
Cardiovascular risk of Janus
kinase inhibitors compared with
biologic disease-modifying
antirheumatic drugs in patients
with rheumatoid arthritis without
underlying cardiovascular
diseases: a nationwide cohort
study

Yun-Kyoung Song1, Gaeun Lee2, Jinseub Hwang2, Ji-Won Kim3

and Jin-Won Kwon4*
1College of Pharmacy, Daegu Catholic University, Gyeongsangbuk-do, Republic of Korea, 2Department of
Statistics, Daegu University, Gyeongsangbuk-do, Republic of Korea, 3Division of Rheumatology,
Department of Internal Medicine, Daegu Catholic University School of Medicine, Daegu, Republic of
Korea, 4BK21 FOUR Community-Based Intelligent Novel Drug Discovery Education Unit, College of
Pharmacy and Research Institute of Pharmaceutical Sciences, Kyungpook National University, Daegu,
Republic of Korea

Objectives: Despite the ethnic differences in cardiovascular (CV) risks and recent
increase in the prescription of Janus kinase (JAK) inhibitors, limited evidence is
available for their CV outcomes in Asian patients with rheumatoid arthritis (RA). We
aimed to compare themajor adverse CV events (MACEs) of JAK inhibitors to those
of biologic disease-modifying antirheumatic drugs (bDMARDs) in Korean patients
with RA without baseline CV disease (CVD).

Methods: In a nationwide retrospective cohort study, patients newly diagnosed
with RAwithout a history of CVD between 2013 and 2018were identified using the
National Health Insurance Service database. The cohort was followed up until the
end of 2019 for the development of MACEs. Hazard ratios (HRs) for MACEs such as
myocardial infarction, stroke, coronary revascularization, or all-cause death, were
estimated using Cox proportional hazard regression in a propensity score-
matched cohort.

Results: In total, 4,230matched patients with RA were included (846 JAK inhibitor
users and 3,384 bDMARD users). The crude incidence rate (95% confidence
intervals, CI) per 100 patient-years for MACEs was 0.83 (0.31–1.81) and 0.74
(0.53–1.02) in the JAK inhibitor and bDMARD groups, respectively. The risk of
MACEs was not significantly different between JAK inhibitor and bDMARD users
with an adjusted HR (95% CI) of 1.28 (0.53–3.11). There were no significant
differences in the risk of MACEs between JAK inhibitors and bDMARDs in each
subgroup according to the types of bDMARDs, age, sex, Charlson comorbidity
index score, and comorbidities.
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Conclusion: Compared to bDMARDs, JAK inhibitors were not associated with the
occurrence of MACEs in Korean patients with RA without a history of CVD.
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1 Introduction

Rheumatoid arthritis (RA) is associated with an increased risk of
cardiovascular (CV)-related morbidity and mortality, possibly due
to the chronic, systemic immune-mediated inflammation (Avina-
Zubieta et al., 2012; Smolen et al., 2018). Disease-modifying
antirheumatic drugs (DMARDs), including conventional, biologic
or targeted synthetic DMARDs, are mainly used for lifetime
management of RA, among which Janus kinase (JAK) inhibitors
targeting JAK family kinases offer an important alternative to
biologic DMARDs (bDMARDs) (Smolen et al., 2018;
Takabayashi et al., 2021). The recent European League Against
Rheumatism (EULAR) guideline recommends JAK inhibitors for
patients with poor prognostic factors who fail to achieve the
treatment target with initial treatment with conventional
synthetic DMARDs (csDMARDs) along with bDMARDs
(Smolen et al., 2020). Three JAK inhibitors are currently available
for the clinical management of RA since the first approval of
tofacitinib approximately 10 years ago, and then baricitinib and
upadacitinib approximately 3–4 years ago in the United States (US)
and Korea (US Food & Drug Administration; Korean Ministry of
Food and Drug Safety).

However, increasing evidence suggests that JAK inhibitors are
unsuitable for patients at risk for thromboembolic or CV events
because they may negatively impact thrombopoietin signaling and
platelet homeostasis by blocking the intracellular signaling pathways
of inflammatory cytokines (Gadina et al., 2019; Baldini et al., 2021;
Song et al., 2022; Ytterberg et al., 2022). Nevertheless, the association
between JAK inhibitors and CV outcomes is unclear. Several studies,
including randomized controlled trials (RCTs) and large
population-based cohorts, have shown that JAK inhibitors do not
have a significant impact on the risk of major adverse CV events
(MACEs) in patients with RA regardless of their underlying CV risk
(Xie et al., 2019b; Khosrow-Khavar et al., 2022; Taylor et al., 2022).
However, a recent large-scale RCT reported an increased risk of
MACEs with tofacitinib compared to that with a tumor necrosis
factor (TNF) inhibitor in patients aged ≥50 years with RA and CV
risk factors (Ytterberg et al., 2022). Therefore, the regulatory
authorities recommend restricting the use of JAK inhibitors in
patients with risk factors for CV disease (CVD) and those with a
history of smoking (US Food and Drug Administration, 2021a;
European Medicines Agency, 2022; Korean Ministry of Food and
Drug Safety, 2022). However, this recommendation cannot be
directly applied to patients aged <50 years and those without
underlying CVD (Singh, 2022). Moreover, most studies on the
impact of JAK inhibitors on MACEs have included Western
populations. Despite the ethnic differences in CV risks and
mortality between the Asian and Western populations and recent
increase in the prevalence of RA and prescription of JAK inhibitors
in Korea, limited evidence is available for the CV outcomes of JAK
inhibitors in the Asian population (Won et al., 2018; Health

Insurance Review and Assessment Service, 2022; Tsao et al.,
2022). Very recently, a cohort study was conducted in the Asian
patients with RA to assess the CV risks of JAK inhibitors and showed
no difference in the risk compared to TNF inhibitors (Tong et al.,
2023). Nevertheless, to the best of our knowledge, there is a lack of
studies comparing CVD risk between JAK inhibitors and
bDMARDs in Asian RA patients without a history of CVDs.

Successful control of RA with JAK inhibitors while minimizing
its negative effects on CVD is clinically important. Therefore, this
study aimed to compare the CV risk of JAK inhibitors and
bDMARDs in Korean patients newly diagnosed with RA without
baseline CVD.

2 Materials and methods

2.1 Study design and data source

This cohort study was performed using national insurance
reimbursement claims data from 2011 to 2019, which were
officially provided by the Health Insurance Review and
Assessment Service (HIRA) of Korea. The HIRA is an
independent and public insurance agency that reviews medical
fees, evaluates whether the prescribed drugs are medically
necessary on the basis of drug labels, and provides national
insurance coverage to 97.1% Korean citizens (Health Insurance
Review and Assessment Service, 2021a; Health Insurance Review
and Assessment Service, 2021b). The data included information on
demographics, diagnosis, procedure, and prescription, with an
unidentifiable code representing each individual. This study was
approved by the Institutional Review Board (IRB) of Daegu Catholic
University (IRB No. CUIRB-2019-E012, 25 September 2019), which
waived the requirement for informed consent because all patient
data were anonymized and de-identified by a randomized
identification number prior to retrospective analysis.

2.2 Study population

Adult patients who were first diagnosed with RA using the
diagnostic codes of M05 or M06 in accordance with the
International Classification of Diseases and Related Health
Problems, 10th revision (ICD-10) between 1 January 2013 and
31 December 2018 and were prescribed at least one csDMARD
(hydroxychloroquine, methotrexate, sulfasalazine or leflunomide)
on the first day of RA diagnosis according to claims data were
eligible for inclusion (World Health Organization, 2019). As shown
in Figure 1, the index date was defined as the first prescription date
of bDMARDs (including TNF inhibitors [such as infliximab,
etanercept, adalimumab, golimumab, and certolizumab pegol]
and non-TNF inhibitors [such as rituximab, abatacept, anakinra,
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and tocilizumab]) or JAK inhibitors (including tofacitinib and
baricitinib). Upadacitinib, which was first used in Korea in 2020,
could not be included in this study considering the study design.
Users who had not received bDMARDs or JAK inhibitors within the
last 2 years were defined as new users of bDMARDs or JAK
inhibitors. Patients were excluded if they were (1) <20 years old
on the index date; (2) diagnosed with RA 2 years before the first
prescription of csDMARDs; (3) diagnosed with rheumatic heart
disease (ICD-10 codes: I00−I09), ischemic heart disease (ICD-
10 codes: I20−I25), valve disorders (ICD-10 codes: I34−I36),
heart failure (ICD-10 codes: I50), or stroke (ICD-10 codes:
I60−I69) within 2 years before the index date; (4) prescribed
csDMARDs only once before the index date considering eligible
patients for the use of JAK inhibitors or bDMARDs based on the
EULAR guideline or Korean insurance coverage criteria; (5)
diagnosed with only adult-onset Still disease (ICD-10 codes:
M06.1) or inflammatory polyarthropathy (ICD-10 codes: M06.4)
to include only patients with a diagnostic code for RA; (6) diagnosed
with cancer (ICD-10 codes: C00−C99) during the study period
which might affect the study outcomes; and (7) diagnosed with
ankylosing spondylitis (ICD-10 codes: M45), Crohn’s disease (ICD-
10 codes: K50), ulcerative colitis (ICD-10 codes: K51), psoriatic
arthritis (ICD-10 codes: M07.0−M07.3), or psoriasis (ICD-10 codes:
L40) for which JAK inhibitors or bDMARDs could be used (Kim
et al., 2011; Health Insurance Review and Assessment Service, 2019;
Smolen et al., 2020). For the latter two exclusions, all available data
between 2011 and 2019 were used to clearly evaluate the study
outcomes (Kim et al., 2011). Ultimately, our intention was to include
naïve users for JAK inhibitors or bDMARDs among newly
diagnosed patients with RA who had no history of CVDs. The
baseline period was used for assessing comorbidities, comedications,
and confirming new use of bDMARDs or JAK inhibitors.

2.3 Exposure data

Exposure was determined by the prescription date and number
of days of drug supply. The dosing intervals for bDMARDs
administered via infusion was determined based on the drug
label (Korean Ministry of Food and Drug Safety, 2022). Patients
were grouped into JAK inhibitor and bDMARD groups according to
initial prescription and followed up thereafter. Patients were
followed-up from the day after the index date and to the date of
the following censoring events, whichever occurred first: 1) index
drug discontinuation defined as treatment gap >365 days between
its prescriptions, 2) switching to a JAK inhibitor in the bDMARD
group or a bDMARD in the JAK inhibitor group, 3) outcome
occurrence, and 4) end of the study (31 December 2019). The
follow-up period for each patient varied depending on the
patient’s entry date. Switching to a different JAK inhibitor or
bDMARD was permitted in the JAK inhibitor and bDMARD
groups, respectively.

2.4 Study outcomes

The primary outcome was a composite MACE of myocardial
infarction (MI, ICD-10 codes: I21), ischemic stroke (ICD-10 code:
I63), coronary revascularization such as angioplasty or bypass
surgery (procedure codes: M6551–M6554, M6561–M6567,
M6571, M6572, M6620, M6634, M6638, O1640–O1642,
O1647–O1649, OA640–OA642, and OA647–OA649) or all-cause
death (claims related to death as a medical result) (Kip et al., 2008).
The secondary outcomes included each component of the MACEs.
The date of the first occurrence of any of the above four components
was defined as the date of composite CV outcomes. In addition, we

FIGURE 1
Study timeline. Abbreviations: bDMARD, biologic disease-modifying antirheumatic drug; csDMARD, conventional synthetic disease-modifying
antirheumatic drug; Dx, diagnosis; IHD, ischemic heart disease; JAK, Janus kinase; RA, rheumatoid arthritis; Rx, prescription.
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considered hospitalization for MI, stroke, or coronary
revascularization and diagnosis of stroke based on brain imaging
including computed tomography (CT) or magnetic resonance
imaging (MRI) to validate the clinical outcomes (Yeom et al.,
2015; Park et al., 2019).

2.5 Confounding variables

During the 365-day baseline period prior to the index date, the
following baseline characteristics, which were considered to be
potentially associated with the study outcomes and RA severity,
were assessed: age at the index date, sex, index year, type of
insurance, Charlson comorbidity index (CCI) score,
comorbidities (e.g., dyslipidemia, diabetes mellitus, hypertension,
osteoporosis, anemia and eye disorders), medications for RA (e.g.,
csDMARDs, corticosteroids, non-steroidal anti-inflammatory drugs
[NSAIDs], and tramadol), and comedications (e.g., statins,
antidiabetics and antihypertensives). The adjusted model
included covariates such as age, sex, index year, type of
insurance, CCI score, and comorbidities (except diabetes
mellitus). Age was included as the categorical variable in the final
model.

2.6 Statistical analysis

Propensity score (PS) matching was performed to adjust for the
effect of confounding variables between the JAK inhibitor and
bDMARD groups. The PS was estimated using logistic regression
with variables including age, sex, index year, type of insurance,
medications for RA, CCI score, comorbidities, and comedications.
JAK inhibitor users were matched 1:4 to bDMARD users using the
greedy 5-to-1 digit matching algorithm (Parsons, 2001).
Distribution of propensity score before and after matching was
examined using a standardized difference, with a value exceeding
0.1 considered indicative of an imbalance.

Data are shown as numbers and percentages for categorical
variables and medians and ranges for continuous data. Fisher’s exact
test and the chi-square test were used to compare categorical data,
while the unpaired t-test and Mann-Whitney U test were used to
compare continuous data. Incidence rates (IRs) and 95% confidence
intervals (CIs) were calculated for primary and secondary outcomes
in the PS-matched study cohort. Cox proportional hazard regression
was used to estimate hazard ratios (HRs) and 95% CI for study
outcomes according to the use of JAK inhibitors or bDMARDs. The
proportionality assumption in the Cox proportional hazard model
was examined using the goodness-of-fit test.

Subgroup analysis was performed according to the type of
bDMARD (TNF inhibitors only and others), age
(<65 and ≥65 years), sex, CCI score, and presence of CVD-
related comorbidities (such as hypertension or dyslipidemia) or
RA-related comorbidities (such as eye disorders, osteoporosis, or
anemia). Sensitivity analyses were performed to evaluate the
robustness of the primary analysis results under the
modifications of the permissible treatment gap of 90 and
180 days (US Food and Drug Administration, 2013). Statistical
significance was set at a two-sided p-value of <0.05. All statistical

analyses were performed using SAS version 9.4 (SAS Institute, Cary,
NC, United States of America).

3 Results

3.1 Demographic characteristics

Among the 354,728 patients with RA who were prescribed at
least one csDMARD between 2013 and 2018, 334,708 patients were
excluded according to the predefined exclusion criteria. The eligible
study cohort included 20,020 patients newly diagnosed with RA,
without underlying CVD, and with no recent prescription of
bDMARDs and JAK inhibitors (846 JAK inhibitor users and
19,174 bDMARD users before PS matching, Figure 2).

As shown in Table 1, the proportion of methotrexate (81.3% vs.
78.0%) or tramadol (82.1% vs. 79.3%) users was higher in the
bDMARD group than in the JAK inhibitor group during a year
prior to the first prescription of bDMARDs or JAK inhibitors.
Furthermore, more bDMARD users were compared to JAK
inhibitor users with the increasing order of the index year. After
1:4 PS matching, 846 JAK inhibitor users were matched with
3,384 bDMARD users, and both groups were well balanced. The
mean age of JAK inhibitor and bDMARD users was 48.1 ± 12.7 and
48.5 ± 12.6 years, respectively, and 91.2% patients were <65-year-
old. Women accounted for approximately 71% of the study cohort.
From 2014 to 2015, approximately 65% patients were first
prescribed bDMARD or JAK inhibitors. The CCI score
was ≤1 point in 94.6% patients, and more than 50% patients had
a history of hypertension or dyslipidemia within a year of the first
use of the study drugs. During the baseline assessment period,
approximately 79% patients received methotrexate or
hydroxychloroquine as csDMARDs, while NSAIDs or
corticosteroids were prescribed to more than 90% patients. The
average period from the first diagnosis of RA with a csDMARD to
the commencement of a JAK inhibitor or a bDMARD was
6.5 months in both groups.

3.2 MACEs associated with the use of JAK
inhibitors

As shown in Table 2, the overall IR (95% CI) per 100 patient-
years (PY) for composite MACEs after PS matching was 0.83
(0.31–1.81; 6/846 events) and 0.74 (0.53–1.02; 38/3,384 events) in
the JAK inhibitor and bDMARD groups, respectively. The median
time to onset of the first MACE was 9.14 and 60.71 weeks in the JAK
inhibitor and bDMARD groups, respectively. Compared to the risk
of MACEs in the bDMARD group, that in the JAK inhibitor group
was 28% higher, but the difference was not statistically significant
(adjusted HR: 1.28, 95% CI: 0.53–3.11).

None of the patient in the JAK inhibitor group experienced MI
or ischemic stroke, while eight patients in the bDMARD group
experienced MI only. The IRs (95% CI) of coronary
revascularization were 0.28 (0.03–1.00) and 0.35 (0.21–0.55) per
100 PY, in the JAK inhibitor group and bDMARD groups,
respectively. The IR (95% CI) of all-cause death was 2.4-fold
higher in patients prescribed JAK inhibitors [0.56 (0.15–1.42)]
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than in those prescribed bDMARDs [0.23 (0.12–0.41)]. Regarding
each component of MACEs, JAK inhibitors did not increase the HR
of coronary revascularization and all-cause death compared to
bDMARDs (adjusted HR [95% CI]: 0.95 [0.21–4.21] and
2.38 [0.72–7.90], respectively). The proportional hazard
assumption was appropriate, as the p-value was greater than
0.05 in the goodness-of-fit test.

Figure 3 summarizes the results of subgroup analyses according to
the types of bDMARDs, age, sex, CCI score, and comorbidities. Overall,
there were no significant differences in the risk of MACEs between JAK
inhibitors and bDMARDs in each subgroup. However, the risk of CVD

associated with JAK inhibitors tended to increase compared to that with
bDMARDs in patients aged ≥65 years (adjusted HR: 1.83, 95% CI:
0.36–9.31). Women who were prescribed JAK inhibitors had higher
risks than those who were prescribed bDMARDs (adjusted HR: 2.38,
95% CI: 0.84–6.69); however, the adjusted HR (95% CI) for men was
only 0.34 (0.04–2.63). The HRs were higher in patients with
comorbidities, such as hypertension, or eye disorder, in comparison
to those without the comorbidities.

As shown in Table 3, the risk of MACEs with JAK inhibitors
compared to that with bDMARDs did not significantly differ
according to the different permissible treatment gaps. When we

FIGURE 2
Study cohort selection process. Abbreviations: bDMARD, biologic disease-modifying antirheumatic drug; csDMARD, conventional synthetic
disease-modifying antirheumatic drug; IHD, ischemic heart disease; JAK, Janus kinase; RA, rheumatoid arthritis.
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TABLE 1 Baseline characteristics before and after 1:4 propensity-score matching, number of patients (%).

Characteristics Before propensity score matching After propensity score matching (1:4)

JAK inhibitors
(n = 846)

bDMARDs (n =
19,174)

p-value JAK inhibitors
(n = 846)

bDMARDs (n =
3,384)

p-value SMD

Age, year, mean ± SD 48.1 ± 12.7 48.5 ± 12.6 0.377 48.1 ± 12.7 48.5 ± 12.6 0.352 0.033

<65 years 765 (90.4) 17,246 (89.9) 0.649 765 (90.4) 3,093 (91.4) 0.370 0.034

≥65 years 81 (9.6) 1,928 (10.1) 81 (9.6) 291 (8.6)

Sex

Male 249 (29.4) 5,159 (26.9) 0.105 249 (29.4) 991 (29.3) 0.933 0.003

Female 597 (70.6) 14,015 (73.1) 597 (70.6) 2,393 (70.7)

Index year

2014 279 (33.0) 8,216 (42.9) <.001 279 (33.0) 1,103 (32.6) 0.963 0.008

2015 266 (31.4) 6,021 (31.4) 266 (31.4) 1,108 (32.7) 0.028

2016 159 (18.8) 3,119 (16.3) 159 (18.8) 598 (17.7) 0.029

2017 91 (10.8) 1,226 (6.4) 91 (10.8) 364 (10.8) 0

2018 51 (6.0) 592 (4.1) 51 (6.0) 211 (6.2) 0.009

Type of insurance

Health insurance 828 (97.9) 18,773 (97.9) 0.943 828 (97.9) 3,311 (97.8) 0.958 0.002

Medical aid 18 (2.1) 401 (2.1) 18 (2.1) 73 (2.2)

CCI score

0 561(66.3) 12,262 (64.0) 0.153 561(66.3) 2,287 (67.6) 0.337 0.027

1 228 (27.0) 5,232 (27.3) 228 (27.0) 922 (27.3) 0.007

2 47 (5.6) 1,295 (6.8) 47 (5.6) 148 (4.4) 0.055

≥3 10 (1.2) 385 (2.0) 10 (1.2) 27 (0.8) 0.038

Comorbidities

Hypertension 485 (57.3) 11,255 (58.7) 0.428 485 (57.3) 1,917 (56.7) 0.721 0.014

Dyslipidemia 437 (51.7) 9,981 (52.1) 0.820 437 (51.7) 1,715 (50.7) 0.612 0.019

Diabetes mellitus 189 (22.3) 4,595 (24.0) 0.278 189 (22.3) 718 (21.2) 0.477 0.027

Eye disorders 205 (24.2) 4,903 (25.6) 0.382 205 (24.2) 750 (22.2) 0.198 0.049

Osteoporosis 151 (17.9) 3,737 (19.5) 0.238 151 (17.9) 540 (16.0) 0.183 0.050

Anemia 47 (5.6) 1,107 (5.8) 0.790 47 (5.6) 167 (4.9) 0.461 0.028

Medications for RA

csDMARDs

Methotrexate 660 (78.0) 15,592 (81.3) 0.016 660 (78.0) 2,685 (79.3) 0.395 0.032

Hydroxy-chloroquine 668 (79.0) 15,227 (79.4) 0.749 668 (79.0) 2,665 (78.8) 0.895 0.005

Sulfasalazine 389 (46.0) 8,787 (45.8) 0.930 389 (46.0) 1,510 (44.6) 0.477 0.027

Leflunomide 328 (38.8) 8,065 (42.1) 0.058 328 (38.8) 1,311 (38.7) 0.987 0.001

Corticoste-roids 786 (92.9) 18,101 (94.4) 0.065 786 (92.9) 3,159 (93.4) 0.646 0.017

Cumulative dose,a

mean ± SD
33.2 ± 63.3 28.3 ± 74.1 0.070 31.5 ± 75.5 28.3 ± 74.1 0.311 0.043

NSAIDs 819 (96.8) 18,757 (97.8) 0.050 819 (96.8) 3,298 (97.5) 0.294 0.039

(Continued on following page)
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defined the treatment gap as 180 and 90 days, the adjusted HRs (95%
CI) were 1.59 (0.52–4.91) and 1.45 (0.54–3.94), respectively.

4 Discussion

To the best of our knowledge, this is the first large population-
based cohort study to evaluate the impact of JAK inhibitors on

MACEs compared to that of bDMARDs in routine care patients
with early diagnosed RA and no underlying CVD in Asia.

Overall, JAK inhibitors, compared to bDMARDs, were not
associated with the risk of MACEs in this real-world setting
(adjusted HR: 1.28, 95% CI: 0.53–3.11) in newly diagnosed
patients with RA with an average disease duration of 6.5 months.
Among Asian patients with an average RA duration of 3.2 years, the
CV risk was not significantly increased compared to TNF inhibitors

TABLE 1 (Continued) Baseline characteristics before and after 1:4 propensity-score matching, number of patients (%).

Characteristics Before propensity score matching After propensity score matching (1:4)

JAK inhibitors
(n = 846)

bDMARDs (n =
19,174)

p-value JAK inhibitors
(n = 846)

bDMARDs (n =
3,384)

p-value SMD

Tramadol 671 (79.3) 15,735 (82.1) 0.042 671 (79.3) 2,760 (81.6) 0.136 0.057

Other comedications

Statins 249 (29.4) 5,690 (29.7) 0.880 249 (29.4) 1,012 (29.9) 0.788 0.011

Antidiabetics 189 (22.3) 4,595 (24.0) 0.278 189 (22.3) 718 (21.2) 0.477 0.027

Antihyper-tensives 401 (47.4) 9,398 (49.0) 0.358 401 (47.4) 1,613 (47.7) 0.890 0.005

Abbreviations: bDMARD, biologic disease-modifying antirheumatic drug; CCI, charlson comorbidity index; csDMARD, conventional synthetic disease-modifying antirheumatic drug; JAK,

janus kinase; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis; SD, standard deviation; SMD, standardized mean difference.
aPrednisolone equivalent dose in milligrams.

TABLE 2 Risks of cardiovascular events in patients with RA treated with JAK inhibitors versus biologic DMARDs for the propensity score matched cohort.

No. of
patients

No. of
events (%)

Time to onset (weeks),
median (range)

PY IR per 100 PY
(95% CI)

Cardiovascular events

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Primary outcome

MACE

JAK inhibitors 846 6 (0.71) 9.14 (4.71–45.43) 720 0.83 (0.31–1.81) 1.27 (0.52–3.08) 1.28 (0.53–3.11)

Biologic DMARDs 3,384 38 (1.12) 60.71 (4.29–221.14) 5,126 0.74 (0.53–1.02) References

Secondary outcomes

Myocardial
infarction

JAK inhibitors 846 0 NA 724 NA NA NA

Biologic DMARDs 3,384 8 (0.24) 57.93 (17.43–173.71) 5,148 0.16 (0.07–0.31) References

Ischemic stroke

JAK inhibitors 846 0 NA 724 NA NA NA

Biologic DMARDs 3,384 0 NA 5,156 NA References

Coronary
revascularization

JAK inhibitors 846 2 (0.24) 13.64 (4.71–22.57) 722 0.28 (0.03–1.00) 0.96 (0.22–4.28) 0.95 (0.21–4.21)

Biologic DMARDs 3,384 18 (0.53) 94.71 (20.14–217.29) 5,142 0.35 (0.21–0.55) References

All-cause death

JAK inhibitors 846 4 (0.47) 9.14 (6.43–45.43) 721 0.56 (0.15–1.42) 2.42 (0.73–7.99) 2.38 (0.72–7.90)

Biologic DMARDs 3,384 12 (0.53) 61.29 (4.29–196.00) 5,149 0.23 (0.12–0.41) References

Abbreviations: CI, confidence interval; DMARD, disease-modifying antirheumatic drug; IR, incidence rate; JAK, janus kinase; MACE, major adverse cardiovascular event; NA, not applicable;

PY, patient-years; RA, rheumatoid arthritis.
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FIGURE 3
Subgroup analysis of hazard ratios for major adverse cardiovascular events associated with JAK inhibitors and bDMARDs in a 1:4 variable ratio
propensity score-matched cohort of patients with RA. Abbreviations: bDMARD, biologic disease-modifying antirheumatic drug; csDMARD, conventional
synthetic disease-modifying antirheumatic drug; IHD, ischemic heart disease; JAK, Janus kinase; RA, rheumatoid arthritis.

TABLE 3 Sensitivity analysis in the propensity-score matched cohort.

No. of
subjects

No. of
events (%)

Time to onset (weeks),
median (range)

PY IR per 100 PY
(95% CI)

MACEs

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Treatment gap,
180 days

JAK inhibitors 846 5 (0.59) 7.00 (4.71–22.57) 545 0.92 (0.30–2.14) 1.61 (0.52–4.93) 1.59 (0.52–4.91)

Biologic
DMARDs

3,384 22 (0.65) 31.14 (4.29–221.14) 3,811 0.58 (0.36–0.87) References

Treatment gap,
90 days

JAK inhibitors 846 4 (0.47) 6.71 (4.71–11.29) 435 0.92 (0.25–2.35) 1.43 (0.53–3.85) 1.45 (0.54–3.94)

Biologic
DMARDs

3,384 16 (0.47) 38.36 (4.29–173.71) 3,087 0.52 (0.30–0.84) References

Abbreviations: CI, confidence interval; DMARD, disease-modifying antirheumatic drug; IR, incidence rate; JAK, janus kinase; MACE, major adverse cardiovascular event; PY, patient-years.
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[i.e., risk ratio (95% CI), 1.12 (0.64–1.95); Tong et al., 2023]. In
American patients with RA and no previous history of CVD, the risk
of CVD was not significantly different between tofacitinib and TNF
inhibitor users although a decreased risk was reported (pooled
weighted HR: 0.81, 95% CI: 0.61–1.07) (Khosrow-Khavar et al.,
2022). This might be due to the different definition of the composite
CV outcomes, which included hospitalization for MI or stroke in the
previous study (Kip et al., 2008); however, coronary
revascularization and all-cause death were additionally considered
in our study. We defined MACEs considering the most common
components of MACEs used in RCTs and observational studies (Kip
et al., 2008; Bosco et al., 2021). The results of subgroup analyses
showed that the risks of composite CV events associated with JAK
inhibitors tended to increase in patients aged ≥65 years and those
with a CV-related comorbidities such as hypertension, although the
difference was statistically non-significant. This is concordant with
the findings of previous studies (Khosrow-Khavar et al., 2022;
Ytterberg et al., 2022).

Several RCTs and observational studies have reported
inconsistent results. The prospective ORAL surveillance trial
revealed that MACEs occurred more often with tofacitinib than
with a TNF inhibitor in aged patients with RA and underlying CV
risk factors; thus, it might not capture the real-world risk for MACEs
in patients without underlying CVDs at treatment initiation
(Ytterberg et al., 2022). This was in contrast to the conclusion of
previous studies in which JAK inhibitors did not significantly change
the CV outcomes and their IRs were unchanged for up to 9.5 years
(Xie W. et al., 2019; Cohen et al., 2020). Moreover, several
observational studies found no increased CV risks with JAK
inhibitors in patients with RA treated regardless of the presence
of CV risk factors (Kremer et al., 2021; Khosrow-Khavar et al., 2022).
Therefore, continuing research to better understand the CV risks of
this important treatment option is recommended in a wide range of
patients with RA.

The IRs of MACEs in Asian patients without underlying CVDs
(0.83 and 0.74 per 100 PY with JAK inhibitors and bDMARDs,
respectively) were similar to those reported in Western patients
without underlying CVDs (0.87 and 0.79 per 100 PY with tofacitinib
and TNF inhibitors, respectively) (Khosrow-Khavar et al., 2022).
However, considering the differences in the definition of MACEs
between the studies, as mentioned above, the incidence of MACEs
associated with the use of JAK inhibitors or bDMARDs was
relatively low in Korean patients with RA compared to that in
Westerner patients; this is consistent with the findings of previous
studies reporting a low risk of CVDs in Asians (Meadows et al., 2011;
Post et al., 2022). The incidences of death from any cause was higher
with JAK inhibitors than with bDMARDs in our study (IR of
0.56 and 0.23 with JAK inhibitor and bDMARD, respectively),
similar to the findings reported by Khosrow-Khavar et al. (IR of
1.95 and 1.41 with tofacitinib and a TNF inhibitor, respectively)
(Khosrow-Khavar et al., 2022). In the ORAL surveillance trial, the
HR (95% CI) for all-cause death was significantly high with
tofacitinib compared to that with a TNF inhibitor
(2.37 [1.34–4.18]) (Ytterberg et al., 2022). It has been reported
that bDMARDs may reduce the risk of MACEs, particularly
mortality related to coronary heart diseases, in patients with RA
(Myasoedova et al., 2017; Xie F. et al., 2019; Provan et al., 2020; Singh
et al., 2020). This may be due to a positive impact of these modern

treatment strategies on the RA severity and mortality. The causal
relationship between the use of JAK inhibitors and CV risk,
including death, is unknown. Considering the relatively high
mortality rate from any cause in JAK inhibitors, close monitoring
and further research into the causal relationship are required.

The time to onset in the bDMARD group was longer in Korean
patients without CVDs (12.1 months after the use of bDMARDs)
than in American patients (6.1 months); this was likely because the
analysis of Western patients included patients with and without
CVDs, and the East Asian population exhibited a relatively lower CV
risk than the Western population (Meadows et al., 2011; Khosrow-
Khavar et al., 2022; Post et al., 2022). While CVD risk has been
associated with various factors such as age, sex and chronic diseases,
RA diagnosis itself has also been linked to an increased likelihood of
developing CVDs. Previous study indicated that the risk of CVD
increased shortly after the diagnosis of RA, mostly within a year of
the clinical onset of RA (Kerola et al., 2012). In consideration of the
recommended initiation time of the bDMARDs or JAK inhibitors
after the diagnosis of RA (i.e., at least 6 months), the timeframe for
CVD onset associated with these medications may align with the
natural history of CVDs in RA patients (Smolen et al., 2020) In JAK
inhibitor users, the median time to onset (range) of MACEs was
short (1.8 [0.9–9.1] months). In contrast, it was reported that the
median time to CV events after tofacitinib use was 5.1 months in
Western patients (Khosrow-Khavar et al., 2022). Studies on ethnic
differences in the time to drug-induced CV events are limited. Since
it is the first study to demonstrate the relatively reduced onset time
to the event in Asian users of JAK inhibitors, it is necessary to
monitor continuously and expand the related research in Asian
patients.

As there was no significant difference among JAK inhibitors
regarding the occurrence of CV or thromboembolic events, we
analyzed all JAK inhibitors approved for the treatment of RA in
Korea until 2018 (i.e., tofacitinib and baricitinib) (Alves et al., 2021).
Additionally, we used the bDMARD group as a control group because a
bDMARD or a JAK inhibitor was recommended as a second-line agent
for patients with poor RA prognostic factors who failed with the first
treatment with csDMARD based on the EULAR guideline (Smolen
et al., 2020). There was no significant difference in the risk of MACEs
associated with the use of TNF and non-TNF inhibitors in patients with
RA (Singh et al., 2020). In the subgroup analysis of this study, the HR of
JAK inhibitors compared with patients received only TNF inhibitors
was similar to that of patients prescribed non-TNF inhibitors.

Although our results highlight a potentially insightful
relationship between the use of JAK inhibitors and CV risks in
the real world using large-scale administrative data, our study has
several limitations. First, there were no clinical laboratory results to
evaluate the disease severity of RA at the index date, which might
affect the CV risk (Crowson et al., 2013; Health Insurance Review
and Assessment Service, 2021a). Therefore, we included patients
who were first administered a JAK inhibitor or bDMARD after being
newly diagnosed with RA to balance the RA severity and duration.
The period from the first diagnosis of RA to the first prescription of
the study drug was similar in both groups. It has been reported that
the development of CVD in Asian patients with RA might be
influenced more by high-grade systemic inflammation compared
to individual CVD risk factors, which tend to have a greater impact
in non-Asian populations (You et al., 2011) Therefore, further
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studies are needed to evaluate the risk of JAK inhibitors in RA
patients with advanced disease. Second, coronary artery calcium
scores, a known predictive factor for coronary heart disease, could
not be assessed due to the nature of the administrative data
(Polonsky et al., 2010). Further research is needed using clinical
data, including electronic medical records. Third, we used all-cause
death, not CV-related death, as a component of MACEs. The
balance between the use of all-cause mortality and cardiac-only
mortality was approximately equal (Kip et al., 2008; Bosco et al.,
2021). However, as it has not been validated to confirm CVD-related
death using the ICD-10 code of the claim data from the HIRA, we
used all-cause death instead of CVD-related death for the definition
of MACEs (Bosco et al., 2021). Lastly, the interpretation of this study
results had some caution for RA patients who had longer duration
because enrolled patients in 2014 (earliest index date) hadmaximum
follow-up period of 5 years.

Taken together, this large population-based study revealed that,
compared to the use of bDMARDs, the use of JAK inhibitors was not
significantly associated with the occurrence of MACEs in Asian
patients with RA and no underlying CVDs. The results remained
robust across various sensitive analyses.
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