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ABSTRACT
Objectives  We aimed to investigate the role of rheumatoid 
arthritis (RA) with biologic or targeted synthetic disease-
modifying antirheumatic drugs (b/tsDMARD) exposure in 
COVID-19 outcomes.
Methods  Our study retrieved data from the US 
Collaborative Network in TriNetX between 1 January 2018 
and 31 December 2022. We investigated b/tsDMARD use 
for RA: interleukin 6 inhibitor (IL-6i), Janus-associated 
kinase inhibitors (JAKi) or tumour necrosis factor-alpha 
inhibitors (TNFi, reference group). The outcomes of 
COVID-19 were the incidence of infection and adverse 
outcomes (hospitalisation, critical care services, 
mechanical ventilation and mortality). The HR and 95% 
CI of the outcomes were calculated between propensity 
score-matched (PSM) patients with different b/tsDMARDs.
Results  After PSM, 2676 JAKi vs 2676 TNFi users 
and 967 IL-6i vs 967 TNFi users were identified. As for 
COVID-19 incidence, JAKi users did not reach statistical 
significance (HR: 1.058, 95% CI: 0.895 to 1.250) than 
TNFi users. RA with JAKi users had a significant risk 
for hospitalisation (HR: 1.194, 95% CI: 1.003 to 1.423), 
mortality (HR: 1.440, 95% CI: 1.049 to 1.976) and 
composite adverse outcomes (HR: 1.242, 95% CI: 1.051 to 
1.468) compared with TNFi users. Mortality risk tended to 
be significantly higher in the JAKi group without COVID-19 
vaccination (HR: 1.511, 95% CI: 1.077 to 2.121). IL-6i 
users compared with TNFi users did not have the above 
findings.
Conclusions  RA with JAKi users had a significant risk for 
hospitalisation, mortality or composite adverse outcomes, 
especially higher mortality among those without COVID-19 
vaccination. COVID-19 vaccination should be encouraged 
in these target cohorts. When using JAKi for patients 
with RA, clinicians should be vigilant about these adverse 
outcomes to prevent their occurrence or detect them early 
for early intervention.

INTRODUCTION
COVID-19, caused by SARS-CoV-2, has had a 
great impact and challenge worldwide. The 
clinical spectrum of COVID-19 ranges from 
no symptoms to critical illness.1 Age, race, 
underlying medical conditions and immuno-
suppressants are associated with a higher risk 
for severe COVID-19.2

SARS-CoV-2 infection may be associated 
with an exaggerated immune response driven 
by interleukin 6 (IL-6), tumour necrosis 
factor-alpha and cytokine storms, which 
have been identified as the key contribu-
tors to producing severe disease. Rheuma-
toid arthritis (RA) is characterised by the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ A previous international registry study of the 
COVID-19 Global Rheumatology Alliance (C19-
GRA) analysed people with rheumatoid arthritis 
(RA) using biologic or targeted synthetic disease-
modifying antirheumatic drugs (b/tsDMARDs) at the 
time of COVID-19 onset and investigated COVID-19 
outcomes from 24 March 2020 to 12 April 2021. 
Compared with the use of tumour necrosis factor 
inhibitors (TNFi), people with RA using rituximab or 
Janus-associated kinase inhibitors (JAKi) were more 
likely to experience poor COVID-19 outcomes (hos-
pitalisation, death, mechanical ventilation).

WHAT THIS STUDY ADDS
	⇒ Our study retrieved data from the US Collaborative 
Network in TriNetX between 1 January 2018 and 
31 December 2022. RA with JAKi users had a sig-
nificant risk for hospitalisation (HR: 1.194, 95% CI: 
1.003 to 1.423), mortality (HR: 1.440, 95% CI: 1.049 
to 1.976) and composite adverse outcomes (HR: 
1.242, 95% CI: 1.051 to 1.468) compared with TNFi 
users. In the C19-GRA study, JAKi users were likely 
to need mechanical ventilation, and this result was 
also found in our study from the sensitivity analysis 
by excluding subjects who were comorbid with other 
autoimmune diseases before the index date. Despite 
the differences between our study and the C19-GRA 
study from the period and different variants of con-
cern, our study reached similar findings as those in 
the C19-GRA study that JAKi users compared with 
TNFi users cast a significant risk for poor outcomes 
of COVID-19. However, no vaccination effect was 
analysed in the C19-GRA study. Our findings added 
that mortality risk tended to be significantly higher 
in the JAKi group without COVID-19 vaccination (HR: 
1.511, 95% CI: 1.077 to 2.121).
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hyperactivation of T cells, and proinflammatory cyto-
kines act as contributing factors in developing synovial 
inflammation. Cytokine and immune activation patterns 
in patients with COVID-19 seem to resemble those in RA 
cases.3 Some common treatment strategies, including 
cytokine inhibition, are against both COVID-19 and RA.3 4

The therapy for RA includes conventional synthetic, 
biologic or targeted synthetic disease-modifying antirheu-
matic drugs (csDMARDs and b/tsDMARDs) according 
to the disease severity. Over the past two decades, b/
tsDMARDs have been effective in the treatment of RA. 
These drugs have played a significant role in improving 
clinical symptoms and enhancing patients’ quality of life. 
bDMARDs, including tumour necrosis factor-alpha inhib-
itors (TNFi) and IL-6 inhibitors (IL-6i), and tsDMARDs, 
including Janus-associated kinase inhibitors (JAKi), are 
important for controlling RA disease activity and are 
widely used at present.3

Some evidence suggests that TNFi for rheumatic 
diseases may be associated with less severe COVID-19 
outcomes.5 6 The treatment with anti-IL-6 and baricitinib 
(a JAKi) for patients with COVID-19 has led to better 
outcomes in several studies.7–10 Tofacitinib (a JAKi) was 
found to lower the risk of death or respiratory failure 
among patients hospitalised with COVID-19 pneu-
monia.11 However, a recent study suggested that people 
with RA using JAKi at COVID-19 onset were more likely 
to have poor COVID-19 outcomes than people with RA 
using TNFi.12

We aimed to investigate the role of RA with b/
tsDMARD exposure in COVID-19 outcomes, and we used 
the TriNetX database from a US Collaborative Network 
to analyse this association. The follow-up period in our 
study covered different variants of concern (VOCs) eras.

METHODS
Study design and data source
This is a retrospective cohort study. The data used in the 
present study were aggregated from TriNetX, the world’s 
largest living ecosystem of real-world data and evidence 
for the life sciences and healthcare. It contains the deiden-
tified electronic health records of more than 250 million 
persons from more than 120 global healthcare organi-
sations (HCOs). It uses the harmonised framework 
for assessing data quality.13 This framework recognises 
conformance, completeness and plausibility as three 

categories of quality metrics. We used the US Collabo-
rative Network, the subnet of the TriNetX platform, to 
perform the related analysis. This network included 56 
HCOs. Due to our study objective, we constrained the 
study period from 1 January 2018 to 31 December 2022 
and built a cohort out of more than 54 million partici-
pants.

Study subjects
Study subjects included patients with RA (≥19 years old) 
enrolled in the TriNetX database. To clarify the effects of 
medications of interest in patients with RA, we excluded 
those with neoplasms. The study subjects were then 
divided into three cohorts based on their b/tsDMARD 
regimens. JAKi users were defined by drug regimens 
including tofacitinib, baricitinib, ruxolitinib, upadac-
itinib, fedratinib, abrocitinib or pacritinib (Anatomical 
Therapeutic Chemical (ATC code): L01EJ) greater than 
or equal to two instances. TNFi users were identified by 
prescriptions for infliximab, etanercept, adalimumab, 
certolizumab pegol or golimumab (ATC: L04AB) greater 
than or equal to two instances. IL-6i users were those 
prescribed greater than or equal to two instances of 
tocilizumab (ATC: L04AC07). To clarify the effect of the 
specific b/tsDMARD, we further excluded individuals 
who ever switched to another b/tsDMARD or combined 
use. In other words, the JAKi cohort only used the JAKi 
regimen and was never prescribed a TNFi or IL-6i. All 
groups excluded patients diagnosed with suspected 
COVID-19 (defined by the international classification of 
diseases 10th edition clinically modified, ICD-10-CM or 
laboratory results, details in online supplemental mate-
rial L1) or deceased before the index date. The index 
date was the date of the prescription of the b/tsDMARD 
regimen for a patient meeting the inclusion criteria in 
the database.

Definition of covariates
The following covariate factors (within 1 year before the 
index date) were incorporated in the present study to 
reduce confounding effects.

Demographics
The demographics included age on the index date, sex, 
race encoded as white, black or African American, Asian 
and American Indian or Native Hawaiian, and socioeco-
nomic status (SES) encoded as a proxy code (ICD 10 code 
Z55–Z65 Persons with potential health hazards related to 
socioeconomic and psychosocial circumstances).

Lifestyles
Lifestyles play an important role in the progression of 
diseases. Thus, we incorporated those variables in the 
present study. The lifestyle variables were identified with 
the ICD-10 codes and matched in this study, including 
tobacco use (Z72.0, proxy smoking), nicotine depend-
ence (F17, proxy smoking) and alcohol-related disorders 
(F10, proxy alcohol drinking).

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ RA with JAKi users had a significant risk for hospitalisation, mor-
tality or composite adverse outcomes, especially higher mortality 
among those without COVID-19 vaccination. COVID-19 vaccination 
should be encouraged in these target cohorts. When using JAKi for 
patients with RA, clinicians should be vigilant about these adverse 
outcomes to prevent their occurrence or detect them early for early 
intervention.
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Comorbidities
All comorbidities with ICD-10 codes were dichoto-
mous variables. The comorbidities matched in the 
present study included depressive episode (F32), 
essential hypertension (I10), ischaemic heart 
diseases (I20–I25), cerebrovascular diseases (I60–
I69), diabetes mellitus (E8–E13), overweight and 
obesity (E66), hyperlipidaemia (E78.5), diseases 
of the liver (K70–K77), non-infective enteritis and 
colitis (K50–K52), sleep disorders (G47), psoriasis 
(L40), chronic kidney disease (N18), chronic lower 
respiratory diseases (J40–J47), systemic lupus erythe-
matosus (M32), dermatopolymyositis (M33), Sjögren 
syndrome (M35.0), ankylosing spondylitis (AS, M45), 
Behçet’s disease (M35.2), systemic sclerosis/sclero-
derma (M34) and atopic dermatitis (L20).

Procedures
To balance the health status or medical utilisation 
between groups, patients were matched on hospital 
inpatient services (defined by current procedural 
terminology, CPT code 1013659), preventive medicine 
services (CPT code 1013829), emergency department 
services (1013711) and office or other outpatient services 
(1013626) characteristics. COVID-19-related vaccination 
was also incorporated into the present study (details are 
presented in online supplemental material L2).

Medications
Subjects were divided into medication users or non-
users based on the prescription information. In the 
present study, subjects were matched on non-steroidal 
anti-inflammatory drugs, systemic corticosteroid use 
and other DMARDs, such as abatacept, rituximab, 
sulfasalazine, minocycline, cyclophosphamide, meth-
otrexate, leflunomide, azathioprine, penicillamine, 
hydroxychloroquine and cyclosporine (details are 
presented in online supplemental material L3).

Outcomes
The outcomes of interest included the following.

The incidence of COVID-19
COVID-19 was identified as a positive result in the 
SARS-CoV-2-related RNA test (TNX code:9088, 
Logical Observation Identifiers Names and Codes: 
41458-1, 94746-5, 94511-3) or a related diagnosis 
defined by the ICD 10 code (U07.1, U07.2 COVID-
19, J12.82 pneumonia due to COVID-19, U09 post 
COVID-19 condition or Z86.16 personal history of 
COVID-19).

Medical utilisation
Hospitalisation: CPT code 1013659, 1013699 or 1013729 
or inpatient encounter.

Critical care services: CPT code 1013729.
Mechanical ventilation: ICD-10 procedure code 

5A1935Z, 5A1945Z, 5A1955Z, 0BH17EZ, 0BH18EZ, 
0BH13EZ, ICD-9-CM code 39.65 (extracorporeal 

membrane oxygenation) or CPT codes 31500, 
1015098 and 1022227.

Mortality
Vital status was deceased.

Adverse outcomes
Combined with the outcomes of medical utilisation and 
mortality.

We used a 14-day washout period after the index date 
for measuring outcomes to prevent reverse causality. All 
outcomes that started 14 days after the first occurrence of 
the index event were included.

Statistical analyses
To reduce the effect of confounding factors, we then 
used the built-in capability of TriNetX to generate 
propensity scores and perform 1:1 matching by using 
greedy nearest neighbour matching with a calliper 
of 0.1 pooled SD of the two groups for age at index, 
sex, race, SES, lifestyle-related proxy variables, all 
comorbidities mentioned in the covariate definition 
section, procedures and medications. Comparisons 
between the two groups before and after matching 
were explored with a standardised mean difference 
(SMD). It is considered well-matched if the SMD is 
lower than 0.1. Based on the design of the TriNetX 
platform, propensity score matching will be reper-
formed for each analysis (JAKi vs TNFi and IL-6i vs 
TNFi).

Kaplan-Meier analysis was used to estimate the 
probability of the outcome of interest. The adjusted 
HRs (aHRs) and their associated 95% CIs, together 
with the test for proportionality, were calculated using 
R’s Survival package V.3.2-3. Log-rank test results indi-
cated whether the survival curves differed between 
groups and were performed within TriNetX. A p 
value<0.05 was considered statistically significant.

Subgroup analyses based on sex, age at index, race, 
COVID-19 vaccination status and corticosteroids for 
systemic use were performed to explore the differ-
ence between these groups. Four sensitivity analyses 
were also performed to illustrate the consistency of 
the results. First, competing risks will occur when 
subjects experience one or more severe outcomes 
that might compete with the outcome of interest. 
Therefore, referring to the solution proposed 
by Manja et al,14 we include the competing event 
(death) in every endpoint. Second, we performed 
the same design in patients newly diagnosed with 
RA (never diagnosed with RA before 31 December 
2017) to explore the possible influence of disease 
course. Third, we constrained the JAKi regimen 
into four RA-licensed JAKi, namely, tofacitinib, 
baricitinib, upadacitinib and filgotinib. Fourth, we 
excluded study subjects comorbid with other auto-
immune diseases before the index date to reduce 
possible interference.
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RESULTS
Characteristics of the study subjects
Based on our study design, we identified a total of 2701 
patients with RA treated with JAKi, 20 419 patients treated 
with TNFi and 985 patients treated with IL-6i during the 
study period. After propensity score matching, a total 
of 2676 JAKi users and the same number of TNFi users 
were identified. A total of 967 IL-6i users and the same 
number of TNFi users were also identified. The selection 
process is illustrated in figure 1.

The basic characteristics of the study subjects after 
matching are shown in table  1. Before matching 
(online supplemental table 1), the groups differed in 

demographics, comorbidities, medical utilisation and 
other DMARD usage. After matching, the difference 
between the groups was within the acceptable range 
(SMD<0.1).

Risk of COVID-19 incidence
Table  2 shows the HR (95% CI) with outcomes in the 
compared groups. Subjects treated with JAKi exhibited a 
slightly higher risk of COVID-19 than TNFi users, but the 
difference did not reach statistical significance (HR: 1.058, 
95% CI: 0.895 to 1.250). Compared with TNFi users, IL-6i 
users showed similar results (HR: 1.028, 95% CI: 0.779 to 
1.358). As shown in the Kaplan-Meier curves (figure 2A, B), 

Figure 1  Flow chart of the selection. ILi, interleukin inhibitor; JAKi, Janus-associated kinase inhibitors; RA, rheumatoid 
arthritis; TNFi, tumour necrosis factor-alpha inhibitors.
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Table 1  Baseline characteristics of study subjects (after propensity score matching)

Variables

After matching*

JAKi User
(n=2676)

TNFi user
(n=2676) SMD1

IL-6i user
(n=967)

TNFi user
(n=967) SMD2

Age at index

 � Mean±SD 55.8±13.6 56.1±14.0 0.016 55.5±16.1 55.9±15.1 0.028

Sex

 � Female 2184 (81.6) 2196 (82.1) 0.012 767 (79.3) 761 (78.7) 0.015

 � Male 492 (18.4) 480 (17.9) 0.012 199 (20.6) 205 (21.2) 0.015

Race, n (%)

 � White 1963 (73.4) 1977 (73.9) 0.012 710 (73.4) 714 (73.8) 0.009

 � Black or African American 266 (09.9) 264 (09.9) 0.003 105 (10.9) 94 (09.7) 0.037

 � Asian 66 (02.5) 62 (02.3) 0.010 22 (02.3) 19 (02.0) 0.022

 � American Indian or Alaska Native 11 (00.4) 10 (00.4) 0.006 10 (01.0) 10 (01.0) <0.001

 � Native Hawaiian or other Pacific Islander 10 (00.4) 10 (00.4) <0.001 10 (01.0) 10 (01.0) <0.001

 � Unknown race 368 (13.8) 365 (13.6) 0.003 123 (12.7) 135 (14.0) 0.037

Social economic status

 � Persons with potential health hazards related to 
socioeconomic and psychosocial circumstances

16 (00.6) 18 (00.7) 0.009 10 (01.0) 10 (01.0) <0.001

Lifestyles

 � Tobacco use (proxy smoking) 35 (01.3) 29 (01.1) 0.021 13 (01.3) 10 (01.0) 0.029

 � Nicotine dependence (proxy smoking) 131 (04.9) 110 (04.1) 0.038 32 (03.3) 32 (03.3) <0.001

 � Alcohol-related disorders (proxy alcohol drinking) 14 (00.5) 10 (00.4) 0.022 10 (01.0) 10 (01.0) <0.001

Comorbidities

 � Depressive episode 163 (06.1) 131 (04.9) 0.053 72 (07.4) 64 (06.6) 0.032

Essential (primary) hypertension 471 (17.6) 439 (16.4) 0.032 200 (20.7) 169 (17.5) 0.082

Ischaemic heart diseases 99 (03.7) 97 (03.6) 0.004 43 (04.4) 40 (04.1) 0.015

 � Cerebrovascular diseases 40 (01.5) 38 (01.4) 0.006 26 (02.7) 29 (03.0) 0.019

 � Diabetes mellitus 194 (07.2) 189 (07.1) 0.007 83 (08.6) 65 (06.7) 0.070

 � Overweight and obesity 181 (06.8) 163 (06.1) 0.027 82 (08.5) 81 (08.4) 0.004

 � Hyperlipidaemia, unspecified 231 (08.6) 233 (08.7) 0.003 113 (11.7) 112 (11.6) 0.003

 � Diseases of liver 61 (02.3) 67 (02.5) 0.015 29 (03.0) 31 (03.2) 0.012

 � Non-infective enteritis and colitis 59 (02.2) 38 (01.4) 0.059 15 (01.6) 12 (01.2) 0.026

 � Sleep disorders 182 (06.8) 176 (06.6) 0.009 89 (09.2) 68 (07.0) 0.080

 � Psoriasis 84 (03.1) 74 (02.8) 0.022 10 (01.0) 10 (01.0) <0.001

 � Chronic kidney disease 62 (02.3) 66 (02.5) 0.010 29 (03.0) 37 (03.8) 0.046

 � Chronic lower respiratory diseases 234 (08.7) 212 (07.9) 0.030 78 (08.1) 63 (06.5) 0.060

 � Systemic lupus erythematosus 69 (02.6) 69 (02.6) <0.001 23 (02.4) 22 (02.3) 0.007

 � Dermatopolymyositis 25 (00.9) 19 (00.7) 0.025 10 (01.0) 10 (01.0) <0.001

 � Sjögren syndrome 101 (03.8) 100 (03.7) 0.002 37 (03.8) 35 (03.6) 0.011

 � Ankylosing spondylitis 14 (00.5) 16 (00.6) 0.010 10 (01.0) 10 (01.0) <0.001

 � Behçet’s disease 10 (00.4) 10 (00.4) <0.001 0 (00.0) 0 (00.0) –

 � Systemic sclerosis/scleroderma 11 (00.4) 18 (00.7) 0.036 33 (03.4) 23 (02.4) 0.062

 � Atopic dermatitis 10 (00.4) 10 (00.4) <0.001 10 (01.0) 10 (01.0) <0.001

Medical utilisation

 � Hospital inpatient services 75 (02.8) 63 (02.4) 0.028 47 (04.9) 46 (04.8) 0.005

 � Preventive medicine services 143 (05.3) 127 (04.7) 0.027 33 (03.4) 30 (03.1) 0.017

 � Emergency department services 221 (08.3) 200 (07.5) 0.029 105 (10.9) 91 (09.4) 0.048

 � Office or other outpatient services 1533 (57.3) 1504 (56.2) 0.022 606 (62.7) 605 (62.6) 0.002

Continued
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there were no significantly different risks of COVID-19 inci-
dence found between these compared cohorts (log-rank test, 
p=0.508 in JAKi vs TNFi, and p=0.843 in IL-6i vs TNFi).

Medical utilisation
Compared with the TNFi cohort, the JAKi cohort exhib-
ited a significantly higher risk of hospitalisation (HR: 
1.194, 95% CI: 1.003 to 1.423). There was no significant 
difference between JAKi users and TNFi users in crit-
ical care services or mechanical ventilation utilisation 
(table  2, online supplemental figures 1A, 2A and 3A). 
There was no significant difference between IL-6i users 
and TNFi users in medical utilisation (online supple-
mental materials 1B, 2B and 3B).

Mortality
Compared with the TNFi cohort, the JAKi cohort also 
revealed a significantly higher mortality risk (HR: 1.440, 

95% CI: 1.049 to 1.976, log-rank test, p=0.023) (table 2, 
online supplemental figure 4A). There was no significant 
difference in mortality risk between IL-6i users and TNFi 
users (HR: 0.835, 95% CI: 0.517 to 1.348, online supple-
mental figure 4B).

Adverse outcomes
The JAKi cohort displayed a notably higher risk of 
composite adverse outcomes (HR: 1.242, 95% CI: 
1.051 to 1.468) than the TNFi cohort (table 2). There 
was no significant difference between IL-6i users and 
TNFi users in adverse outcome incidence (HR: 1.209, 
95% CI: 0.924 to 1.581). As shown in the Kaplan-Meier 
curves (figure 3A), the JAKi cohort exhibited a higher 
risk of adverse outcome incidence (log-rank test, 
p=0.010), whereas IL-6i users did not show this tendency 
(figure 3B).

Variables

After matching*

JAKi User
(n=2676)

TNFi user
(n=2676) SMD1

IL-6i user
(n=967)

TNFi user
(n=967) SMD2

COVID-19 vaccination

 � BNT† 45 (01.7) 51 (01.9) 0.017 19 (02.0) 22 (02.3) 0.022

 � Moderna‡ 10 (00.4) 10 (00.4) <0.001 10 (01.0) 10 (01.0) <0.001

 � Janssen§ 0 (00.0) 0 (00.0) – 0 (00.0) 0 (00.0) –

Medication

 � NSAIDs 813 (30.4) 788 (29.4) 0.020 244 (25.2) 217 (22.4) 0.066

 � Corticosteroids for systemic use 1291 (48.2) 1308 (48.9) 0.013 514 (53.2) 515 (53.3) 0.002

 � Other DMARDs

 � Abatacept 131 (04.9) 125 (04.7) 0.011 66 (06.8) 62 (06.4) 0.017

 � Rituximab 30 (01.1) 21 (00.8) 0.035 11 (01.1) 12 (01.2) 0.010

 � Sulfasalazine 175 (06.5) 172 (06.4) 0.005 37 (03.8) 32 (03.3) 0.028

 � Minocycline 11 (00.4) 12 (00.4) 0.006 10 (01.0) 0 (00.0) 0.145

 � Cyclophosphamide 0 (00.0) 10 (00.4) 0.087 0 (00.0) 0 (00.0) –

 � Methotrexate 698 (26.1) 675 (25.2) 0.020 205 (21.2) 203 (21.0) 0.005

 � Leflunomide 252 (09.4) 253 (09.5) 0.001 72 (07.4) 69 (07.1) 0.012

 � Azathioprine 31 (01.2) 29 (01.1) 0.007 18 (01.9) 20 (02.1) 0.015

 � Penicillamine 0 (00.0) 0 (00.0) – 0 (00.0) 0 (00.0) –

 � Hydroxychloroquine 473 (17.7) 433 (16.2) 0.040 137 (14.2) 135 (14.0) 0.006

 � Cyclosporine 31 (01.2) 26 (01.0) 0.018 14 (01.4) 15 (01.6) 0.009

Note: If the patient number is less than or equal to 10, the results show the count as 10.
Bold value represents a standardised difference greater than 0.1.

*Propensity score matching was performed on age at index, sex, race, socioeconomic status, lifestyles, comorbidities, medical utilisation, 
COVID-19 vaccination and medication usage.
†Value presented here only includes SARS-CoV-2 (COVID-19) vaccine, mRNA-LNP, spike protein, preservative free, 30 µg/0.3 mL dosage, 
diluent reconstituted, for intramuscular use (UMLS:CPT:91300).
‡Value presented here only includes SARS-CoV-2 (COVID-19) vaccine, mRNA-LNP, spike protein, preservative free, 100 µg/0.5 mL dosage, 
for intramuscular use (UMLS:CPT:91301).
§Value presented here only includes SARS-CoV-2 (COVID-19) vaccine, DNA, spike protein, adenovirus type 26 (Ad26) vector, preservative 
free, 5×1010 viral particles/0.5 mL dosage, for intramuscular use (UMLS:CPT:91303).
BNT, Pfizer–BioNTech; DMARDs, disease-modifying antirheumatic drugs; IL-6i, interleukin 6 inhibitor; JAKi, Janus-associated kinase 
inhibitors; LNP, Lipid Nanoparticle; NSAIDs, non-steroidal anti-inflammatory drugs; SMD, standardised mean difference; TNFi, tumour 
necrosis factor-alpha inhibitors.

Table 1  Continued
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Subgroup analyses
Sex
We further examined the risk of outcomes in subgroups 
stratified by sex (online supplemental table 2). In 
females, the JAKi cohort exhibited a significantly higher 
risk of critical care services and adverse outcomes than 
the TNFi cohort (aHRs: 1.826 and 1.204, respectively).

Age
We also explored the risk of outcomes in subgroups 
stratified by age group (19–64 years, ≥65 years). In the 
age group of 19–64 years, IL-6i users had significantly 
higher risks of hospitalisation and combination adverse 
outcomes than TNFi users (aHR: 1.495, 95% CI: 1.031 to 
2.166, aHR: 1.490, 95% CI: 1.040 to 2.136, respectively, 
online supplemental table 3).

Race
We also investigated the risk of outcomes among the white 
and black/African American populations (online supple-
mental table 4). Among white patients, the JAKi cohort 
exhibited a significantly higher risk of mortality than the 
TNFi cohort (aHR: 1.477, 95% CI: 1.035 to 2.107).

COVID-19 vaccination
Vaccination against COVID-19 (details are provided in 
online supplemental material L2) may be an important 
factor that interferes with the occurrence of COVID-19. 
Thus, we also explored the risk of outcomes in subgroups 
stratified by vaccination status (table 3). In the patients 
with COVID-19 vaccination, there was no significant 
difference between JAKi and TNFi users or IL-6i and 
TNFi users in COVID-19 incidence, medical utilisa-
tion, mortality or composite adverse outcomes. In those 
subjects without vaccination, JAKi users had higher risks 
of mortality (aHR: 1.511, 95% CI: 1.077 to 2.121) than 
the TNFi cohort.

Corticosteroid usage
To explore the influence of disease severity, we then strat-
ified the study subjects by corticosteroid usage (online 
supplemental table 5). There were no significant differ-
ences in the risk of developing COVID-19, medical utili-
sation or mortality risk between JAKi users and TNFi 
users or between IL-6i users and TNFi users.

We summarised the results of the above subgroup anal-
ysis and visualised them in forest plots (figures 4 and 5).

Sensitivity analysis
After accounting for competing risks, the JAKi cohort was 
still significantly associated with increased risks of hospi-
talisation, critical care service utilisation, mortality and 
adverse outcomes (aHRs: 1.242, 1.297, 1.440 and 1.242, 
respectively, online supplemental table 6) in comparison 
to the TNFi cohort.

We used the same study design applied to patients with 
newly diagnosed RA (online supplemental table 7). Subjects 
treated with JAKi exhibited a higher risk of critical care 
service utilisation than TNFi users (aHR: 1.650, 95% CI: 
1.012 to 2.689).

When the JAKi regimen was constrained to four RA-li-
censed JAKi (tofacitinib, baricitinib, upadacitinib and 
filgotinib), the results were similar to those of the orig-
inal study. The JAKi cohort revealed higher risks of crit-
ical care service utilisation and mortality (aHRs: 1.425 
and 1.447, respectively, online supplemental table 8) 
than TNFi users.

After excluding subjects who were comorbid with other 
autoimmune diseases before the index date, the JAKi 
cohort exhibited increased risks of COVID-19 incidence, 
critical care services, mechanical ventilation utilisation 
and mortality (aHRs: 1.254, 1.935, 2.487 and 1.495, 
respectively, online supplemental table 9) in comparison 
to the TNFi cohort

Table 2  The risk of outcomes

Outcomes

Patients with outcome

HR
(95% CI)*

Patients with outcome

HR
(95% CI)*

JAKi
(n=2676)

TNFi
(n=2676)

IL-6i
(n=967)

TNFi
(n=967)

Disease incidence

 � COVID-19 264 290 1.058 (0.895 to 1.250) 98 101 1.028 (0.779 to 1.358)

Medical utilisation

 � Hospitalisation 261 244 1.194 (1.003 to 1.423) 103 89 1.296 (0.976 to 1.721)

 � Critical care services 69 63 1.237 (0.878 to 1.742) 20 24 0.862 (0.476 to 1.560)

 � Mechanical ventilation 36 30 1.373 (0.844 to 2.232) 11 10 1.154 (0.490 to 2.718)

Mortality

 � Deceased 87 69 1.440 (1.049 to 1.976) 30 38 0.835 (0.517 to 1.348)

 � Adverse outcomes† 292 264 1.242 (1.051 to 1.468) 111 103 1.209 (0.924 to 1.581)

Note: If the patient number is less than or equal to 10, the results show the count as 10.
Bold font indicates statistical significance.
*Patients in each cohort after propensity score matching performed on age at index, sex, race, socioeconomic status, lifestyles, comorbidities, 
medical utilisation, COVID-19 vaccination and medication usage.
†Including hospitalisation, critical care services, mechanical ventilation, or deceased.
IL-6i, interleukin 6 inhibitors; JAKi, Janus-associated kinase inhibitors; TNFi, tumour necrosis factor alpha inhibitors.
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Figure 2  Kaplan-Meier curves of COVID-19 incidence. (A) JAKi versus TNFi. (B) IL-6i versus TNFi. IL-6i, interleukin 6 inhibitor; 
JAKi, Janus-associated kinase inhibitors; TNFi, tumour necrosis factor-alpha inhibitors.
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Figure 3  Kaplan-Meier curves of adverse outcome incidence. (A) JAKi versus TNFi. (B) IL-6i versus TNFi. IL-6i, interleukin 6 
inhibitor; JAKi, Janus-associated kinase inhibitors; TNFi, tumour necrosis factor-alpha inhibitors.
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DISCUSSION
Our study found that compared with RA of TNFi users as 
a reference comparator, JAKi users were not at increased 
risk for COVID-19 incidence, critical care services or 
mechanical ventilation. However, JAKi users had a signifi-
cant risk for hospitalisation (aHR: 1.194, 95% CI: 1.003 to 
1.423), mortality (aHR: 1.440, 95% CI: 1.049 to 1.976) and 
adverse outcomes (aHR: 1.242, 95% CI: 1.051 to 1.468). 
From subgroup analysis, JAKi users without COVID-19 
vaccination had a significantly higher risk for mortality 
(1.511, 1.077–2.121). The JAKi group stratified by race 
revealed that white people had a significantly higher 
risk for mortality than black/African Americans (1.477, 
1.035–2.107). The female JAKi users tended to have a 
significantly higher risk for critical care services (1.826, 
1.156–2.884) and adverse outcomes (1.204, 1.001–1.447).

Taking these stratified subgroup analyses together, 
it was noteworthy that JAKi users who were white or 
were not COVID-19 vaccinated had significant risks 
for mortality. A significantly higher mortality could 
also be found from these three sensitivity analyses 
from the competing risk of death, RA-licensed JAKi, 
and excluding subjects who were comorbid with 
other autoimmune diseases before the index date. 
The significant critical care services were identified 
from these four sensitivity analyses. A significant 
risk in mechanical ventilation (2.487, 1.322–4.679) 
was found from the sensitivity analysis by excluding 
subjects who were comorbid with other autoimmune 
diseases before the index date.

We found that compared with the RA of TNFi users, 
IL-6i users were not at increased risk for COVID-19, 

Table 3  The risk of outcomes stratified by COVID-19 vaccination status

Outcomes

With vaccination*

Patients with 
outcome HR

(95% CI)††

Patients with outcome HR
(95% CI)††JAKi TNFi IL-6i TNFi

Total, N 444 444 161 161

Disease incidence

 � COVID-19 64 79 1.005 (0.722 to 1.400) 28 38 0.738 (0.452 to 1.204)

Medical utilisation

 � Hospitalisation 53 51 1.260 (0.856 to 1.855) 25 18 1.322 (0.721 to 2.425)

 � Critical care services 15 13 1.368 (0.649 to 2.800) 10 10 0.505 (0.126 to 2.020)

 � Mechanical ventilation 10 10 1.152 (0.287 to 4.622) 10 10 1.561 (0.261 to 9.350)

Mortality

 � Deceased 10 10 2.128 (0.752 to 6.023) 10 10 2.498 (0.484 to 12.88)

 � Adverse outcomes‡‡ 55 53 1.272 (0.870 to 1.860) 26 18 1.377 (0.754 to 2.512)

Without vaccination§§

Total, N 2224 2224 802 802

Disease incidence

 � COVID-19 201 210 1.113 (0.917 to 1.352) 71 78 1.015 (0.736 to 1.400)

Medical utilisation

 � Hospitalisation 206 210 1.082 (0.892 to 1.312) 77 72 1.154 (0.837 to 1.592)

 � Critical care services 54 51 1.174 (0.800 to 1.722) 17 20 0.909 (0.476 to 1.735)

 � Mechanical ventilation 32 25 1.429 (0.846 to 2.414) 10 10 1.062 (0.398 to 2.829)

Mortality

 � Deceased 78 59 1.511 (1.077 to 2.121) 25 32 0.854 (0.506 to 1.441)

 � Adverse outcomes‡‡ 235 232 1.127 (0.940 to 1.352) 84 84 1.083 (0.800 to 1.466)

Note: If the patient number is less than or equal to 10, the results show the count as 10.
Bold font indicates statistical significance.
*Subjects who were ever vaccinated with COVID-19-related vaccines documented in their health record.
†Patients in each cohort were matched for age at index, sex, race, socioeconomic status, lifestyles, comorbidities, medical utilisation, 
COVID-19 vaccination status and medication usage.
‡Including hospitalisation, critical care services, mechanical ventilation or deceased.
§Subjects who were never vaccinated with COVID-19-related vaccines documented in their health record.
IL-6i, interleukin 6 inhibitors; JAKi, Janus-associated kinase inhibitors; TNFi, tumour necrosis factor alpha inhibitors.
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medical utilisation, mortality or adverse outcomes. 
In the subgroup analysis, the IL-6i group aged 16–64 
years old had a significantly higher risk for hospital-
isation (1.495, 1.031–2.166) and adverse outcomes 
(1.490, 1.040–2.136).

The previous international registry study of the 
COVID-19 Global Rheumatology Alliance (C19-GRA) 
suggested that patients with RA using rituximab or JAKi 

at COVID-19 onset were more likely to experience poor 
COVID-19 outcomes (hospitalisation, death, mechanical 
ventilation) than TNFi users.12 Regarding hospitalisa-
tion and death, we had similar findings. In the C19-GRA 
study, JAKi users were likely to need mechanical venti-
lation (OR: 2.03, 95% CI: 1.56 to 2.62), and this result 
was also found in our study from the sensitivity analysis 
by excluding subjects who were comorbid with other 

Figure 4  Forest plots of COVID-19 incidence. IL-6i, interleukin 6 inhibitor; JAKi, Janus-associated kinase inhibitors; TNFi, 
tumour necrosis factor-alpha inhibitors.

Figure 5  Forest plots of adverse outcomes. IL-6i, interleukin 6 inhibitor; JAKi, Janus-associated kinase inhibitors; TNFi, 
tumour necrosis factor-alpha inhibitors.
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autoimmune diseases before the index date (aHR: 2.487, 
95% CI: 1.322 to 4.679).

We further analysed the differences between this C19-
GRA study and ours and found first that the study’s 
cohorts selected patients with RA on b/tsDMARDs at the 
onset of COVID-19 and did not define the index date of 
the treatments in contrast to our index date of at least 14 
days from enrolment to further strengthen the exposure 
effects of b/tsDMARDs. Second, their study period from 
24 March 2020 to 12 April 2021 was different from ours, 
which was from 1 January 2018 to 31 December 2022. The 
cohorts in these two studies experienced different eras of 
VOCs. Their study might cover chiefly wild-type, alpha, 
beta and gamma VOCs. Our study was further extended 
to cover the delta and omicron VOC eras.15 The virulence 
of the virus, the implementation of the vaccine and more 
effective treatments differed. Vaccination propagation 
only began in 2021. No vaccination effect was analysed in 
the C19-GRA study. Despite the differences in the study 
background mentioned above, our study reached similar 
findings as those in the C19-GRA study that JAKi users 
had a significant risk for poor outcomes of COVID-19 
compared with TNFi users.

Despite a low vaccination rate of approximately 16.7% 
in our study subjects, we found that JAKi users without 
COVID-19 vaccination had a significantly higher risk for 
mortality. A study from a Danish nationwide matched-
cohort study from January to October 2021 suggested 
that the overall risk of COVID-19 hospitalisation was 
increased in patients with RA compared with the general 
population regardless of vaccination, but the absolute 
risk of hospitalisation was remarkably lower among all 
individuals who were vaccinated.16 Our findings further 
highlight the importance of COVID-19 vaccination in 
people with RA,17 especially those receiving JAKi.

Some evidence suggests that TNFi for rheumatic 
diseases, including RA and AS, may be associated with 
less severe COVID-19 outcomes.5 6 The treatment with 
IL-6i and baricitinib led to better outcomes for patients 
with COVID-19 in several studies.7–10 The impact of b/
tsDMARDs on COVID-19 outcomes arouses particular 
concern, since some of these drugs, such as tocilizumab 
and baricitinib, have been studied and advised treatments 
for COVID-19.18 Tofacitinib led to a lower risk of death or 
respiratory failure through day 28 than placebo among 
patients hospitalised with COVID-19 pneumonia.11 
However, it is noteworthy that the Food and Drug Admin-
istration required warnings about the increased risk of 
serious heart-related events, cancer, blood clots and 
death for JAKi (tofacitinib, baricitinib and upadacitinib) 
when used to treat chronic inflammatory conditions.19 
The clinical trial from the Oral Rheumatoid Arthritis 
Trial Surveillance showed a higher risk of major adverse 
cardiovascular events and cancers with tofacitinib than 
with TNFi in RA during a median follow-up of 4 years.20 
We did not know whether the drug-associated side 
effects of JAKi might contribute to the higher COVID-19 

hospitalisation and mortality from the C19-GRA study 
and our findings in RA cases.

Our study showed that JAKi patients who used steroids 
did not have a significant risk for all COVID-19 outcomes. 
However, in a South Korean study21 involving 8297 
patients with autoimmune inflammatory rheumatic 
diseases, the risk of COVID-19-related death was greater 
than that in a matched cohort without rheumatic disease 
(OR: 1.69, 95% CI: 1.01 to 2.84). The treatment with 
high-dose steroids (≥10 mg per day) had an increased 
risk of a positive SARS-CoV-2 test (1.47, 1.05–2.03), severe 
outcomes (1.76, 1.06–2.96) and death (3.34, 1.23–8.90). 
Notably, the above study did not examine the use of 
JAKinhibitors.

Steroids are known to have benefits when initiated for 
moderate-to-severe COVID-19, but are also associated 
with worse outcomes among those on baseline steroids 
at the time of infection.5 22 23 Continuation of steroids at 
the lowest possible dose is suggested, and sudden with-
drawal is not recommended.3 The American College 
of Rheumatology (ACR) further endorsed the use of 
low-dose glucocorticoids when clinically indicated and 
acknowledged that higher doses when a patient faces a 
severely threatening disease may be necessary, including 
SARS-CoV-2 exposure.24 The ACR also recommends, 
regardless of COVID-19 severity, temporarily stopping 
csDMARDs or b/tsDMARDs (except for IL-6i) in patients 
with COVID-19 7–14 days after symptom resolution or 
10–17 days after a positive SARS-CoV-2 test.24 However, 
patients might encounter possible disease flare-ups 
during or after COVID-19 infection. In addition to the 
temporary cessation of DMARDs, prompt antiviral drugs 
and specific monoclonal antibody treatment should be 
initiated in the early stage of COVID-19 infection among 
patients with RA receiving JAKi or rituximab.

Our study has several strengths. First, the TriNetX data-
base in this study, which is a global health-collaborative 
clinical research platform, currently contains the largest 
global COVID-19 dataset. Multiple studies have used 
TriNetX to study the associated risk and outcomes of 
COVID-19.25–28 It provides an accurate account of the 
burden of specific diagnoses on healthcare systems 
due to information from real-time electronic medical 
records (EMRs). Both insured and uninsured patients 
are included. Moreover, the study population was racially 
diverse and included black or African American, Asian, 
American Indian or Alaska Native, Native Hawaiian and 
other populations. Second, we used laboratory-based 
diagnosis in addition to ICD codes, which offered a more 
accurate definition for recruiting patients with COVID-
19. Third, we performed integrative subgroup and sensi-
tivity analyses. Fourth, vaccination was considered and 
included in the subgroup analysis. Fifth, we analysed not 
only old diagnosed RA cases but also newly diagnosed RA 
cases.

Our study also has certain limitations. First, over 
80% of the participants in our study were American 
and only 2% were Asian; thus, the generalisability of 
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our conclusions to Asians or Europeans is limited. 
Second, we used validated outcome definitions and 
propensity score matching to avoid bias, but misclas-
sification bias and residual confounding could not be 
completely avoided because of weaknesses inherent 
to an EMR study. Third, we did not include COVID-19 
medication for analysis. Evolutionary effective treat-
ments might affect COVID-19 outcomes. Fourth, 
under the TriNetX interface, we can use only 2 by 2 
comparison analysis, and analysis of 3 groups was not 
feasible. Fifth, we cannot provide the dose, adherence 
and duration of medication in this database. Selection 
bias and treatment effect may be affected by regimen 
adhesion, dosage, duration and other factors. Sixth, 
due to the number of limited cases (approximately 
2000), further analysis of the time sequence of VOCs 
will be difficult to conduct. Further study will be 
performed in the future. Seventh, TriNetX data come 
from hospital-based EMRs instead of population-
based data. Therefore, vaccination can be speculated 
to be under-reported. However, please note that our 
covariates were defined within 1 year before the index 
date. For example, if the index date of subject A was 1 
May 2020, even if the subject received the vaccination 
after the index date, we did not present the vaccina-
tion record by our definition of covariates.

In summary, RA with JAKi users had a signifi-
cant risk for hospitalisation, mortality or composite 
adverse outcomes, especially higher mortality among 
those without COVID-19 vaccination. COVID-19 
vaccination should be encouraged in these target 
cohorts. When using JAKi for patients with RA, clini-
cians should be vigilant about these adverse outcomes 
to prevent their occurrence or detect them early for 
early intervention.

Author affiliations
1Tropical Medicine Center, Kaohsiung Medical University Hospital, Kaohsiung, 
Taiwan
2Division of Infectious Diseases, Department of Internal Medicine, Kaohsiung 
Medical University Hospital, Kaohsiung, Taiwan
3School of Medicine, College of Medicine, Kaohsiung Medical University, Kaohsiung, 
Taiwan
4Department of Medical Laboratory Science and Biotechnology, College of Medical 
Technology, Chung Hwa University of Medical Technology, Tainan, Taiwan
5National Mosquito-Borne Diseases Control Research Center, National Health 
Research Institutes, Zhunan, Taiwan
6National Institute of Infectious Diseases and Vaccinology, National Health Research 
Institutes, Zhunan, Taiwan
7Department of Family Medicine, Pingtung Christian Hospital, Pingtung, Taiwan
8Center for Health Data Science, Department of Medical Research, Chung Shan 
Medical University Hospital, Taichung, Taiwan
9Institute of Medicine, Chung Shan Medical University, Taichung, Taiwan
10Department of Allergy Immunology & Rheumatology, Chung Shan Medical 
University Hospital, Taichung, Taiwan
11Department of Nursing, Chung Shan Medical University, Taichung, Taiwan
12Graduate Institute of Integrated Medicine, China Medical University, Taichung, 
Taiwan

Acknowledgements  This work was supported by the National Health Research 
Institutes, Taiwan, (NHRI-110A1-MRCO-03212101, https://www.nhri.edu.tw/eng 
https://www.nhri.edu.tw/eng, to J-JT) and the Ministry of Health and Welfare, 

Taiwan, (MOHW110-TDU-B-212-124006, https://www.mohw.gov.tw/mp-2.html, 
to J-JT).

Contributors  JJT wrote the draft of the manuscript. SIW performed data analysis. 
SIW, LTL, CHC and LJC revised the manuscript critically. JCCW designed and 
supervised the study. Guarantor:JCCW. All authors contributed to the manuscript 
revision and read and approved the submitted version.

Funding  This study was funded by Chung Shan Medical University Hospital, CSH-
2022-D-001. The funders had no role in the study design, data collection, and 
analysis, decision to publish, or preparation of the manuscript.

Competing interests  The authors declare no competing interests.

Patient consent for publication  Not applicable.

Ethics approval  The TriNetX platform is compliant with the Health Insurance 
Portability & Accountability Act and General Data Protection Regulation. The 
Western Institutional Review Board granted TriNetX a waiver because it only 
aggregates counts and statistical summaries of deidentified information. As an 
HCO member of TriNetX, Chung Shan Medical University Hospital can access to 
deidentified data in the TriNetX network. In addition, the use of TriNetX for the 
present study was approved under the authority of the Institutional Review Board of 
Chung Shan Medical University Hospital (CSMUH No: CS2-21176).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data may be obtained from a third party and are 
not publicly available. All data relevant to the study are included in the article or 
uploaded as an online supplemental information.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Jih-Jin Tsai http://orcid.org/0000-0003-2226-8916
James Cheng-Chung Wei http://orcid.org/0000-0003-0310-2769

REFERENCES
	 1	 US National Institutes of Health. COVID-19 treatment guidelines: 

clinical spectrum of SARS-CoV-2 infection; 2023.
	 2	 Centers for Disease Control and Prevention. Underlying medical 

conditions associated with higher risk for severe COVID-19: 
information for healthcare professionals; 2023.

	 3	 Dewanjee S, Kandimalla R, Kalra RS, et al. COVID-19 and 
rheumatoid arthritis crosstalk: emerging association, therapeutic 
options and challenges. Cells 2021;10:3291. 

	 4	 Schett G, Manger B, Simon D, et al. COVID-19 revisiting 
inflammatory pathways of arthritis. Nat Rev Rheumatol 
2020;16:465–70. 

	 5	 Gianfrancesco M, Hyrich KL, Al-Adely S, et al. Characteristics 
associated with hospitalisation for COVID-19 in people with 
rheumatic disease: data from the COVID-19 global rheumatology 
alliance physician-reported registry. Ann Rheum Dis 2020;79:859–66. 

	 6	 Salesi M, Shojaie B, Farajzadegan Z, et al. TNF-Α blockers showed 
prophylactic effects in preventing COVID-19 in patients with 
rheumatoid arthritis and seronegative spondyloarthropathies: a 
case-control study. Rheumatol Ther 2021:1–16. 

	 7	 Brown MJ, Alazawi W, Kanoni S. Interleukin-6 receptor antagonists 
in critically ill patients with COVID-19. N Engl J Med 2021;385:1147. 

	 8	 Gupta S, Wang W, Hayek SS, et al. Association between early 
treatment with tocilizumab and mortality among critically ill patients 
with COVID-19. JAMA Intern Med 2021;181:41–51. 

	 9	 Kalil AC, Patterson TF, Mehta AK, et al. Baricitinib plus remdesivir for 
hospitalized adults with COVID-19. N Engl J Med 2021;384:795–807. 

	10	 Snow TAC, Saleem N, Ambler G, et al. Tocilizumab in COVID-19: 
a meta-analysis, trial sequential analysis, and meta-regression of 
randomized-controlled trials. Intensive Care Med 2021;47:641–52. 

P
rotected by copyright.

 on July 24, 2023 at S
w

ets S
ubscription S

ervice R
E

F
: 70227136.

http://rm
dopen.bm

j.com
/

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2023-003038 on 21 July 2023. D

ow
nloaded from

 

https://www.nhri.edu.tw/eng
https://www.nhri.edu.tw/eng
https://www.mohw.gov.tw/mp-2.html
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2226-8916
http://orcid.org/0000-0003-0310-2769
http://dx.doi.org/10.3390/cells10123291
http://dx.doi.org/10.1038/s41584-020-0451-z
http://dx.doi.org/10.1136/annrheumdis-2020-217871
http://dx.doi.org/10.1007/s40744-021-00342-8
http://dx.doi.org/10.1056/NEJMc2108482
http://dx.doi.org/10.1001/jamainternmed.2020.6252
http://dx.doi.org/10.1056/NEJMoa2031994
http://dx.doi.org/10.1007/s00134-021-06416-z
http://rmdopen.bmj.com/


14 Tsai J-J, et al. RMD Open 2023;9:e003038. doi:10.1136/rmdopen-2023-003038

RMD OpenRMD OpenRMD Open

	11	 Guimarães PO, Quirk D, Furtado RH, et al. Tofacitinib in 
patients hospitalized with COVID-19 pneumonia. N Engl J Med 
2021;385:406–15. 

	12	 Sparks JA, Wallace ZS, Seet AM, et al. Associations of baseline use 
of biologic or targeted synthetic DMARDs with COVID-19 severity in 
rheumatoid arthritis: results from the COVID-19 global rheumatology 
alliance physician registry. Ann Rheum Dis 2021;80:1137–46. 

	13	 Kahn MG, Callahan TJ, Barnard J, et al. A Harmonized data quality 
assessment terminology and framework for the secondary use of 
electronic health record data. EGEMS (Wash DC) 2016;4:1244. 

	14	 Manja V, AlBashir S, Guyatt G. Criteria for use of composite end 
points for competing risks-a systematic survey of the literature with 
recommendations. J Clin Epidemiol 2017;82:4–11. 

	15	 World Health Organization. Tracking SARS-CoV-2 variants. 2022. 
Available: https://www.who.int/en/activities/tracking-SARS-CoV-2-​
variants

	16	 Cordtz R, Kristensen S, Westermann R, et al. COVID-19 infection 
and hospitalization risk according to vaccination status and DMARD 
treatment in patients with rheumatoid arthritis. Rheumatology 
(Oxford) 2022;62:77–88. 

	17	 Mohanasundaram K, Santhanam S, Natarajan R, et al. Covid-19 
vaccination in autoimmune rheumatic diseases: a multi-center 
survey from Southern India. Int J Rheum Dis 2022;25:1046–52. 

	18	 US National Institutes of Health. COVID-19 treatment guidelines: 
management; 2023.

	19	 US FDA. Drug safety and availability: FDA requires warnings about 
increased risk of serious heart-related events, cancer, blood clots, 
and death for JAK inhibitors that treat certain chronic inflammatory 
conditions; 2023.

	20	 Ytterberg SR, Bhatt DL, Connell CA. Cardiovascular and cancer risk 
with tofacitinib in rheumatoid arthritis. N Engl J Med 2022;386:1768. 

	21	 Shin YH, Shin JI, Moon SY, et al. Autoimmune inflammatory 
rheumatic diseases and COVID-19 outcomes in South Korea: a 
nationwide cohort study. Lancet Rheumatol 2021;3:e698–706. 

	22	 Tam L-S, Tanaka Y, Handa R, et al. Updated APLAR consensus 
statements on care for patients with rheumatic diseases during the 
COVID-19 pandemic. Int J Rheum Dis 2021;24:733–45. 

	23	 Zargaran M, Movassaghi S, Seyyedsalehi MS, et al. Outcomes 
of Coronavirus disease 19 patients with a history of rheumatoid 
arthritis: a retrospective registry-based study in Iran. Int J Rheum Dis 
2022;25:1196–9. 

	24	 Mikuls TR, Johnson SR, Fraenkel L, et al. American college of 
rheumatology guidance for the management of rheumatic disease 
in adult patients during the COVID-19 pandemic: version 3. Arthritis 
Rheumatol 2021;73:e1–12. 

	25	 Harrison SL, Fazio-Eynullayeva E, Lane DA, et al. Comorbidities 
associated with mortality in 31,461 adults with COVID-19 in the 
United States: a federated electronic medical record analysis. PLoS 
Med 2020;17:e1003321. 

	26	 Wang L, Wang Q, Davis PB, et al. Increased risk for COVID-19 
breakthrough infection in fully vaccinated patients with substance 
use disorders in the United States between December 2020 and 
August 2021. World Psychiatry 2022;21:124–32. 

	27	 Jorge A, D’Silva KM, Cohen A, et al. Temporal trends in severe 
COVID-19 outcomes in patients with rheumatic disease: a cohort 
study. Lancet Rheumatol 2021;3:e131–7. 

	28	 Wang W, Wang S-I, Wei J-C. Long-term cardiovascular outcomes 
in COVID-19 survivors among non-vaccinated population: a 
retrospective cohort study from the Trinetx US collaborative 
networks. EClinicalMedicine 2022;53:101700. 

P
rotected by copyright.

 on July 24, 2023 at S
w

ets S
ubscription S

ervice R
E

F
: 70227136.

http://rm
dopen.bm

j.com
/

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2023-003038 on 21 July 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1056/NEJMoa2101643
http://dx.doi.org/10.1136/annrheumdis-2021-220418
http://dx.doi.org/10.13063/2327-9214.1244
http://dx.doi.org/10.1016/j.jclinepi.2016.12.001
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants
http://dx.doi.org/10.1093/rheumatology/keac241
http://dx.doi.org/10.1093/rheumatology/keac241
http://dx.doi.org/10.1111/1756-185X.14378
http://dx.doi.org/10.1056/NEJMc2202778
http://dx.doi.org/10.1016/S2665-9913(21)00151-X
http://dx.doi.org/10.1111/1756-185X.14124
http://dx.doi.org/10.1111/1756-185X.14405
http://dx.doi.org/10.1002/art.41596
http://dx.doi.org/10.1002/art.41596
http://dx.doi.org/10.1371/journal.pmed.1003321
http://dx.doi.org/10.1371/journal.pmed.1003321
http://dx.doi.org/10.1002/wps.20921
http://dx.doi.org/10.1016/S2665-9913(20)30422-7
http://dx.doi.org/10.1016/j.eclinm.2022.101700
http://rmdopen.bmj.com/

	COVID-­19 outcomes in patients with rheumatoid arthritis with biologic or targeted synthetic DMARDs
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Study design and data source
	Study subjects
	Definition of covariates
	Demographics
	Lifestyles
	Comorbidities
	Procedures
	Medications

	Outcomes
	The incidence of COVID-19
	Medical utilisation
	﻿Mortality﻿
	﻿Adverse outcomes﻿


	Statistical analyses

	Results
	Characteristics of the study subjects
	Risk of COVID-19 incidence
	Medical utilisation
	Mortality
	Adverse outcomes
	Subgroup analyses
	Sex
	Age
	Race
	COVID-19 vaccination
	Corticosteroid usage

	Sensitivity analysis

	Discussion
	References


