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Objective. The relative risk of SARS–CoV-2 infection andCOVID-19 disease severity among people with rheumatic and
musculoskeletal diseases (RMDs) compared to those without RMDs is unclear. This study was undertaken to quantify the
risk of SARS–CoV-2 infection in those with RMDs and describe clinical outcomes of COVID-19 in these patients.

Methods. We conducted a systematic literature review using 14 databases from January 1, 2019 to February 13, 2021.
We included observational studies and experimental trials in RMD patients that described comparative rates of SARS–
CoV-2 infection, hospitalization, oxygen supplementation/intensive care unit (ICU) admission/mechanical ventilation, or
death attributed to COVID-19. Methodologic quality was evaluated using the Joanna Briggs Institute critical appraisal
tools or the Newcastle-Ottawa scale. Risk ratios (RRs) and odds ratios (ORs) with 95% confidence intervals (95% CIs)
were calculated, as applicable for each outcome, using the Mantel-Haenszel formula with random effects models.

Results. Of the 5,799 abstracts screened, 100 studies met the criteria for inclusion in the systematic review, and 54 of
100 had a low risk of bias. Among the studies included in the meta-analyses, we identified an increased prevalence of
SARS–CoV-2 infection in patients with an RMD (RR 1.53 [95%CI 1.16–2.01]) compared to the general population. The odds
of hospitalization, ICU admission, and mechanical ventilation were similar in patients with and those without an RMD,
whereas themortality rate was increased in patients with RMDs (OR 1.74 [95%CI 1.08–2.80]). In a smaller number of studies,
the adjusted risk of outcomes related to COVID-19 was assessed, and the results varied; some studies demonstrated an
increased risk while other studies showed no difference in risk in patients with an RMD compared to those without an RMD.

Conclusion. Patients with RMDs have higher rates of SARS–CoV-2 infection and an increased mortality rate.
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INTRODUCTION

The SARS–CoV-2 pandemic has resulted in unprecedented
morbidity and mortality due to COVID-19. In the general popula-
tion, risk factors associated with poor COVID-19 outcomes
include older age, sex, and chronic diseases (1,2).

Patients with rheumatic diseases may be at an increased risk
of infection as a result of underlying disease, associated comor-
bidities, and use of potentially immunosuppressive treatments
(3). Furthermore, concern exists regarding whether individuals
with rheumatic diseases potentially experience more severe
COVID-19 disease and poorer outcomes. However, 1 year after
the first cases of COVID-19 were described, the applicability of
this heuristic to SARS–CoV-2 infection, and the magnitude of
any such heightened risk in these patients, remains unclear. Data
directly addressing these questions are limited and lack clarity
because of the rapid publication of many small studies during
the pandemic, and these studies are frequently underpowered
to show clinically significant effects.

The present systematic review and meta-analysis are aimed
at quantifying the risk of contracting SARS–CoV-2 infection and
describing COVID-19 outcomes in patients with rheumatic and
musculoskeletal diseases (RMDs).

PATIENTS AND METHODS

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement for reporting was used in this study
(4). The study protocol was registered with PROSPERO a priori
(no. CRD42020205668).

Data sources and literature search. A systematic
search of the literature was conducted by a medical librarian
(AAG and a second librarian) in the BioRxiv, China National
Knowledge Infrastructure, Cochrane Library, Disaster Lit, Global
Health, Google Scholar, LitCovid, medRxiv, Ovid Embase, Ovid
Medline, PubMed, Scopus, Wanfang Data, and Web of Science
Core Collection databases to find relevant articles published from
January 1, 2019 to February 13, 2021. Databases were searched
using a combination of controlled vocabulary and free-text terms

for COVID-19 and rheumatic diseases. The search was peer
reviewed by a second medical librarian using Peer Review of Elec-
tronic Search Strategies (5). Details of the full search strategy are
listed in Supplementary Table 1 (available on the Arthritis & Rheu-

matology website at http://onlinelibrary.wiley.com/doi/10.1002/
art.42030). Details regarding included RMDs are shown in Sup-
plementary Table 2 (http://onlinelibrary.wiley.com/doi/10.1002/
art.42030). The bibliographies of included studies were reviewed
to identify additional relevant literature.

Study selection eligibility criteria. Citations from all
databases were imported into an EndNote x9 Library (Clarivate Ana-
lytics), where duplicates were removed. The unduplicated results
were imported into Covidence v2627 for screening and data extrac-
tion. Two independent screeners reviewed titles and abstracts, and
a third screener resolved disagreements. The full texts of the col-
lected articles were then reviewed for inclusion by 2 independent
screeners with a third screener to resolve disagreements.

Observational studies and experimental trials were eligible for
inclusion if data regarding adult and/or pediatric patients with
rheumatic diseases were reported and SARS–CoV-2 infection or
the subsequent clinical course were included as outcomes. Pub-
lications were excluded if they did not include quantifiable data
regarding patients with rheumatic diseases, did not include origi-
nal primary data, did not focus on human subjects, did not report
data regarding outcomes related to SARS–CoV-2 infection or its
associated clinical course, included duplicate or retracted data,
were case reports or series, or were not yet published as a full-
text study. There were no restrictions regarding language, and
individuals fluent in a particular foreign language reviewed the arti-
cles in that language. Outcomes of interest included SARS–
CoV-2 infection and COVID-19 outcomes (hospitalization, oxygen
supplementation, intensive care unit [ICU] admission, mechanical
ventilation, or death).

Data collection process. Two reviewers independently
extracted data using Qualtrics software version Oct–May
2020–2021. A third reviewer assessed the forms to resolve any
conflicts. Extracted data included study characteristics (first
author, year of publication, country of origin, study design, sample
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size, and study sponsor), baseline demographic and clinical char-
acteristics of the participants (age, sex, race or ethnicity, and
comorbidities [each comorbidity individually reported as well
as grouped into categories of diabetes, respiratory, cardiovascu-
lar, smoking, or other]), SARS–CoV-2 infection status, and
COVID-19 outcomes (hospitalization, oxygen supplementation,
ICU admission, mechanical ventilation, or death).

Risk of bias in individual studies. Two reviewers inde-
pendently assessed the risk of bias using the Joanna Briggs Insti-
tute (JBI) checklists for prevalence and analytical cross-sectional
studies (3–5) and the Newcastle-Ottawa scale for case–control
and cohort studies (6–8). The JBI checklists for prevalence and
cross-sectional analytical studies are divided into 3 categories for
assessment of bias (for prevalence studies, scores 0–3 = high risk
of bias, scores 4–6 = some concerns, and scores 7–9 = low risk
of bias; for cross-sectional analytical studies, scores 0–3 = high
risk of bias, scores 4–6 = some concerns, and scores 7–8 = low
risk of bias). In this context, the comparability domain of the
Newcastle-Ottawa scale was primarily used to differentiate risk of
bias and was used to determine the global risk of bias (global risk
of bias on a scale of 0–2, where score 0 = high risk of bias, score
1 = some concerns, and score 2 = low risk of bias) (9,10). Dis-
agreements were resolved by a third reviewer.

Data analysis. Studies included in the systematic review
were further evaluated for their suitability in the meta-analyses if
comparative data were reported for patients with and those with-
out RMDs. Regarding COVID-19 prevalence, studies were
included if the number of COVID-19 cases among patients in the
RMD group was reported, and if the number of COVID-19 cases
within the overall regional populations was reported. Regarding
hospitalization, ICU admission, mechanical ventilation, and death,
studies were included if they provided raw data demonstrating
the rate of each outcome among patients with RMDs who were
clinically diagnosed as having COVID-19 as well as the rate of
each outcome among a comparator group of patients without
RMDs who were clinically diagnosed as having COVID-19. Data
were insufficient to meta-analyze the risk of oxygen supplementa-
tion. Studies were excluded if the non-RMD comparator group
was selected from a nonrepresentative sample, such as those
with similar diseases (e.g., inflammatory bowel disease patients)
or family members.

Meta-analyses were performed using R version 4.1.0 and the
meta package version 4.18-1. Risk estimates were calculated
using the Mantel-Haenszel formula with random effects models.
Risk estimates with 95% confidence intervals (95% CIs) are
reported as risk ratios (RRs) for prevalence of COVID-19, and as
odds ratios (ORs) for risk of hospitalization, oxygen supplementa-
tion, ICU admission, mechanical ventilation, or death. Heteroge-
neity among studies was assessed using I2 and Cochran’s chi-
square tests. We performed sensitivity analyses to evaluate the

effect of the study design (limited to cohort studies or cross-
sectional studies), risk of bias (limited to studies with a low risk of
bias), country of origin, and study size (limited to studies with
>20 RMD patients). Funnel plots and Egger’s regression tests
were used to evaluate publication bias. P values less than 0.05
were considered significant.

RESULTS

The literature search resulted in identification of 13,076
articles; after duplicates were removed, 5,799 articles remained
for title/abstract screening. We undertook a full text review of
534 articles (Figure 1). Of these, 98 articles met the inclusion cri-
teria. Two additional studies were identified via review of the bibli-
ographies of included articles, resulting in the inclusion of
100 studies (see Supplementary Table 3 and Supplementary
References 1–100, http://onlinelibrary.wiley.com/doi/10.1002/art.
42030). Studies were excluded due to having an incorrect study
design, not having original data, having irrelevant outcomes,
examining an incorrect study population, being duplicates,
including irrelevant exposures, being conference abstracts, and
containing duplicate study data (Supplementary Table 4, http://
onlinelibrary.wiley.com/doi/10.1002/art.42030). The majority of
single region/country studies were from Europe (63%), with the
rest from Asia (14%), North America (13%), worldwide (6%), or
South America (1%). The majority (75%) focused on adult popu-
lations; however, 14% of studies included pediatric and adult
populations, and 1% included only pediatric populations. In
10% of studies, the age range was unspecified.

Risk-of-bias assessment. Overall, the majority of studies
had a low risk of bias. Of the 4 studies assessed using the
Newcastle-Ottawa scale for case–control studies, 2 had a low risk
of bias, 1 had some concerns, and 1 had a high risk of bias (Sup-
plementary Table 5, http://onlinelibrary.wiley.com/doi/10.1002/
art.42030). Of the 46 studies assessed using the Newcastle-
Ottawa scale for cohort studies, 33 had a low risk of bias, 6 had
some concerns, and 7 had a high risk of bias (Supplementary
Table 6, http://onlinelibrary.wiley.com/doi/10.1002/art.42030).
Of the 37 studies assessed using the JBI checklist for prevalence
studies, 25 had a low risk of bias, 8 had some concerns, and
4 had a high risk of bias (Supplementary Table 7, http://
onlinelibrary.wiley.com/doi/10.1002/art.42030). Of the 13 studies
assessed using the JBI checklist for analytical cross-sectional
studies, 8 had a low risk of bias, 2 had some concerns, and
3 had a high risk of bias (Supplementary Table 7).

SARS–CoV-2 infection. In 46 studies, comparative rates
of SARS–CoV-2 infection in patients with RMDs were re-
ported (Supplementary Table 8, http://onlinelibrary.wiley.com/
doi/10.1002/art.42030). A total of 15 studies showed increased
rates of SARS–CoV-2 infection, 27 showed no difference, and
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4 showed decreased rates. A total of 23 studies met the
inclusion criteria for the meta-analysis (Supplementary Table 9,
http://onlinelibrary.wiley.com/doi/10.1002/art.42030). The pooled
relative risk based on unadjusted data demonstrated an

increased risk of COVID-19 infection among patients with
RMDs (RR 1.53 [95% CI 1.16–2.01]) (Figure 2). We observed
moderately high heterogeneity (I2 = 73% [95% CI 59–82%];
P < 0.01) but did not detect evidence of publication bias

Figure 1. Flow chart of the methods used for identification of studies in patients with rheumatic and musculoskeletal diseases in which compar-
ative rates of SARS–CoV-2 infection, hospitalization, oxygen supplementation, intensive care unit admission, mechanical ventilation, and death
attributed to COVID-19 are reported. The flow chart is designed in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.
42030/abstract.

Figure 2. Studies identified in the systematic literature review and meta-analysis in which the risk of COVID-19 among populations of patients
with rheumatic and musculoskeletal diseases (RMDs) compared to those without RMDs was reported. The risk of COVID-19 is assessed as risk
ratios (RRs) with 95% confidence intervals (95% CIs). Color figure can be viewed in the online issue, which is available at http://onlinelibrary.
wiley.com/doi/10.1002/art.42030/abstract.
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(Supplementary Figure 1, http://onlinelibrary.wiley.com/doi/
10.1002/art.42030).

In 8 studies, adjusted comparative risk measures were
reported, with 2 outcomes reported in 2 of these studies. The
5 studies that demonstrated an increased risk of COVID-19
among patients with RMDs were the study by Pablos et al
(OR 1.3 [95% CI 1.15–1.52]) (14), the study by Zhong et al
(OR 2.68 [95% CI 1.14–6.27]) (13), the study by Francesconi
et al in patients with rheumatoid arthritis (RA) (OR 1.64 [95% CI
1.32–2.05]) (12), the study by Topless et al in patients with RA
(OR 1.34 [95% CI 1.02–1.77]) (18), and the study by Chen et al in
patients with RA (OR 10.90 [95% CI 5.43–21.89]) (11). The 5
studies that showed no difference in risk of COVID-19 were the
study by Topless et al in patients with gout (OR 1.01 [95% CI
0.83–1.23]) (18), the study by Jung et al (OR 1.13 [95% CI 0.57–
2.24]) (15), the study by Francesconi et al in patients with connec-
tive tissue disease (CTD) (OR 1.09 [95% CI 0.72–1.66]) (12), the
study by Salvarani et al (OR 0.94 [95% CI 0.66–1.34]) (17), and
the study by Kipps et al (RR 0.32 [95% CI 0.05–2.28]) (16). Unless

specified otherwise, risk in patients with multiple RMDs was
reported as a combined group.

Hospitalization. In 70 studies, hospitalization rates were
reported among patients with RMDwho were clinically diagnosed
as having COVID-19 and/or who were diagnosed as having
COVID-19 by polymerase chain reaction (PCR) testing (Supple-
mentary Table 10, http://onlinelibrary.wiley.com/doi/10.1002/
art.42030). Among these, 11 studies compared hospitalization
rates among patients with RMDs to those among the general
population (n = 2) or those among other non-RMD comparator
populations (n = 9) (Supplementary Table 11 http://onlinelibrary.
wiley.com/doi/10.1002/art.42030). Three studies showed an
increased risk of hospitalization among patients with RMDs
and 7 showed no significant effect. None of the 70 studies
demonstrated a decreased risk of hospitalization among patients
with RMDs. In a meta-analysis of 10 comparative studies that
included unadjusted hospitalization rates, the risk of hospitaliza-
tion was not increased among patients with RMDs when

Figure 3. Studies showing the likelihood of hospitalization (Hosp.) (A), intensive care unit (ICU) admission (B), and mechanical ventilation (MechVet)
(C) following the development of COVID-19 among populations of patients with RMDs relative to thosewithout RMDs. Values are the odds ratios (ORs) with
95%CIs. See Figure 2 for other definitions. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.
42030/abstract.

CONWAY ET AL770

https://doi.org/10.1002/art.42030
https://doi.org/10.1002/art.42030
https://doi.org/10.1002/art.42030
https://doi.org/10.1002/art.42030
https://doi.org/10.1002/art.42030
https://doi.org/10.1002/art.42030
http://onlinelibrary.wiley.com/doi/10.1002/art.42030/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.42030/abstract


compared to non-RMD comparators (OR 1.25 [95% CI 0.68–
2.31]) (Figure 3A).

Among the 5 studies in which adjusted risk estimates were
reported, 3 of the studies included patients with clinical
symptom–based or PCR-confirmed COVID-19 diagnoses,
whereas 2 included patients whose COVID-19 diagnosis was
confirmed by PCR only. Data from 2 studies demonstrated an
increased risk of hospitalization: the study by Cordtz et al
(adjusted HR 1.46 [95% CI 1.15–1.86]) (19) and the study by Rei-
lev et al (adjusted OR 1.5 [95% CI 1.1–1.9]) (20). D’Silva et al
reported an increased risk of hospitalization in 1 matched model
(RR 1.14 [95% CI 1.03–1.26]) and a neutral risk in an extended
matched model (RR 1.06 [0.96–1.17]) (21). Finally, in 2 studies,
no significant difference in risk of hospitalization was reported: in
the study by Serling-Boyd et al, adjusted HR 0.87 (95% CI
0.68–1.11) (23); in and the study by D’Silva et al, adjusted OR
1.27 (95% CI 0.61–2.64) in model 1, adjusted OR 1.22 (95% CI
0.56–2.63) in model 2, and adjusted OR 1.10 (95% CI 0.51–
2.38) in model 3 (22).

Oxygen supplementation, ICU, and mechanical
ventilation. Sixty-two studies included the proportion of
patients requiring new oxygen supplementation (n = 28), ICU
admission (n = 52), and mechanical ventilation (n = 42) during
hospitalization for COVID-19. In these studies, the diagnosis
of COVID-19 was based on clinical symptoms and/or based
on the results of PCR testing (for the list of studies, see Supple-
mentary Table 12, http://onlinelibrary.wiley.com/doi/10.1002/art.
42030).

In terms of the risk of oxygen supplementation, in 3 studies,
comparative findings in patients with and those without an RMD
were reported (Supplementary Table 11, http://onlinelibrary.
wiley.com/doi/10.1002/art.42030). One of these studies showed
an increased risk of oxygen supplementation among patients with
RMDs, and the other 2 studies showed no significant difference
between the groups. No studies included adjusted analyses.

Regarding ICU admission, 11 studies compared the rates
between patients with and those without RMDs (Supplementary
Table 11, http://onlinelibrary.wiley.com/doi/10.1002/art.42030),
with 2 studies showing evidence of an increased risk among
patients with RMDs and the rest showing no statistically signifi-
cant difference. Adjusted risk estimates were reported in 2 stud-
ies, including the study by Serling-Boyd et al (adjusted HR 1.27
[95% CI 0.86–1.86]) (23), which demonstrated no effect, and the
study by D’Silva et al (22), in which 3 adjusted models were eval-
uated, all demonstrating a positive association between RMD sta-
tus and ICU admission/mechanical ventilation rates (in model
1, adjusted OR 3.26 [95% CI 1.17–9.09]; in model 2, adjusted
OR 3.11 [95% CI 1.07–9.05]; in model 3, adjusted OR 2.92
[95% CI 1.002–8.49]).

Finally, 8 studies compared the rates of mechanical
ventilation between patients with and those without RMDs (Sup-
plementary Table 11, http://onlinelibrary.wiley.com/doi/10.1002/
art.42030). Seven studies showed no significant difference based
on RMD status, including the study by Serling-Boyd et al, in which
an adjusted HR of 1.51 (95% CI 0.93–2.44) was reported (23).
However, D’Silva et al reported that the risk of ICU admission/
mechanical ventilation was significantly increased in patients with

Figure 4. Studies showing the likelihood of death occurring following the development of COVID-19 among populations of patients with RMDs relative
to those without RMDs overall (A) and among populations limited to hospitalized patients only (B). Values are the odds ratios (ORs) with 95% CIs. See
Figure 2 for other definitions. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.42030/
abstract.
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RMDs, as shown in unadjusted models (OR 3.22 [95% CI 1.16–
8.92]) and in adjusted models (as described above) (22).

Pooled risk estimates included those for the reported
comparative ICU admission rates in 7 studies, and those for
the mechanical ventilation rates in another 7 studies (all deter-
mined in unadjusted models), as shown in Figures 3B and C.
Overall, the risks of ICU admission or mechanical ventilation
were not significantly different between patients with and those
without RMDs.

Mortality rate. Mortality rates were reported in 71 studies
(Supplementary Table 13, http://onlinelibrary.wiley.com/doi/
10.1002/art.42030). Of these, in 16 studies, mortality rates
were reported in RMD patents in comparison to the general
population (n = 7) or non-RMD comparator populations (n = 9)
(Supplementary Table 14, http://onlinelibrary.wiley.com/doi/
10.1002/art.42030). For RMD patients, in 5 studies an increased
risk of death was reported, in 9 a neutral effect of death was
reported, and in 2 a decreased risk of death was reported. A
meta-analysis of 13 studies that included comparative mortality
rates showed an unadjusted OR of 1.74 (95% CI 1.08–2.80) for
the risk of death in those with RMDs (Figure 4A). Moderately high
heterogeneity was observed (I2 = 83% [95% CI 71–89%]), but we
did not detect evidence of publication bias (Supplementary
Figure 2, http://onlinelibrary.wiley.com/doi/10.1002/art.42030).
Among 6 studies focused solely on hospitalized patients, the
unadjusted OR for the risk of death among hospitalized RMD
patients was 1.26 (95% CI 1.03–1.53) (Figure 4B).

Adjusted risk estimates for the risk of death were reported in
7 studies. Compared to the general population, the adjusted esti-
mates for the risk death in different studies were as follows: in the
study by Williamson et al, HR 1.19 (95% CI 1.11–1.27) in patients
with RA/systemic lupus erythematosus/psoriasis (24); in the study
by Topless et al, OR 1.9 (95% CI 1.2–3.0) in patients with RA,
and OR 1.2 (95% CI 0.9–1.7) in patients with gout (18); and in the
study by Reilev et al, OR 0.9 (95% CI 0.6–1.3) in patients with
RA/CTD (20). In studies assessing the risk of death in RMD patients
compared to non-RMD comparators, D’Silva et al reported an RR
of 1.08 (95% CI 0.81–1.44) (21), Harrison et al reported an OR of
1.17 (95% CI 0.85–1.60) (25), and Serling-Boyd et al reported an
HR of 1.02 (95% CI 0.53–1.95) (23), while in the French RMD
COVID-19 cohort (FAI2R/SFR/SNFMI/SOFREMIP/CRI/IMIDIATE
Consortium), an OR of 1.45 (95% CI 0.87–2.42) was reported (26).

Sensitivity analyses. Our sensitivity analyses demon-
strated overall stability in terms of the pooled estimates for each
of the outcomes when we limited the samples based on study
design (limited to cohort or cross-sectional studies), risk of bias
(limited to studies with a low risk of bias), country of study (exclud-
ing Italy, which had a disproportionate number of studies in which
the prevalence of SARS–CoV2 infection was reported), or study
size (limited to studies with >20 patients diagnosed as having an

RMD only). Not unexpectedly, we observed that 95% CIs wid-
ened as sample sizes decreased (Supplementary Figures 3–10,
http://onlinelibrary.wiley.com/doi/10.1002/art.42030).

DISCUSSION

In this study, we conducted a systematic review and meta-
analysis to quantify the risk of COVID-19 and COVID-19 out-
comes in patients with RMDs. In an unadjusted meta-analysis,
the relative risk of developing SARS–CoV-2 infection was 52%
higher in patients with RMDs compared to the general population.
Compared to patients without an RMD, those with RMDs
were also at a higher risk of having a poor outcome following
COVID-19 infection, with a 74% increase in risk of death. Other
measures of severity, including rates of hospitalization, rates of
oxygen supplementation, rates of ICU admission, and rates of
mechanical ventilation, were not significantly higher among
patients with RMDs versus non-RMD comparators.

Our study focused on RMDs as a combined group, which
limits our ability to extrapolate our findings to any individual patient
with an RMD. This group was composed of patients with many
different diseases that have different organ manifestations, sever-
ity, and treatments. Prior studies have shown differences in
COVID-19 outcomes in specific rheumatic diseases (27,28).
Some RMDs (e.g., gout) may be associated with increased prev-
alence of general COVID-19 risk factors, such as cardiovascular
disease, but none of the studies included in our meta-analysis
included patients with gout (29). Findings from previous studies
have also suggested a differential effect of baseline use of rheu-
matic disease medications on COVID-19 outcomes (30,31).
Other factors, such as age, sex, comorbidities, and disease activ-
ity, have also been shown to influence COVID-19 outcomes in
patients with RMDs (31,32). Due to the heterogeneity of the study
designs, it was not possible to statistically combine the results of
the included studies to generate additional pooled estimates of
the overall influence of these risk factors on COVID-19 outcomes.

The discrepancy between the observed increased risk of
COVID-19 infection and associated mortality rate without a corre-
sponding increased risk of hospitalization, ICU admission, and
mechanical ventilation may appear surprising. However, these
findings may be related to the overall power to detect differences
given the smaller number of studies in which these outcomes
were reported, which may be more difficult to systematically
assess. Our pooled analysis, focusing only on studies of hospital-
ized patients (Figure 4B), allowed for comparison between RMD
and non-RMD groups of subjects whose characteristics may be
more similar in terms of risk factor profile (e.g., age, presence of
multiple comorbidities) than might be observed between an
RMD population and a general population comparator group,
and we still found a significantly increased risk of death. However,
it is important to take the smaller number of studies and smaller
effect size into consideration.
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This is not the first systematic literature review and meta-
analysis assessing outcomes in patients with immune-mediated
diseases. Wang et al performed a meta-analysis of 14 studies
assessing RMD patients diagnosed as having COVID-19 that
were published through October 2020; their findings showed that
RMD patients had a 53% increased risk of SARS–CoV-2 infection
with no increased risk of death or other markers of poor out-
comes (33). Xu et al conducted a meta-analysis of 31 studies of
COVID-19 in rheumatic disease patients published through
August 2020 to evaluate the comparative RRs across regions of
the world, but comparison to a non-RMD group was not included
(34). Akiyama et al performed a meta-analysis of 62 studies in
patients with autoimmune diseases and COVID-19 published
through July 2020; however, this study included a more hetero-
geneous group of autoimmune diseases, such as inflammatory
bowel disease and multiple sclerosis, which may have different
outcomes compared to RMDs (35). Their findings demonstrated
an increased risk of SARS–CoV-2 infection in patients with RMDs
but no increase in the frequency of severe outcomes in those with
autoimmune diseases. Interpretation of the results of these previ-
ously conducted meta-analyses is limited by the low number of
included studies and patients, as evidenced by the generally wide
confidence intervals for the reported risk estimates.

Applying these results in clinical care is complex, but these
findings suggest that patients with RMDs are at an increased
risk of developing SARS–CoV-2 infection and severe COVID-
19 compared to the general population. The reasons for this lie
outside the scope of the present study, but 3 plausible explana-
tions should be considered. First, bias resulting from greater
baseline contact with the health care system or a lower thresh-
old for seeking care when a patient becomes symptomatic
could falsely inflate the rate of COVID-19 among patients with
RMDs. Second, patients with RMDs may have a greater burden
of comorbidities that are typically associated with worse out-
comes. Finally, it may be that immune dysregulation related to
RMD treatments or to the RMDs themselves may result in
higher rates of symptomatic infections and severe outcomes
(21,30,36). All 3 of these explanations may account for prior
observations that higher RMD disease activity is associated
with worse outcomes in COVID-19, since these patients are
more likely to be identified, are more likely to have comorbidi-
ties, and are more likely to have immune dysregulation or to be
receiving immunosuppressive therapies. Regardless of the
cause, patients with RMDs should be encouraged to be vacci-
nated against SARS–CoV-2 and should be encouraged to
employ risk mitigation strategies as much as possible (37,38).

Our study has considerable strengths. We comprehensively
identified potential studies from 14 databases through February
2021, making it the most current literature review and meta-
analysis of COVID-19 in RMDs. We assembled a geographically
diverse study team, enabling the inclusion of studies in all available
languages. This is particularly relevant in COVID-19 because

it exhibits wide regional variation in outcomes (39). To ensure
reliability of the literature search and data extraction process,
these tasks were performed manually; machine learning methods
are being developed to streamline this process, and these
approaches have potential strengths but remain exploratory at
this time (40). Despite these strengths, our study had several lim-
itations. The studies we included are significantly heterogenous in
design and reporting, as evidenced by the formal testing of het-
erogeneity performed in the meta-analysis. The study protocol
was created a priori; the increased volume of relevant articles rap-
idly published during the COVID-19 pandemic resulted in
an amendment to the protocol to exclude case reports and
case series. COVID-19 outcomes have changed and generally
improved over time, which may limit comparability between
cohorts assembled at different periods during the pandemic
(41,42). Due to the small number of studies that include adjusted
RRs, our meta-analysis was limited to the analysis of unadjusted
numbers. However, we have presented the complementary
adjusted RRs from those individual studies in which adjusted
RRs were included. Interpretation of the unadjusted RRs is com-
plicated by the potential imbalance of other risk factors between
RMD patients and general populations.

In conclusion, we performed the most comprehensive sys-
tematic literature review and meta-analysis assessing COVID-19
outcomes in patients with RMDs to date. Our findings show that
patients with RMDs have higher rates of SARS–CoV-2 infection
and death from COVID-19 in unadjusted analyses. This may be
mediated by factors other than the RMD itself.
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