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Objective. Rheumatoid arthritis (RA) and its treatments are associated with an increased risk of infection, but it 
remains unclear whether these factors have an impact on the risk or severity of COVID- 19. The present study was 
undertaken to assess the risk and severity of COVID- 19 in a US Department of Veterans Affairs (VA) cohort of patients 
with RA and those without RA.

Methods. A matched cohort study using national VA data was conducted. Patients diagnosed as having RA were 
identified among nondeceased individuals who were active in the VA health care system as of January 1, 2020 and who 
had received care in a VA medical center in 2019; patients for whom no RA diagnostic code was indicated were matched 
to the RA patients (1:1) by age, sex, and VA site (non- RA controls). Patients diagnosed as having COVID- 19 and those with 
severe COVID- 19 (defined as requiring hospitalization or leading to death) were ascertained from a national VA COVID- 19 
surveillance database through December 10, 2020. Multivariable Cox models were used to compare the risk of COVID- 19 
and COVID- 19 hospitalization or death between RA patients and non- RA controls, after adjusting for demographic 
characteristics, comorbidities, health care utilization and access, and county- level COVID- 19 incidence rates.

Results. This VA cohort of RA patients and non- RA controls (n = 33,886 subjects per group) predominantly 
comprised male patients (84.5%), and the mean age was 67.8 years. During follow- up, 1,503 patients in the cohort 
were diagnosed as having COVID- 19; among them, 388 patients had severe COVID- 19 (hospitalization or death), 
while in 228 patients, the deaths were not related to COVID- 19. In the multivariable model, RA was associated with a 
higher risk of COVID- 19 (adjusted hazard ratio [HR] 1.25 [95% confidence interval (95% CI) 1.13– 1.39]) and a higher 
risk of COVID- 19 hospitalization or death (adjusted HR 1.35 [95% CI 1.10– 1.66]) as compared to non- RA controls. 
Use of disease- modifying antirheumatic drugs and prednisone, as well as self- reported Black race, self- reported 
Hispanic ethnicity, and presence of several chronic conditions, but not seropositivity for RA autoantibodies, were 
each associated with risk of COVID- 19 and severe COVID- 19 (hospitalization or death).

Conclusion. Patients with RA are at higher risk of developing COVID- 19 and severe COVID- 19 (leading to 
hospitalization or death) compared to those without RA. With a risk of COVID- 19 that approaches that of other 
recognized chronic conditions, these findings suggest that RA patients should be prioritized for COVID- 19 prevention 
and management strategies.
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INTRODUCTION

Despite marked improvements in the long- term outcomes 
observed in patients with rheumatoid arthritis (RA) (1), infections 
frequently complicate the natural course of the disease and are 
likely overrepresented in this patient population; this could be 
attributable to several mechanisms. An increased risk of infec-
tion or serious infection in patients with RA is associated with 
the immune dysregulation inherent to RA itself, but also could be 
associated with RA treatments, such as disease- modifying anti-
rheumatic drugs (DMARDs) and glucocorticoids, and with chronic 
conditions that often develop in conjunction with RA (2,3). How-
ever, most of the research in RA has focused on bacterial, and not 
viral, etiologies.

COVID- 19 appears to yield a disproportionate impact among 
vulnerable populations, particularly among the elderly and those 
with chronic diseases (4,5). With the rapid development of effec-
tive vaccines for COVID- 19, individuals with select chronic con-
ditions that predispose the individual to a more severe COVID- 19 
disease course have been prioritized for vaccine administration 
(6). High- risk chronic conditions and lifestyle factors specified 
in these recommendations include cancer, chronic kidney dis-
ease, cardiovascular disease, prior solid organ transplantation, 
sickle cell disease, type 2 diabetes mellitus, obesity, smoking, 
and pregnancy (6). RA and other rheumatic diseases that require 
immunosuppressive therapies for management have not been 
prioritized. While the vaccine supply is increasing in the US, the 
need, timing, and prioritization of subsequent booster vaccina-
tion is unknown.

Few observational studies have evaluated whether rheumatic 
diseases and related immunosuppressive therapies are asso-
ciated with COVID- 19 outcomes. Findings from an international 
registry of rheumatic disease patients identified links between 
the severity of rheumatic disease, use of prednisone, and use of 
select immunosuppressive therapies with a higher risk of mortal-
ity, specifically among those with RA (7). Results of subsequent 
analyses have suggested that confounding by indication may 
explain the association between prednisone treatment and worse 
 COVID- 19 outcomes (8). Moreover, these observations have also 
been noted in the general population, including an association of 
certain ethnic groups and comorbidities with the development of 
severe COVID- 19 or COVID- 19– related death (7,9). 

In a multicenter study utilizing electronic health records, 
patients with COVID- 19 and systemic autoimmune rheumatic 
diseases had a higher risk of severe outcomes compared 
with matched comparators, although this appeared largely related 
to accompanying comorbidities (10). Similarly, a separate study 
in a multicenter health care system found that the association of 
rheumatic diseases with mechanical ventilation in COVID- 19 was 
attenuated by the presence of comorbidities (11). In a study using 
a national sample of primary care patients from the UK, patients 
diagnosed as having RA, lupus, or psoriasis were found to have a 

19% higher risk of COVID- 19– related death (12). Although these 
findings, along with evidence from other investigators, are begin-
ning to shed light on the outcomes experienced by patients with 
COVID- 19, the aforementioned studies are prone to selection bias, 
which could be related to the approach taken for patient enroll-
ment and/or to the fact that patient selection may be conditioned 
on a positive SARS– CoV- 2 test finding. Moreover, prior studies 
have focused on heterogeneous populations, comprising patients 
with a number of different rheumatic conditions and treatments; 
this is likely to reduce the precision of the risk estimates generated.

Recognizing these gaps in our understanding and the signif-
icant limitations of prior study designs, the objective of the pres-
ent study was to compare the risk of SARS– CoV- 2 infection and 
the development of severe COVID- 19 between patients with RA 
and matched comparator patients in an at- risk population. We 
hypothesized that patients with RA would have a higher risk of 
acquiring a SARS– CoV- 2 infection, and would be more likely to 
require hospitalization or to die after having been diagnosed with 
COVID- 19.

PATIENTS AND METHODS

Study design. We conducted a retrospective, matched 
cohort study within the US Department of Veterans Affairs (VA) 
Health Administration database. Patients who were active in the 
VA system as of January 1, 2020 were identified as having RA 
based on administrative algorithms, which searched for a record 
of multiple RA diagnostic codes, a rheumatologist’s diagnosis of 
RA, treatment with a DMARD, or a positive test finding for RA 
autoantibodies (rheumatoid factor [RF] and/or anti– cyclic citrulli-
nated peptide [anti- CCP] antibodies). Such algorithms have 
a >90% positive predictive value for the diagnosis of RA (13). 
Patients who had received care (outpatient or inpatient encounter) 
during the 2019 calendar year at the same VA medical center and 
for whom no RA diagnostic code was assigned were matched 
1:1 to the RA patients by age, sex, and site (non- RA controls). 
Patients with other autoimmune conditions (rheumatic or non-
rheumatic diseases) and those who were receiving immunosup-
pressant drugs were not excluded from the non- RA control group; 
this ensured that the control group was fully reflective of the VA 
non- RA population. For study eligibility, both RA patients and 
non- RA controls had to be alive as of January 1, 2020. Patients 
were subsequently followed up from January 1, 2020 to the first 
diagnosis of COVID- 19, occurrence of death, or end of the study 
period (December 10, 2020). This study received institutional 
review board approval.

Identification of COVID- 19. Among this VA cohort of 
RA patients and non- RA controls, a diagnosis of COVID- 19 and 
information on related outcomes were obtained through the VA 
COVID- 19 shared data resource. This is a national VA COVID- 19 
surveillance database that captures testing for COVID- 19, clinical 



RA AND COVID- 19 |      2181

results, severity of the disease, and patient outcomes, for the 
purposes of secondary research studies (14– 16). In addition to 
capturing molecular SARS– CoV- 2 test results and COVID- 19 
diagnoses within the VA health care system, natural language pro-
cessing and medical record validation are performed to identify 
COVID- 19 cases that are diagnosed outside the VA system (17). 
However, a negative SARS– CoV- 2 test result that is determined 
outside the VA system is not captured in this resource.

The primary definition of COVID- 19 included positive test 
results within or outside the VA health care system. We also iden-
tified patients with severe COVID- 19, defined as COVID- 19 that 
required hospitalization or that resulted in death within 30 days of 
infection. In sensitivity analyses, respiratory illnesses that could be 
attributed to SARS– CoV- 2 infection but which lacked confirma-
tion of the diagnosis (according to the VA COVID- 19 shared data 
resource case definition) were also classified as COVID- 19 (17). 
Data on death were collected from the VA COVID- 19 shared data 
resource and from vital status records maintained by the VA.

Covariates. Data on covariates were obtained from the 
VA Corporate Data Warehouse. The covariates included race, 
ethnicity, body mass index (BMI), urban versus rural residence, 
presence of a VA service– connected condition (i.e., a condition 
directly related to military service for which the individual receives 
VA benefits), private insurance status, smoking status (current, 
former, or never), comorbidities, number of hospitalizations in 
the prior year, and county- level COVID- 19 rates as of Novem-
ber 16, 2020. Demographic characteristics (race, ethnicity) were 
obtained from administrative VA data collected at the time of 
enrollment in the VA. BMI was calculated from the nearest visit 
preceding January 1, 2020, using vital signs data obtained from 
VA clinic encounters, as previously described (18,19). Smoking  
status was assessed by selecting and coding health factors 
recorded in the VA electronic medical record (20). 

Comorbid conditions were assessed using scores on the 
Elixhauser Comorbidity Index (21) (excluding RA and collagen 
vascular diseases). In addition, we identified specific conditions 
within the Elixhauser Comorbidity Index that are recognized to 
portend a higher risk of COVID- 19, including heart failure, chronic 
lung disease, dia betes, hypertension, cancer, chronic kidney dis-
ease, and liver disease (21). We required a record of at least 1 
diagnostic code from outpatient or inpatient encounters during 
2019 for one of these comorbid conditions to be considered pres-
ent. International Classification of Diseases, Tenth Revision codes 
for each of the comorbidities were obtained from the Healthcare 
Cost and Utilization Project Elixhauser Comorbidity Software 
database (https://www.hcup- us.ahrq.gov/tools softw are/comor 
bidit yicd1 0/comor bidity_ icd10.jsp). Cumulative county- level inci-
dence rates of COVID- 19 since the start of the pandemic were 
obtained from the COVID- 19 Data Repository by the Center for 
Systems Science and Engineering at Johns Hopkins University 

(https://github.com/csseg isand data/covid - 19; accessed Novem-
ber 16, 2020) (22).

Medications and RA autoantibody status. We assessed 
recent treatments based on medical records noting a dispens-
ing or infusion of DMARDs and prednisone in the 180 days prior 
to and including January 1, 2020, except for rituximab, which 
we assessed during an infusion period up to 365 days prior to 
 January 1, 2020. The noted medications included conventional 
synthetic DMARDs (csDMARDs) (methotrexate, hydroxychloro-
quine, sulfasalazine, and leflunomide), and biologic or targeted 
synthetic DMARDs (bDMARDs/tsDMARDs) (tumor necrosis fac-
tor inhibitors [etanercept, adalimumab, certolizumab, golimumab, 
and infliximab], abatacept and interleukin- 6 inhibitors [tocilizumab 
and sarilumab], rituximab, and JAK inhibitors [tofacitinib, baric-
itinib, and upadacitinib]). Prior work has shown that RA patients in 
the VA system rarely obtain DMARDs from non- VA sources (23). 
RA autoantibody status was determined based on laboratory data 
from the VA Corporate Data Warehouse database, with patients 
classified as either seronegative or seropositive for RF and anti- 
CCP antibodies.

Statistical analysis. Descriptive statistics were used to 
compare demographic and clinical characteristics between the 
RA patients and non- RA controls. We used multivariable Cox 
regression models to assess the incidence and risk of COVID- 19 
in RA patients compared to non- RA controls, censoring for non– 
COVID- 19– related death or end of the study period. Models were 
clustered by matched pair, and included all of the aforementioned 
covariates. Similar models and covariates were used to compare 
the risk of severe COVID- 19 (hospitalization or death) between RA 
patients and non- RA controls.

Sensitivity analyses were performed to 1) additionally include 
in the COVID- 19 case definition respiratory illnesses that may 
have been related to SARS– CoV- 2 infection but which lacked 
testing confirmation as evidence of COVID- 19, and 2) model 
the effect of individual comorbidities, rather than the overall Elix-
hauser Comorbidity Index, on the risk of COVID- 19. Secondary 
analyses included those that stratified RA patients and non- RA 
controls according to RA- specific autoantibody status (seropos-
itive, seronegative, and unknown), recent DMARD use (none, 
csDMARDs, and bDMARDs/tsDMARDs), prednisone use (yes 
versus no), and use of combination treatment with DMARDs and 
prednisone. To address missing covariate data, we used multiple 
imputation with 10 imputations. Each imputed covariate (race, 
ethnicity, smoking status, BMI, urban/rural residence, and insur-
ance status) was missing for <7% of patients.

Recognizing that COVID- 19 outcomes began to improve 
later in the pandemic among both patients with rheumatic 
diseases and those without rheumatic diseases (24,25), we 
assessed time- dependent differences in the risk of COVID- 19 

https://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
https://github.com/cssegisanddata/covid-19
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through proportional hazards testing. Schoenfeld residuals and 
interactions between RA status and log(time) were not signifi-
cant (all P > 0.3). Similarly, log– log survival rates and Schoen-
feld residual plots indicated that there was no violation of the 
proportional hazards assumption (data not shown). All anal-
yses were completed using Stata MP software, version 15.1 
(StataCorp).

RESULTS

Characteristics of the study patients. In this study 
cohort, we identified 33,886 patients with RA and 33,886 
non- RA controls who were age- , sex- , and site- matched to each 
RA patient. Compared to controls, RA patients were more likely 
to be current smokers and to have a higher BMI, greater comor-
bidity burden according to the Elixhauser Comorbidity Index, 
and more hospitalizations in the prior year (Table 1). The majority 
of patients with RA were seropositive for RF or anti- CCP anti-
bodies (60.5%). DMARDs were dispensed within the prior 180 
days (i.e., recent DMARD treatment) in 73% of the patients with 
RA, with 34.2% having received a bDMARD or tsDMARD. The 
frequency of recent use of each individual DMARD is provided in 
Supplementary Table 1 (available on the Arthritis & Rheumatology 
website at http://onlin elibr ary.wiley.com/doi/10.1002/art.41800/ 
abstract).

Incidence rates of COVID- 19. In analyses spanning 
62,894 patient- years of follow- up among patients assessed 
according to the primary case definition of COVID- 19 (i.e., con-
firmed SARS– CoV- 2 infection), we identified 1,503 patients with 
COVID- 19. Among these, the diagnosis was categorized as 
severe in 388 cases, of which 345 required hospitalization and 
84 resulted in death. During the same period of observation, there 
were 288 non– COVID- related deaths.

When a more sensitive case definition of COVID- 19 was 
applied to the cohort (i.e., additional inclusion of patients with 
respiratory illnesses possibly attributable to COVID- 19 but lacking 
testing confirmation), we identified 2,037 patients with COVID- 19, 
with 468 cases resulting in either hospitalization or death. Crude 
incidence rates of COVID- 19 and severe COVID- 19 (hospitali-
zation or death), both in the primary analysis and in the sensi-
tivity analysis, were higher in RA patients compared to matched 
non- RA controls (Table 2).

Risk of COVID- 19 in RA patients. In unadjusted multivar-
iable Cox regression models assessing RA patients compared to 
non- RA matched controls, as well as adjusted models that fur-
ther accounted for demographic characteristics, comorbidities, 
health care utilization and access, and county- level COVID- 19 
incidence rates, the risk of COVID- 19 was found to be significantly 

Table 1. Baseline characteristics of the RA patients and non- RA 
controls*

RA patients 
(n = 33,886)

Non- RA 
controls  

(n = 33,886) P
Age, years 67.8 ± 11.1 67.8 ± 11.1 ND
Male sex, % 84.5 84.5 ND
Race, % 0.01

White 74.4 73.7
Black 17.3 17.2
Other 3.3 2.9
Unknown 5.1 6.2

Ethnicity, % <0.001
Non- Hispanic 90.7 91.0
Hispanic 6.1 5.0
Unknown 3.2 3.9

Smoking status, % <0.001
Current 50.0 40.8
Former 31.8 31.3
Never 15.7 21.4
Unknown 2.5 6.6

BMI category, % <0.001
<18.5 kg/m2 0.7 0.6
18.5– 25 kg/m2 8.4 9.0
25– 30 kg/m2 28.8 30.8
30– 35 kg/m2 31.1 31.1
>35 kg/m2 31.0 27.9
Unknown 0.1 0.7

Elixhauser Comorbidity 
Index

3.0 ± 2.2 2.5 ± 2.0 <0.001

Type of residence, % 0.33
Urban 63.5 64.0
Rural 34.9 34.4
Highly rural 1.5 1.5
Unknown 0.1 0.1

RF or anti- CCP antibody 
status, %

<0.001

Seropositive 60.5 0.9
Seronegative 25.7 3.8
Unknown 13.9 95.4

DMARDs in prior 180 
days, %†

<0.001

None 27.4 98.9
csDMARDs 37.6 0.5
bDMARDs/tsDMARDs 34.2 0.5

Prednisone in prior 180 
days, %

24.7 3.6 <0.001

Number of 
hospitalizations in 
prior year

0.2 ± 0.8 0.1 ± 0.6 <0.001

Insurance beneficiary, % 80.9 78.7 <0.001
Service- connected 

condition, %
62.6 58.7 <0.001

* Patients who were not assigned a diagnostic code for 
rheumatoid arthritis (RA) were matched to each RA patient by 
age, sex, and site (non- RA controls). Except where indicated 
otherwise, values are the mean ± SD. ND = no difference; BMI = 
body mass index; RF = rheumatoid factor; anti- CCP = anti– cyclic 
citrullinated peptide. 
† Disease- modifying antirheumatic drugs (DMARDs), which included 
conventional synthetic DMARDs (csDMARDs) and biologic or 
targeted synthetic DMARDs (bDMARDs/tsDMARDs), were assessed 
180 days prior to and including January 1, 2020, except for rituximab, 
which was assessed during an infusion period up to 365 days prior 
to January 1, 2020. 

http://onlinelibrary.wiley.com/doi/10.1002/art.41800/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41800/abstract
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higher in RA patients compared to non- RA controls. Specifically, 
the risk of COVID- 19 in RA patients was 25% higher (adjusted 
hazard ratio [HR] 1.25 [95% confidence interval (95% CI) 1.13– 
1.39]) and the risk of COVID- 19 hospitalization or death was 35% 
higher (adjusted HR 1.35 [95% CI 1.10– 1.66]) when compared 
to non- RA controls (Table 3). Results of the sensitivity analysis, in 
which possible COVID- 19 cases were included, were consistent 
with those of the primary analysis (Table 3).

In addition to the association with RA, other factors that 
were significantly associated with a higher risk of COVID- 19 
were self- reported Black race, self- reported Hispanic ethnicity, a 
higher Elixhauser Comorbidity Index, lack of insurance, presence 
of a military service– connected condition, a BMI categorized as 
either underweight or obese, a greater number of hospitaliza-
tions in the prior year, and higher county- level incidence rates of 
COVID- 19 (Table 4). Fewer factors were significantly associated 
with a higher risk of severe COVID- 19 (resulting in hospitalization 
or death). These factors included a higher Elixhauser Comorbid-
ity Index, lack of insurance, a greater number of hospitalizations 
in the prior year, and higher county- level COVID- 19 incidence 
rates.

In sensitivity analyses that incorporated individual comorbidi-
ties rather than the overall Elixhauser Comorbidity Index, both the 
risk of COVID- 19 and the risk of severe COVID- 19 (hospitalization 
or death) were elevated to a similar extent as that seen in patients 
with RA in patients with individual comorbidities, specifically among 
patients with heart failure (adjusted HRs for COVID-19 and severe 
COVID-19 of 1.30 and 1.70, respectively), those with chronic lung 
disease (adjusted HRs of 1.28 and 1.32, respectively), those with 
diabetes (adjusted HRs of 1.29 and 1.85, respectively), those with 
liver disease (adjusted HRs of 1.35 and 1.52, respectively), and 
those with chronic kidney disease (adjusted HRs of 1.14 and 1.76, 
respectively) (Table 5).

Risk of COVID- 19 by RA autoantibody status 
and medication usage. In secondary analyses, we compared 
the risk of COVID- 19 and severe COVID- 19 (resulting in hospitali-
zation or death) between RA patients and non- RA controls based 
on RA autoantibody status and use of medications. The risk of 
COVID- 19 and of severe COVID- 19 (hospitalization or death) was 
similar between patients with seronegativity for RA autoanti bodies 

Table 2. Crude incidence rates of COVID- 19 and severe COVID- 19 in patients with RA and non- RA controls*

Number of events
Person- years of 

follow- up
Incidence rate per 1,000 

person- years (95% CI)
Primary analysis

All COVID- 19
Non- RA 647 31,552 20.5 (19.0– 22.1)
RA 856 31,342 27.3 (25.5– 29.2)

Severe COVID- 19†
Non- RA 153 31,552 4.8 (4.1– 5.7)
RA 235 31,342 7.5 (6.6– 8.5)

Sensitivity analysis‡
All COVID- 19

Non- RA 863 31,465 27.4 (25.7– 29.3)
RA 1,174 31,217 37.6 (35.5– 39.8)

Severe COVID- 19†
Non- RA 181 31,465 5.8 (5.0– 6.7)
RA 287 31,217 9.2 (8.2– 10.3)

* RA = rheumatoid arthritis; 95% CI = 95% confidence interval. 
† Severe COVID- 19 was defined as COVID- 19 requiring hospitalization or resulting in death. 
‡ Sensitivity analyses additionally included patients with respiratory illnesses that were suspected to be attributable 
to COVID- 19 but lacked confirmation. 

Table 3. Risk of COVID- 19 and severe COVID- 19 in RA patients 
relative to non- RA controls*

Unadjusted HR 
(95% CI)

Adjusted HR 
(95% CI)

Primary analysis
All COVID- 19

Non- RA 1 (Referent) 1 (Referent)
RA 1.34 (1.21– 1.48) 1.25 (1.13– 1.39)

Severe COVID- 19†
Non- RA 1 (Referent) 1 (Referent)
RA 1.55 (1.26– 1.90) 1.35 (1.10– 1.66)

Sensitivity analysis‡
All COVID- 19

Non- RA 1 (Referent) 1 (Referent)
RA 1.38 (1.26– 1.50) 1.29 (1.18– 1.41)

Severe COVID- 19†
Non- RA 1 (Referent) 1 (Referent)
RA 1.60 (1.33– 1.93) 1.39 (1.15– 1.68)

* Results are the hazard ratio (HR) with 95% confidence interval (95% 
CI) for the risk of developing COVID- 19 or severe COVID- 19 in patients 
with rheumatoid arthritis (RA) relative to matched non- RA controls, 
as determined in unadjusted models and models adjusted for race, 
ethnicity, smoking status, Elixhauser Comorbidity Index, private 
insurance status, urban/rural residence, number of hospitalizations 
in prior year, military service– connected condition, and county- level 
COVID- 19 incidence rates. 
† Severe COVID- 19 was defined as COVID- 19 requiring hospitalization 
or resulting in death. 
‡ Sensitivity analyses additionally included patients with respiratory 
illnesses that were suspected to be attributable to COVID- 19 but 
lacked confirmation. 
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and those with a seropositive status, independent of potential 
confounders (Figures 1A and B).

Moreover, compared to non- RA controls, a higher risk of 
COVID- 19 and of severe COVID- 19 (hospitalization or death) was 
observed among RA patients who had received treatment with csD-
MARDs, bDMARDs/tsDMARDs, and prednisone (Figures 1A and 
B). RA patients treated with both bDMARDs/tsDMARDs and pred-
nisone had the highest risk of COVID- 19 (adjusted HR 1.66 [95% 
CI 1.36– 2.03]) and the highest risk of COVID- 19 hospitalization or 
death (adjusted HR 2.12 [95% CI 1.48– 3.03]), relative to non- RA 
controls.

DISCUSSION

In this large, national VA at- risk cohort of RA patients 
and matched non- RA controls, we found that patients with RA 
were at a significantly higher risk of developing SARS– CoV- 2 
infection and having severe COVID- 19 leading to hospitalization 
or death. Those treated with DMARDs and prednisone were at 

the highest risk of COVID- 19 and more severe disease. This was 
independent of potential confounders, including demographic 
characteristics, comorbidities, health care utilization and access, 
and county- level COVID- 19 incidence rates. Strikingly, the height-
ened risk of COVID- 19 related to RA was consistent with the risk 
posed by other chronic conditions that receive priority vaccina-
tion status. Thus, the immediate implication of our findings is the 
suggestion that similar consideration for vaccine prioritization 
should be given to patients with RA receiving immunosuppres-
sive therapies.

After adjusting for potential confounders, we estimated that 
RA was associated with a 25% increased risk of COVID- 19 and a 

Table 4. Fully adjusted models evaluating potential risk factors for 
COVID- 19 and severe COVID- 19 in the study cohort*

All COVID- 19 Severe COVID- 19
RA, vs. non- RA 1.25 (1.13– 1.39)† 1.35 (1.10– 1.66)†
Race

White 1 (Referent) 1 (Referent)
Black 1.22 (1.07– 1.39)† 1.25 (0.97– 1.60)
Other 1.29 (0.99– 1.68) 1.23 (0.71– 2.11)

Ethnicity
White 1 (Referent) 1 (Referent)
Hispanic 1.48 (1.23– 1.78)† 1.25 (0.85– 1.86)

Smoking status
Current 0.78 (0.68– 0.90) 1.09 (0.80– 1.50)
Former 0.90 (0.78– 1.04) 1.31 (0.94– 1.82)
Never 1 (Referent) 1 (Referent)

Elixhauser Comorbidity 
Index, per 1- unit 
increase

1.12 (1.09– 1.15)† 1.24 (1.20– 1.30)†

Insurance (no, vs. yes) 1.40 (1.24– 1.58)† 1.88 (1.49– 2.37)†
Service- connected 

condition
1.22 (1.10– 1.37)† 1.08 (0.87– 1.34)

BMI category
<18.5 kg/m2 1.78 (1.01– 3.15)† 1.30 (0.38– 4.47)
18.5– 25 kg/m2 1 (Referent) 1 (Referent)
25– 30 kg/m2 1.21 (0.96– 1.54) 1.29 (0.79– 2.11)
30– 35 kg/m2 1.36 (1.08– 1.72)† 1.42 (0.88– 2.31)
>35 kg/m2 1.51 (1.19– 1.90)† 1.59 (0.98– 2.57)

Urban/rural status
Urban 1 (Referent) 1 (Referent)
Rural 0.90 (0.80– 1.01) 0.98 (0.78– 1.22)
Highly rural 1.06 (0.70– 1.61) 0.79 (0.29– 2.14)

No. of hospitalizations 
in prior year

1.11 (1.05– 1.16)† 1.13 (1.06– 1.21)†

County COVID- 19 
incidence rate per 
100,000

1.00 (1.00– 1.00)† 1.00 (1.00– 1.00)†

* Values are the hazard ratio (95% confidence interval) for the risk of 
developing COVID- 19 or severe COVID- 19 (requiring hospitalization 
or resulting in death) based on each factor assessed. RA = rheumatoid 
arthritis; BMI = body mass index. 
† P < 0.05. 

Table 5. Sensitivity analysis of fully adjusted models evaluating 
potential risk factors for COVID- 19 and severe COVID- 19 in the 
study cohort*

All COVID- 19 Severe COVID- 19
RA, vs. non- RA 1.27 (1.14– 1.41)† 1.39 (1.13– 1.71)†
Race

White 1 (Referent) 1 (Referent)
Black 1.25 (1.09– 1.42)† 1.24 (0.97– 1.59)
Other 1.26 (0.97– 1.65) 1.18 (0.67– 2.08)

Ethnicity
White 1 (Referent) 1 (Referent)
Hispanic 1.50 (1.24– 1.80)† 1.30 (0.88– 1.92)

Smoking status
Current 0.78 (0.68– 0.90) 1.15 (0.84– 1.57)
Former 0.90 (0.78– 1.04) 1.30 (0.93– 1.80)
Never 1 (Referent) 1 (Referent)

Chronic condition
Heart failure 1.30 (1.09– 1.15)† 1.70 (1.25– 2.32)†
Chronic lung disease 1.28 (1.13– 1.44)† 1.32 (1.04– 1.67)†
Diabetes mellitus 1.29 (1.16– 1.45)† 1.85 (1.47– 2.33)†
Hypertension 0.96 (0.86– 1.08) 1.18 (0.91– 1.52)
Liver disease 1.35 (1.11– 1.63)† 1.52 (1.09– 2.12)†
Cancer 1.16 (0.98– 1.37) 1.35 (1.00– 1.82)†
Renal disease 1.14 (0.97– 1.34) 1.76 (1.34– 2.32)†

Insurance (no, vs. yes) 1.40 (1.24– 1.59)† 2.01 (1.59– 2.56)†
Service- connected 

condition
1.24 (1.11– 1.38)† 1.12 (0.90– 1.38)

BMI category
<18.5 kg/m2 1.85 (1.04– 3.27)† 1.32 (0.39– 4.52)
18.5– 25 kg/m2 1 (Referent) 1 (Referent)
25– 30 kg/m2 1.21 (0.96– 1.54) 1.22 (0.74– 2.00)
30– 35 kg/m2 1.38 (1.10– 1.74)† 1.32 (0.81– 2.15)
>35 kg/m2 1.57 (1.24– 1.98)† 1.49 (0.91– 2.45)

Urban/rural status
Urban 1 (Referent) 1 (Referent)
Rural 0.89 (0.80– 1.00) 0.95 (0.76– 1.18)
Highly urban 1.04 (0.68– 1.58) 0.72 (0.26– 2.00)

Number of 
hospitalizations in 
prior year

1.17 (1.12– 1.22)† 1.23 (1.16– 1.30)†

County COVID-19 
incidence rate per 
100,000

1.00 (1.00– 1.00)† 1.00 (1.00– 1.00)†

* Values are the hazard ratio (95% confidence interval) for the risk of 
developing COVID- 19 or severe COVID- 19 (requiring hospitalization 
or resulting in death) in sensitivity analyses of fully adjusted models, 
in which individual comorbidities, rather than the overall Elixhauser 
Comorbidity Index, were incorporated in the model. RA = rheumatoid 
arthritis; BMI = body mass index. 
† P < 0.05. 
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35% increased risk of COVID- 19 hospitalization or death. These 
are among the first data to link RA with a higher risk of COVID- 19. 
Moreover, our results linking RA with a higher risk of viral infection 
is an important contribution to our understanding of how RA may 
affect the risk of developing other viral infections, since prior lit-
erature has focused on bacterial infections (3). Our findings of a 
higher risk of a more severe COVID- 19 disease course in RA are 
consistent with results from a UK study of at- risk patients with 
RA, psoriasis, or lupus, in whom a 19% higher risk of COVID- 19–   
associated death was observed (12), and also consistent with 

results from another study of COVID- 19 patients in which a 14% 
higher risk of hospitalization in those with a rheumatic disease was 
observed (10). Our findings are also in line with prior estimates 
of the risk of serious infection (bacterial or nonbacterial) in RA 
patients relative to those without RA, with one study of patients in 
the FORWARD registry showing a 50% increased risk of serious 
infection (26).

In our study, RA patients receiving csDMARDs, those receiv-
ing bDMARDs/tsDMARDs, and those receiving prednisone had 
a higher risk of COVID- 19 and higher risk of a severe COVID- 19 

Figure 1. Risk of COVID- 19 (A) and severe COVID- 19 (requiring hospitalization or leading to death) (B) in subgroups of patients with rheumatoid 
arthritis (RA) and age- , sex- , and site- matched non- RA controls. RA patients were stratified according to antibody (Ab) status, treatment with 
disease- modifying antirheumatic drugs (DMARDs), treatment with prednisone (pred), and combination treatment with DMARDs and prednisone. 
Values are the hazard ratio (HR) with 95% confidence interval (95% CI) for the risk of COVID- 19 or severe COVID- 19, adjusted for race, ethnicity, 
smoking status, body mass index, Elixhauser Comorbidity Index, insurance status, urban/rural residence, number of hospitalizations in prior 
year, presence of a military service– connected condition, and county- level COVID- 19 incidence rates. Ref = referent; csDMARDs = conventional 
synthetic DMARDs; b/tsDMARDs = biologic/targeted synthetic DMARDs.
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disease course. Although we are not aware of prior literature 
describing a link between these therapies and COVID- 19 risk in 
RA, others have similarly found that select immunosuppressive 
therapies, specifically rituximab and prednisone, were associ-
ated with a more severe disease course among patients with 
 COVID- 19, including those with RA (7,10,27). The highest- risk 
RA subgroup in our study was those who were receiving both 
bDMARDs/tsDMARDs and prednisone. These individuals had a 
>2- fold higher risk of COVID- 19 hospitalization or death com-
pared to non- RA controls. Similar risks have been identified in 
RA patients who were receiving bDMARDs/tsDMARDs and pred-
nisone for non– COVID- 19– related severe infections (28,29). 

While there has been hope that some of these therapies might 
suppress the hyperinflammatory features of COVID- 19 and 
improve outcomes, findings in this study highlight the notion that 
the timing of immunosuppressive therapies (preceding or at the 
time of exposure, early infection, or severe infection stages) may be 
crucial for measuring their potential impact on disease outcomes. 
Use of immunosuppressive medications may predispose an indi-
vidual to COVID- 19 infection or a more severe disease course early, 
but during the hyperinflammatory phase of severe COVID- 19 (30), 
select immunosuppressive therapies may become beneficial. Our 
findings, and those of others, also raise concerns that patients 
with other medical conditions receiving these immunosuppressive  
therapies may be at higher risk of COVID- 19 and severe 
 COVID- 19. Importantly, confounding by indication is recognized as 
a complicating factor in such observational studies of therapies and 
COVID- 19, and therefore causal conclusions cannot be drawn (8). 
Further study is warranted.

Our findings have clear relevance to health policy surrounding 
COVID- 19 prevention and management. Risk stratification for vac-
cination, for example, has primarily been established on the basis 
of age, occupational risks, and the presence of several chronic 
conditions. RA or the use of immunosuppressive therapies outside 
the setting of prior organ transplantation are not considered chronic 
conditions that would receive priority vaccination status (6). Our 
results suggest that RA patients receiving DMARDs and/or pred-
nisone should be considered for priority status in these prevention 
efforts, including priority for receiving initial and booster vaccina-
tion. The 35% increased risk of COVID- 19 hospitalization or death 
related to RA falls within the range we estimated for other conditions 
that receive priority status (adjusted HR ranging from 1.18 to 1.85). 
With <1.0% of the population having RA (31), the inclusion of RA as 
a priority group is unlikely to drastically impact vaccine or treatment 
supplies for other individuals, and the vulnerable population would 
remain protected. Moreover, since treatment with DMARDs and/or 
prednisone was linked to more severe COVID- 19 in both our study 
(RA only) and other studies (including those with other rheumatic 
diseases [7,10]), prioritization may be warranted for any medical 
conditions requiring long- term immunosuppressive medications.

Consistent with other studies in the general population and in 
patients with rheumatic diseases, we found that race and ethnicity 

were major determinants of SARS– CoV- 2 infection and severe COV-
ID- 19 (9,32). Black patients had a 22% higher risk of SARS– CoV- 2 
infection and a 25% higher risk of COVID- 19 hospitalization or 
death. Similarly, patients with Hispanic ethnicity had a 48% higher 
risk of SARS– CoV- 2 infection and a 25% increased risk of COV-
ID- 19 hospitalization or death, though the latter did not reach statis-
tical significance. Importantly, the associations of race and ethnicity 
with COVID- 19 were independent of other factors, including demo-
graphic characteristics, comorbidity burden and individual chronic 
conditions, health care utilization and insurance, and county- level 
COVID- 19 incidence rates, all of which may mediate or confound 
such associations. Our findings therefore suggest that additional 
factors may contribute to the racial and ethnic disparities in the inci-
dence and severity of COVID- 19, such as differences in the severity 
of comorbid chronic conditions, community or occupational risks, 
time to receiving care, access during surges, or immune responses 
to SARS– CoV- 2 (32); these factors will require further study.

There are limitations to this study. There is a potential for mis-
classification of RA status with the use of administrative algo-
rithms. This is most likely to occur in RA patients who were not 
receiving DMARDs. Misclassification of non- RA patients as having 
RA should only bias the findings toward the null, resulting in an 
underestimation of the risk of COVID- 19 in RA. Our study was 
designed to compare the risk of COVID- 19 between RA patients 
and non- RA controls, rather than comparing the risk between 
specific medications or medication doses. To generate valid data 
for such comparisons and avoid the misinformation that has 
plagued the pandemic (33), alternative study designs would be 
required. DMARD and prednisone doses were not available for 
these analyses. In addition, misclassification of COVID- 19 may 
have occurred, and the sensitivity of the standardized process 
utilized in the VA system for capturing non- VA COVID- 19 cases 
has not been established. Our study population was composed 
primarily of older male patients (although >10,000 female patients 
were included), consistent with the demographics of the VA health 
care system, but findings may not be generalizable to other pop-
ulations. While male sex has been associated with more severe 
COVID- 19 (34), it is not expected that the impact of RA and RA 
therapies on COVID- 19 risk would be differential between men 
and women. Finally, because of the observational nature of our 
study, unmeasured confounding may be present.

In conclusion, we observed that patients with RA in this VA 
cohort had a 25% increased risk of COVID- 19 and a 35% increased 
risk of severe COVID- 19 (leading to hospitalization or death), inde-
pendent of several potential confounders. RA patients who had 
recently received DMARDs and prednisone were at the highest risk 
of COVID- 19 and more severe COVID- 19, risks that rivaled those 
accompanying other chronic conditions. Consideration should be 
given to the establishment of RA, and potentially other conditions 
that require treatment with similar immunosuppressive medica-
tions, as a chronic condition that should receive prioritization for 
COVID- 19 prevention and management strategies.
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Clinical Images: Leukocytoclastic vasculitis after vaccination with a SARS– CoV- 2 vaccine

The patient, a 42- year- old White woman, presented to the emergency room with a 1- week history of rash on the lower legs, which had 
first appeared 4 days after vaccination with the BioNTech/Pfizer SARS– CoV- 2 vaccine. The rash— with the typical appearance of cuta-
neous small vessel vasculitis (SVV)— spread from the lower limbs up to the gluteal area over the course of a few days (A). Application 
of topical steroids did not lead to improvement. Physical examination showed no other conditions, except for hypertension and severe 
obesity (body mass index 47 kg/m2). Typical causes of cutaneous SVV (1) were considered, and concomitant medication or infection 
could be ruled out as possible triggers. Besides slightly elevated levels of inflammation markers, laboratory test results for complement 
components C3 and C4, CH50, IgM, IgA, immunofixation, and renal and liver parameters were normal. IgG and thyroid- stimulating hor-
mone were slightly elevated (20.3 gm/liter and 8.3 μU/liter, respectively). Chest radiography, echocardiography, and ultrasound exam-
ination of the abdomen revealed normal results, as did serologic tests for autoimmune antibodies (classic/perinuclear antineutrophil 
cytoplasmic antibody, rheumatoid factor, anti– citrullinated protein antibody, antinuclear antibody [titer 1:160 with nuclear fine speckled 
pattern] and negativity for a panel of extractable nuclear antigen antibodies [including Jo-1, U1 RNP, Scl-70, Sm, and Ro/La antibodies]), 
and screening for viral infections (hepatitis B and C, cytomegalovirus, Epstein- Barr virus, coxsackievirus, and HIV) and cryoglobulins. 
Following analysis of a skin biopsy sample from the patient’s left ankle (B), leukocytoclastic vasculitis was diagnosed. The skin tissue 
was also assessed by immunostaining, but results were not evaluable. Prednisolone treatment was started, at an initial dose of 30 mg/day 
which was later increased to 60 mg/day due to poor response. With this treatment the rash resolved over the next 5 days. Leukocy-
clastic vasculitis is typically found to be idiopathic in up to 50% of cases; however, due to its emergence in this patient shortly after 
she had received the SARS– Cov- 2 vaccination, we think a possible connection to the vaccine should be considered. To our knowl-
edge, this might be the first case of the development of leukocytoclastic vasculitis after vaccination against SARS– CoV- 2, whereas 
cutaneous SVV has been described in a patient following SARS– CoV- 2 infection (2), and also SVV has been observed in patients after 
various other vaccinations, such as those against influenza or pneumococci (3). Since experience with the new COVID- 19 vaccines is 
limited— as they have been in use for <1 year— further investigations and observations are essential.
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