use at the time of enrollment 
was also documented. Rheumatoid factor (RF) and antic-
itrullinated peptide antibody (ACPA) status was extracted 
from the patients’ medical record. Tender and swollen joint 
counts, ESR and CRP levels, and 28-joint disease activity 
scores with ESR (DAS28-ESR) and with CRP (DAS28-
CRP) at enrollment visit were recorded. Information on 
use of non-steroidal anti-inflammatory drugs, corticoste-
roids, conventional synthetic DMARDs (csDMARDs), and 
biologic DMARDs (bDMARDs) at the time of enrollment 
was also collected, however no information on dosing was 
catalogued. Management strategies were at the discretion of 
the treating physician. Data on all predictors and covariates 
were only available at baseline.

Prespecified clinical outcomes were (a) time to first 
major adverse cardiovascular event (MACE) defined as 
cardiovascular death, non-fatal myocardial infarction, or 
non-fatal stroke; and (b) time to first any ischemic car-
diovascular event (iCVE) defined as cardiovascular death, 
non-fatal myocardial infarction, non-fatal stroke, unstable 
or stable angina, coronary revascularization, transient isch-
emic attack, or symptomatic peripheral arterial disease with 
or without revascularization. Standardized definitions were 
used during data collection, however cardiovascular events 
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were not centrally adjudicated. Patients incurring both 
MACE and non-MACE iCVE events were considered in 
the MACE analysis if the MACE event occurred first and 
censored thereafter. If the non-MACE iCVE event occurred 
first, then the same patients were censored after the index 
event and considered in the iCVE analysis.

Methotrexate exposure

Patients taking methotrexate upon enrollment were consid-
ered prevalent methotrexate users. Information about meth-
otrexate use or duration before and after enrollment visit 
was not available. Patients were classified as methotrex-
ate users if they received methotrexate monotherapy or in 
combination with other csDMARDs and/or bDMARDs at 
enrollment. Patients not taking methotrexate at enrollment 
visit were considered nonusers, even in the case of potential 
prior exposure. Similar assumptions and exposure defini-
tions were used for all medications used upon enrollment.

Statistical analysis

Participant characteristics were summarized overall and by 
sex as means with standard deviations (SD) for continu-
ous variables and numbers with percentages for categori-
cal variables. Males and females were compared using the 
chi-square test and t test for categorical and continuous 
variables, respectively. Non-normally distributed variables 
were natural logarithm transformed. The primary analyses 
evaluated the effect of sex, methotrexate use and their inter-
action on risk of MACE and iCVE using multivariable Cox 
regression models, reporting adjusted hazard ratios (HRs) 
and 95% confidence intervals (CIs). The sex by methotrex-
ate use interaction was assessed with likelihood ratio tests. 
Covariates included in all Cox models were age, sex, hyper-
tension, diabetes, family history of cardiovascular disease, 
smoking, total cholesterol/HDL-c ratio, and RA duration. 
Cox models were stratified by center cardiovascular event 
rate (high and low risk groups), as previously described [29, 
30]. For the Cox models, missing data were imputed using 
multiple imputation by chained equations with 10 iterations.

Four sets of sensitivity analyses assessed the robustness 
of the primary analyses. First, to balance the differences 
between methotrexate users and nonusers, the imputed 
multivariable Cox regression models were weighted using 
inverse probability of treatment weighting weights. Stabi-
lized weights were calculated using propensity score values. 
The individual propensities for methotrexate treatment were 
estimated with a logistic regression model that included all 
covariates (i.e. age, sex, hypertension, diabetes, family his-
tory of cardiovascular disease, smoking, total cholesterol/
HDL-c ratio, and RA duration) plus RF or ACPA positivity, 

non-methotrexate csDMARD use, bDMARD use, and 
DAS28-ESR. A standardized mean difference < 0.10 for 
each covariate indicated balance between methotrexate user 
and nonuser groups. Second, the unweighted Cox models 
were evaluated adjusting only for age. Third, unweighted 
fully adjusted primary Cox models were tested with sample 
enrollment limited to after 1/1/2000 when methotrexate use 
became more prevalent in the cohort. Fourth, we explored if 
RA disease activity or inflammation influenced the effect of 
methotrexate use on MACE and iCVE in males and females 
by evaluating multivariable Cox models additionally adjust-
ing for DAS28-ESR, DAS28-CRP or CRP. Stata 15.0 was 
used for all analyses and two-tailed P values < 0.05 were 
considered statistically significant.

Results

Patients were predominantly female (n = 3223, 73.9%), 
seropositive for RF (n = 2885, 66.9%) or ACPA (n = 2356, 
60.1%), and with moderate to severe disease activity 
(DAS28-ESR = 4.2 ± 1.5). At enrollment visit 1378 (31.6%) 
used methotrexate, 1169 (26.8%) received corticosteroids, 
and 515 (11.8%) received bDMARDs. Among 1211 metho-
trexate users with complete medication data, 540 (44.6%) 
patients received methotrexate monotherapy, 326 (26.9%) 
combined with additional csDMARDs, 260 (21.5%) com-
bined with bDMARDs, and 85 (7.0%) combined with 
additional csDMARDs and bDMARDs. Among males, 
304 (26.7%) were methotrexate users, while 1074 females 
(33.3%) used methotrexate. Patient characteristics by sex 
and methotrexate use and information about missing data 
are shown in Table  1. Compared to male nonusers, male 
methotrexate users had longer disease duration, lower dis-
ease activity, and greater concomitant alternate csDMARD, 
bDMARD, and steroid use (all p < 0.001). Compared to 
female nonusers, females using methotrexate had older 
average age (p < 0.001), longer disease duration (p < 0.001), 
lower disease activity (p < 0.001), lower smoking (p = 0.001) 
and hypertension prevalence (p = 0.02), greater diabetes 
prevalence (p = 0.047), and greater concomitant alternate 
csDMARD, bDMARD, steroid, and statin use (all p < 0.001).

Mean follow-up duration was 6.0 ± 4.5 years. Overall, 
358 patients suffered any cardiovascular events. Forty-six 
patients suffered both MACE and non-MACE iCVE; in 14 
MACE was the first event, in 24 non-MACE iCVE was the 
first event, and in eight the events were concurrent. There 
were 237 first MACE events (40 cardiovascular deaths, 113 
myocardial infarctions, and 84 strokes) over 26,286 patient-
years of follow-up. There were 358 first iCVEs (31 cardio-
vascular deaths, 109 myocardial infarctions, 82 strokes, 
54 new unstable or stable angina diagnoses, 23 transient 
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difference = 0.28). The cumulative incidence of MACE and 
iCVE differed according to methotrexate use stratified by 
sex (Fig. 1).

In multivariable Cox models, male sex predicted greater 
overall risk of MACE (HR 1.75 [95% CI 1.35–2.27]) and 
any iCVE (HR 1.53 [95% CI 1.24–1.89]). Methotrexate 
use was not associated with MACE (p = 0.57) or iCVE 
(p = 0.50) overall (Fig.  2). The interaction between sex 
and methotrexate was significant for MACE (p = 0.005) 
and iCVE (p = 0.01), suggesting the effect of methotrex-
ate use on cardiovascular risk differed among males and 
females (Fig.  2). Specifically, among males, methotrexate 
use associated with a lower risk of MACE (HR 0.32, [95% 
CI 0.12–0.83]) and iCVE (HR 0.43 [95% CI 0.21–0.85]]). 
In females, methotrexate use was not associated with either 
MACE (p = 0.267) or iCVE (p = 0.41). When the effect of 
sex is considered stratified by methotrexate use, male non-
users incurred greater risk of both MACE (HR 2.03 [95% 

ischemic attacks, 32 new peripheral arterial disease diag-
noses, and 27 revascularizations) over 26,029 patient-years. 
Overall crude incidence rate per 1000 patient-years was 9.0 
(95% CI 7.9–10.2) for MACE and 13.8 (95% CI 12.4–15.3) 
for iCVE. Incidence rates were higher in males compared 
to females for MACE (15.2 [95% CI 12.6–18.4] versus 6.8 
[95% CI 5.7-8.0], p for difference < 0.001) and iCVE (21.6 
[95% CI 18.4–25.3] versus 10.9 [95% CI 9.6–12.5], p for 
difference < 0.001). Among males, crude incidence rates per 
1000 patient-years were higher in methotrexate nonusers 
compared to users for both MACE (17.6 [95% CI 14.5–21.3] 
versus 4.2 [95% CI 1.7–10.0], p for difference < 0.001) and 
iCVE (24.5 [95% CI 20.7–28.9] versus 7.6 [95% CI 4.0-
14.6], p for difference < 0.001). Among females, incidence 
rates were not significantly different in methotrexate nonus-
ers compared to users for MACE (6.9 [95% CI 5.7–8.4] ver-
sus 6.4 [95% CI 4.4–9.2], p for difference = 0.72) or iCVE 
(11.4 [95% CI 9.8–13.3] versus 9.4 [95% CI 7.0-12.8], p for 

Table 1  Participant characteristics at enrollment stratified by sex and methotrexate use (N = 4362)
Available n Female MTX Nonuser 

(n = 2149)
Female MTX User 
(n = 1074)

Male MTX Nonuser 
(n = 835)

Male 
MTX User 
(n = 304)

Age, years 4362 53.6 ± 14.8 56.2 ± 13 56.3 ± 12.5 57.6 ± 12.8
RA duration, years 4340 3.4 ± 6.6 8.5 ± 8.5 2.1 ± 5.0 8.0 ± 8.1
Age at RA diagnosis, years 4339 50.3 ± 14.8 47.9 ± 13.7 54.2 ± 13 49.8 ± 13.0
ACPA positive 3921 1087 (58.3%) 635 (61.8%) 451 (61.3%) 183 (62.9%)
RF positive 4310 1400 (65.7%) 704 (66.7%) 579 (69.9%) 202 (68.5%)
ESR, mm/hr 4320 27.0 ± 21.6 21.2 ± 18.8 26.3 ± 23.8 17.6 ± 17.9
CRP, mg/L 3349 19.2 ± 29.4 10.7 ± 18.3 26.4 ± 37.5 13.2 ± 18.4
Swollen joint count 3123 7.1 ± 5.9 3.5 ± 4.5 7.7 ± 6.0 3.6 ± 4.5
Tender joint count 3123 6.5 ± 6.2 4.2 ± 5.5 5.9 ± 5.7 3.8 ± 5.3
DAS28-ESR 3106 4.5 ± 1.4 3.6 ± 1.4 4.4 ± 1.5 3.3 ± 1.6
DAS28-CRP 2935 4.1 ± 1.4 3.3 ± 1.3 4.2 ± 1.4 3.3 ± 1.3
Hypertension 4361 933 (43.4%) 419 (39.0%) 399 (47.8%) 119 (39.1%)
Systolic BP, mmHg 4211 138.0 ± 23.7 133.6 ± 20.6 143.4 ± 21.5 140.0 ± 19.2
Diastolic BP, mmHg 4210 79.7 ± 11.3 78.7 ± 10.7 83.7 ± 11.0 82.3 ± 10.0
Total cholesterol, mmol/L 3951 5.2 ± 1.1 5.3 ± 1.1 5.1 ± 1.1 5.0 ± 1.0
LDL-c, mmol/L 3881 3.1 ± 1.0 3.1 ± 0.9 3.1 ± 1.0 3.1 ± 0.9
HDL-c, mmol/L 3900 1.5 ± 0.4 1.6 ± 0.5 1.2 ± 0.3 1.3 ± 0.4
Triglycerides, mmol/L 3933 1.4 ± 0.8 1.3 ± 0.7 1.5 ± 0.9 1.5 ± 0.9
Current smoker 4232 499 (24.2%) 204 (19.0%) 253 (31.8%) 86 (28.5%)
Ever smoker 4232 1006 (48.8%) 488 (45.5%) 555 (69.8%) 223 (73.8%)
Diabetes mellitus 4362 137 (6.4%) 89 (8.3%) 60 (7.2%) 29 (9.5%)
Family history of CVD 3353 360 (23.9%) 247 (24.6%) 130 (22.8%) 80 (28.9%)
Body mass index, kg/m2 3973 26.9 ± 5.6 27.3 ± 5.5 26.9 ± 4.4 27.5 ± 4.4
Other csDMARD 4196 422 (19.6%) 322 (33.9%) 112 (13.4%) 89 (33.8%)
Biologic DMARD 4355 125 (5.8%) 304 (28.4%) 26 (3.1%) 60 (19.7%)
Corticosteroid 4359 497 (23.1%) 390 (36.3%) 176 (21.1%) 106 (34.9%)
Antihypertensive therapy 4360 439 (20.4%) 268 (25.0%) 159 (19.0%) 69 (22.7%)
Lipid-lowering therapy 4356 182 (8.5%) 164 (15.3%) 77 (9.2%) 40 (13.2%)
Values in table are mean ± standard deviation or n (%). MTX: methotrexate; RA: rheumatoid arthritis; ACPA: anti-citrullinated protein anti-
body; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DAS28: 28-joint disease activity score; BP: blood 
pressure; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; CVD: cardiovascular disease; csDMARD: 
conventional synthetic disease modifying anti-rheumatic drug
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Fig. 2  Effect of methotrexate use on cardiovascular events overall and 
stratified by sex. All models adjust for age, hypertension, diabetes, 
family history of cardiovascular disease, smoking, total cholesterol/

high-density lipoprotein cholesterol ratio, and rheumatoid arthritis 
duration. HR hazard ratio; MACE major adverse cardiovascular event; 
CVE cardiovascular event; MTX methotrexate

 

Fig. 1  Cumulative hazard of A MACE and B any ischemic CVE stratified by methotrexate use and sex. MTX methotrexate; MACE major adverse 
cardiovascular event; CVE cardiovascular event
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males treated with methotrexate experience better responses 
than females [22, 23], none of the aforementioned studies 
evaluated potential differences in cardiovascular benefits 
of methotrexate use between males and females. More-
over, none explicitly assessed whether the effect of metho-
trexate on cardiovascular risk was mediated by control of 
inflammation.

Our study specifically examined the influence of sex 
on cardiovascular risk in methotrexate users and nonusers 
and the potential differences in benefits from methotrexate 
among males and females with RA. Consistent with our 
prior report, males experienced greater overall event rates 
compared to females independently of classical risk factors 
or disease activity [37]. Methotrexate use was not associ-
ated with cardiovascular risk in our cohort at large. This 
finding differs from some of the aforementioned studies but 
is in agreement with three studies reporting on methotrex-
ate monotherapy, included in the latest metanalysis, where 
no cardiovascular benefit was observed [10]. Importantly, 
our finding was robust and confirmed in inverse probability 
weighted sensitivity analyses accounting for the use of both 
non-methotrexate csDMARDs as well as bDMARDs and 
therefore reflecting the specific contribution of methotrex-
ate use.

We showed that methotrexate was linked to MACE and 
iCVE risk reduction among males but not females. Similarly, 
in a recent report, methotrexate associated with reduction 

CI 1.54–2.68]) and iCVE (HR 1.70 [95% CI 1.35–2.13]) 
compared to female nonusers. In contrast, male sex did not 
predict MACE (HR 0.50 [95% CI 0.19–1.30]) or iCVE risk 
(HR 0.61 [95% CI 0.30–1.23]) among methotrexate users.

In sensitivity analyses, results from age-adjusted only 
models, fully adjusted models limited to follow-up after Jan-
uary 1, 2000, and adjusted models weighted using inverse 
probability of treatment weights were similar to the primary 
models (Table 2). Unweighted multivariable models addi-
tionally adjusting for DAS28-ESR, DAS28-CRP and CRP 
also yielded similar results (Table 2).

Discussion

A number of metanalyses of widely overlapping studies 
examined the association of methotrexate use with various 
composite cardiovascular outcomes over the years [10, 31–
34]. All except one [10] were published prior to 2015 and 
included reports on populations studied prior to 2005. The 
individual studies considered included variable predictors, 
covariates and limited adjustments for concurrent thera-
pies. The overarching message was that methotrexate was 
overall beneficial, especially when co-administered along 
with other DMARDs and the observed benefit was primar-
ily driven by the same three studies recirculated across all 
reported metanalyses [24, 35, 36]. Despite prior reports that 

Table 2  Sensitivity analyses for the effect of methotrexate use on cardiovascular event risk in males and females
MACE Any Ischemic CVE
HR (95% CI) P-int. HR (95% CI) P-int.

Inverse probability weightinga

  Female 1.23 (0.71–2.13) 0.02 1.14 (0.73–1.80) 0.01
  Male 0.30 (0.10–0.90) 0.41 (0.20–0.85)
Adjusted for age only
  Female 1.26 (0.79–2.02) 0.01 1.16 (0.79–1.69) 0.01
  Male 0.34 (0.13–0.88) 0.44 (0.22–0.91)
Follow-up after 01/01/2000a

  Female 1.29 (0.76–2.17) 0.02 1.16 (0.77–1.76) 0.02
  Male 0.36 (0.13–0.96) 0.45 (0.22–0.92)
Adjusted modela +DAS-ESR
  Female 1.33 (0.83–2.14) 0.01 1.21 (0.81–1.79) 0.01
  Male 0.34 (0.13–0.88) 0.45 (0.23–0.90)
Adjusted modela +DAS-CRP
  Female 1.34 (0.83–2.15) 0.01 1.21 (0.82–1.79) 0.01
  Male 0.34 (0.13–0.87) 0.45 (0.23–0.89)
Adjusted modela + CRP
  Female 1.34 (0.83–2.16) 0.01 1.20 (0.81–1.77) 0.01
  Male 0.33 (0.13–0.85) 0.43 (0.22–0.86)
aAdjusted for age, hypertension, diabetes, family history of cardiovascular disease, smoking, total cholesterol/high-density lipoprotein choles-
terol ratio, and rheumatoid arthritis duration
MACE: major adverse cardiovascular event; CVE: cardiovascular event; HR: hazard ratio for the effect of methotrexate use; CI: confidence 
interval; P-int.: P value for sex by methotrexate interaction; DAS28: 28-joint disease activity score; ESR: erythrocyte sedimentation rate; CRP: 
C-reactive protein
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and inflammation (ESR) compared to female users (both 
p < 0.001). In fact, differences in both disease activity and 
systemic inflammation between males and females were 
greater among methotrexate users than nonusers. Likewise, 
suppression of ESR, CRP and apoB/apoA1 ratio was seen 
only in males but not females with psoriasis upon treatment 
with methotrexate [27, 28].

Our female methotrexate nonusers—like all females—
experienced lower cardiovascular risk compared to male 
nonusers. This may reflect an atheroprotective benefit of 
estrogens in females. HDL-associated estradiol esters, espe-
cially in premenopausal females, enhanced the ability of 
HDL to perform cholesterol efflux compared to male HDL 
lacking estradiol [42]. Indeed, data from a US participating 
cohort indicated that females displayed significantly greater 
macrophage cholesterol efflux through the ABCG1 mem-
brane transporter than males, independently of methotrex-
ate use [43]. Moreover, ABCG1-mediated cholesterol efflux 
associated with endogenous estrone levels in premenopausal 
but not postmenopausal patients (p-for-interaction = 0.032) 
and inversely associated with cardiovascular risk [43].

Neointimal expression of estrogen receptors is higher 
in female than male aortas. Moreover, concentrations of 
enzymes locally converting estrogens into bioactive forms 
are significantly higher in female than male aortas, irrespec-
tive of menopause [44]. These conditions may therefore 
optimize the local availability, biologic activity and receptor 
burden estrogens can engage and exert their atheroprotec-
tive effects specifically in females. Accordingly, data from 
the aforementioned US participating center indicated that 
endogenous estrone levels inversely associated with event 
risk after adjustments for atherosclerotic cardiovascular risk 
score and coronary atherosclerosis burden [45]. Moreover, 
this inverse association was stronger in premenopausal 
patients [45]. In summary, in the context of an estrogen-
mediated optimization of HDL efflux capacity through 
ABCG1 transporter, lower preb HDL and Apo A1 accep-
tor particle levels, and enhanced action of estrogens on the 
vessel wall, the relative contribution of a tentative metho-
trexate-associated upregulation of ABCA1 expression in 
females is likely limited.

Our study has notable strengths. It is a large, multina-
tional, real-life, long-term, observational study carried out 
in an unselected, ethnically diverse sample representative 
of clinical practice and therefore conceptually poised to 
yield results with greater external validity and generaliz-
ability. However, several limitations should be acknowl-
edged. Patients originated in referral and academic centers 
with a special interest in RA-associated cardiovascular 
comorbidities; this may have led to an earlier recognition 
and mitigation of traditional risk factors and disease activity 
therefore introducing referral bias and potentially limiting 

in a composite cardiovascular outcome including ischemic 
events and heart failure in a large, overwhelmingly male 
(90%) RA population [12]. Since methotrexate was shown 
to suppress proinflammatory cytokines [9], we explored 
whether adjusting for disease activity or systemic inflam-
mation influenced the effect of methotrexate on cardiovas-
cular risk in males. We observed that additionally adjusting 
for the effects of DAS28-ESR, DAS28-CRP or CRP only 
minimally impacted model estimates. This finding sug-
gested that reduction in cardiovascular risk associated with 
methotrexate was not simply explained by suppression of 
inflammation, consistently with recent reports [9, 12].

The question then arises as to how might methotrex-
ate use associate with cardiovascular benefits exclusively 
in males and independently of inflammation. Methotrex-
ate was shown to promote extracellular adenosine release 
which upon binding adenosine A2 receptors on macro-
phages upregulates expression of ABCA1 membrane trans-
porter, in turn facilitating cholesterol efflux to ApoA1 or 
pre-b HDL particles [17, 18]. Cholesterol efflux via the 
ABCA1 transporter is 31% higher in males versus females 
matched for age, body mass index, HDL, ApoA1, and tri-
glycerides [38]. This was likely because males displayed 2.4 
times higher preb-HDL concentration than females, serving 
as main acceptors—along with ApoA1—for cholesterol 
efflux through the ABCA1 transporter [38]. Consequently, a 
methotrexate-mediated amplification in ABCA1 expression 
may disproportionately promote cholesterol efflux through 
this transporter/ acceptor system in lesional macrophages 
of males and attenuate both atherosclerosis progression and 
cardiovascular risk.

Secondly, males with RA displayed greater expansion of 
visceral adipose tissue compared to females [21, 39] and 
this was linked to metabolic syndrome [21] and cardiovas-
cular risk in RA [6, 21, 40]. Notably, the prevalence of meta-
bolic syndrome varied among males and females stratified 
by methotrexate use in our cohort in models adjusted for 
age, disease activity, prednisone, bDMARD and hydroxy-
chloroquine use (p-for-interaction = 0.015). Among baseline 
methotrexate users, metabolic syndrome was more preva-
lent in males than females and this was not the case among 
nonusers. Hence, methotrexate treatment over time may 
yield relatively greater anti-inflammatory microRNA-181b 
output in male visceral fat and its vascular endothelium, a 
stronger increase in insulin sensitivity, and therefore pref-
erentially mitigate metabolic syndrome and cardiovascular 
risk in males [20].

Earlier studies suggested that androgens may poten-
tiate the anti-inflammatory properties of methotrexate 
[26] and sex-specific pharmacogenetic effects on metho-
trexate response were described in RA [41]. Indeed, our 
male methotrexate users exhibited lower disease activity 
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