1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 April 01.

-, HHS Public Access
«

Published in final edited form as:
Arthritis Care Res (Hoboken). 2015 April ; 67(4): 457-466. doi:10.1002/acr.22483.

Disease modifying anti-rheumatic drug use and the risk of
incident hyperlipidemia in patients with early rheumatoid
arthritis: A retrospective cohort study

Rishi J Desai, MS PhD?, Wesley Eddings, PhD?!, Katherine P Liao, MD MPHZ, Daniel H
Solomon, MD MPH2, and Seoyoung C Kim, MD ScD MSCE?2

IDivision of Pharmacoepidemiology and Pharmacoeconomics, Brigham and Women’s Hospital &
Harvard Medical School, Boston, MA, USA.

2Djvision of Rheumatology, Immunology and Allergy, Brigham and Women’s Hospital, Boston,
MA, USA.

Abstract

Objective—To compare the risk of incident hyperlipidemia in early rheumatoid arthritis (ERA)
patients after initiation of various disease modifying anti-rheumatic drugs (DMARDS).

Methods—We conducted a cohort study using insurance claims data (2001-2012) in ERA
patients. ERA was defined by the absence of any RA diagnosis or DMARD prescriptions for 12
months. Four mutually exclusive groups were defined based on DMARD initiation, TNF-a
inhibitors + non-biologic (nb) DMARDSs, methotrexate + non-hydroxycholorquine nnDMARDs,
hydroxychloroquine £ non-methotrexate n(b DMARDS, and other nbDMARDs only. The primary
outcome was incident hyperlipidemia, defined by a diagnosis and a prescription for a lipid-
lowering agent. For the subgroup of patients with laboratory results available, change in lipid
levels was assessed. Multivariable Cox proportional hazard models and propensity score (PS)
decile stratification with asymmetric trimming were used to control for confounding.

Results—Of the 17,145 ERA patients included in the study, 364 developed incident
hyperlipidemia. The adjusted hazard ratios (95% CI) for hyperlipidemia were 1.41 (0.99-2.00) for
TNF-a inhibitors, 0.81 (0.63-1.04) for hydroxychloroquine, and 1.33 (0.95-1.84) for other
nbDMARDSs compared with methotrexate in the full cohort, while 1.18 (0.80-1.73), 0.75 (0.58-
0.98) and 1.41 (1.01-1.98), respectively in the PS trimmed cohort. In the subgroup analysis,
hydroxychloroquine use showed significant reduction in low density lipoprotein (—8.9 mg/dl, 95%
Cl -15.8, -2.0), total cholesterol (-12.3 mg/dl, 95% CI -19.8, —4.8) and triglyceride (-19.5
mg/dl, 95% CI —38.7, —0.3) levels from baseline compared with methotrexate.

Conclusion—Use of hydroxychloroquine may be associated with a lower risk of hyperlipidemia
among ERA patients.
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Pharmacoeconomics, Department of Medicine, Brigham and Womens Hospital and Harvard Medical School, 1620 Tremont Street,
Suite 3030-R, Boston, MA 02120, USA, Phone: 617-278-0932 | Fax: 617-232-8602, rdesai2@partners.org.
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INTRODUCTION

Epidemiological studies consistently demonstrate a higher risk of cardiovascular diseases
(CVD) in patients with rheumatoid arthritis (RA) compared to the general population (1-3).
Both traditional CVD risk factors and systemic inflammation likely contribute to the
development of CVD in RA patients (4, 5). Hyperlipidemia is one of the most important
modifiable risk factor for CVD in the general population (6). Despite the increased CVD
risk in patients with RA, several studies suggest that RA patients may have lower total
cholesterol and low density lipoprotein (LDL) compared to patients without RA (7, 8).
Reports of inverse association between inflammatory markers and lipid parameters may
explain this phenomenon (9, 10).

The comparative effect of various disease modifying anti-rheumatic drugs (DMARDS) on
the risk of hyperlipidemia is poorly understood. The majority of evidence regarding
DMARDs and hyperlipidemia in RA patients comes from small observational studies
evaluating the effects of individual DMARD treatments on lipid levels. Several studies
demonstrate reductions in LDL and total cholesterol after treatment with
hydroxychloroquine (11-15). The data on the effect of methotrexate on lipid levels is
inconsistent. A few studies report a neutral effect of methotrexate on LDL (14, 16), while a
recent study observed an increase in LDL after methotrexate treatment (17). HDL levels are
noted to increase after methotrexate treatment resulting in an improved atherogenic index
(as defined by total cholesterol/HDL) (16, 17). A recent meta-analysis including data from
15 small observational cohort studies shows elevation of LDL and total cholesterol after
treatment with tumor necrosis factor (TNF)-a inhibitors along with an increase in HDL
levels; these changes stabilize over time resulting in no effect on the atherogenic index (18).
Increases in LDL, total cholesterol and HDL resulting in improvement in the atherogenic
index after initiation of TNF-a inhibitor treatment are also reported in a recent cohort study
conducted using health insurance claims data (19).

CVD risk management in RA patients remains a significant concern and it is vital to
understand the effect of DMARDS on various traditional CVD risk factors. To date, limited
data are available comparing the risk of incident hyperlipidemia following treatment with
DMARD:s in RA patients. We therefore evaluated the association between various
DMARDs and the risk of incident hyperlipidemia among patients with early RA. All
subjects in the study were enrollees of two large U.S. commercial insurance programs.
Based on the evidence present in the literature, we hypothesized that the use of
hydroxychloroquine would be associated with a lower risk, while the use of TNF-a
inhibitors would be associated with a higher risk of hyperlipidemia compared to the use of
methotrexate.

METHODS

Study design and data source

We conducted a cohort study to evaluate the association between DMARD use and incident
hyperlipidemia, using claims data (January 2001-September 2012) from two commercial
US health plans - WellPoint and United HealthCare. These databases contain longitudinal
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claims information including medical diagnoses, procedures, hospitalizations, physician
visits, and pharmacy dispensing on more than 40 million fully-insured subscribers with
medical and pharmacy coverage across the United States. Both data sources also contain
longitudinal information on outpatient laboratory test results for a subgroup of patients.
These databases have been utilized in previous published studies (20-24). Personal
identifiers were removed from the dataset before the analysis to protect subject
confidentiality. The study protocol was approved by the Institutional Review Board of
Brigham and Women’s Hospital.

Study cohort

We identified RA patients using a previously validated algorithm requiring at least 2 claims
with ICD-9-CM diagnosis codes of 714.xx at least 7 days but no more than 365 days apart
and at least 1 filled prescription for a DMARD after the first RA diagnosis. This algorithm
had a positive predictive value of 86.2% in a validation study (25). In addition, we required
the identified RA cases to have at least 365 days of continuous enrollment in their health
plans prior to the first RA diagnosis for assessment of baseline characteristics. To minimize
confounding by duration of RA and by duration of DMARD use, we excluded all patients
who filled prescription for a DMARD in 365 days prior to the first observed RA diagnosis to
focus on early RA cases who are naive to DMARDs. The date of their first DMARD
dispensing was defined as the index date and the period of 365 days prior to the index date
was defined as the baseline period, during which all the covariates were measured. We
excluded patients with a diagnosis of hyperlipidemia (ICD-9-CM code 272.xx) or use of any
lipid lowering agents during the baseline period. We also excluded patients with existing
CVD including myocardial infarction, angina, heart failure, cerebrovascular disease, or other
forms of chronic heart disease. To study the effects of methotrexate and hydroxychloroquine
individually, we further excluded patients who initiated both of these drugs on the index
date. Finally, we excluded patients who started treatment with non-TNF-a inhibitor biologic
agents (abatacept, rituximab, anakinra, and tocilizumab) to focus on biologic agents with the
same mechanism of action.

We also identified subgroups of the patients who had at least one laboratory result available
in the 365 days prior to the index date and at least one in the 365 days after the index date
for each of the following tests: LDL, HDL, total cholesterol, and triglycerides. Individual
test results were identified using logical observation identifiers names and codes (26).

Drug exposure

Patients were categorized into one of the four following mutually exclusive groups based on
their DMARD initiation on the index date, 1) TNF-a inhibitors with or without other non-
biologic DMARDs, 2) methotrexate without hydroxychloroquine nor TNF-a inhibitors, 3)
hydroxychloroquine without methotrexate nor TNF-a inhibitors, and 4) other non-biologics
without methotrexate, hydroxychloroquine nor TNF-a inhibitors. TNF-a inhibitors included
adalimumab, certolizumab, etanercept, infliximab, and golimumab. Other non-biologic
DMARD:s included auranofin, injectable gold, penicillamine, sulfasalazine, minocycline,
azathioprine, leflunomide, cyclophosphamide and cyclosporine. Methotrexate was selected
as the reference exposure since it is the most commonly used DMARD for the treatment for
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RA. To ensure the mutual exclusivity of the groups during the entire follow-up period, we
censored patients with the following DMARD switches: other non-biologic DMARDS to
methotrexate or hydroxychloroquine or biologics, methotrexate to hydroxychloroquine or
biologics, hydroxychroloquine to methotrexate or biologics, and TNF-a inhibitors to
abatacept, rituximab, tocilizumab, or anakinra. Patients were followed until discontinuation
of their index DMARD, outcome occurrence, disenrollment from the health plan, or study
end point. Discontinuation was defined as no filled prescription for 90 days after accounting
for the day supply of the previous prescription.

Study outcome

Covariates

The primary outcome of interest was incident hyperlipidemia defined with at least one
diagnosis of hyperlipidemia (ICD-9-CM code 272.xx) and a new prescription for a lipid
lowering agent (including atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin,
simvastatin, ezetimibe, cholestyramine, colestipol, colesevelam, gemfibrozil, fenofibrate,
and clofibrate). The date of the first lipid lowering agent dispensing was defined as the
outcome date.

The secondary outcome of interest was change in laboratory values of lipid parameters
including LDL, HDL, total cholesterol and triglycerides in the subgroup of patients for
whom we had these measures available. We assessed this change prior to initiation of any
lipid lowering agents in these patients in order to evaluate the effect of DMARDS on lipid
levels exclusively.

Several covariates including patient age, gender, cardiovascular risk factors including
hypertension, diabetes mellitus, smoking, and obesity, comorbidity score (27),
antihypertensive medication use (angiotensin converting enzyme inhibitors, angiotensin
receptor blockers, beta-blockers, calcium channel blockers, and diuretics), non-steroidal
anti-inflammatory drug use, steroid use, any hospitalization, any emergency room visit,
number of physician visits and number of prescriptions filled were measured during the
baseline period. Obesity was determined using ICD-9 diagnosis code of 278.0x. Similarly,
smoking status was ascertained by 1CD-9 diagnosis codes of 305.1, 649.0x, 989.84 or
V15.82, or use of anti-smoking drugs: varenicline, bupropion, nicotine or procedure codes
indicating smoking cessation counselling or treatment (CPT codes- 99406, 99407, S9075,
S9453). In a subgroup of the patients with outpatient laboratory data available, we also
identified the pre-index levels of c-reactive protein (CRP) measured either using routine
CRP testing or high-sensitivity CRP testing.

Statistical analysis

Descriptive statistics were used to summarize patient characteristics for the 4 exposure
groups. Incidence rates for the development of hyperlipidemia were calculated for each
exposure group and 95% confidence intervals (CI) were derived using Poisson distribution.
Unadjusted survival curves were constructed using the Kaplan-Meier method stratified by
exposure group. Cox proportional hazards (PH) models were used to generate crude and
adjusted hazard ratios (HRs). The proportional hazard assumption was tested and met for all
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the models (28). An as-treated approach, achieved by the treatment-based censoring
mechanisms discussed above, was used for the time to event analyses. To further control for
confounding by indication, we used propensity score (PS) stratification method after
asymmetric trimming as an additional analysis. This method has been shown to result in less
unmeasured confounding by removing non-comparable patients between the exposure
groups of interest from the analysis (29). Separate multivariable logistic regression models
that contained all the patient factors that were available for every member of the full cohort
(described under ‘Covariates’ above) calculated PS as the predicted probability of initiating
each of the three exposures, hydroxychloroquine, TNF-a inhibitors, and other non-biologics,
versus initiating methotrexate. We used cut-points of 2.5 percentile in patients treated with
the exposure of interest (hydroxychloroquine, TNF-a inhibitors, or other non-biologics) and
97.5t percentile in patients treated with the reference treatment (methotrexate) of the PS
distribution for asymmetric trimming (29). PS decile-stratified analysis was performed for
each pairwise comparison after trimming.

For the secondary outcome analysis, pre-index mean lipid levels were compared to post-
index mean lipid levels using paired t-tests. We then evaluated the effect of DMARD use on
each individual lipid parameter using linear regression models with DMARD use as the
exposure of interest and post-index laboratory parameter measurement as the outcome. In
addition to the covariates listed above, the pre-index laboratory parameter measurement was
also added to each model (30).

To evaluate the robustness of our findings, we conducted several sensitivity analyses. First,
we analyzed the data by carrying forward the index DMARD exposure until the date of the
outcome or health plan disenrollment or study end point to simulate an intention-to-treat
(ITT) analysis. Next, to check for the possible impact of differential censoring on our
findings, we repeated our main analysis (as treated) after truncating the follow-up at 12
months. Next, to evaluate the potential for time-varying confounding by steroid use, we
modeled steroids use as a monthly time-varying covariate in an extended Cox regression
model. Further, we controlled for baseline systemic inflammation in a subgroup of patients
for whom we had pre-index CRP laboratory data available. Finally, we repeated our main
analysis after excluding patients with traditional CVD risk factors, diabetes or hypertension,
to rule out the possibility of differential intensities of follow-up (medical surveillance bias)
(31).

RESULTS

Cohort Selection

We identified 30,831 new RA patients who had at least 365 days of continuous enroliment
prior to the index date. We then excluded patients with existing hyperlipidemia or
cardiovascular disease or lipid lowering agent use (n=13,270) and patients beginning
treatment with either methotrexate-hydroxychloroquine combination or non-TNF-a inhibitor
biologics (n=416). Thus our final sample consisted of 17,145 new RA patients who initiated
treatment with one of the four DMARD group of our interest (Figure 1). The majority
(46.32%) of the patients in our cohort initiated treatment with methotrexate, followed by
hydroxychloroquine (35.75%), other non-biologics (12.04%) and TNF-a inhibitors (5.89%).
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In the other non-biologics group, majority of the patients initiated treatment with
sulfasalazine (75.6%), leflunomide (15.4%), or azathioprine (6.8%).

Patient Characteristics

The four exposure groups had similar distributions of age, hypertension, and diabetes (Table
1). Frequency of obesity, smoking, cardiovascular drug use, and pain medication use was
lower in TNF-a inhibitor initiators, while hydroxychroloquine initiators had a higher
proportion of females. Among the subgroup of patients with pre-index outpatient CRP
results available, hydroxychloroquine initiators had a lower proportion of patients with high
CRP levels (defined as >3 mg/L). The distribution of CRP levels was similar across the rest
of the three patient subgroups.

Risk of Incident Hyperlipidemia

Table 2 shows the number of new hyperlipidemia cases identified and total years of follow-
up for each of the four exposure groups. The incidence rate for hyperlipidemia was the
highest for other non-biologic initiators (36.4 cases per 1,000 person-years, 95% CI 26.5—
48.7) and lowest for hydroxychloroquine (20.1 cases per 1,000 person-years, 95% CI 16.3—
24.6). The unadjusted time to event curve demonstrated statistically significant differences
(p for log-rank test=0.002) across the fours exposure groups (Appendix Figure 1). In the
adjusted Cox regression (Table 2), a trend toward increased risk of hyperlipidemia was
observed among TNF-a inhibitor initiators compared with methotrexate (HR 1.41, 95% ClI
0.99-2.00). The HR for incident hyperlipidemia in other non-biologic DMARDs initiators
was 1.33 (95% CI 0.95-1.84), while the HR in hydroxychloroquine initiators was 0.81 (95%
Cl 0.63-1.04) compared to methotrexate.

PS distributions for the treatment groups in each comparison demonstrated substantial
overlap (Appendix Figure 2). In the PS trimmed cohort (Table 3), hydroxychloroquine was
associated with a reduction in the risk of hyperlipidemia compared to methotrexate (HR
0.75, 95% 0.58-0.98), while other non-biologic DMARDSs were associated with an increase
in the risk of hyperlipidemia compared to methotrexate (HR 1.41, 95% CI 1.01-1.98).
Initiation of TNF-a inhibitor was not associated with an increase in the risk of
hyperlipidemia compared with methotrexate in this analysis (HR 1.18, 95% CI 0.80-1.73).

Changes in blood lipid levels

Methotrexate and TNF-a inhibitor treatment groups had non-significant changes in LDL and
total cholesterol from baseline, while hydroxychloroquine group showed significant and
substantial reduction in LDL and total cholesterol after treatment (Table 4). HDL levels
significantly increased from baseline after treatment with methotrexate and
hydroxychloroquine. In the adjusted analyses, hydroxychloroquine was associated with
statistically significant reductions in mean LDL, total cholesterol and triglycerides compared
to methotrexate.

Sensitivity Analyses

The results of our sensitivity analyses using an ITT approach, truncated follow-up at 12
months, steroids use as time-varying covariate and, patients without traditional CVD risk
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factors were similar to our original findings from the full cohort (Figure 2). However, the
analysis where we controlled for CRP resulted estimates with very wide confidence intervals
because of reduced sample size.

DISCUSSION

In this large cohort of patients with early RA, we observed that hydroxychlorquine use was
associated with a trend towards reduced risk of hyperlipidemia when compared to
methotrexate. In line with these findings, we observed that hydroxychlorogquine use was
associated with significant reduction in total cholesterol and LDL levels when compared to
methotrexate in a subgroup analysis. Meanwhile, our primary multivariable analysis showed
a trend toward increased risk of hyperlipidemia in initiators of TNF-a inhibitors compared
to methotrexate. However, this association was attenuated in the PS stratified analysis which
excluded non-comparable patients from each pairwise comparison.

Hydroxychloroquine may be associated with a reduction in LDL and total cholesterol based
on its potential role in cholesterol metabolism (32). This hypothesis has been evaluated in
several studies of RA patients (11-15) and systemic lupus erythematosus patients (33, 34)
and results of those studies have been generally concordant suggesting significant reduction
in LDL and total cholesterol after treatment with hydroxychloroquine. Our study provides
further support to this hypothesis by documenting the potential association between
hydroxychloroquine and a reduced risk of hyperlipidemia. This finding of lower trend for
the risk of hyperlipidemia after hydroxychloroquine treatment compared to methotrexate
was consistent across a variety of sensitivity analyses and was statistically significant in the
PS trimmed cohort (Table 3), lending further credence to this observation.

The discrepancy in the effect of TNF-a inhibitors on the risk of hyperlipidemia between the
full cohort and the PS trimmed cohort deserves discussion. We presented the estimates from
the full cohort as the primary analysis in order to utilize data from each early RA patient
who initiated treatment with a DMARD. However, while interpreting the estimates from the
full cohort, one must be cautious of the possibility of residual confounding. The PS trimmed
cohort excludes patients that are non-comparable between the exposure groups from each
pairwise comparison and thus further tries to minimize residual confounding (29). However,
since the PS trimmed cohort is not a clinically well-defined cohort, the generalizability of its
finding may be an issue. Future research using clinical data on RA severity may further
reduce confounding by indication which is inherent in all observational studies.

The relationship between TNF-a inhibitors and lipids in RA patients is complex. Two
previous meta-analyses observed an increase in total cholesterol levels after TNF-a
inhibitors treatment (18, 35). It has been suggested that higher levels of inflammation may
reduce total cholesterol levels in RA patients, and control of inflammation with TNF-a
inhibitors may lead to “normalization” of these levels (36). This hypothesis is supported by
data demonstrating no changes in lipid levels among non-responders of TNF-a inhibitors
(37). Control of inflammation associated with TNF-a inhibitor use is linked with
physiologic changes reducing CVD risk, e.g. improved endothelial function and lower
insulin resistance (38, 39). Thus, the control of inflammation with TNF-a inhibitors may

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 April 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Desai et al.

Page 8

offset any increased CVD risk from modest elevations in total cholesterol levels, thereby
resulting in a net reduced risk for CVD (40).

Although the role of inflammation in the risk of CVD in RA has gained the most attention
over the last decade, traditional cardiovascular risk factors such a hyperlipidemia, diabetes
and hypertension, continue to play crucial role in the development of CVD in RA patients
(5). Therefore, understanding RA treatments associated with favorable changes in traditional
CV risk factors can inform CV risk management in RA. In line with previous studies, this
study supports the potential role of hydroxychloroquine, alone or in combination with other
DMARD:s in reducing the risk of hyperlipidemia in RA patients.

The present study has several strengths. First, this is the only cohort study, to our
knowledge, that compares the risk of incident hyperlipidemia between individual DMARDs.
Second, the study findings are generalizable as the study population is representative of the
US commercially insured population. Third, we used rigorous pharmacoepidemiology
methods such as the new-user design to minimize prevalent user bias arising from ignoring
the effect of differential duration of drug use on the outcome (41) and PS stratification to
address confounding by indication (29). We also excluded users of lipid lowering agents at
baseline to avoid mixing of effects of these agents with the effect of DMARDSs on
hyperlipidemia. Further, we designed several sensitivity analyses to evaluate the robustness
of our findings. Results from the majority of our sensitivity analyses were similar to the
main analysis providing evidence against biases due to changes in treatments post-index
(ITT analysis), differential censoring (analysis truncated at 12 months for everyone), and
differential surveillance (analysis excluding patients with traditional CVD risk factors).
However, we did observe unstable estimates with wide confidence intervals for CRP
controlled analyses. We postulate that the differences between estimates from this analysis
and our main results may be attributed to the small subgroups of patients included in this
analysis. Therefore, we advise readers to be cautious interpreting findings from this
sensitivity analysis. Finally, we conducted a secondary analysis of patients with results from
lipid parameter laboratory tests to confirm our findings.

This study also has several limitations. First, as with any other observational study,
confounding by indication is possible. To address this limitation, we used an active
comparator (i.e. methotrexate) for all our comparisons and used PS stratification method
after asymmetric trimming as an additional analysis. Moreover, concerns of confounding by
indication are limited while evaluating unintended treatment effects as in our case (42).
Second, although our multivariable analyses were adjusted for more than 15 covariates, this
study may be subject to residual confounding by factors not captured in the claims data such
as body weight, physical activity or and dietary habits. As there was no data available on
disease activity measures in the study database, our study may suffer from residual
confounding by disease activity if there is a strong association between disease activity and
lipid levels. The measured confounders for disease activity, such as steroid use in the full
cohort and CRP levels in the subgroup with laboratory data, suggested lower disease activity
among patients treated with hydroxychloroquine. Therefore, this limitation may be an
important one for the hydroxychloroquine-methotrexate comparison. Third, as we defined
RA, hyperlipidemia and other covariates based on diagnosis codes and/or prescription,
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misclassification bias is possible. To minimize this bias, we used a validated algorithm to
identify RA (25) and combined medical claims with pharmacy claims to define the outcome
of interest, hyperlipidemia. Finally, the subgroup analysis included very small number of
patients with lipid levels available for TNF-a inhibitors and other non-biologic DMARD:s.
Therefore, the subgroup analysis may be underpowered to detect changes in lipid levels for
these two exposure groups.

In conclusion, initiation of hydroxychlorogquine may be associated with a lower risk of
incident hyperlipidemia among early RA patients compared with methotrexate initiation. A
possible increase in the risk of hyperlipidemia in TNF-a inhibitor initiators was noted in our
primary analysis, but not in the PS stratified and subgroup analysis. More research is needed
to evaluate the effect of TNF-a inhibitors on the risk of hyperlipidemia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE AND INNOVATIONS

«  Patients with rheumatoid arthritis are at a higher risk of developing
cardiovascular diseases (CVD). Hyperlipidemia is one of the most important
CVD risk factors. This study is the first attempt to longitudinally evaluate the
comparative risk of developing hyperlipidemia after initiation of various disease
modifying anti-rheumatic drugs.

»  This study reveals that use of hydroxychloroquine may be associated with a
lower risk of developing hyperlipidemia in patients with early RA compared to
methotrexate.
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1
Early RA patients with 365 days continuous enrollment in their health plan
Included n= 30,831 )
~\
Patients with existing cardiovascular
conditions®
Excluded n=13,270
J
Patients without history of CV diseases Included n=17,551
N
Initiators of methotrexate and
hydroxychloroquine combination or
non-TNF-a inhibitor biologicsP
Excluded n=416
J

\

Early RA patients without any history of CV diseases who begin treatment with either of
the following agents: 1) TNF-a inhibitors, 2) methotrexate, 3) hydroxychloroquine or 4),
any other non-biologic DMARD,

Included n= 17,145

J

Figure 1.
Patient selection flow chart

& including hyperlipidemia or lipid lowering agent use or prior diagnosis of myocardial
infarction, chronic heart failure, cerebrovascular events, angina, or other forms of chronic
heart diseases

b Non-TNF-a-inhibitor biologics include abatacept, rituximab, anakinra, and tocilizumab.
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Sensitivity Analysis HR (95% Ci}
Main analysis (As treated)
TNF-a inhibitors 1.41(0.99-2.00)

Hydroxychloroquine
Other non-biologic DMARDs

0.81 (0.63-1.04)
1.33(0.95-1.84)

Intention-to-treat analysis
TNF-a inhibitors
Hydroxychloroquine
Other non-biologic DMARDs

1.21(0.93-1.57}
0.82 (0.70-0.95)
1.06 (0.87-1.29}

As treated analysis 12 months follow-up
TNF-a inhibitors
Hydroxychloraquine
Other non-biologic DMARDs

1.27 (0.81-1.96}
0.79 (0.59-1.05)
1.23 (0.84-1.81)

Controlling for pre-index CRP in a subgroup 2
TNF-a inhibitors

1.10(0.41-2.97)

Hydroxychloraquine 0.42 (0.19-0.92)

Other non-biologic DMARDs 1,48 (0.66-3.30}
Analysis exluding patients with traditional C‘V’RFb

TNF-a inhibitors 1.62 (1.00-2.60)

Hydroxychloroquine 0.85 (0.58-1.24)

Other non-biologic DMARDs

1.23(0.73-2.07)

Analysis adjusting for time-varying steroid use
TNF-a inhibitors

Hydroxychloroquine
Other non-biologic DMARDs

Figure 2.

Sensitivity analyses

1.34 (0.93-1.92)
0.76 (0.58-0.99)
1.30 (0.92-1.83}

Page 15

Adjusted Hazard Ratie{95% Cl) compared to Methotrexate

@ This subgroup analysis was conducted in 2,644 patients for whom we have pre-index
hsCRP results available (See Table 1). Total number for events for this group was 51.

b CVRF- Cardiovascular risk factors. This analysis was conducted after excluding all the
patients with a pre-index diagnosis of diabetes or hypertension or pre-index use of any

cardiovascular medications (sample size=11,613, number of events=164).
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Table 3

Adjusted risk of hyperlipidemia based on DMARD use- Propensity score trimmed cohort

Comparison Treatment Sasrirggle Events 4R (959 CI)P
TNF-a inhibitors vs Methotrexate Methotrexate 7177 158 Reference
TNF-a inhibitors 874 33 1.18 (0.80-1.73)
Hydroxychloroquine vs Methotrexate Methotrexate 7232 164 Reference
Hydroxychloroquine 5632 91 0.75 (0.58-0.98)
Other non-biologic DMARDs vs Methotrexate  Methotrexate 7205 160 Reference
Other DMARDs 1893 44 1.41 (1.01-1.98)

Page 19

Abbreviations: ClI- Confidence interval, DMARDs- Disease modifying anti-rheumatic drugs, HR- Hazard ratio, TNF- Tumor necrosis factor.

aTNF-CL inhibitors include adalimumab, certolizumab, etanercept, infliximab, and golimumab. Other non-biologic DMARD:s include auranofin,

injectable gold, penicillamine, sulfasalazine, minocycline, azathioprine, leflunamide, cyclophosphamide and cyclosporine.

Propensity score decile stratification was used to derive hazard ratios after trimming.
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