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Abstract

Objectives

To determine whether anti-rheumatic drug usage is associated with risk of coronary artery
diseases (CAD) in incident Rheumatoid Arthritis (RA) patients.

Methods

Data were obtained from the Taiwan National Health Insurance Research Database. The
study cohort comprised 6260 patients who were newly diagnosed with RA between 2001—
2010. The study endpoint was occurrence of CAD according to the ICD-9-CM codes. We
used the WHO Defined Daily Dose (DDD) as a tool to assess the drugs exposure. The Cox
proportional hazards regression model was used to estimate the hazard ratio (HR) of dis-
ease after controlling for demographic and other co-morbidities. When the proportionality
assumption is violated, a spline curve of the Scaled Schoenfeld residuals is fitted to demon-
strate the estimated effect on CAD over time for drug usage.

Results

Among RA patients, use of celecoxib, and etoricoxib was associated with significantly
decreased incidence of CAD. The adjusted HR(95% CI) of CAD for low-dose celecoxib
(DDD=1) and high-dose user were 0.47(0.34, 0.65) and 0.37(0.24, 0.58) during the 4 year
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follow-up time; however, it became 0.98(0.70, 1.37) and1.29(0.85, 1.95). Adjusted HR(95%
Cl) of CAD for etoricoxib users remained 0.47(0.26, 0.84).

Conclusions

This study revealed association of decreased CAD risk in RA patients taking 2 different
kinds of COX-2i in comparison with nonusers. The effect might be changed over time, after
about 4 years.

Introduction

Rheumatoid arthritis (RA) is a common and destructive chronic systemic inflammatory dis-
ease with the average age-adjusted annual incidence rate 15.8 per 100,000 in Taiwan[1,2].
Although joint involvement is the prototypical pathology of RA, atherosclerotic cardiovascular
disease is the major cause of mortality and morbidity of RA in many studies [3-7]. A system-
atic review and meta-analysis has shown that there is an increased incidence of cardiovascular
events in patients with RA, such as acute myocardial infarction, stroke, and cardiac death[3].
Most studies investigating mortality in patients with RA compared to those without RA have
found increased mortality rates largely due to cardiovascular diseases(CVD), specifically coro-
nary artery diseases(CAD) [8-10]. Previous meta-analysis which included 24 observational
studies have shown increased risk of mortality from CAD was increased by 59% among
patients with RA[8].

Kaplan M]J claimed that the lack of a unifying explanation for accelerated CVD in RA is
reflected by the confusion that still exists regarding possible preventive measures aimed at
decreasing atherogenic risk[11]. Over the past few years, there has been mounting evidence of
a series of factors related to inflammation which explain accelerated CVD in RA[12,13].Both
traditional Framingham risk factors and such risk factors unique to those with systemic
inflammatory disorders may have contributed to CAD risk in RA patients[6,14-16]. To clarify
this phenomenon, some postulated that anti-rheumatic medications appear to modify the risk
of CVD in RA[17]. Among anti-rheumatic medications, disease-modifying anti-rheumatic
drugs (DMARD:s), such as sulfasalazine, hydroxychloroquine or methotrexate, have been asso-
ciated with reduced risk or mortality of CVD in RA patients in several studies[17-21]. Anti-
tumor necrosis factor (anti-TNF) agents (for example, etanercept) may decrease the risk of
new cardiovascular events in some observational studies[22-23]. Cyclooxygenase-2 inhibitors
(such as rofecoxib and valdecoxib) usage has been associated with an increased risk of CVD
in the general population in some studies[24-28], while others did not show evidence of
increased risk for celecoxib[29-30]. A case-control analysis within a cohort of subjects with
RA, observed between 1999 and 2003 showed that risk of acute myocardial infarction was not
related with cyclooxygenase 2 inhibitors (COX-2i) usage (rate ratio 1.11, 95% confidence inter-
val 0.87-1.43) [20].

There remains considerable uncertainty about the effect of COX-2i on the risk of CAD
among RA patients, because these medications might have dual effects on risk for CV morbid-
ity[11]. Some studies showed the use of rofecoxib or celecoxib was associated with an increased
cardiovascular risk among patients with a history of colorectal adenomas [25,26]. COX-2i sup-
press vascular production of prostacyclin without affecting the synthesis of platelet-derived
thromboxane A,, which may promote thrombosis and increase the risk of cardiovascular
events [31]. However, COX-2i have an ability to reduce systemic inflammation, which might
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decrease CV risk. Some population-based studies found that the use of celecoxib had negative
association with cardiovascular diseases in patients with ankylosing spondylitis [32,33]. As
previous studies about this issue were conducted in western countries and most of them have
not evaluated the role of time-varying drug effect in study designs, we aim to conduct a nation-
wide population-based cohort study to determine such effects. The objective of this study is to
evaluate the possible effects of RA drugs on CAD and to see whether time-varying drug effect
exist in Asia incident RA patients. The Taiwanese National Health Insurance Research Data-
base (NHIRD) is used to solve this problem.

Materials and methods
Study design and data sources

The data sources used for this study was the claims data of Taiwan’s National Health Insurance
Research Database (NHIRD), which contains health care data of virtually all residents in
Taiwan. Taiwan’s NHIRD is a publically-released and de-identified research database that vir-
tually covers 99.6% of 2.3 million population in Taiwan. Within Taiwan’s national health
insurance (NHI) scheme, medical claims are sent to the Bureau of National Health Insurance
(BNHI) of Taiwan for cross-checking and validation with the aim of ensuring the accuracy of
diagnosis coding.

In this cohort study, we used a subset of NHIRD, the Longitudinal Health Insurance Data-
base (LHID), which comprises the patient data from 2000 to 2010. The LHID includes the
original claim data of 1,000,000 beneficiaries randomly sampled from the original NHIRD.
The database includes encrypted personal information, such as demographic characteristics,
disease diagnoses, and prescription records (including types of medication, time of prescrip-
tion, duration of drug supply, and dosage).The diagnosis of disease is based on the Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM codes).
There were no statistically significant differences of distribution in age, gender, or health care
costs between the 1,000,000 patients from the LHID database and the original NHIRD, as
reported by the National Health Research Institute of Taiwan. This study was approved by the
Institutional Review Board of Chung Shan Medical University in Taiwan (CSMUH CS15134).
As data used consisted of deidentified secondary data set released for research purposes and
were analyzed anonymously, the need for informed consent was waived, which comply with
the regulations of the Department of Health, Taiwan.

Study sample

Our study identified newly diagnosed patients with RA between 2001 and 2009 from both
ambulatory and inpatient care as the study cohort (ICD-9-CM code 714.0). The index visit
was defined as the first medical visit, during which the diagnosis of RA was made. To ensure
only patients with correct diagnosis of RA was included, only patients with at least one inpa-
tient admission or three new ambulatory visits (including the index visit) with a diagnosis of
RA between January 1, 2001 and December 31, 2009 were considered for inclusion in the RA
group. The exclusion criteria for the recruitment of subjects into the RA group were: (1) age
less than 18 years; (2) a previous diagnosis of RA during year 1999-2000 to increase the likeli-
hood of identifying only newly diagnosed RA cases in 2001; (3) a previous diagnosis of CAD
(ICD-9-CM codes 410-414) before the index visit. As a result, a total of 6260 CAD-free sub-
jects with newly diagnosed RA study cohort were identified from the LHID 2000 for the study
based on the above criteria. The age of each study subject was measured by the difference in
time between the index date and the date of birth.
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Outcome and follow-up

All the ambulatory medical care and inpatient records for each subject in the two groups were
tracked from their index visit till the end of 2010. The date of the first principal diagnosis of
CAD during the follow-up period was defined as the primary endpoint. The diagnosis of CAD
definition in this study is based on the ICD-9-CM codes 410-414. 410 means “Acute myocar-
dial infarction”, 411 means “Other acute and subacute forms of ischaemic heart disease”, 412
means “Old myocardial infarction”, 413 means “Angina pectoris “, 414 means “Other forms of
chronic ischemic heart disease”. All subjects were followed from the index visit to the first
occurrence of CAD, withdraw from the national health insurance or end of follow-up.

First, we evaluated the effect of RA on CAD-free survival, adjusting for demographic fea-
tures (age and sex) along with the preexisting cardiovascular comorbidities of hypertension
(ICD-9-CM code 401-405), diabetes (ICD-9-CM code 250), hyperlipidemia (ICD-9-CM code
272) and Charlson comorbidity index. Information on comorbid medical disorders was
obtained by tracing all the ambulatory medical care and inpatients records in the NHI database
in the year before the index visit. All study subjects were followed-up until December 31, 2010,
death or record any incident CAD which ever event came first.

Subsequently, we evaluated the effect of different RA drugs on CAD in the RA study cohort.
The drug use was defined as usage of each listed drugs > 90 days after diagnosis of Rheuma-
toid Arthritis. If the duration of listed drugs less than 90 days, we just define as non-users. We
calculated the total cumulated dose of each listed drugs from the index date of newly diagnosed
RA until the first occurrence of CAD or the end of follow up. We used the World Health Orga-
nization defined daily dose (DDD) as a tool to assess the frequency of drugs exposure. DDD is
defined as the assumed average maintenance dose per day for a drug used for its main indica-
tion in adults.[34] According to DDD, patients taking celecoxib were divided into 2 groups: =
1 DDD, > 1 DDD(1 DDD = 200 mg/day); patients taking methotrexate were divided into two
groups: = 0.5 DDD and >0.5 DDD(1 DDD = 2.5 mg/day); patients taking hydroxychloro-
quine were divided into two groups: =0.5 DDD and > 0.5 DDD(1 DDD = 516 mg/day).
patients taking sulfasalazine were not divided. The low-dose was defined as = 1 DDD and
high-dose groups as > 1 DDD (200 gm per day for celebrex and 60 mg per day for etoricoxib).
Risk factors of CAD including sex, age, Charlson comorbidity index(CCI), RA disease dura-
tion, diabetes (DM), hypertension, hyperlipidemia were considered as potential confounding
factors and incorporated into the models.

Statistical analysis

Cox proportional hazard regressions were used to assess the risk associated with CAD. Hazard
ratio (HR) and 95% confidence interval (CI) were calculated in the model. Furthermore, we
evaluated the effect of COX-2i on CAD on RA study cohort.

Cox proportional hazard regression was used to assess how the different drugs and doses
affected the risk of incident CAD in subjects with RA. The Cox proportional hazards regres-
sion model was used to estimate the hazard ratio (HR) of disease after controlling for demo-
graphic and other co-morbidities. The Chi-square test is used to test for non-proportionality
of hazards in the Cox model. When the proportionality assumption is violated, aspline curve
of the Scaled Schoenfeld residuals is fitted to demonstrate the estimated preventive effect on
CAD over time for drug usage [35]. The statistical analyses in this study were executed by R
software version 3.2.0 (2015-04-16) [36] and the significance level was set to be 0.05. The Cox
proportional hazard analysis was also used to estimate whether there were reduced CAD risks
associated with antirheumatic medications.

PLOS ONE | https://doi.org/10.1371/journal.pone.0179081 June 28, 2017 4/16


https://doi.org/10.1371/journal.pone.0179081

@° PLOS | ONE

Anti-rheumatic medications and risk of CAD in RA

Results

Our study included 6260 incident RA patients. Table 1 showed distributions of demographic
characteristics, comorbidities and antirheumatic drug use among the RA cohort. The median
and range of followup times is 5.39 year and 0.25 to 10 years Table 2 showed the Cox propor-
tional Hazard model for RA patients- baseline covariate effects (demographic characteristics,
comorbidities and antirheumatic drug use) of developing CAD. During the 10 -year follow-up
period from the index date, 20.1% (1253 /6260) of incident RA patients developed CAD. The
crude HR of CAD for males was 1.25((95% CI, 1.11, 1.40)compared with females. Patients hav-
ing the comorbidities of diabetes, hypertension, hyperlipidemia have increased risk of develop-
ing CAD. Comparing with the patients having CCI score 0, crude HR of CAD for the group of
CCI score 1 was 1.24(95% CI,0.71, 2.13), whereas crude HR of CAD for the group of CCI score
2 was 1.87(95% CI,1.06, 3.30; p<0.05). Table 3 showed the demographic and baseline differ-
ences for comparing drug users and nonusers for RA patients.

COX-2 inhibitors Might Reduce CAD in the RA cohort from single drug
effect by DDD

Table 4 shows the effect of antirheumatic drug use on CAD in the RA study cohort by different
DDD status of each drug. The crude and adjusted HR of CAD in the RA study cohort by each
drug were shown. Among RA patients, COX-2i use was associated with significantly decreased
incidence of CAD. This phenomenon was observed among 2 types of COX-2i, celecoxib, and
etoricoxib. Analyzing the defined daily dose of COX-2i indicated that both low- and high-dose
groups exhibited significantly decreased CAD events compared with celecoxib nonusers. The
Kaplan Meier curves were demonstrated to reveal initially the covariate and drug differences
in predicting and comparing risks of CAD. Fig 1 showed Kaplan Meier survival curves by sin-
gle drug in CAD.

Table 1. Demographic characteristics comorbidities and anti-rheumatic drug use among 6260 inci-
dent RA patients.

Rheumatoid arthritis (N = 6260)

n %

Gender

Female 4394 70.2

Male 1866 29.8
Age, mean*SD 53.8+13.2
ccr

0 84 1.3

1 5611 89.6

=2 565 9.0
Hypertension 1477 23.6
Hyperlipidemia 872 13.9
Celebrex 936 15.0
Etoritoxib 156 2.5
Hydroxychloroquine 962 15.4
Methotrexate 571 9.1
Etanercept 56 0.9
Sulfasalazine 541 8.6

& Charlson comorbidity index.

https://doi.org/10.1371/journal.pone.0179081.t001
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Table 2. Cox proportional Hazard model for RA patients-baseline covariate effects.

No. of patients No. (%) of CAD events Log-rank test Crude HR and 95% CI
(N =6260) (Ne =1253) (Mantel-Cox test)
p-value

Gender

female 4394 817 0.0002 1

male 1866 436 1.25 (1.11-1.40)?
Age of diagnosis of RA, meanSD 53.8+13.2

>18 and <40 864 61 1

>40 and <60 3471 586 0 2.71(2.09-3.53)?

>60 1925 606 5.81 (4.46-7.56)%
ccr?

0 84 13 5.87e-06 1

1 5611 1089 1.24 (0.71-2.13)

>2 565 151 1.87 (1.06, 3.30)"
Hypertension

no 4783 785 0 1

yes 1477 468 2.27 (2.03-2.55)?
Hyperlipidemia

no 5388 1031 1.88e-08 1

yes 872 202 1.51 (1.31-1.75)2

CAD, coronary artery disease; Cl, confidence interval; HR, Hazard ratios.
& Charlson comorbidity index.

" p<0.05

2p<0.001.

https://doi.org/10.1371/journal.pone.0179081.t002

As we hypothesize that antirheumatic drugs might have different effect on occurrence of
CAD according to follow-up time. The Schoenfeld residual plot was used to investigate
hypothesis. The Schoenfeld residual plots were used to visualize the relationship between time
and drug effects on CAD. A Chi-squared test usually accompanies a residual plot to test for
non-proportionality of hazards in the Cox model for each specific drug dose as we assign the
nonusers as the reference group. This test is similar to the standard test for assessing the corre-
lation between "follow up time’ and ’scaled Schoenfeld residuals’ which are calculated sepa-
rately for each drug level.

Fig 2 showed Smoothed Schoenfeld residual plots and fitted time-varying drug effect with
confidence band when adjusted for covariates. Table 5 showed single drug effect of CAD in
the RA study cohort. We found that time-varying drug effect happened at celecoxib. For low-
dose celecoxib (DDD=1) user, the crude and adjusted HR((95% CI) of CAD were 0.62(0.45,
0.85) and 0.47(0.34, 0.65) during the 4 year follow-up time; however, after 4 year, the crude
and adjusted HR((95% CI) of CAD became 1.19(0.87, 1.64) and 0.98(0.70, 1.37). For high-dose
celecoxib (DDD > 1) user, the adjusted HR of CAD during the period 0-4 years after diagno-
sis was 0.37(0.24, 0.58) (95% CI: 0.24-0.58) and during the 4-10 years period it was 1.29(0.85,
1.95) (95% CI: 0.85-1.95). The Wald z test for testing the effect difference between high and
low- dose usage of Celecoxcib is 0.8574 with p-value = 0.39 showing that there is no significant
difference in risk of CAD for high or low-dose Celecoxcib users during the first 4 years of fol-
low-up. This result is also in concordance with that of the overlapping intervals shown in
Table 5.

PLOS ONE | https://doi.org/10.1371/journal.pone.0179081 June 28, 2017 6/16


https://doi.org/10.1371/journal.pone.0179081.t002
https://doi.org/10.1371/journal.pone.0179081

£€00Y 1806/ 10"8uod [eunol/|.2€ | 01/610°10p//:Sdny

Anti-rheumatic medications and risk of CAD in RA

‘suolnquUisIp suljeseq
B} JO 8OUBIBYIP BY) SSBSSE 0} Pasn si (UOB1I00 AINUIIUOD SBIB A YNIM) 1S8) pasenbs-Iyo s,uosiead 8y} pue umoys ale Aiobsyeo yoes Joj seseyiuaied ul ebejusosad pue Jequinn

29L (9°6)2s (e'v1)028 (B LIPLL | (ep1)8sL @ve | (vi)gos (o8L)6z | (8°El)EV8 (LsivL | (9erseL SOA
88€S (o6)e8y | (2'58)668Y (1'88)8%8 | (£'58)0vSY (8'88)205 | (8'58)188Y (718221 | (2'98)192S (e'+8)68L | ('98)665Y ON
€000=d ¥8r00=d 99500=d 6zLL0=d 6600=d elwapidiliadAy
LivL (92156 | (2've)esel (1eLv8L | (Fve)eeet (891)96 | (e've)L8EL (8'1eve | (9€2)ervl (8'92)1se | (e2)922t soh
€8.Y (re8)ovy | (8'5L)Leer (6708)82L | (9°52)S00% (z'e8)sLy | (L'SL)80eY (z'8L)2zL | (#'92)199% (z'e2)589 | (22)860% ON
20000=d G0000=d 1000°0>d g699°0=d eeloo=d uoisuapadAy
595 (e'9)ve (e'6)1ES (0'8)22 (z'6)88Y (g9)€ (e'6)82S (e'8)EL (0'6)ess (0" +1)e0tL | (28)29y g=<
LL9S (g'16)S6Y | (568)9LLS (8'68)v98 | (9'68)LVLY (r'16)2es | (5'68)6805 (L'68)ovL | (9°68)LLYS (0°28)718 | (1°06)26LY L
¥8 (22t (ereL (z2e (2'1e9 (122t (€12 (61e (€118 (0261 (2’159 0
6eto0=d 65200=d ereo0=d gegs0=d 68000=d 120
998} (g'22)6v+ | (0E)LLLL (Leelete | (2'1e)esot (e'eg)eet | (soe)eeLt (98L)6z | (1'0€)L28L (Loe)vre | (S0€)2e9t ElEN
¥6EY (g2L)zee | (02)200% (6°22)61L | (8'89)5¥9€ (Lr9s)8ey | (5'69)956€ (r18)22L | (6'69)L92F (6°€2)269 | (5'69)20L€ oewsay
v/ve0=d 1000°0>d $0000=d 9z000=d 6/000=d J9puan
fer] (ove)oet | (F'Le)geLL (8'se)8re | (L'1€)LL91 (6'12)Set | (9'1€)008L (1'ee)t9 | (s0e)v98L (8ev)lor | (9'82)vest 09<
LLYE (0'89)vie | (2'99)LG1E (6°28)25S | (0'SS)vL62 (g'19)15€ | (8'¥S)0OTIE (909)62 | (9°s5)z6EE (eov)eey | (1'29)8€0€ 09-0v
798 (672126 | (FEL)L9L (e'9L)LsL | (e€1)L0L (991)s6 | (S€1)69L (eor9L | (6'€h)sy8 (601201 | (€¥1)29L ov-8t
20000=d $0000=d 1000°0>d £9500=d 1000°0>d aby
(0929=N) | onjea-d | (LyS=N) | (6L25=N) | onjea-d | (296=N) | (8625=N) | oanmea-d | (L26=N) | (6895=N) | onea-d | (96L=N) | (vOL9=N) | anjea-d | (9e6=N) | (¥2€S=N)
|elol SOA ON SOA ON SOA ON SOA ON SO\ ON
zss DOH X1 qIxo210}13 q1x099|3)

©PLOS |on

sjudnjed vy 10} sidsnuou pue siasn Bnip Bunuedwod 10) saoualayip auljeseq pue aiydeibowaq "€ ajqel

7/16

June 28, 2017

PLOS ONE | https://doi.org/10.1371/journal.pone.0179081


https://doi.org/10.1371/journal.pone.0179081.t003
https://doi.org/10.1371/journal.pone.0179081

Anti-rheumatic medications and risk of CAD in RA

@° PLOS | ONE

Table 4. Cox proportional hazard model for RA patients—single drug effect.

No. of No. (%) of CAD Log-rank test Crude (Unadjusted) Adjusted HR p-value for testing
patients events (Ne =1253) | (Mantel-Cox test) HR and 95% CI and 95% ClI proportionality of Cox
(N =6260) p-value model
Unadjusted | Adjusted®
Celecoxib
None 5324 1109 9.28e-06 ref ref ref ref
<1 451 83 0.82(0.65, 1.02)" | 0.63(0.50, 0.79)* 1.04e-03 | 3.29e-04
>1 485 61 0.55(0.43,0.72)* | 0.63(0.47, 0.85)° 7.03e-07 | 1.34e-05
Etoricoxib
None 6104 1241 0.0004 Ref ref ref ref
>0 156 12 0.37(0.21,0.66)* | 0.47(0.26, 0.84)2 0.548 0.912
Hydroxychloroquine
None 5298 1117 1.67e-05 ref ref ref ref
<0.5 223 37 0.77(0.56, 1.07) | 1.06(0.76, 1.49) 0.2214 0.304
>0.5 739 99 0.63(0.51,0.77)* | 1.02(0.79, 1.32) 0.00135 0.0141
Methotrexate
None 5689 1186 2.77e-06 ref ref ref ref
<0.5 195 24 0.56(0.38, 0.84)% | 0.93(0.60, 1.45) 0.661 0.0499
>0.5 376 43 0.52(0.38,0.71)* | 1.05(0.72, 1.54) 0.154 0.12
Etanercept
None 6204 1251 0.0021 ref ref ref ref
>0 56 2 0.15(0.04, 0.61)% | 0.29(0.07, 1.18)" 0.241 0.437
Sulfasalazine
None 5719 1192 9.14e-08 ref ref ref ref
>0 541 61 0.50(0.39, 0.65)* | 0.82(0.59, 1.14) 0.107 0.637

& adjusted for gender, age, Charlson comorbidity index, hypertension, hyperlipidemia, and all drugs except itself.
"p<0.1

2p<0.05

8p<0.01

4p<0.001.

https://doi.org/10.1371/journal.pone.0179081.t004

Discussion

In this nationwide population-based study of the impact of DMARDs on the potential risk for
CAD following RA, we observed that a decreased CAD risk in the RA patients taking 2 differ-
ent kinds of COX-2i in comparison with the nonusers. However, this phenomenon changed
after about 4 years. Our study might be the first population-based cohort study design to
report such an association. RA patients with both an average daily dose > 1 DDD or = 1 DDD
of celecoxib had reduced the risk of CAD than celecoxib nonusers. During the 0-4 year fol-
low-up time, the adjusted HR(95% CI) of CAD were 0.47(0.34, 0.65) and 0.37(0.24, 0.58) for
low-dose celecoxib (DDD=1)) and high-dose celecoxib. The hazard ratios are quite overlap-
ping and this does not reach significantly statistical difference. However, the etoricoxib users
did not exhibit such a time-varying drug effect on decreasing CAD events. Various cyclooxy-
genase-2 selective inhibitors may affect the cardiovascular risk differently.

Our present study was unique for several reasons. First, to the best of our knowledge, cur-
rent study may be the first nationwide study evaluating several types of antirheumatic drug use
and the risk of CAD events in Asian RA population. Most previous studies were case-control
designs or were carried out in the western countries. In addition, our study uses DDD to
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Fig 1. Kaplan Meier survival curves by single drug in CAD. Celebrex 1 DDD =200 mg; Etoritoxib 1 DDD = 60 mg;
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https://doi.org/10.1371/journal.pone.0179081.g001

analyze the dosage of different antirheumatic drugs in the development of CAD in the RA
cohort. This method of reporting COX-2i usage is more accurate and quantitative than just
reporting whether there was or no usage. Moreover, we used Scaled Schoenfeld residuals to

demonstrate the estimated preventive effect on CAD over time for drug usage. Furthermore,

our cases included only one single race without the confounding factor of ethnicity and all our
patients were followed up comprehensively with all kinds of medical services.

The use of some, but not all, NSAIDs displayed an association with an increased risk of
CVD in the general population, particularly among the patients with established CAD[37].

Whether these drugs similarly increase risk of CVD in the RA patients, where their anti-
inflammatory effects might reduce the risk, remain uncertain. In the general populations

study, the VIGOR study showed that rofecoxib (Vioxx) was associated with an increased risk
of acute myocardial infarction[24], and was removed from the market in 2004. The regrettable
experience with rofecoxib has raised much awareness about the cardiovascular risk of other
COX-2i or NSAIDs[15,26-28]. Because NSAIDs are widely used, it’s important to be aware of
the downsides of taking an NSAID and to take steps to limit the risk. Therefore, FDA has
strengthened its warning that NSAIDs increase risk of heart attack and stroke [38]. How can
this apply to COX-2i and rheumatic diseases? Since these trials enrolled patients with colon
adenoma, not a rheumatic diseases such as RA, it was not sure whether their results could also
be generalized to patients with rheumatic diseases with chronic inflammation which can pro-
mote endothelial cell activation and vascular dysfunction. It may be the case that the first stud-
ies to identify CV risk were in this colon adenoma, but the key difference between these trials
and the earlier arthritis trials was duration of intervention. A recently published small scale
prospective cohort study of adults of either sex with arthritis who were initially diagnosed and
taking COX-2i for < 3 months were included. Patients were grouped into nonselective and
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Fig 2. Smoothed Schoenfeld residual plots and fitted time-varying drug effect with confidence band
when adjusted for covariates.
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selective COX-2i groups with reference to treatment they received. Study clearly revealed that
all NSAIDs exhibit variable CV risk; however, selective COX-2i found to exhibit more CV risk
[37]. However, this study had small a sample size and a short duration of follow up and the
analysis outcome only included demography of CV risk factors. Another PharMetrics claims
database study on 107,908 RA patients (observed between 1999 and 2003) showed that risk of
acute myocardial infarction was not related to COX-2i (rate ratio 1.11, 95% confidence interval
0.87-1.43) and biologic agents((RR 1.30, 95% CI 0.92-1.83), but significantly decreased with
the current use of methotrexate[20]. In addition, follow up period was only 4 years[20].
Another case control study measured by self-reported medication use assessed through tele-
phone interviews showed that celecoxib was more negatively associated with occurrence of
non-fatal myocardial infarction compared with the NSAIDs non-users or the rofecoxib users
[39]. However, the possibility of recall bias and uncontrolled confounding factors in this obser-
vational study limit the ability to make definitive conclusions. The association of celecoxib
with a lower odds ratio of MI could have occurred by chance[39]. A more recently published
large scale randomized controlled trials PRECISION (Prospective Evaluation of Celecoxib
Integrated Safety versus Ibuprofen or Naproxen) evaluated the composite outcomes of cardio-
vascular death, nonfatal myocardial infarction and nonfatal stroke in 24,081 patients receiving
celecoxib, ibuprofen or naproxen[40]. All the participants were victims of osteoarthritis or
rheumatoid arthritis who required daily NSAIDs treatment and were at increased cardio-
vascular risk. The results of the trial show that at moderate doses, celecoxib was found to be
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Table 5. Time-varying single drug effect on CAD in the RA study cohort.

Unadjusted RA duration 0~4y 4~10y

Drug
Celecoxib

=1DDD 0.62 (0.45-0.85)° 1.19 (0.87-1.64)

>1DDD 0.35 (0.23-0.52)? 0.94 (0.67-1.20)
HCQ

>0.5DDD 0.50 (0.37-0.66)"* 0.89 (0.65—-1.20)

Adjusted

Celecoxib

=1DDD 0.47 (0.34-0.65)* 0.98 (0.70-1.37)

>1DDD 0.37 (0.24-0.58)* 1.29 (0.85-1.95)
HCQ

>0.5DDD 0.79 (0.56-1.12) 1.45 (0.99-2.14)"
MTX

<0.5DDD 1.38 (0.82—-2.35) 0.45 (0.20-1.00)"

MTX, methotrexate; HCQ, hydroxychloroquine.
'p<0.1

2p<0.05

3p<0.01

4p<0.001.

https://doi.org/10.1371/journal.pone.0179081.t1005

noninferior to ibuprofen or naproxen with regard to cardiovascular safety at for a mean treat-
ment duration of 20.3+16.0 months and a mean follow-up period of 34.1+13.4 months. Several
concerns related to this trial were noted with the interpretation of PRECISION trial. First,
PRECISION is questioned that it is not a study of arthritis patients at high cardiovascular risk.
It mostly included osteoarthritis patients at low cardiovascular risk—cardiac event rates were
roughly 1% per year[41]. Secondly, the validity of the conclusions around non-inferiority was
criticized due to low power, low drug compliance (68.8% of the patients stopped taking the
study drug), and high rate of lost to follow-up (27.4% of the patients discontinued follow-up)
[41].Our present study is unique in that it involves a cohort study design with minimal risk of
recall bias and had longer duration of follow-up period. These conflicting data may be attrib-
uted to selection or recall bias and variations in sample size, different outcome measures such
as the CAD criteria, the patients’ race, and the study design.

This study is the first to report an association of decreased CAD risk in RA patients taking 2
different kinds of COX-2i in comparison with the nonusers. What is “the possible mechanism
of the beneficial effects of COX-2 therapy in CAD prevention?” CAD is a severe atherosclerosis
disease affecting the coronary artery. One of the early stage of atherosclerosis change is endo-
thelial dysfunction[42,43]. Accumulating evidences have suggested that endothelial dysfunc-
tion may predict a clinical outcome in the CAD patients [44,45]. Indeed, several studies
suggested that celecoxib improved endothelial function and also had potentially beneficial
effects on coronary artery blood flow[46,47].

Recent studies suggest that DMARDs use, such as methotrexate, sulfasalazine, leflunomide,
is associated with a reduced risk of CAD in RA patients[18-20]. Two observational studies
showed anti-TNF agents were associated the decreased risk of new cardiovascular events[22-23].
A very recently published study revealed use of hydroxychloroquine was associated with a 72%
reduction in the risk of incident CVD in a retrospective inception cohort of RA patients. How-
ever, it was not seen in our study. There are no significant protective effect for CAD among users
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of sulfasalazine, methotrexate, hydroxychloroquine, or etanercept after adjusting for demographic
characteristics, medical comorbidities and other antirheumatic drug use. We speculated the possi-
bility of not enough power to detect a difference in the etanercept group(adjusted HR of CAD
was 0.31 with 95% CI, 0.08 to 1.27). Lastly, we guess could there be drug interactions among dif-
ferent kinds of antirheumatic drug affecting CVD outcomes thus confounding the results?

Strengths and limitations

The foremost advantage of this study is the use of a nationwide, population-based claim data-
base, which can minimize selection bias and recall bias. Previous studies either used registra
data or hospital used data. Another possible strength is that our study included only one single
race without the confounding factor of ethnicity. Third, due to 99.6% coverage of insurance
population in Taiwan, all our patients were followed up comprehensively with all kinds of
medical services. However, there are also some limitations deserving attention. First, no infor-
mation was provided on disease activity, such as clinical activity index (such as rheumatoid
factor, radiographic data) and no information was available on the degree of systemic inflam-
mation (such as C-reactive protein, erythrocyte sedimentation rate) which may have an impact
on the risk of CAD. These were not available in the current administrative databases. Another
major limitation of the study was the lack of body mass index and lifestyle habits of the patients
(such as smoking, physical activities) which may influence the risk of CAD. Thus, we could
not conduct sophisticated tests adjusting for these variables. Third, potential confounding by
indications of drugs prescription in this observational study should be taken into consider-
ation. It is likely subjects considered to have a lower CV risk were prescribed celecoxib and
etoricoxib more frequently than subject with high risk. COX-2i may have been avoided in
patients perceived by their physician to be at higher risk of CV events and this may be a source
of bias. Fourth, though we have adjusted for some confounders such as hypertension, hyperlip-
idemia, diabetes, stroke history, peripheral artery disease, chronic renal failure and COPD,
there are still some other variables which were not taken in account such as family history of
CAD, use of aspirin, statin, antihypertensives and corticosteroids. Bias due to these factors
might still remain. Additionally, the diagnosis of RA, CAD, and medical comorbidities were
based solely on the ICD codes from the NHI claim database, instead of a medical chart review.
As Thomas SL et al [48] found in his validation study of RA database diagnosis this definition
has 80% sensibility and 80% specificity, so some misclassification is likely to exist and this
must be acknowledged. However, the BNHI routinely audits the accuracy of diagnoses by ran-
domly sampling patient charts. This BNHI audit has enhanced coding accuracy[49]. There-
fore, the NHI claim database is an established research database and there have been some
independent studies demonstrating the validity of the NHIRD data[50,51].

Conclusion

In this 10-year population-based cohort study, we found that decreased CAD risk in RA
patients taking 2 different kinds of COX-2i in comparison with nonusers. Use of celecoxib was
associated with reduced CAD risks among RA patients during the 4 year follow-up time; how-
ever, this phenomenon was changed overtime, after about 4 years. The effect of etoricoxib with
reduced CAD risks among RA patients remained constant over the follow up time.
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