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ABSTRACT

Introduction: To evaluate factors associated
with severe coronavirus disease 2019 (COVID-
19) among patients with rheumatoid arthritis
(RA) in the US.
Methods: Adults with RAwhohad a severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-
2) infection, based on molecular or antigen test
or clinical diagnosis, were identified from the
Optum� COVID-19 Electronic Health Record
dataset (March 1, 2020–April 28, 2021). The

primary outcome was the occurrence of severe
COVID-19 (hospitalization or death) within
30 days from SARS-CoV-2 infection. Adjusted
odds ratios (aOR) and 95% confidence intervals
(CI) were estimated using multivariable logistic
regression models to assess the association
between severe COVID-19 and patient charac-
teristics, including demographics, baseline
comorbidities, and recent RA treatments.
Results: During the study period, 6769 SARS-
CoV-2 infections were identified in patients with
RA, among whom 1460 (22%) developed severe
COVID-19. Multivariable logistic regression
analysis showed that being older,male, and non-
White and having diabetes and cardiovascular
conditions are associated with greater odds of
severeCOVID-19. In addition, comparedwithno
use, the adjusted odds of severe COVID-19 were
lower with recent use of tumor necrosis factor
inhibitors (aOR 0.60, 95% CI 0.41–0.86) and
higher with recent use of corticosteroids (aOR
1.38, 95% CI 1.13–1.69) or rituximab (aOR 2.87,
95% CI 1.60–5.14), respectively.
Conclusion: Nearly one in five patients with RA
developed severe COVID-19 disease within
30 days after SARS-CoV-2 infection. In patients
with RA, recent use of corticosteroids and
rituximab were two factors associated with a
greater risk of severe COVID-19 in addition to
the risk factors among demographics and
comorbidities previously identified in the gen-
eral population.
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Key Summary Points

Why carry out this study?

Rheumatoid arthritis (RA) studies
evaluating the association between severe
coronavirus disease 2019 (COVID-19)
outcomes and patient characteristics have
been limited because of their use of
broader, heterogeneous groups, such as
rheumatic diseases, and study registries or
institution-based cohorts, which come
with unmeasurable sampling bias.

To confirm previous findings, this study
used a large, US-based electronic health
record database to evaluate the
association between severe COVID-19 and
patient characteristics in RA.

What was learned from this study?

This study found that older age, certain
comorbidities, and recent use of
corticosteroids and rituximab are strong
risk factors for severe COVID-19 in
patients with RA; recent tumor necrosis
factor inhibitor use was associated with
lower risk for severe COVID-19 in patients
with RA.

Patients with RA, particularly those with
certain characteristics, including age,
comorbidities, and treatments, are more
susceptible to developing severe COVID-
19. Consequently, individualized risk
assessment and minimization, such as
vaccinations, and increased monitoring of
those patients who develop COVID-19,
should be encouraged.

INTRODUCTION

The ongoing coronavirus disease 2019 (COVID-
19) pandemic has resulted in over 668 million

cases and 6.7 million deaths worldwide as of
January 2023 [1]. Those in the general popula-
tion who are particularly susceptible to severe
illness from COVID-19 are elderly individuals
and those who have certain comorbid condi-
tions, such as cardiovascular diseases and dia-
betes. Likewise, those with compromised
immune systems, such as patients with cancer
and recipients of immunosuppressive therapies
for solid organ transplants, and immune-medi-
ated inflammatory diseases (IMIDs), such as
rheumatoid arthritis (RA), are also at high risk
for severe illness from COVID-19 [2–4].

Several studies have examined the association
between severe COVID-19 outcomes and demo-
graphics, clinical characteristics, and anti-in-
flammatory treatments in patients with
rheumatic diseases or the broader group of IMIDs
using disease registries or institutional-based
cohorts [5–9]. Limitationsof groupingpatients of
highly heterogeneous conditions, disease sever-
ities, and immunomodulating therapy use were
well acknowledged by the authors, who also
called for further understanding of factors driv-
ing adverse outcomes. One recent study using
the COVID-19 Global Rheumatology Alliance
physician registry assessed the relative risk for
severe COVID-19 in RA between tumor necrosis
factor (TNF) inhibitors and other RA treatments
[10]. In this global convenience sample of 2869
patients, the use of rituximab and Janus kinase
(JAK) inhibitor was associated with worse
COVID-19 severity compared with TNF inhibi-
tors [10]. However, it is difficult to generalize
these findings outside the study registries or
institution-based cohorts as these convenience
samples comewith unmeasurable sampling bias.
Therefore, findings from registry-based studies
should be further validated in population-based
studies before extrapolating the findings to
broader populations. Although global registries
can achieve meaningful large sample sizes in a
shorter period of time, the study subjects were
also enrolled from heterogenous healthcare sys-
tems with substantial differences in access to
medicine, disease status, understanding of
COVID-19, local public health strategy and pol-
icy, and other intangible factors that can have
effects on COVID-19 outcomes. Consequently,
there is a need for using population-based data
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sourced from routine medical practice to miti-
gate sampling bias and to improve precisionwith
larger sample size. In this retrospective cohort
study, a large, national electronic health record
(EHR) database from routine clinical care in the
USA was utilized to evaluate the association
between severe COVID-19 and patient charac-
teristics, including demographics, baseline
comorbidities, and recent RA treatments.

METHODS

Study Design and Data Sources

This retrospective cohort study was conducted
using the Optum� de-identified COVID-19 EHR
dataset, utilizing data from an integrated net-
work of ambulatory and hospital care providers
for the period from March 1, 2020 to April 28,
2021. The database contains administrative and
clinical information for 4.7 million unique
patients as recorded during routine clinical
practice from a large network of providers and
hospitals across all 50 states in the US, including
medical records, laboratory results, prescription
orders, and administrative data [11–13]. Addi-
tionally, this database contains longitudinal
care data for patients with COVID-19-related
encounters, including receiving a test, qualita-
tive results of testing, and diagnoses for COVID-
19.

Compliance with Ethics Guidelines

Through a paid contract with Optum�, authors
were granted permission to use and provided
access to the database. The authors affirm that
this retrospective database analysis did not col-
lect, use, or transmit patient-identifiable data.
Based on US Department of Health and Human
Services code 45CFR46.104(d)(4) (Existing Data
and Specimens—No Identifiers), this study is
exempt from the requirement for institutional
review board approval. The study is compliant
with data security requirements of the Health
Insurance Portability and Accountability Act of
1996 [14].

Study Population

Patients aged C 18 years were included in the
study. The index date was the date of the ear-
liest positive test for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection
that was confirmed with molecular polymerase
chain reaction (PCR) or antigen test or the date
of diagnosis of COVID-19 (International Clas-
sification of Diseases [ICD]-10 diagnosis code:
U07.1 or U07.2). Patients were also required to
have at least one diagnosis for RA (ICD-9: 714;
ICD-10: M05 or M06) during the 15-month
baseline period prior to the index date and
remain active through the baseline period
(Supplementary Material Fig. 1). Patients were
excluded if their age or sex was missing. A sen-
sitivity analysis was conducted in patients with
actively treated RA defined as having at least
one diagnosis of RA and being treated with any
of the conventional synthetic disease-modify-
ing antirheumatic drugs (csDMARDs), biologic
disease-modifying antirheumatic drugs
(bDMARDs), or JAK inhibitors at any time prior
to the index date.

All database records were de-identified and
compliant with US patient confidentiality
requirements, including the Health Insurance
Portability and Accountability Act of 1996 [14].
No institutional review board approval was
required.

Study Variables

Patient characteristics, including demographics
(age, sex, US geographic region, race and eth-
nicity, month and year of SARS-CoV-2 infec-
tion, smoking status, body mass index [BMI],
and type of insurance) and comorbid condi-
tions (cardiovascular diseases, chronic kidney
diseases, chronic liver diseases, chronic lung
diseases, diabetes mellitus, systemic inflamma-
tory disease, and immunocompromised state)
were assessed during the 15-month baseline
period prior to index date. Further, Charlson
Comorbidity Index (CCI) was calculated for a
quantitative evaluation of the overall disease
burden (Table 1, Supplementary Material
Table S1). Based on written prescriptions and
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Table 1 Demographics, clinical characteristics, and RA
medication exposure of patients with RA at the time of
SARS-CoV-2 infection

Baseline variablesa Patients with RA and
COVID-19 (N = 6769)

Age (years), mean ± SD 61.0 ± 14.9

Female, n (%) 5209 (77.0)

Race and ethnicity, n (%)

Non-Hispanic White 4708 (69.6)

Non-Hispanic Black 837 (12.4)

Hispanic 633 (9.4)

Asian 85 (1.3)

Other 506 (7.5)

Region of residence, n (%)

Midwest 3131 (46.3)

Northeast 1798 (26.6)

South 1278 (18.9)

West 392 (5.8)

Missing 170 (2.5)

Body mass index (kg/m2),

mean ± SD (n)
31.6 ± 7.6 (6454)

BMI category, n (%)

BMI\ 25 1249 (18.5)

BMI C 25 (overweight or

obese)

5205 (76.9)

Missing 315 (4.7)

Smoking status, n (%)

Never smoked 3449 (51.0)

Current or former smoker 2999 (44.3)

Unknown 321 (4.7)

Month and year of SARS-CoV-2 infection, n (%)

March 2020 139 (2.1)

April 2020 495 (7.3)

May 2020 339 (5.0)

June 2020 294 (4.3)

July 2020 398 (5.9)

Table 1 continued

Baseline variablesa Patients with RA and
COVID-19 (N = 6769)

August 2020 311 (4.6)

September 2020 294 (4.3)

October 2020 588 (8.7)

November 2020 1259 (18.6)

December 2020 1230 (18.2)

January 2021 818 (12.1)

February 2021 358 (5.3)

March 2021 246 (3.6)

Charlson Comorbidity

Index, mean ± SD

3.8 ± 3.0

Number of comorbidities

0–1 1428 (21.1)

2 1456 (21.5)

3 1288 (19.0)

C 4 2597 (38.4)

Cardiovascular disease, n (%)

Any 4362 (64.4)

Hypertension 4035 (59.6)

Coronary artery disease 1281 (18.9)

Heart failure 959 (14.2)

Cerebrovascular disease 603 (8.9)

Pulmonary hypertension 338 (5.0)

Cardiomyopathy 280 (4.1)

Chronic lung disease, n (%)

Any 2426 (35.8)

Asthma (moderate to

severe)

1290 (19.1)

Chronic obstructive

pulmonary disease

1434 (21.2)

Cystic fibrosis 33 (0.5)

Interstitial lung disease/

pulmonary fibrosis

311 (4.6)
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administration records, recent exposure to the
following RA medications at the time of SARS-
CoV-2 infection was determined using various
time frames to account for variability in phar-
macology and dosing schedule: bDMARDs were
identified within 6 months before the index
date because of their prolonged effect; orally
administered csDMARDs and JAK inhibitors
were identified within the 3 months before the
index date; the administration of intravenous
(IV) or oral systemic corticosteroids was identi-
fied within 30 days before the index date
(Table 1, Supplementary Material Fig. 1).

Table 1 continued

Baseline variablesa Patients with RA and
COVID-19 (N = 6769)

Diabetes mellitus, n (%) 1898 (28.0)

Immunocompromised stateb, n (%)

Any 827 (12.2)

Malignancy 657 (9.7)

HIV/AIDS 212 (3.1)

Solid organ transplant 32 (0.5)

Bone marrow transplant 1 (0.0)

Systemic inflammatory disease, n (%)

Any 743 (11.0)

Systemic lupus

erythematosus

352 (5.2)

Psoriatic arthritis 188 (2.8)

Ulcerative colitis 90 (1.3)

Crohn’s disease 86 (1.3)

Ankylosing spondylitis 75 (1.1)

Psoriasis 28 (0.4)

Chronic kidney disease,

n (%)

969 (14.3)

Chronic liver

disease/cirrhosis, n (%)

594 (8.8)

Recent RA medications

Any RA medicationsc 3474 (51.3)

csDMARDsd 804 (11.9)

bDMARDse 642 (9.5)

TNF inhibitors 346 (5.1)

Non-TNF bDMARDs

excluding rituximab

106 (1.6)

Rituximab 55 (0.8)

JAK inhibitorsf 87 (1.3)

Table 1 continued

Baseline variablesa Patients with RA and
COVID-19 (N = 6769)

Systemic corticosteroidsg 659 (9.7)

AIDS acquired immunodeficiency syndrome, bDMARD
biologic DMARD, BMI body mass index, COVID-19
coronavirus disease 2019, csDMARD conventional syn-
thetic DMARD, DMARD disease-modifying anti-rheu-
matic drugs, HIV human immunodeficiency virus, IV
intravenous, JAK Janus kinase, RA rheumatoid arthritis,
SD standard deviation, TNFi tumor necrosis factor
inhibitor
aAll study variables were determined during the 15-month
baseline period before index date unless otherwise specified
bIncludes patients with malignancy, HIV/AIDS, or who
had a solid organ or bone marrow transplant
cIncluding the use of any csDMARD, bDMARD, JAK
inhibitors, or IV/oral corticosteroids during the 183 days
before index date
dIncluding the use of azathioprine, chloroquine,
cyclophosphamide, cyclosporine, D-penicillamine, gold
sodium thiomalate, hydroxychloroquine, leflunomide,
methotrexate, minocycline, mycophenolate, or sulfasalazine
during the 90 days before index date
eIncluding the use of any TNF inhibitors (adalimumab,
certolizumab pegol, etanercept, golimumab, and inflix-
imab), non-TNF bDMARDs excluding rituximab (abata-
cept, anakinra, sarilumab, and tocilizumab), or rituximab
during the 183 days before index date
fIncluding the use of baricitinib, tofacitinib, or upadaci-
tinib during the 90 days before index date
gIncluding the use of any IV or oral systemic corticos-
teroids during the 30 days before index date
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Outcomes

The primary outcome was the occurrence of
severe COVID-19, defined as either hospitaliza-
tion or death, within 30 days from the index
date. Secondary outcomes were all-cause hos-
pitalization and all-cause death within 30 days
from index date, examined separately.

Statistical Analyses

Patient demographics and clinical characteris-
tics and recent RA treatment of the study pop-
ulation were summarized with descriptive
statistics. Mean and standard deviation (SD) for
continuous variables and count (N) and pro-
portion (%) for categorical variables were
reported for descriptive statistics. Standardized
mean differences were used to evaluate the dif-
ferences in baseline variables between RA
patients with and without severe COVID-19.

Multivariable logistic regression was per-
formed to examine the association between
patient characteristics, individual comorbidi-
ties, and recent RA treatments, and the primary
and the secondary outcomes, separately.
Adjusted odds ratios (aOR) with 95% confidence
intervals (95% CI) were reported for each
demographic, clinical characteristic, and recent
RA treatment variable included in the final

model. For the sensitivity analysis, similar
multivariable logistic regression was conducted
for all primary and secondary outcomes in a
subgroup of patients with actively treated RA as
described above. All analyses were conducted
using SAS Studio 3.81 (SAS Institute Inc., Cary,
NC, USA).

RESULTS

Study Population

A total of 6769 SARS-CoV-2 infections were
identified in patients with RA over the period of
March 1, 2020, through April 28, 2021 (Fig. 1).
Of the 6769 patients, 22% (n = 1460) developed
severe COVID-19 within 30 days after SARS-
CoV-2 infection, including 1399 hospitaliza-
tions (among which 137 [9.8%] deaths occur-
red) and 61 deaths outside the hospital. The
majority (64%) of the SARS-CoV-2 infections
were confirmed with laboratory tests (4162 with
positive PCR and an additional 190 with posi-
tive antigen test), while the remaining ones
(36%) identified solely based on recorded clini-
cal diagnosis (Supplementary Material Fig. 2).
The average age of the study cohort was 61 (SD:
14.9) years, with 77% female and 70% non-
Hispanic White individuals (Table 1). Patients

Fig. 1 Patient selection. COVID-19 coronavirus disease 2019, EHR electronic health records, RA rheumatoid arthritis
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who developed severe COVID-19 outcomes
tended to be older (mean age 68.3 vs.
59.1 years), be male (29% vs. 21%), and have
more comorbidities compared with those who
did not develop severe COVID-19 (Supplemen-
tary Material Table S1).

Factors Associated with Severe COVID-19

The multivariable analysis controlling for all
covariates listed in Table 2 confirmed the asso-
ciation between several demographic factors
and comorbidities previously observed in the
general populations and in those with other
rheumatic diseases and severe COVID-19 in
patients with RA. Among demographic vari-
ables, aged C 65 years versus aged\65 years
had the strongest association with severe
COVID-19 (aOR 2.32, 95% CI 2.01–2.68).
Moderate association with severe COVID-19
was observed for the early phase of the COVID-
19 pandemic from March to September 2020
versus the subsequent time from October 2020
to March 2021 (aOR 1.80, 95% CI 1.58–2.06),
racial and ethnic minority versus non-Hispanic
White (aOR 1.50, 95% CI 1.30–1.72), Southern
US census region versus other regions (aOR
1.45, 95% CI 1.24–1.69), male sex (aOR 1.31,
95% CI 1.13–1.51), and current or former smo-
ker versus never smoked (aOR 1.22, 95% CI
1.07–1.39). With every five units of increment
in BMI, odds of developing severe COVID-19
were 4% higher, but the association failed to
reach statistical significance (aOR 1.04, 95% CI
0.99–1.09) (Table 2, Fig. 2). The same multi-
variable model also observed moderate associa-
tion between severe COVID-19 and the
following comorbidities: pulmonary hyperten-
sion (aOR 1.52, 95% CI 1.17–1.96), heart failure
(aOR 1.51, 95% CI 1.26–1.81), hypertension
(aOR 1.47, 95% CI 1.26–1.71), diabetes (aOR
1.44, 95 CI 1.25–1.66), chronic kidney disease
(aOR 1.38, 95% CI 1.16–1.64), immunocom-
promised state (aOR 1.29, 95% CI 1.08–1.54),
and chronic lung disease (aOR 1.17, 95% CI
1.02–1.33). The same model also found that the
recent use of rituximab (aOR 2.87, 95% CI
1.60–5.14) and systemic corticosteroid (aOR
1.38, 95% CI 1.13–1.69) at the time of SARS-

CoV-2 infection were positively associated with
severe COVID-19, while the recent use of TNF
inhibitor biologics (aOR 0.60, 95% CI
0.41–0.86) was negatively associated with the
outcome. No significant association was seen
between recent use of JAK inhibitors (aOR 1.17,
95% CI 0.65–2.10) and non-TNF bDMARDs
excluding rituximab (aOR 0.77, 95% CI
0.43–1.40).

Factors Associated with COVID-19-Related
Hospitalization and Death

Separate multivariable analyses were conducted
for COVID-19-related hospitalization and death
within 30 days of SARS-CoV-2 infection, with
both models controlling for all covariates listed
in Table 2 and Fig. 2. Factors associated with
hospitalization within 30 days of SARS-CoV-2
infection were similar to those associated with
the primary outcome, with the exception of a
statistically significant effect for every five units
of increment in BMI (aOR 1.05, 95% CI
1.01–1.10).

After controlling for covariates listed in
Table 2 and Fig. 2, the strongest association
between death within 30 days after SARS-CoV-2
infection was observed for patients aged
C 65 years versus aged \ 65 years (aOR 5.89,
95% CI 3.72–9.32), while male sex (aOR 1.10,
95% CI 0.79–1.54), racial and ethnic minority
versus non-Hispanic White (aOR 1.03, 95% CI
0.72–1.48), and the early phase of the COVID-
19 pandemic from March to September 2020
versus October 2020 to April 2021 (aOR 1.05,
95% CI 0.76–1.45) were not associated with
death. Heart failure (aOR 2.32, 95% CI
1.63–3.31) was strongly associated with death in
the same multivariable model, while modest
and not statistically significant associations
were observed for other comorbidities: hyper-
tension (aOR 1.24, 95% CI 0.82–1.87), diabetes
(aOR 1.34, 95 CI 0.96–1.88), chronic kidney
disease (aOR 1.32, 95% CI 0.93–1.87), and
immunocompromised state (aOR 1.29, 95% CI
0.89–1.86). Like severe COVID-19 and COVID-
19-related hospitalization, COVID-19-related
death was also positively associated with use of
rituximab (aOR 2.14, 95% CI 0.62–7.40) and
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Table 2 Factors associated with primary and secondary COVID-19 outcomes in patients with RA

Variable aOR (95% CI)a

Severe COVID-19b Hospitalizations Deaths

Age

18–64 years (ref)

65? years 2.32 (2.01–2.68) 2.23 (1.93–2.57) 5.89 (3.72–9.32)

Sex

Female (ref)

Male 1.31 (1.13–1.51) 1.32 (1.13–1.53) 1.10 (0.79–1.54)

Race

Non-Hispanic White (ref)

Other 1.50 (1.30–1.72) 1.57 (1.36–1.80) 1.03 (0.72–1.48)

Smoking status

Never smoked (ref)

Current or former 1.22 (1.07–1.39) 1.19 (1.04–1.36) 1.57 (1.13–2.18)

Unknown 1.41 (0.96–2.05) 1.39 (0.95–2.04) 1.55 (0.71–3.39)

BMI increase by 5 units 1.04 (0.99–1.09) 1.05 (1.01–1.10) 0.91 (0.82–1.02)

Region

Non-South (ref)

South 1.45 (1.24–1.69) 1.47 (1.26–1.72) 1.81 (1.29–2.54)

Time of SARS-CoV-2 infection

10/2020–03/2021 (ref)

03/2020–09/2020 1.80 (1.58–2.06) 1.84 (1.61–2.11) 1.05 (0.76–1.45)

Hypertension 1.47 (1.26–1.71) 1.49 (1.27–1.74) 1.24 (0.82–1.87)

Pulmonary hypertension 1.52 (1.17–1.96) 1.51 (1.17–1.95) 1.06 (0.66–1.72)

Heart failure 1.51 (1.26–1.81) 1.36 (1.14–1.64) 2.32 (1.63–3.31)

Chronic lung disease 1.17 (1.02–1.33) 1.16 (1.01–1.33) 1.14 (0.83–1.57)

Immunocompromisedc 1.29 (1.08–1.54) 1.33 (1.11–1.59) 1.29 (0.89–1.86)

Diabetes 1.44 (1.25–1.66) 1.42 (1.23–1.65) 1.34 (0.96–1.88)

Chronic kidney disease 1.38 (1.16–1.64) 1.35 (1.14–1.61) 1.32 (0.93–1.87)

Recent use of TNF inhibitors 0.60 (0.41–0.86) 0.62 (0.43–0.89) NA

Recent use of non-TNF bDMARDs excluding rituximab 0.77 (0.43–1.40) 0.75 (0.41–1.37) 1.12 (0.27–4.74)

Recent use of rituximab 2.87 (1.60–5.14) 2.78 (1.55–4.98) 2.14 (0.62–7.40)

Recent use of JAK inhibitors 1.17 (0.65–2.10) 1.21 (0.68–2.17) 0.85 (0.11–6.36)
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systemic corticosteroid (aOR 1.47, 95% CI
0.95–2.26), although the associations were not
significant likely because of the small number of
deaths captured in the database. Neither use of
JAK inhibitors (aOR 0.85, 95% CI 0.11–6.36) nor
non-TNF bDMARDs excluding rituximab (aOR
1.12, 95% CI 0.27–4.74) was associated with
COVID-19-related death within 30 days.

Sensitivity Analysis in Patients
with Actively Treated RA

The sensitivity analyses carried out in 5441
COVID-19 patients (Supplementary Material
Table S2) with actively treated RA during the
same study period reported consistent findings
with the primary analyses (Table 3). In each
separately created multivariable model, similar
aORs were reported for the association between
COVID-19 outcomes and the demographic,
comorbid, and RA medication variables
(Table 3).

DISCUSSION

In this large, real-world cohort study, we iden-
tified 6769 patients with RA who contracted
COVID-19 between March 2020 and April 2021
(a time period before the emergence of the Delta
variant), among whom 22% developed severe
COVID-19 (either hospitalization or death)
within 30 days from SARS-CoV-2 infection. We

confirmed previous reports for the general
population and those with various rheumatic
diseases that older age, male sex, racial and
ethnic minority, history of smoking, higher
BMI, being immunocompromised, and pres-
ence of comorbidities including diabetes,
hypertension, pulmonary hypertension, heart
failure, chronic lung disease, and chronic kid-
ney disease were associated with severe COVID-
19 [5, 7, 15–17]. Being in the Southern US cen-
sus region and contracting COVID-19 during
the early phase of the pandemic were also
associated with poor COVID-19 outcomes. In
addition, patients had greater odds of develop-
ing severe COVID-19 if they recently received
systemic corticosteroids or rituximab at the
time of SARS-CoV-2 infection, while those who
had recently used TNF inhibitors were less likely
to develop severe COVID-19. Recent use of
other RA treatments, including JAK inhibitors
and non-TNF bDMARDs excluding rituximab,
had no association with severe COVID-19.

Our analyses for secondary outcomes exam-
ined COVID-19-related hospitalizations and
deaths separately. We found that study vari-
ables contributed similarly to hospitalization
compared to the primary outcome of severe
COVID-19. However, a few study variables
contributed to COVID-19-related death differ-
ently than severe COVID-19. Noticeably, aged
C 65 years was strongly associated with COVID-
19-related death, increasing the odds by 489%.
In contrast, the variable doubled the odds for

Table 2 continued

Variable aOR (95% CI)a

Severe COVID-19b Hospitalizations Deaths

Recent use of systemic corticosteroids 1.38 (1.13–1.69) 1.34 (1.09–1.63) 1.47 (0.95–2.26)

AIDS acquired immunodeficiency syndrome, aOR adjusted odds ratio, bDMARD biologic DMARD, BMI body mass
index, CI confidence interval, COVID-19 coronavirus disease 2019, DMARD disease-modifying anti-rheumatic drugs, HIV
human immunodeficiency virus, JAK Janus kinase, RA rheumatoid arthritis, ref reference, TNF tumor necrosis factor
aSaturated models, with all the listed covariates included in a single model. Reference is patients without respective variable
unless otherwise specified
bComposite of COVID-19 related hospitalizations and deaths
cIncludes patients with malignancy, HIV/AIDS, or who had a solid organ or bone marrow transplant
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severe COVID-19 and COVID-19-related hospi-
talization, showing a moderate effect.

Our findings agreed with previous studies
that examined factors associated with COVID-
19 outcomes in smaller samples of patients with
rheumatic diseases and RA and found corticos-
teroid use was associated with COVID-19-re-
lated hospitalization [7, 18]. We also observed
an even greater, but not statistically significant,

increase in deaths (aOR 1.47, 95% CI 0.95–2.26)
where lack of significance was likely the result
of the sample size (n = 198 for COVID-19-re-
lated deaths in this study). A previous report
from the COVID-19 Global Rheumatology Alli-
ance physician registry of 2869 patients with RA
assessed the relative effect between RA treat-
ments and found rituximab users and JAK
inhibitor users were more likely to develop
severe COVID-19 outcomes than those using
TNF inhibitors [10]. The US-based TriNetX

study also observed an elevated risk of hospi-
talization for rituximab over TNF inhibitors, but
JAK inhibitors showed no difference with TNF
inhibitors in this study [19]. Our findings, using
‘‘no use’’ as reference for each RA treatment,
were in line with the published literature on
rituximab, which also suggests that rituximab
use increases odds of severe COVID-19 out-
comes. Although the association was not

bFig. 2 Factors associated with primary and secondary
COVID-19 outcomes in patients with RA. Multivariable
analyses of study outcomes within 30 days of SARS-CoV-2
infection among patients with RA and COVID-19 for:
A severe COVID-19, defined as hospitalization or death,
B hospitalizations, and C death. aOR adjusted odds ratio,
bDMARD biologic DMARD, BMI body mass index, CI
confidence interval, COVID-19 coronavirus disease 2019,
DMARD disease-modifying anti-rheumatic drugs, IV
intravenous, JAKi Janus kinase inhibitor, RA rheumatoid
arthritis, ref reference, TNFi tumor necrosis factor
inhibitor

Fig. 2 continued
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Table 3 Factors associated with primary and secondary COVID-19 outcomes in patients with actively treated RA

Variable aOR (95% CI)a

Primary outcome Secondary outcomes

Severe COVID-19b Hospitalizations Deaths

Age

18–64 years (ref)

65? years 2.60 (2.21–3.06) 2.52 (2.14–2.97) 5.45 (3.22–9.23)

Sex

Female (ref)

Male 1.35 (1.14–1.60) 1.34 (1.13–1.59) 1.45 (0.98–2.13)

Race

Non-Hispanic White (ref)

Other 1.61 (1.37–1.88) 1.65 (1.41–1.94) 0.95 (0.62–1.46)

Smoking status

Never smoked (ref)

Current or former 1.19 (1.02–1.38) 1.14 (0.98–1.33) 1.10 (0.74–1.61)

Unknown 1.73 (1.15–2.59) 1.74 (1.16–2.61) 1.53 (0.66–3.58)

BMI increase by 5 units 1.09 (1.04–1.14) 1.10 (1.05–1.16) 0.93 (0.82–1.05)

Region

Non-South (ref)

South 1.68 (1.42–2.00) 1.70 (1.43–2.02) 1.89 (1.27–2.79)

Time of SARS-CoV-2 infection

10/2020–03/2021 (ref)

03/2020–09/2020 1.88 (1.61–2.18) 1.92 (1.65–2.24) 1.14 (0.78–1.67)

Hypertension 1.40 (1.18–1.67) 1.41 (1.18–1.68) 1.53 (0.92–2.52)

Pulmonary hypertension 1.91 (1.43–2.56) 1.88 (1.40–2.52) 1.28 (0.74–2.22)

Heart failure 1.40 (1.14–1.73) 1.24 (1.00–1.53) 2.87 (1.89–4.36)

Chronic lung disease 1.12 (0.96–1.31) 1.14 (0.98–1.33) 1.07 (0.73–1.56)

Immunocompromisedc 1.43 (1.17–1.75) 1.48 (1.21–1.80) 1.21 (0.78–1.87)

Diabetes 1.25 (1.06–1.47) 1.26 (1.06–1.49) 1.06 (0.71–1.58)

Chronic kidney disease 1.31 (1.08–1.60) 1.34 (1.10–1.63) 1.05 (0.69–1.61)

Recent use of TNF inhibitors 0.65 (0.46–0.93) 0.67 (0.47–0.96) 0.18 (0.03–1.34)

Recent use of non-TNF bDMARDs excluding rituximab 1.12 (0.65–1.93) 1.09 (0.62–1.90) 1.25 (0.29–5.34)

Recent use of rituximab 2.10 (1.15–3.82) 1.99 (1.09–3.64) 1.52 (0.35–6.70)

Recent use of JAK inhibitors 1.34 (0.75–2.36) 1.38 (0.78–2.43) 1.01 (0.14–7.51)
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statistically significant in the analyses for
COVID-19 death, this will also need to be con-
firmed by future studies that include larger
sample sizes.

The different findings for JAK inhibitors
between published literature and our analysis
may be related to the heterogeneity of the var-
ious data sources, residual confounding, and
the use of different references. We found that
recent TNF inhibitor use was associated with
reduced odds of developing severe COVID-19
outcomes when adjusting for demographics,
comorbidities, and other RA treatments, similar
to previous findings among patients with
rheumatic diseases or IMIDs for COVID-19-re-
lated hospitalizations [7, 8]. The protective
effect of TNF inhibitor use over severe COVID-
19 may mask the true effect other RA treatments
have over COVID-19 outcomes compared to
TNF inhibitors with residual confounding pre-
sent [8, 10, 19, 20]. We found no association
between the recent use of other non-TNF
bDMARDs, excluding rituximab, and increased
odds of developing severe COVID-19 outcomes.

Several studies reported differential COVID-
19 outcomes by demographic and socioeco-
nomic status in the general population [21].
Large retrospective studies and systematic
reviews showed higher risks of COVID-19
severity in racial and ethnic minorities [22–24].
In our RA population, we found that racial and
ethnic minorities were associated with devel-
oping severe COVID-19 outcomes, but not
death specifically, after adjusting for potential

risk factors such as age, sex, comorbidities, and
recent RA treatments. Regional variation in
health and mortality has been shown among
the US general population and reported for
COVID-19 outcomes [21, 25–27]. Inspired by
these findings, we investigated the regional
differences in COVID-19 outcomes and found
that patients with RA in the Southern region of
the US were more likely to develop severe
COVID-19 as well as COVID-19-related hospi-
talization and death. Temporal trends in
COVID-19 outcomes remain an important
parameter to understand for future prepared-
ness. A previous study found patients with var-
ious rheumatic diseases had higher risk of severe
COVID-19 during the first 90 days of the pan-
demic than the subsequent 90 days [6]. We also
found a similar temporal trend for severe
COVID-19 and COVID-19-related hospitaliza-
tion in patients with RA between the first
7 months (March to September 2020) and sub-
sequent 6 months (October 2020 to April 2021);
however, such improvement over time was not
observed for COVID-19 deaths. Although our
study had limited information on other factors
that may also have contributed to the out-
comes, such as RA severity, social behaviors,
and vaccination status, the characteristics we
identified provided crucial information to
inform COVID-19 management in patients with
RA.

The strength of this current study is that it
utilized a large US EHR dataset containing rel-
evant clinical information from a large network

Table 3 continued

Variable aOR (95% CI)a

Primary outcome Secondary outcomes

Severe COVID-19b Hospitalizations Deaths

Recent use of systemic corticosteroids 1.58 (1.24–2.01) 1.56 (1.22–1.99) 1.75 (1.04–2.95)

AIDS acquired immunodeficiency syndrome, aOR adjusted odds ratio, bDMARD biologic DMARD, CI confidence
interval, COVID-19 coronavirus disease 2019, DMARD disease-modifying anti-rheumatic drugs, HIV human immun-
odeficiency virus, JAK Janus kinase, RA rheumatoid arthritis, ref reference, TNF tumor necrosis factor
aSaturated models, with all the listed covariates included in a single model. Reference is patients without respective variable
unless otherwise specified
bComposite of COVID-19 related hospitalizations and deaths
cIncludes patients with malignancy, HIV/AIDS, or who had a solid organ or bone marrow transplant
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of providers and hospitals and longitudinal care
data for patients with COVID-19-related
encounters. Another strength of the data source
is that it is based on routine medical practice
across all care, COVID-19 and non-COVID-19
related.

There are several limitations to this study.
Despite adjusting for a series of covariates in the
multivariable model, residual confounding may
still be present, such as social behaviors, vacci-
nation status, and, most importantly, RA
severity. To minimize the potential residual
confounding by RA disease severity, we have
controlled for various lines of RA treatment as a
proxy for disease severity [28]. COVID-19 vac-
cines were not broadly available to the general
US population during the study period so vac-
cination data were not available, though vari-
ous COVID-19 vaccines have since become
available. Potentially, the introduction of vac-
cines towards the latter portion of the study
period may have contributed to the observed
severity decline. As the world continues to face
disparities in global vaccination progress and
surges of new variants of COVID-19, our study
findings in a largely unvaccinated population
can still contribute to COVID-19 care. Exposure
to RA treatments was determined from records
of both medication administration and written
prescription. While written prescriptions cap-
ture the intended treatment, we have no proof
that patients adhered to their treatment plan.
Thus, this study assumed that patients filled and
adhered to their prescribed medication. How-
ever, one previous study using the Optum EHR
data among patients with inflammatory bowel
disease found high agreement between EHR and
claims data for infused biologics that could
provide some clarity on accuracy of immuno-
mediating therapies for IMIDs [29]. Despite the
use of various half-life-based windows to mea-
sure exposure to various RA treatments, mis-
classification still can occur using recent
therapy recorded in the EHR to reflect actual
exposure to the DMARDs at time of COVID-19
onset.

CONCLUSIONS

This large, nationwide, population-based cohort
study including 6769 SARS-CoV-2 infections
among patients with RA found that in the RA
population, similar to the general population,
older age, male sex, racial and ethnic minority,
higher BMI, and having diabetes, cardiovascular
diseases, chronic kidney, and lung disease were
associated with severe COVID-19 for patients
with RA. We assessed the relationship between
recent use of various RA treatments and severe
COVID-19 outcomes and found that recent
rituximab use and systemic corticosteroid use
were both associated with significant increased
odds of developing severe COVID-19. Recent
TNF inhibitor use was associated with reduced
odds of severe COVID-19, and recent use of JAK
inhibitors and non-TNF bDMARDs excluding
rituximab was not associated with severe
COVID-19 in the RA population. The findings
suggest that risk for severe COVID-19 outcomes
should be individually assessed for patients with
RA, particularly those with one or more risk
factors.
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