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Risk of severe COVID-19 outcomes associated with
rheumatoid arthritis and phenotypic subgroups:
a retrospective, comparative, multicentre cohort study

Gabriel Figueroa-Parra*, Emily L Gilbert*, Maria O Valenzuela-Almada, Sebastian Vallejo, Matthew R Neville, Naomi J Patel, Claire Cook,
Xiaoging Fu, Ramla Hagi, Gregory C McDermott, Michael A Dilorio, Lucy Masto, Kathleen M M Vanni, Emily Kowalski, Grace Qian, Yuging Zhang,
Zachary S Wallace*, Alf Duarte-Garcia*, Jeffrey A Sparks™

Summary

Background Rheumatoid arthritis has been associated with severe COVID-19, but few studies have investigated how
phenotypes of rheumatoid arthritis affect these associations. We aimed to investigate the associations between
rheumatoid arthritis and phenotypes of interstitial lung disease, serostatus, and bone erosions with COVID-19 severity.

Methods We did a retrospective, comparative, multicentre cohort study at two large health-care systems (Mayo Clinic
[19 hospitals and affiliated outpatient centres] and Mass General Brigham [14 hospitals and affiliated outpatient
centres]) in the USA. Consecutive patients with rheumatoid arthritis meeting the 2010 American College of
Rheumatology/European League Against Rheumatism classification criteria and who had COVID-19 between
March 1, 2020, and June 6, 2021, were matched 1:5 on age, sex, and calendar date with patients without rheumatoid
arthritis (comparators). Data were received from electronic health records from Mayo Clinic and Mass General
Brigham. We examined subgroups of patients with rheumatoid arthritis by phenotypic features: rheumatoid arthritis-
associated interstitial lung disease, seropositivity (for anti-cyclic citrullinated peptide, rheumatoid factor, or both), and
bone erosions. Severe COVID-19 was a composite of hospitalisation or death. We used Cox regression to estimate
hazard ratios (HR) for severe COVID-19, comparing rheumatoid arthritis and subgroups to the comparator group.

Findings We identified 582 patients with rheumatoid arthritis and 2875 matched comparators, all of whom had
COVID-19 within the study dates. The mean age of those with rheumatoid arthritis was 62 [SD 14] years, 421 (72%) of
582 were women and 161 (28%) were men, 457 (79%) were White, 65 (11%) were Hispanic or Latino, and 41 (7%)
were Black. Among patients with rheumatoid arthritis, 50 (9%) of 582 had interstitial lung disease, 388 (68%) of 568
were seropositive, and 159 (27%) of 582 had bone erosions. Severe COVID-19 occurred in 126 (22%) of 582 patients
with rheumatoid arthritis versus 363 (13%) 2875 in the comparator group. Patients with rheumatoid arthritis had an
HR 0f1-75 (95% CI 1-45-2-10) for severe COVID-19 versus the comparator group. Patients with rheumatoid arthritis-
associated interstitial lung disease had an HR of 2-50 (1-66-3-77) versus the comparator group for severe COVID-19.
The risk for severe COVID-19 was also higher in patients with rheumatoid arthritis who were seropositive (HR 1-97
[95% CI 1-58-2-46]) or had erosive disease (1-93 [1-41-2-63]) than for those in the comparator group.

Interpretation Patients with rheumatoid arthritis have an increased risk of severe COVID-19 across phenotypic
subgroups, especially among patients with interstitial lung disease. These findings suggest that rheumatoid arthritis
with interstitial lung disease, or its treatment, might be a substantial contributor to severe COVID-19 outcomes for
patients with rheumatoid arthritis.

Funding None.

Copyright © 2022 Elsevier Ltd. All rights reserved.
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Introduction studies have Combining

with  diverse

During the ongoing COVID-19 pandemic, clinically
vulnerable populations, including those with rheumatic
diseases, have faced uncertainty regarding the potential
increased risk of SARS-CoV-2 infection and adverse
COVID-19 outcomes.! This uncertainty has typically
been addressed in general cohorts of patients with
autoimmune disease in both international registry and
multicentre studies, with some studies reporting links
between systemic autoimmune disease and risk of severe
COVID-19 outcomes,”” including death. However, some
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heterogeneous
manifestations and treatments into a single group might
obscure important factors, such as specific disease
phenotypes that might be responsible for poor outcomes
in these populations.

Studies suggest that patients with rheumatoid arthritis
are at higher risk of SARS-CoV-2 infection and severe
COVID-19 outcomes.” However, little is known
regarding specific phenotypic features of rheumatoid
arthritis commonly used to inform management, such
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Research in context

Evidence before this study

We searched PubMed for articles published from database
inception to April 15, 2022, using the terms: ((“rheumatoid
arthritis”) AND (COVID-19 OR SARS-CoV-2) AND (“outcome*"))
NOT ((review) OR (editorial) OR (“case report”)). We found

107 articles. The most relevant reports included a study using the
Optum dataset that described an increased risk of hospitalisation,
but not of mortality, from COVID-19 after adjustment for
comorbidities in patients with rheumatoid arthritis, but the study
used administrative data to define rheumatoid arthritis and had
no phenotypic data. A rheumatoid arthritis cohort study from the
US Veterans Affairs system that included mostly male participants
and did not examine rheumatoid arthritis and interstitial lung
disease or bone erosions reported an increased risk of severe
COVID-19 compared with the matched controls; this risk was
independent of serostatus. A Swedish nationwide study found
that patients with rheumatoid arthritis had a higher risk of
hospitalisation and death due to COVID-19 compared with the
general population, but the study did not investigate rheumatoid
arthritis phenotypes. Finally, a large US research network cohort
study that found an increased risk of severe COVID-19 outcomes

as interstitial lung disease, serostatus, and bone
erosions, and their effect on COVID-19 outcomes.
Previous studies investigating the association of
rheumatoid arthritis with COVID-19 have been limited
by including a population with mostly male patients,’
absence of details regarding erosive disease or
serostatus,*®® and risk of diagnosis misclassification;*”’
only one study examined rheumatoid arthritis
serostatus.” Chronic lung disease has been associated
with an increased risk of severe COVID-19,% and a
single case-control study found an increased risk
of death for patients with interstitial lung disease and
COVID-19;" no studies have examined whether patients
with rheumatoid arthritis-associated interstitial lung
disease, or other subgroups of patients with rheumatoid
arthritis, might be particularly vulnerable to COVID-19.

Our objective was to compare severe COVID-19 out-
comes for patients with rheumatoid arthritis with those
of patients withoutrheumatoid arthritis and to examine
these associations according to key phenotypic features
of theumatoid arthritis.

Methods

Study design and participants

We did a retrospective, comparative, multicentre cohort
study at Mayo Clinic (19 hospitals and affiliated
outpatient centres in Minnesota, Florida, Arizona, and
Wisconsin) and Mass General Brigham (14 hospitals
and affiliated outpatient centres in Massachusetts) in
the USA. We identified patients with rheumatoid
arthritis who had COVID-19 from March 1, 2020 to
June 6, 2021. We followed up with each patient for

before propensity score matching to general population
comparators, which was mitigated after matching. There was a
paucity of evidence regarding the effect that different phenotypes
of rheumatoid arthritis (eg, interstitial lung disease, serostatus, or
erosive disease) might have on COVID-19 outcomes.

Added value of this study

We did a study involving more than 30 sites in the USA to
describe the risk of severe COVID-19 outcomes associated with
rheumatoid arthritis overall and stratified according to the
presence of interstitial lung disease, serostatus, and bone
erosions in comparison with matched patients without
rheumatoid arthritis with COVID-19. We found that
rheumatoid arthritis-associated interstitial lung disease was
particularly associated with increased risk of severe COVID-19.

Implications of all the available evidence

Our findings suggest that one driver of the increased risk of
severe COVID-19 in patients with rheumatoid arthritis is the
presence of interstitial lung disease or its treatment. The results
of this study inform individualised COVID-19 risk stratification
for patients with rheumatoid arthritis.

severe outcomes occurring within 90 days of initial
positive SARS-CoV-2 test. Data collection was completed
on October 1, 2021. We included patients meeting the
2010 American College of Rheumatology/European
League Against Rheumatism (ACR/EULAR)
rheumatoid arthritis classification criteria and who had
COVID-19.

We matched each patient with confirmed rheumatoid
arthritis and COVID-19 (cases) to five patients with
COVID-19 and without recorded rheumatoid arthritis
(comparators) from the same health-care system
(ie, Mayo Clinic or Mass General Brigham). We used up
to a 1:5 ratio because the precision of the effect estimate
increases as the sample size increases but little is gained
in precision by increasing this ratio beyond 1:5. The
pool of eligible comparators had never received a billing
or diagnosis code for rheumatoid arthritis and had
a positive SARS-CoV-2 test. The index date was the first
date of a positive SARS-CoV-2 test. Matching factors were
institution (Mayo Clinic or Mass General Brigham), age
at index date (within 5 years), sex, and calendar date of
first positive SARS-CoV-2 test (within 5 days of index date
at Mayo Clinic and within 7 days at Mass General
Brigham). We matched by calendar date to account for
changes in testing availability, hospital capacity,
treatment, prevention strategies (eg, vaccination), and
virus epidemiology (eg, surges and variants) over time.
We have used similar methods in previous studies."**

The study was approved by the institutional review
boards of Mayo Clinic (20-003167) and Mass General
Brigham (2020P000833). Patient consent was not
required for this retrospective study.

www.thelancet.com/rheumatology Vol 4 November 2022
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Procedures

For Mayo Clinic data, we queried electronic health records
to identify all patients with International Classification of
Diseases 10th Revision (ICD-10) codes for rheumatoid
arthritis who were tested for rheumatoid factor or anti-
cyclic citrullinated peptide (anti-CCP) antibody and had
any positive SARS-CoV-2 PCR test. For Mass General
Brigham data, we queried electronic health records to
identify all patients with a positive SARS-CoV-2 test (PCR
or rapid antigen detection test) who had any billing code
for rheumatoid arthritis, as detailed elsewhere.*" For
both institutions, we (GF-P, ELG, MOV-A, SV, NJP, CC,
RH, GCM, MAD, LM, KMMYV, EK, GQ, ZSW, AD-G, and
JAS) manually reviewed medical records and included all
consecutive patients meeting the 2010 ACR/EULAR
rheumatoid arthritis classification criteria” and who had
COVID-19 between March 1, 2020, and June 6, 2021.

We queried electronic health records to obtain age, sex,
race, ethnicity, body-mass index (BMI), smoking status
(never, former, or current), and Charlson comorbidity
index® and its components (from billing codes within
1year before the index date) for patients with rheumatoid
arthritis and comparators.

We reviewed medical records of patients with
rheumatoid arthritis in detail to obtain additional data
from on or before the index date. The criteria used to
identify the presence of rheumatoid arthritis-associated
interstitial lung disease were the clinical diagnosis of
interstitial lung disease and supportive chest radiology,”
pulmonary function testing, or lung pathology data;
rheumatoid factor and anti-CCP serostatus according to
assay normal ranges that were clinically obtained; and the
presence of bone erosions on imaging. We also collected
details regarding rheumatoid arthritis duration and use
of disease-modifying anti-rheumatic drugs (DMARD:s)
and glucocorticoids at the time of SARS-CoV-2 onset.
Medical record review was used to supplement data on
serostatus if missing. Otherwise, statistical models had
complete data on covariates.

Outcome

Our primary outcome was a composite for severe
COVID-19 (hospitalisation or death) after COVID-19
diagnosis among patients with rheumatoid arthritis
overall and subgroups compared with the matched
population without rheumatoid arthritis. For data collected
from Mayo Clinic, hospitalisation or death due to
COVID-19 was ascertained by medical record review
based on discharge diagnosis. For data collected from
Mass General Brigham, hospitalisation was attributed to
COVID-19 if it occurred within 14 days of initial positive
test, and death during follow-up was attributed to
COVID-19 if it occurred within 30 days of initial positive
test, as done in our previous studies.*** Our secondary
outcomes were hospitalisation and death (separately), and
requirement for mechanical ventilation. In a secondary
analysis, we stratified by rheumatoid factor and anti-CCP
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status separately. We did a sensitivity analysis for patients
with rheumatoid arthritis and comparators before the
vaccines were available in the USA (before Dec 15, 2020).

Statistical analysis

We used descriptive statistics to summarise the data. We
calculated follow-up time from the index date (date of
earliest positive SARS-CoV-2 test) to the hospitalisation
date, death date, or 90 days after the index date (whichever
came first), and estimated the rate (95% CI) of each
outcome during the study period. We then estimated the
rate difference (95% CI) comparing patients with
rheumatoid arthritis and the phenotypic subgroups
(rtheumatoid arthritis-associated interstitial lung disease,
rheumatoid factor and/or anti-CCP seropositivity, and
erosive disease) with matched comparators. We used
conditional unadjusted and adjusted multivariable Cox
regression models to estimate the hazard ratio (HR;
95% CI) of patients with rheumatoid arthritis, and
subgroups, for COVID-19 outcomes compared with
matched comparators. The main adjusted model included
age, sex, race, and smoking status. We used an additional
model that also adjusted for BMI and the Charlson
comorbidity index, recognising that these data might
mediate the association between rheumatoid arthritis and
COVID-19 severity. We assessed the p values for
heterogeneity using an interaction term for the
association of rheumatoid arthritis with interstitial lung
disease versus other phenotypes with the risk of severe
outcomes to investigate whether there were differences in
the risk of severe outcomes across phenotypes of
rheumatoid arthritis.

We also assessed the risk of a severe outcome in each of
eight phenotypes of rheumatoid arthritis versus
comparators on the basis of the presence of interstitial
lung disease (yes or no), seropositivity (yes or no), and
erosive disease (yes or no). In each of the eight phenotypic
combinations, we determined the risk of severe
COVID-19 outcome in patients with rheumatoid arthritis
and their matched comparators and calculated the rate
difference between both groups. Our primary exposure
of interest was patients with rheumatoid arthritis versus
matched comparators; other exposures of interest,
including rheumatoid arthritis phenotypic subgroups
and their comparators, should be considered exploratory
and were not adjusted for multiple testing. We considered
a p value of <0-05 as statistically significant for all
analyses. We did analyses using SAS (version 9.4).

Role of the funding source
There was no funding source for this study.

Results

We included 582 patients with rheumatoid arthritis and
2875 patients without rheumatoid arthritis who were
comparators, all with COVID-19 (table 1). Patients with
rheumatoid arthritis and comparators were well matched
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with regard to age (mean age 62 [SD 14] years for patients

r:::,enr:;stg::rthritis r:::,enr:;stx::::ﬁtis palue with rheumatoid arthritis vs 61 [14] years for comparators),
(n=582) (n=2875) and sex (421[72%)] of 582 patients with theumatoid arthritis
e R ) 62 (14) 61(14) 053 and 2081 [72%] of 2875 comparators were women).
Sex } } 0.98 457 [79%)] of 582 patients with rheumatoid arthritis and
Female 421 (72%) 2081 (72%) 2294 [80%] of 2875 comparators were White. Among
Male 161(28%) 794 (28%) ) patients with rheumatoid arthritis, median duration of
— ) 091 rheumatoid arthritis was 8 (IQR 4-15) years, 50 (9%) of
. el >20.(80%) 582 had rheumatoid arthritis a.n.d interstitial lung disease,
T A 221 (8%) 388.(.68%) of 568 were seropositive (302 [54%)] of 557 were
Asian 15 G%) 67(2%) positive for rheumat01d factor and 312 [58%)] of 540 were
- 48(8%) LG positive for anti-CCP), . 159 (27%) 'ha(.l bone erosions,
Unknown 21a%) - 163 (28%) of 575 were using glucocortlf:mds, and 457 (79%)
Hispanic or Latin Ethnicity* 65 (11%) 259/2669 (10%) 0-29 Of 582 were usimg DMARDs at t}.le time .Of SARS-COV.-Z
e e ————r e 20700 010 infection. 366 [63%)] of 582 patients with rheumatoid
- : arthritis and 1808 [63%)] of 2875 comparators had
Smoking status ) 0027 COVID-19 before vaccines against SARS-CoV-2 were
Never 307(53%) 1615 (56%) available, and only 21 (4%) of 582 patients with rheumatoid
Former 230 (40%) 934(32%) arthritis had breakthrough infections. We did not have
Corrent 42(7%) 192(7%) data on breakthrough infections for the comparator group.
Unknown 3(1%) 134 (5%) The demographics and disease-specific characteristics
SIS S 2(03) 00007 stratified by rheumatoid arthritis subgroups are in table 2.
Median rheumatoid arthritis duration 8(

4-15) - - 126 (22%) of 582 patients with rheumatoid arthritis

(Slzz;z:i:;ty*T S ST (follow-up of 41411 person-days), and 363 (13%) of
i 2875 comparators (follow-up of 226 550 person-days) had
Rheumatoid factor SRR severe outcomes (table 3). The corresponding rate of
Anti-CCP S (G severe COVID-19 was 3-04 (95% CI 2:51-3.57)
Bone erosions 159 (27%) per 1000 person-days among patients with rheumatoid
Interstitial lung disease, n (%) 50 (9%) arthritis versus 1-60 (1-44-1-77) per 1000 person-days
Rheumatoid arthritis medications among comparators (p<0-0001; figure 1A). In adjusted
Any DMARDs 457 (79%) analyses for age, sex, race, and smoking status, patients
Conventional synthetic DMARD 362 (62%) with rheumatoid arthritis had increased risk of severe
Methotrexate 219 (38%) . - COVID-19 compared with patients without rheumatoid
Leflunomide 45 (8%) - - arthritis (adjusted HR 1.75 [95% CI 1-45-2-10];
Sulfasalazine 30(5%) - - p<0-0001). These associations were slightly attenuated
Hydroxychloroquine 129 (22%) - - when adjusting for BMI and comorbidity burden
Biologic or targeted-synthetic DMARD 194 (33%) - - (1-60[1-31-1-95]; p<0-0001). The risk of severe COVID-19
Tumour necrosis factor inhibitors 112 (19%) - - among women with rheumatoid arthritis was two-fold
Janus kinase inhibitors 32(5%) - - higher than women without rtheumatoid arthritis (2-03
Rituximab 28(5%) - - [1-62-2-55]). Men with rheumatoid arthritis had no
Abatacept 17 (3%) - - difference in their risk compared with men without
Interleukin-6 inhibitors 7(1%) - . rheumatoid arthritis (1-23 [0-88-1-74]). Results stratified
Mycophenolate mofetil 12 (2%) - . by sex are shown in appendix (p 2). A sensitivity analysis
Glucocorticoid use* 163 (28%) of 575 . . of patients with rheumatoid arthritis and comparators
Median glucocorticoid dose (IQR), 5 (5-10) . . who had COVID-19 before vaccine availability yielded
mg/day similar results to the primary analysis (appendix p 3).
Glucocorticoid use without DMARDs 25 (4%) of 575 - - Compared with patients without rheumatoid arthritis,
Data are n (%), unless specified. Anti-CCP=anti-cyclic citrullinated peptide antibody. DMARD=disease-modifying anti- patients with rheumatoid arthritis-associated interstitial
rheumatic drug. *The calculation excludes missing or unknown data; for Hispanic or Latin ethnicity there were data lung disease (adjusted HR 2-50 [95% CI ].66_3.77];

missing for 206 (7%) patients in the comparator group; for body-mass index there were eight (1%) patients with
rheumatoid arthritis with missing data and 254 (9%) with missing data in the comparator group; for Charlson i 3
comorbidity index there were nine (2%) patients with rheumatoid arthritis with missing data and 48 (2%) in the [1 -58-2- 46]; ﬁgure 1C) had a hlgher risk of severe
comparator group; for serostatus there were 14 (2%) patients with rheumatoid arthritis with missing data; and for COVID-19 (ﬁgure 2 and appendix PP 4—5) . A similar
glucocorticoid use there were seven (1%) patients with rheumatoid arthritis with missing data. Positivity for either association was seen among patients with erosive

rheumatoid factor or anti-CCP. . . . :
o ' rheumatoid arthritis when compared with patients
Table 1: Demographic and clinical characteristics of patients with rheumatoid arthritis and age, sex, and without rheumatoid arthritis (1-93  [1-41-2-63];
calendar-matched patients without rheumatoid arthritis (comparator group) at first positive ﬁgure 1D). To further investigate these observations, we
SARS-CoV-2 test T
ovates assessed the individual effect of each phenotype of

figure 1B) or those who were seropositive (1-97
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Interstitial lung disease

Positive (n=50)  Negative (n=532)
Mean age (SD), years 61 (14) 71(11)
Sex

Female 25 (50%) 396 (74%)

Male 25 (50%) 136 (26%)
Race

White 34 (68%) 423 (80%)

Black 8 (16%) 33 (6%)

Asian 0 (0%) 15 (3%)

Other 5 (10%) 43 (8%)

Unknown 3 (6%) 18 (3%)
Hispanic or Latin Ethnicity 9 (18%) 56 (11%)
Mean body-mass indext (SD), kg/m* 299 (7-7) 28-8 (5-0)

Missing 0 (0%) 8 (2%)
Smoking status

Never 17 (34%) 290 (55%)

Former 32 (64%) 198 (37%)

Current 1(2%) 41 (8%)

Unknown 0 (0%) 3(1%)
Charlson comorbidity index, 3(1-4) 4 (2-6)
median (IQR)

Missing 1(2%) 8(2%)
COVID-19 vaccine uptake 1(2%) 20 (4%)
Mean rheumatoid arthritis duration 8 (4-14) 10 (5-18)
(SD), years
Seropositivity* 2 (84%) 346 (65%)

Rheumatoid factor 3 (66%) 269 (51%)

Anti-CCP 32 (64%) 280 (53%)
Bone erosions 4 (28%) 145 (27%)
Interstitial lung disease 0 (100%)

Classification of ILD

Definite 25 (50%)

Probable 9 (18%)

Possible 16 (32%)

Severity of ILD

Subclinical 15 (30%)

Mild 18 (36%)

Moderate 10 (20%)

Severe 6 (12%)

Missing 1(2%)

Serostatus® Bone erosions
Positive (n=388)  Negative (n=180)  Positive (n=159)  Negative (n=423)
62 (14) 60 (14) 65 (14) 60 (15)
275 (71%) 134 (74%) 123 (77%) 298 (70%)
113 (29%) 46 (26%) 36 (23%) 125 (30%)
299( 7%) 149 (83%) 119 (75%) 338 (80%)
28 (7%) 12 (7%) 12 (8%) 29 (7%)
11 (3%) 2 (1%) 4 (3%) 11 (3%)
38 (10%) 10 (6%) 15 (9%) 33(8%)
12 (3%) 7 (4%) 9 (6%) 12 (3%)
48 (12%) 16 (9%) 24 (15%) 41 (10%)
29:3(6:5) 312(9-2) 28.7(61) 302 (80)
6 (2%) 1(1%) 1(1%) 7 (2%)
198 (51%) 101 (56%) 84 (53%) 223 (53%)
159 (41%) 65 (36%) 61 (38%) 169 (40%)
30 (8%) 12(7%) 14(9%) 28 (7%)
1(<1%) 2 (1%) 0 (0%) 3(1%)
3(15-5) 2(1-4) 3(2-5) 3(1-4)
8 (2%) 1(1%) 1(1%) 8 (2%)
13 (3%) 8 (4%) 3(2%) 18 (4%)
9 (4-16) (3-12) 115 (6-20) 7(3-13)
388 (100%) 119 (75%) 269 (64%)
302 (78%) 100 (63%) 202 (48%)
312 (80%) . 100 (63%) 212 (50%)
119 (31%) 37 (21%) 159 (100%) .
42 (11%) 8 (4%) 14 (9%) 36 (9%)
21(5%) 42%) 8 (5%) 17 (4%)
8 (2%) 1(1%) 2 (1%) 7 (2%)
13 (3%) 3(2%) 43%) 12 (3%)
12 3%) 3(2%) 1(1%) 14 (3%)
16 (4%) 2(1%) 8 (5%) 10 (2%)
8 (2%) 2(1%) 5(3%) 5 (1%)
5 (1%) 1(1%) 0(0%) 6 (1%)
1(<1%) 0 0 1(<1%)
(Table 2 continues on next page)

rheumatoid arthritis (rtheumatoid arthritis-associated
interstitial lung disease, seropositive rheumatoid
arthritis, or erosive rheumatoid arthritis) on severe
COVID-19 by categorising patients into eight mutually
exclusive groups; we found that all phenotypes with
interstitial lung disease had a higher risk of severe
COVID-19 outcomes than their matched comparators
without rheumatoid arthritis (rate difference range
4.45-20-22 per 1000 person-days wvs 0-63-2-35
per 1000 person-days). These differences were less
obvious in the non-interstitial lung disease phenotypes
(appendix pp 6-11).

www.thelancet.com/rheumatology Vol 4 November 2022

Similarly, among patients with rheumatoid arthritis,
there was a significant association of having interstitial
lung disease with risk of severe COVID-19 versus having
no interstitial lung disease (adjusted HR 2-61 [95% CI
1-52—4-47]) but there was no association when comparing
seropositive patients (1-21 [0-71-2-05]) to seronegative
patients, or when comparing patients with erosive
disease (1-16 [0-81-1-66]) to patients without erosive
disease (appendix p 8). Patients with theumatoid arthritis
positive for rheumatoid factor or anti-CCP had similarly
increased risk of severe COVID-19 compared with
patients without rheumatoid arthritis (appendix p 10).

See Online for appendix
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Serostatus*®

Bone erosions

Positive (n=388)  Negative (n=180)  Positive (n=159)  Negative (n=423)

311 (80%) 136 (76%) 135 (85%) 322 (76%)

246 (63%) 8 (60%) 103 (65%) 259 (61%)

152 (39%) 60 (33%) 70 (44%) 149 (35%)

27 (7%) 18 (10%) 15 (9%) 30 (7%)
19 (5%) 9 (5%) 6 (4%) 24 (6%)
85 (22%) 42 (23%) 29 (18%) 100 (24%)
135 (35%) 56 (31%) 62 (39%) 132 (31%)
78 (20%) 31 (17%) 33 (21%) 79 (19%)
24 (6%) 8 (4%) 13 (8%) 19 (4%)
20 (5%) 8 (4%) 9 (6%) 19 (4%)
11 (3%) 6 (3%) 3(2%) 14 (3%)
3 (1%) 4(2%) 3(2%) 4(1%)
11 (3%) 1(1%) 1(1%) 11 (3%)

113 (29%) of 385 49 (28%) of 177 58 (36%) of 159 105 (25%) of 416
3 (1%) 3(2%) 0 7 (2%)
5(5-7:5) 5 (5-10) 5(5-5) 5 (5-10)

19 (5%) of 385 6 (3%) of 177 13 (8%) of 159 12 (3%) of 416

Data are n (%), unless specified. Anti-CCP=anti-cyclic citrullinated peptide antibody. *Positivity either to rheumatoid factor or anti-CCP. tThe calculation excludes missing or

Interstitial lung disease
Positive (n=50)  Negative (n=532)

(Continued from previous page)

Rheumatoid arthritis medications
Any DMARD 42 (84%) 415 (78%)
Conventional synthetic DMARD 34 (68%) 328 (62%)
Methotrexate 14 (28%) 205 (39%)
Leflunomide 5 (10%) 40 (8%)
Sulfasalazine 2 (4%) 28 (5%)
Hydroxychloroquine 10 (20%) 119 (22%)
Biologic or targeted-synthetic 19 (38%) 175 (33%)
DMARD
Tumour necrosis factor inhibitors 8 (16%) 104 (20%)
Janus kinase inhibitors 3 (6%) 29 (5%)
Rituximab 6 (12%) 22 (4%)
Abatacept 1(2%) 16 3%)
Interleukin-6 inhibitors 1(2%) 6 (1%)
Mycophenolate mofetil 5 (10%) 7 (1%)

Glucocorticoid uset 23 (47%)of 49 140 (26%) of 529
Unknown 1(2%) 3 (1%)
Median dose (IQR), mg/day 5(5-8) 5 (5-10)
Glucocorticoid use and no 3 (6%) of 49 22 (4%) of 529
DMARDs T

unknown data.
SARS-CoV-2 infection

Table 2: Demographic and clinical characteristics among patients with rheumatoid arthritis according to rheumatoid arthritis phenotypes at time of

We also assessed the association of rheumatoid arthritis
with individual components of severe COVID-19
(hospitalisation or death) and with requirement for
mechanical ventilation. 121 (21%) of 582 patients with
rheumatoid arthritis were hospitalised and 26 (4%) died,
compared with 355 (12%) 2875 of comparators who had
been hospitalised and 59 (2%) comparators who had died
(table 3). The corresponding rate of hospitalisations was
2-90 (95% CI 2-39-3-42) per 1000 person-days among
patients with rheumatoid arthritis versus 1-56 (1-40-1-73)
per 1000 person-days among the comparator group
(p<0-0001). The mortality rates were 0-51 (0-32-0-71) per
1000 person-days among patients with rheumatoid
arthritis versus 0-23 (0-17-0-29) per 1000 person-days
among the comparator group (p<0-0001). In the models
adjusted for age, sex, race, and smoking status, the risk of
hospitalisation showed an increase in patients with
rheumatoid arthritis versus comparators (adjusted HR
1-62 [95% CI 1-36-1-94]; p<0-0001); this association was
notattenuated after adjustment for BMI and comorbidities
(table 3). There were 17 (3%) patients with rheumatoid
arthritis and 55 (2%) in the comparator group who
required mechanical ventilation. The estimated rate for
mechanical ventilation was 0-33 (95% CI 0-18-0-49) per
1000 person-days for patients with rheumatoid arthritis
versus 0-22 (95% CI 0-16-0-27) per 1000 person-days for
the comparator group (p=0-083). In the adjusted analyses,

the risk of mechanical ventilation was similar (adjusted
HR 1-49 [95% CI 0-86-2-58]; p=0-15) between patients
with rheumatoid arthritis and the comparator group
(table 3). In analyses restricted to patients with
rheumatoid arthritis (ILD vs non-ILD, seropositive vs
seronegative, erosive vs non-erosive disease), findings
regarding secondary outcomes were similar to those
observed in primary analyses (appendix p 8-9).

Discussion

In this large, retrospective, comparative, multicentre
cohort study, we found that patients with rheumatoid
arthritis had a higher risk of severe COVID-19 outcomes
than had patients without rheumatoid arthritis. This
association was observed across rheumatoid arthritis
phenotypes but was particularly strong among patients
with rheumatoid arthritis-associated interstitial lung
disease. The higher risk of severe COVID-19 outcomes
persisted among patients with rheumatoid arthritis-
associated interstitial lung disease when compared with
patients with rheumatoid arthritis without interstitial
lung disease and when we examined individual
COVID-19 outcomes (eg, hospitalisation and death). Our
findings have important implications for the
management of patients with rheumatoid arthritis
during the ongoing COVID-19 pandemic. Having
rheumatoid arthritis should be considered a risk factor
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for severe COVID-19, but the severity of this risk might
vary across phenotypes.

Our findings expand on observations previously reported
in studies of patients with rheumatoid arthritis and
COVID-19. In contrast to OpenSAFELY in the UK,* one of
the earliest studies observing an association of theumatoid
arthritis with death due to COVID-19, we examined
patients with rtheumatoid arthritis specifically rather than
grouping them with patients with systemic lupus
erythematosus or psoriasis, and we investigated the
association of specific phenotypes of rheumatoid arthritis
with severe COVID-19 outcome risk. A study by Raiker and
colleagues’ used TriNetX in the USA to compare outcomes
among patients with rtheumatoid arthritis versus general
population comparators using an exposure score-matched
analysis. Raiker and colleagues® did not observe significant
differences between these two populations, which was
presumably driven by the inclusion of comorbidities, such
as interstitial lung disease, in their exposure score. A study
from Denmark” found an increased risk of COVID-19
hospitalisation among patients with rheumatoid arthritis,
regardless of vaccination status compared with matched
patients without rheumatoid arthritis.

We found an increased risk of severe COVID-19 among
women with rheumatoid arthritis compared with women
without rheumatoid arthritis, but we did not see this
among men with rheumatoid arthritis versus men
without rheumatoid arthritis. This difference might be
the result of factors (eg, smoking status, obesity, and
comorbidities) more common in male comparators that
also increased the risk of severe disease; alternatively, the
proportion of men in our cohort was smaller, so our study
might have lacked power to detect differences.”* Indeed,
a study by England and colleagues’ using the US Veterans
Affairs rheumatoid arthritis cohort, which is enriched for
men, also examined the risk of COVID-19 hospitalisation
or death among patients with rheumatoid arthritis versus
patients without rheumatoid arthritis from the Veterans
Affairs system. They found that theumatoid arthritis was
associated with a 35% higher risk, especially among those
patients with rheumatoid arthritis using DMARDs or
glucocorticoids.” Unlike the study by England and
colleagues,” our study examined these outcomes among a
more generalisable rheumatoid arthritis population, in
which the majority of patients were women rather than
men. Additionally, we showed that this association was
particularly strong among patients with rheumatoid
arthritis and interstitial lung disease.

Among patients with rheumatoid arthritis-associated
interstitial lung disease, a particularly high risk of severe
COVID-19 might be the result of the parenchymal lung
disease or exposure to medications (eg, rituximab or
mycophenolate mofetil) often used to treat patients with
rheumatoid arthritis and interstitial lung disease and
known to be associated with poor COVID-19 outcomes.>**
Since patients in the comparator group were not on
immunosuppressive medications, we were unable to
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Rate difference (95% Cl), per 1000 person-days 0-12 (-0-05 to 0-29)

(
(

Unadjusted 153 (0-95to 2-41)
Adjusted main model 149 (0-86 t0 2:58)
Adjusted mediators model 126 (0-69 to 2:30)

Patients with Patients without
rheumatoid arthritis rheumatoid arthritis
(n=582) (comparator group;
n=2875)
Severe COVID-19, n (%) 126 (22%) 363 (13%)
Follow-up time, person-days of follow-up 41411 226550
Rate (95% Cl), per 1000 person-days 3-04 (2:51t0 3:57) 1-60 (1-44 to 1.77)
Rate difference (95% Cl), per 1000 person-days 1-44 (0-88 to 2:00)
Unadjusted 1-83 (1-54 t0 2:17)
Adjusted main model 1-75 (1-45to0 2-10)
Adjusted mediators model 1-60 (1-31to 1-95) .
Hospitalisation, n (%) 121 (21%) 355 (12%)
Follow-up time, person-days follow-up 41670 227229
Rate (95% Cl), per 1000 person-days 2-90 (2:39t03-42) 1-56 (1-40t0 1-73)
Rate difference (95% Cl), per 1000 person-days 1-34(0-80t0 1-88)
Unadjusted 1-69 (143 t0 2-:00)
Adjusted main model 1-62 (136 t0 1.94)
Adjusted mediators model 1-51(1-25t01-82) .
Deaths, n (%) 26 (4%) 59 (2%)
Follow-up time, person-days follow-up 50771 254623
Rate (95% Cl), per 1000 person-days 0-51 (0-32to 0-71) 0-23 (0-17-0-29)
Rate difference (95% Cl), per 1000 person-days 0-28 (0-07 to 0-49)
Unadjusted 2:31(1-53t03:48)
Adjusted main model 179 (11410 2-82)
Adjusted mediators model 1:53 (0-94t0 2:48) .
Mechanical ventilation, n (%) 17 (3%) 55 (2%)
Follow-up time, person-days follow-up 50946 254090
Rate (95% Cl), per 1000 person-days 0-33 (0-18 t0 0-49) 0-22 (0-16 to 0-27)

Data are HR (95% Cl), unless specified. Adjusted main model for age, sex, race, and smoking. Adjusted mediators model for
age, sex, race, smoking, body-mass index, and Charlson comorbidity index (dichotomised as <2 or =2). HR=hazard ratio.

Table 3: The association of rheumatoid arthritis with the risk of severe COVID-19 and other outcomes

examine the influence of baseline use of medications on
COVID-19 severity. Rheumatoid arthritis disease activity
might be a risk factor for rheumatoid arthritis-associated
interstitial lung disease and bone erosions and for severe
outcomes of COVID-19.” Given the retrospective nature of
our study, we did not have details of disease activity, so this
is an avenue for future investigation. Other potential
explanations for the observed associations include other
comorbidities or shared risk factors (eg, smoking), but our
findings mostly persisted when we accounted for these
differences in adjusted models.

Previous studies have indicated that interstitial lung
disease, regardless of the presence of a systemic rheumatic
disease, is associated with an increased risk of COVID-19.
A claims-based case-control study using the South Korean
National Health Insurance database found that people
with interstitial lung disease were two-fold more likely to
have COVID-19 than people without interstitial lung
disease and were more likely to have severe COVID-19.%
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Figure 1: Cumulative incidence curves for severe COVID-19 in patients with rheumatoid arthritis versus patients without rheumatoid arthritis (comparator group)
(A) All patients with rheumatoid arthritis. (B) Patients with rheumatoid arthritis-associated interstitial lung disease. (C) Patients with seropositive rheumatoid arthritis.
(D) Patients with rheumatoid arthritis and erosive disease. HR was adjusted for age, sex, race, and smoking status. HR=hazard ratio.
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Figure 2: Multivariable HRs for severe COVID-19 outcomes, comparing all rheumatoid arthritis and subgroups
by serostatus, bone erosions, and interstitial lung disease with matched comparators of patients without

rheumatoid arthritis

Cox model adjusted for age, sex, race, and smoking status. p=0-046 for heterogeneity in the model comparing
patients with rheumatoid arthritis with and without interstitial lung disease to comparators. HR=hazard ratio.
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In that study, the association of interstitial lung disease
due to connective tissue disease with severe COVID-19 did
not persist after adjusting for comorbidities, which might
be related to reduced sample size, and after adjusting for
mediators that can attenuate the association, as we
observed. Another study of patients with interstitial lung
disease who contracted COVID-19 has described a more
than three-fold increased likelihood of death compared
with patients without interstitial lung disease.” To our
knowledge, our study is the first to assess the effect of
rheumatoid arthritis-associated interstitial lung disease
on severe COVID-19 outcomes. We investigated this
effect, partly by identifying eight mutually exclusive
rheumatoid arthritis phenotypes, some of which were
small in sample size; our findings should be confirmed in
larger cohorts. Due to small sample size, we were unable
to pursue analyses based on the interstitial lung disease
subtype or underlying severity. It is possible that clinicians
might have had a lower threshold to hospitalise patients
with rheumatoid arthritis-associated interstitial lung
disease. However, we also found increased risk of the
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separate outcomes of mechanical ventilation and death, so
we think this possibility is unlikely to explain the results.

Our study has several important strengths. First, we
assembled these cohorts from more than 30 sites from
two health systems in five US states. Second, because of
the linkage with electronic health records, we were able to
confirm rheumatoid arthritis diagnoses using validated
criteria, and we were able to phenotype patients with
rheumatoid arthritis according to whether or not they had
interstitial lung disease, bone erosions, or autoantibodies
associated with rheumatoid arthritis. Third, our study is
the first to investigate rheumatoid arthritis-associated
interstitial lung disease that has been verified by medical
record review. The rheumatoid arthritis-associated
interstitial lung disease prevalence of 9% is in line with
previous studies,” suggesting that our findings should be
generalisable. Fourth, we matched each patient with
rheumatoid arthritis to patients without rheumatoid
arthritis as comparators by SARS-CoV-2 test date so that
each case-comparator unit was in a similar phase of the
pandemic regarding emergence of SARS-CoV-2 variants,
testing, treatment, and vaccine availability.

Despite these strengths, our study has some limitations.
First, some minority racial and ethnic groups might be
under-represented, restricting the generalisability of our
findings to more diverse populations. Previous studies
have established that racial and minority ethnic groups
have a higher risk of severe COVID-19.** Second,
because of the small number of patients with rheumatoid
arthritis and interstitial lung disease, we were unable to
do additional analyses evaluating the impact of differences
in DMARDs usage, such as B-cell depleting agents, on
the observed associations. Third, there were relatively few
mechanical ventilation and mortality outcomes, which
might have restricted our ability to detect differences.
Fourth, the majority of the infections occurred before the
wide availability of vaccines against SARS-CoV-2, and a
small proportion of the patients were vaccinated before
their SARS-CoV-2 infection, limiting the generalisability
of our findings to patients who are fully vaccinated.
However, cases and comparators were tightly matched by
calendar date, meaning that temporal changes in the
prevention and treatment of COVID-19 were unlikely to
explain results. In addition, the sensitivity analysis
looking at the prevaccine period provided similar results
to the main analysis. Breakthrough infection after
vaccination was uncommon during our study period,*
and COVID-19 vaccine uptake has been similar between
patients with autoimmune rheumatic diseases
(eg, systemic lupus erythematosus) and the general
population.” Future studies are needed to assess whether
risk of severe COVID-19 in patients with rheumatoid
arthritis persists after vaccination. Fifth, we were unable
to condition our study on the whole population of people
with rheumatoid arthritis, rather than those with
rheumatoid arthritis and COVID-19, because phenotyping
data on rheumatoid arthritis-associated interstitial lung
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disease and bone erosions were done manually and thus
were not available for the entire rheumatoid arthritis
population. This method might have introduced collider
bias* and our results showing increased risk might be
conservative. To avoid possible collider bias, a cohort
study of all patients with rheumatoid arthritis previous to
SARS-CoV-2 infection onset would be preferred. Since we
required both patients with rheumatoid arthritis and
those in the comparator group to test positive for
SARS-CoV-2, there might be selection bias related to risk
factors for infection and test indication (including
rheumatoid arthritis phenotypes).” However, the
proportion of patients with rheumatoid arthritis and
interstitial lung disease (9%), seropositivity (68%), and
bone erosions (27%) were similar to previous rheumatoid
arthritis studies,®*” arguing that our results should be
generalisable. Although collider bias is unlikely to fully
explain our findings, future work should carefully
consider the risk of introducing this bias into studies.

In conclusion, rheumatoid arthritis was associated
with an increased risk of severe COVID-19 outcomes
compared with the non-rheumatoid arthritis population.
There was evidence that interstitial lung disease might
particularly predispose patients with rheumatoid arthritis
to severe COVID-19 outcomes, even more so than
seropositivity or erosive disease. These findings suggest
that interstitial lung disease, or its treatment, might be
a major contributor to severe COVID-19 outcomes in
patients with rheumatoid arthritis; however, all patients
with rheumatoid arthritis should be considered to be at
increased risk of severe COVID-19 outcomes.
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