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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.

to prior estimates.® ** 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.”’ 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.* *’* Given the chronic nature of HF often complicated by
recurrent hospitalisations, poorly controlled HF poses a substan-
tial burden to patients and healthcare systems.* 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.'? %7 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.** 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.* Continued
research is warranted to elucidate direct effects of MTX, such
as improvements in lipoprotein and endothelial function,*”
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.>* *® Whether MTX-related
mechanisms might translate to effective CVD prevention outside
of RA was investigated in the Cardiovascular Inflammation
Reduction Trial.” 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,” 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
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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.

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,* 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.*® 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.
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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.*” 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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Supplementary Figure 1. Study design for an illustrative RA patient on MTX + prednisone at enroliment, who was subsequently switched to: MTX +
HCQ + prednisone prior to visit 2, and MTX + ETN prior to visit 3. Patients are defined as exposed (1) or not exposed (0) at each visit, looking back
90 days (180 days for rituximab) for an active medication course to define exposure.

Abbreviations: CVD = cardiovascular disease, ETN = etanercept, HCQ = hydroxychloroquine, MTX = methotrexate, Pred = prednisone, SSZ =
sulfasalazine, VARA = Veterans Affairs Rheumatoid Arthritis registry
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Supplementary Table 1. Diagnostic codes used to define comorbid conditions at index date in patients with RA

Condition ICD-9 Code

Cerebrovascular disease 362.34, 430.x—438.x

398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 425.4-425.9,
Heart failure

428.x
Coronary artery disease 410.x-414.x, 429.7, V45.81, V45.82
Diabetes 250.x
Hyperlipidemia 272.0,272.2-272.4
Hypertension 401.x, 402.x-405.x

070.22, 070.23, 070.32, 070.33, 070.44, 070.54, 070.6, 070.9, 456.0-456.2, 570.x, 571.x, 572.2—
Liver disease
572.8,573.3,573.4,573.8,573.9, V42.7

403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93, 582.x, 583.0-583.7,
Renal disease
585.x, 586.x, 588.0, V42.0, V45.1, V56.x
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Supplementary Table 2. Diagnostic codes used to define non-fatal cardiovascular events in patients with RA

Condition ICD-9 code ICD-9 procedure code ICD-10 procedure code CPT code

Diagnostic codes queried in both inpatient and outpatient encounters

CAD 410.x, excluding 410.x2
92980-92996, 92920-21,
92924-25, 92928-29, 92933-
PCI 0.66, 36.01-36.09 0270-0273.xxx
34, 92937-38, 92941, 92943-
44, 92973, 92975, 92977
CABG 36.1x 0210-0213.xxx 33510-33536

430.x, 431.x,433.x1,

Stroke
434.x1, 435.x, 436
428.x [excluding 428.22,
HF 428.32,428.42], 402.x1,

404.x1, 415.0

Diagnostic codes queried in outpatient encounters only

Stable angina 413.x
History of CAD 410.x2, 412.x
Stroke sequelae 438.x

Abbreviations: CABG = coronary artery bypass graft, CAD = coronary artery disease, HF = congestive heart failure, CPT = Current Procedural

Terminology, ICD = International Classification of Disease, PCl = percutaneous coronary intervention, RA = rheumatoid arthritis

Johnson TM, et al. Ann Rheum Dis 2021;0:1-8. doi: 10.1136/annrheumdis-2021-220125



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

MTX and CVD Risk 5

Supplementary Appendix. Analytic methods for marginal structural models and mediation

analysis

Marginal Structural Models

Marginal structural models were utilized to examine the association of MTX with CVD events,
incorporating inverse probability of treatment weights (IPTW) for MTX exposure to account for
the influence of time-varying and time-fixed variables on the likelihood to receive treatment
with MTX . Stabilized IPTW at each visit were calculated using the equation: IPTW = Pmtx /
Pmtx*, where Pmtx represents the propensity for treatment with MTX at the current visit based
on MTX use at the previous visit and Pmtx* represents the propensity for MTX treatment at the
current visit based on MTX use at the previous visit and given confounders that may influence
this probability. Pmtx was estimated using logistic regression models for MTX exposure at the
current visit with MTX exposure at the prior visit as the independent variable. Pmtx* was
estimated from similar logistic regression models, which also included DAS28-CRP from the
prior visit and the following additional variables (hereafter referred to as “additional
covariates”): time-varying variables from the current and prior visit (age, BMI, non-MTX
conventional DMARDs, biologic DMARDs, prednisone, aspirin, and NSAIDs) and time-invariant
variables obtained at baseline (sex, race, smoking status, RA duration, hypertension,
hyperlipidemia, diabetes, kidney disease, liver disease, prior CVD, statin use, and the Rheumatic
Disease Comorbidity Index score). Both Pmtx and Pmtx* were estimated cumulatively to reflect
the complete treatment history. After incorporating IPTW, standardized mean differences were

calculated for each variable between MTX-exposure groups to ensure covariate balance. IPTWs
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(median 0.98, range 0.06-50.07) were examined to ensure extreme weights were not present
and ensure that the positivity assumption of this model was not violated. Cox proportional
hazards models were used to assess the association of MTX use with future CVD events, using

the estimated IPTW for MTX.

Mediation Analysis

To estimate the direct effect of MTX on CVD risk in RA, we conducted a mediation analysis of
MTX and CVD events using marginal structural models similar to that described above by
treating both MTX and disease activity as an exposure in the MSM. Stabilized IPTW were
calculated using the equation: IPTW = (Pmtx1 / Pmtx1*) * (Pmtx2 / Pmtx2*). Pmtx1 was
estimated using logistic regression models for MTX exposure at the current visit with MTX
exposure and DAS28-CRP from the prior visit as independent variables. Pmtx1* was estimated
from similar logistic regression models also incorporating the “additional covariates” listed
above. Pmtx2 was estimated using the normal density with mean predicted from linear
regression models for DAS28-CRP at the current visit with DAS28-CRP from the prior visit and
MTX exposure from the current and prior visit as the independent variables. Pmtx2* was
estimated by additionally incorporating the “additional variables” listed above into this linear
regression model. Pmtx1, Pmtx1*, Pmtx2, and Pmtx2* were estimated cumulatively to reflect
the complete treatment history. Cox proportional hazards models with current MTX exposure
and current DAS28-CRP as independent variables were used to assess the association of MTX
use with future CVD events, using the estimated joint IPTW for MTX and DAS28-CRP. Indirect

effects were subsequently estimated as Indirect Effect = Total Effect - Direct Effect, using beta

Johnson TM, et al. Ann Rheum Dis 2021;0:1-8. doi: 10.1136/annrheumdis-2021-220125



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

MTX and CVD Risk 7

coefficients from the Cox proportional hazards models which were then exponentiated to
estimate hazard ratios. For each model, standard errors were estimated using 200

bootstrapped samples with sampling and replication done at the subject level.
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Supplementary Table 3. Association of MTX use with CVD events, stratified by baseline disease activity and

hsCRP
DAS28-CRP* Moderate/High Remission/Low
HR (95% Cl) p-value HR (95% Cl) p-value
Composite 0.70 (0.49-0.99) 0.04 0.83 (0.56-1.24) 0.37
HF hospitalization 0.32 (0.13-0.82) 0.02 0.56 (0.20-1.57) 0.27
MACE 0.78 (0.56-1.11) 0.17 0.86 (0.55-1.34) 0.51
CAD 0.79 (0.45-1.40) 0.42 1.01 (0.51-2.00) 0.97
Stroke 0.67 (0.26-1.69) 0.39 0.62 (0.20-1.99) 0.43
CVD Death 0.75 (0.46-1.21) 0.24 0.87 (0.45-1.67) 0.68
hsCRP hsCRP >2 mg/L hsCRP <2 mg/L
HR (95% Cl) p-value HR (95% Cl) p-value
Composite 0.72 (0.41-1.27) 0.26 0.76 (0.56-1.02) 0.07
HF hospitalization 0.18 (0.05-0.65)** 0.01 0.52 (0.26-1.05) 0.07
MACE 0.83 (0.46-1.49) 0.50 0.80(0.57-1.11) 0.18
CAD 1.37(0.60-3.12) 0.45 0.73 (0.45-1.19) 0.21
Stroke 0.87 (0.25-3.01)** 0.83 0.58 (0.23-1.46) 0.25
CVD Death 0.57(0.27-1.22) 0.15 0.84 (0.56-1.26) 0.39

Marginal structural models for the total effect of MTX on CVD events as described in Supplementary Appendix.

* A DAS28-CRP cutoff of <3.2 was used to define low disease activity or remission. 3.2 or greater was considered
moderate to high disease activity.

**Bootstrap estimates were unstable and not used. Reported estimates are calculated using observed data
only.

Abbreviations: CAD = coronary artery disease, CVD = cardiovascular disease, HF = heart failure, LD = low disease
activity, MACE = major adverse cardiovascular event, mod = moderate, MTX = methotrexate, rem = remission
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Supplementary Table 4. Association of MTX use with CVD events among patients without a history of MACE or HF

No pre-existing MACE No pre-existing HF
HR (95% Cl) p-value HR (95% Cl) p-value
Composite 0.76 (0.53-1.09) 0.13 0.75 (0.57-1.00) 0.05
HF hospitalization 0.26 (0.09-0.70) 0.01 0.52(0.23-1.18) 0.12
MACE 0.82(0.55-1.23) 0.34 0.78 (0.58-1.06) 0.11
CAD 0.65 (0.35-1.20) 0.17 0.85 (0.55-1.31) 0.46
Stroke 0.99 (0.42-2.36) 0.98 0.63 (0.29-1.34) 0.23
CVD Death 0.89 (0.48-1.63) 0.70 0.68 (0.46-1.02) 0.06

Marginal structural models for the total effect of MTX on CVD events as described in Supplementary Appendix.

Abbreviations: CAD = coronary artery disease, CVD = cardiovascular disease, HF = heart failure, MACE = major
adverse cardiovascular events, MTX = methotrexate

Supplementary Table 5. Association of MTX use with CVD events among patients with baseline RA duration <5
years

Event Category HR (95% Cl) p-value
Composite 0.70(0.43, 1.14) 0.15
HF Hospitalization 0.24 (0.08, 0.67)* 0.01
MACE 0.75(0.49, 1.16) 0.20
CAD 0.91(0.48,1.71) 0.76
Stroke 0.45 (0.12, 1.72)* 0.24
CVD Death 0.56 (0.29, 1.08) 0.08

Marginal structural models for the total effect of MTX on CVD events as described in Supplementary Appendix.

Abbreviations: CAD = coronary artery disease, CVD = cardiovascular disease, HF = heart failure, MACE = major
adverse cardiovascular events, MTX = methotrexate

*Bootstrap estimates were unstable and not used as there were only 24 HF hospitalizations and 21 strokes.
Reported estimates are calculated using observed data only.
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Supplementary Table 6: Association of MTX use with CVD events, incorporating education level, lung disease, and

MDHAQ

Event Category HR (95% Cl) p-value

Composite 0.79 (0.60-1.05) 0.10

HF hospitalization 0.45 (0.24-0.84) 0.01

MACE 0.84 (0.65-1.10) 0.21
CAD 0.92 (0.58-1.45) 0.71
Stroke 0.69 (0.30-1.61) 0.39
CVD Death 0.82 (0.56-1.19) 0.29

Marginal structural models for the total effect of MTX on CVD events as described in Supplementary Appendix.

Abbreviations: CAD = coronary artery disease, CVD = cardiovascular disease, HF = heart failure, MACE = major
adverse cardiovascular events, MTX = methotrexate
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Methotrexate-related mechanisms may modify cardiovascular risk in people with rheumatoid arthritis.

Rheumatoid arthritis is a chronic inflammatory disease that affects a person’s joints, and may cause pain and
disability. Rheumatoid arthritis can affect people of all ages. It most often starts between the ages of 30 and
50 - although this can depend on where you live. Rheumatoid arthritis is more common in women than men.

People with rheumatoid arthritis have a higher risk of developing cardiovascular diseases. These affect the
heart and blood vessels, and include heart attacks, heart failure or stroke. This is due to the inflammation
present in rheumatoid arthritis that can also affect other systems in the body.

Methotrexate is a common medicine that is often the first medicine given to people with rheumatoid arthritis.
Methotrexate has been shown to reduce the risk of cardiovascular disease in people with rheumatoid arthritis.
However, the reasons for this so-called cardioprotective effect are poorly understood.

The authors wanted to find out whether the cardioprotective effects of methotrexate are caused primarily by
improving people’s rheumatoid disease activity, or if there are other beneficial effects that relate to the drug
itself.

The study looked at 2,044 people. Everyone taking part was a US veteran over the age of 18, and had been diag-
nosed with rheumatoid arthritis. Overall, 90% of the people taking part were male, and the average age was 64.

This was a prospective longitudinal study. This means that the people taking part were observed over a period
of time and measurements were taken. However, there was no study intervention or medicine being tested.
The study used data from the VARA registry, which collects information about US veterans diagnosed with
rheumatoid arthritis.

The authors looked at information from the time of each person’s enrolment into the registry until they expe-
rienced a cardiovascular episode. These included being hospitalised for a heart attack, having a stroke, heart
failure, or dying from cardiovascular disease. The underlying rheumatoid arthritis disease activity was assessed
at each registry visit. The database collected information about medications dispensed, people’s weight, and
cardiovascular risk factors such as having diabetes or high blood pressure (hypertension).

The authors first looked to see if there was any connection between methotrexate use and cardiovascular
episodes. Statistical methods were used to account for changes in other variables such as disease activity, age
or weight that could influence both the likelihood of a person being treated with methotrexate, as well as their
risk of cardiovascular disease. A second analysis was used to work out whether the association of methotrexate
use with reduced cardiovascular risk was driven primarily through reductions in disease activity or other effects
of the drug itself.

The main finding was that methotrexate use resulted in a 24% reduced risk of experiencing a cardiovascular
event, including a 57% reduced risk of hospitalisation for heart failure. Analysis showed that the cardiovascular
risk reduction was not due to the effect on rheumatoid disease activity, suggesting that there may be other bene-
ficial cardioprotective properties that are specific to methotrexate.
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Yes. The authors think that this is one of the very first studies to show that methotrexate reduces heart failure
risk to a greater extent than heart attack or stroke. It is also the first to show that methotrexate-related proper-
ties apart from its ability to control disease activity offer cardiovascular protection to people with rheumatoid
arthritis.

One limitation is that this study was done in an older, male-predominant group. This could mean that the find-
ings may not apply to other groups of people with rheumatoid arthritis. Also, because this was an observational
study, there is also a risk that unmeasured factors could have influenced the associations observed between
methotrexate use and cardiovascular events. The authors found that effects other than disease activity reduction
drove the cardiovascular risk reduction with methotrexate use in this cohort. Unfortunately they were unable
to specifically determine those other mechanisms at this time.

The findings from this study suggest that there are factors beyond what can be assessed clinically with current
disease activity measures that can influence cardiovascular risk in people with rheumatoid arthritis. Further
studies are planned to investigate novel mediators of cardiovascular disease in rheumatoid arthritis, and to see
whether these can be harnessed to better predict those at risk for cardiovascular disease, or serve as potential
treatment targets for people with rheumatoid arthritis and cardiovascular disease.

If you have rheumatoid arthritis, you may have an increased risk of cardiovascular diseases such as heart attacks,
heart failure or stroke. The findings of this study may be considered when making treatment decisions, espe-
cially if you are at high risk of — or already suffer from — cardiovascular disease. For example, if your rheumatoid
arthritis is not under control on methotrexate alone and changes are being considered, continuing methotrexate
along with a new drug may provide additional cardiovascular benefit.

If you have any concerns about your disease or its treatment, you should talk to your doctor.

Disclaimer: This is a summary of a scientific article written by a medical professional (“the Original Article”).
The Summary is written to assist non medically trained readers to understand general points of the OriginalAr-
ticle. It is supplied “as is” without any warranty. You should note that the Original Article (and Summary)
maynot be fully relevant nor accurate as medical science is constantly changing and errors can occur. It is there-
forevery important that readers not rely on the content in the Summary and consult their medical professionals
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