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Abstract
Objectives This study aimed to conduct a comprehensive systematic literature review and meta-analysis to assess 
the risk and outcomes of coronavirus disease 2019 (COVID-19) in patients with rheumatoid arthritis.

Methods A systematic search was performed across four electronic databases. The quality of the studies was 
assessed using the Newcastle‒Ottawa quality assessment scale and the Joanna Briggs Institute critical appraisal 
checklist. Statistical analyses were conducted using STATA 14 software.

Results A total of 62 studies were included in the analysis. First, the meta-analysis revealed the following prevalence 
rates among rheumatoid arthritis patients: COVID-19, 11%; severe COVID-19, 18%; COVID-19-related hospitalization, 
29%; admission to the intensive care unit (ICU) due to COVID-19, 10%; and death from COVID-19, 8%. Second, 
rheumatoid arthritis was associated with an increased risk of COVID-19 infection (OR 1.045(0.969–1.122), p = 0.006), 
COVID-19-related hospitalization (OR 1.319(1.055–1.584), p = 0.006), admission to the ICU due to COVID-19 (OR 
1.498(1.145–1.850), p = 0.002), and death from COVID-19 (OR 1.377(1.168–1.587), p = 0.001). Third, no statistically 
significant association was found between rheumatoid arthritis and severe COVID-19 (OR 1.354(1.002–1.706), 
p = 0.135).

Conclusions Rheumatoid arthritis patients have a significantly greater risk of COVID-19 infection, hospitalization, ICU 
admission, and death than individuals without rheumatoid arthritis. However, rheumatoid arthritis did not show a 
significant association with the risk of severe COVID-19. These findings underscore the need for tailored management 
strategies and vigilant monitoring of COVID-19 outcomes in rheumatoid arthritis patients.

Systematic Review Registration The study has been registered on PROSPERO  [   h t  t p s  : / / w  w w  . c r d . y o r k . a c . u k / P R O S P E R 
O /     ] , and the registration number is CRD42024528119.
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Introduction
The global impact of coronavirus disease 2019 (COVID-
19), caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), has been profound over the 
past four years, significantly affecting global health and 
mortality [1]. Initially, identified in China in December 
2019, COVID-19 swiftly spread worldwide, resulting in 
substantial morbidity and mortality. As of April 13, 2024, 
there were 704,753,890 confirmed cases globally, with 
7,010,681 reported deaths [2]. Risk factors for severe dis-
ease include advanced age, male sex, ethnicity, obesity, 
and underlying conditions such as hypertension, diabetes 
mellitus, and cardiovascular diseases [3–8].

Rheumatoid arthritis (RA) is a chronic inflamma-
tory disorder characterized by progressive joint damage 
and synovial inflammation, often leading to debilitating 
physical impairments and increased mortality [9–13]. 
Globally, rheumatoid arthritis incidence estimates indi-
cate a pooled prevalence of 0.46% (95% CI 0.37–0.57%) 
between 1986 and 2014, with an estimated prevalence 
of approximately 460 per 100,000 people as of 2019 [14]. 
Studies have consistently shown that rheumatoid arthri-
tis patients are at increased risk for various infections, 
which can be attributed to immune dysregulation and 
immunosuppressive therapies [15–23].

Given these considerations, it is hypothesized that 
rheumatoid arthritis patients may encounter the 
increased susceptibility to SARS-CoV-2 infection and 
more severe COVID-19 outcomes than the general 
population. However, the literature presents conflict-
ing findings. While some clinical trials have suggested 
that certain immunosuppressive treatments for rheuma-
toid arthritis might improve COVID-19 outcomes [24], 
other studies have reported no significant differences in 
COVID-19 incidence or hospitalization rates between 
rheumatoid arthritis patients and the general popula-
tion [25–27]. Previous studies had been performed in 
the initial stages of the pandemic and there are addi-
tional studies published after the two reviews [28, 29], so 
it is important and necessary to include new studies for 
systematic review on this topic. Accordingly, our study 
aimed to comprehensively review the reported litera-
tures, perform a meta-analysis, and assess the incidence 
and outcomes of COVID-19 in rheumatoid arthritis 
patients to clarify this important clinical issue.

Materials and methods
The review and meta-analysis adhered to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [30, 31] and employed 
a Population, Exposure, Control, Outcome, and Study 
Design (PECOS) framework to guide study inclusion. 
Two authors independently conducted comprehensive 
searches across multiple databases, extracted data, and 

assessed methodological quality. Discrepancies were 
resolved through consensus or consultation with a third 
author.

Criteria for considering the studies for this review
Participants
Only adult patients diagnosed with rheumatoid arthritis 
were considered.

Exposure
Studies focusing on individuals diagnosed with rheuma-
toid arthritis were included.

Control
Cohort studies included participants without rheuma-
toid arthritis, while case‒control studies included non-
COVID-19 patients.

Outcomes
Primary outcomes included incidence, risk, severe 
COVID-19(Severe COVID was defined as a condition 
where symptoms were worse than normal COVID but 
did not require hospitalization), hospitalization rates, 
admission to the ICU, and COVID-19 mortality. Stud-
ies lacking specific outcomes for rheumatoid arthritis 
patients were excluded.

Study design
Quantitative observational studies such as cohort, cross-
sectional (descriptive and analytical), and case–control 
studies were considered, with descriptive cross-sectional 
studies reporting only prevalence grouped separately. 
Only studies published in full text in English were eligible.

Search Strategy and Study Selection
A systematic review of PubMed, EMBASE, Scopus, and 
the Cochrane Library was conducted from inception to 
March 17, 2024, using Boolean operators and truncation 
symbols to combine search terms. The detailed search 
strategy is provided in Supplementary Information S1. 
Additional studies were identified by screening reference 
lists and contacting authors for supplementary data as 
needed.

Study selection involved initial screening by two 
authors, who evaluated titles and abstracts followed by 
full-text reviews to determine final inclusion.

Data extraction and management
Data extraction was independently performed by two 
authors using a structured spreadsheet (available on 
request). The extracted information included the study 
characteristics (authors, publication year, design, set-
tings, participants), outcomes, and event and sample 
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sizes. When necessary, clarification was sought from the 
original study authors.

Quality of evidence
The risk of bias among the included studies was assessed 
using the Newcastle‒Ottawa Scale (NOS) [32], with 
studies scoring six or more stars considered high qual-
ity. Methodological quality and bias risk were evaluated 
independently by two authors using the NOS and the 
Joanna Briggs Institute critical appraisal checklist [33]. 
Funnel plots and statistical tests (Begg’s and Egger’s) were 
employed to assess publication bias, with sensitivity anal-
ysis conducted to gauge bias impact.

Statistical analysis
Data synthesis and statistical analyses were performed 
using STATA14 software. Prevalence rates were calcu-
lated with 95% CIs, and ORs/RRs were computed for risk 
outcomes. Statistical heterogeneity was assessed using 
Cochran’s Q statistic and Higgins and Thompson’s I², 

with the fixed-effect model used for meta-analysis when 
p ≥ 0.10 and I² ≤ 50%. Substantial heterogeneity prompted 
subgroup and sensitivity analyses. A p value < 0.05 indi-
cated statistical significance.

Results
Results of literature search
A total of 17,490 relevant citations were initially iden-
tified through electronic databases and other search 
sources (PubMed 1195, EMBASE 3289, Cochrane 
Library 115, Scopus 12891 and other search sources 0), 
with 2286 duplicates removed. Ultimately, 62 studies 
[25–27, 34–92] were included in the qualitative synthesis 
after all ineligible articles were excluded, and all studies 
were included in the meta-analysis. All studies were pub-
lished in English, and the details of the study selection 
process are illustrated in the flowchart (Fig. 1).

Fig. 1 Flowchart
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Characteristics of the included studies
There were 3 case‒control studies, 31 cohort studies 
(retrospective or prospective cohort studies, population-
based cohort studies), 15 cross-sectional studies (direct 
or web-based cross-sectional studies), and 13 prevalence 
studies. The studies spanned various years, with publica-
tions ranging from 2020 to 2024. Predominantly, studies 
originated from the USA (n = 8), followed by Italy (n = 6), 
Spain (n = 6), India (n = 5), and several other countries. 
The total sample included 690,191 patients with rheuma-
toid arthritis. The detailed characteristics of the studies 
are presented in Table 1.

Quality Assessment of the included studies
All studies underwent rigorous quality and bias assess-
ment using the Joanna Briggs Institute guidelines. Sup-
plementary Information S2 provides detailed results. In 
prevalence studies, some studies failed to report on the 
methods used to identify the disease and their reliability. 
In cross-sectional studies and cohort studies, the risk of 
bias was attributed to factors such as the identification 
and handling of confounders. For case‒control studies, 
cross-sectional studies, and cohort studies, we also used 
the Newcastle–Ottawa Scale (NOS) for scoring, and all 
studies scored above six stars, indicating good overall 
quality with acceptable bias risk (Supplementary Infor-
mation S3). Overall, most studies were observed to be of 
good quality with an acceptable risk of bias.

Results of the Meta-analysis
Prevalence of COVID-19 and Risk of COVID-19
Thirty-six studies reported on the incidence of COVID-
19 among rheumatoid arthritis patients. According to a 
random-effects model, due to significant heterogeneity 
(I² = 99.96%, p = 0.00), the pooled prevalence was 11% 
(95% CI 6–17%) (Fig. 2a).

Twelve studies assessed the association between rheu-
matoid arthritis and COVID-19 risk. Moderate heteroge-
neity (I² = 63.3%, p = 0.002) warranted a random-effects 
model, revealing a pooled OR of 1.045 (95% CI 0.969, 
1.122) (z = 2.76, p = 0.006) (Fig. 2b).

Severe COVID-19 in patients with rheumatoid arthritis
Eleven studies examined severe COVID-19 among rheu-
matoid arthritis patients with COVID-19. The significant 
heterogeneity (I² = 97.79%, p = 0.00) led to the use of a 
random-effects model, which estimated a pooled preva-
lence of 18% (95% CI 11–26%) (Fig. 3a).

Eight studies investigated the association between 
rheumatoid arthritis and severe COVID-19. Significant 
heterogeneity (I² = 98.3%, p = 0.000) was observed, with 
a pooled OR of 1.354 (95% CI 1.002, 1.706) (z = 1.49, 
p = 0.135) (Fig. 3b).

COVID-19-related hospitalization and ICU admission
Fourteen studies reported on COVID-19-related hospi-
talization in rheumatoid arthritis patients. The significant 
heterogeneity (I² = 99.61%, p = 0.00) led to the use of a 
random-effects model, which estimated a pooled preva-
lence of 29% (95% CI 20–39%) (Fig. 4a). Thirteen studies 
assessed this association, revealing a pooled OR of 1.319 
(95% CI 1.055, 1.584) (z = 2.74, p = 0.006) (Fig. 4b).

Seven studies reported COVID-19-related ICU admis-
sions in rheumatoid arthritis patients. The significant 
heterogeneity (I² = 99.23%, p = 0.00) necessitated a ran-
dom-effects model, which estimated a pooled prevalence 
of 10% (95% CI 5–16%) (Fig.  5a). The pooled OR was 
1.498 (95% CI 1.145, 1.850) (z = 3.06, p = 0.002) across the 
five studies (Fig. 5b).

Mortality in COVID-19 rheumatoid arthritis patients
Sixteen studies reported COVID-19-related mortality 
among rheumatoid arthritis patients. Significant hetero-
geneity (I² = 97.48%, p = 0.00) was detected with a ran-
dom-effects model, which estimated an overall mortality 
rate of 8% (95% CI 5–11%) (Fig. 6a). For the association 
between rheumatoid arthritis and COVID-19 mortality, 
the pooled OR from thirteen studies was 1.377 (95% CI 
1.168, 1.587) (z = 3.31, p = 0.001) (Fig. 6b).

All the results of the above meta-analysis are shown in 
Table 2.

Sensitivity analysis and publication bias
Sensitivity analysis using STATA 14 confirmed the sta-
bility of the meta-analysis results, with no significant 
deviations noted upon removal of influential studies. 
Publication bias assessments revealed potential bias in 
COVID-19 and severe COVID-19 incidence studies by 
examining funnel plots (Supplementary File S4a, c), sup-
ported by Begg’s and Egger’s tests (p = 0.001 and p = 0.016, 
respectively) (Table  3). Other outcomes showed no sig-
nificant publication bias (Supplementary File S4b, d, 
e, f, g, h, i, j), reinforcing the robustness of the findings. 
All the results of Begg’s and Egger’s tests are shown in 
Table 3.

Discussion
Summary of the main results
This meta-analysis aimed to comprehensively assess 
COVID-19 outcomes in patients with rheumatoid arthri-
tis, addressing gaps left by previous reviews with limited 
study inclusion [29]. Most studies were from the USA, 
Italy, and Spain, highlighting potential underreporting in 
other regions due to resource constraints.

Our findings indicated a greater prevalence of COVID-
19 among rheumatoid arthritis patients (12%) than 
among the global average (approximately 8%) (based on 
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Study ID, 
year, county

Study design; Study settings; Study duration Number of partici-
pants in the study

Age of RA 
cohort

Female/male 
in RA cohort

COVID-19 outcomes 
reported

Ferri C et al., 
2021; Italy

Observational multicenter study; Telephone 
survey; NS

1641 ASD patients 
with
695 RA patients

(63 ± 13) a 518/177 Prevalence of 
COVID-19

Freites N et al., 
2020; Spain

Prospective observational study; Single tertiary 
Hospital; 1 March 2020 to 24 April 2020

123 AIRD–COVID 
patients with 50 RA 
patients

NS NS Risk of hospitalization

Mena V et al., 
2020; Spain

Cross-sectional observational study; HRUM Emer-
gencies; March 13 to April 12, 2020

1537 IAD patients 
with 13 RA patients

NS NS Death

Soldevila-D et 
al., 2020; Spain

Cross-sectional study; Hospital del Mar; Septem-
ber 2019 to March 2020

2544 IMID patients 
with 538 RA patients

NS 424/114 Prevalence of 
COVID-19

Alzahrani et 
al., 2020; Saudi 
Arabia

Retrospective study; Single tertiary care center; 
March 2020 to November 2020

47 RD patients with 
25 RA patients

NS NS Severe COVID-19

Annamalai et 
al., 2020; India

Multi-center retrospective observational study; 
Six tertiary care centers; April 01, 2020 to October 
15, 2020

85 RD- COVID 
patients with 44 RA 
patients

NS NS Hospitalization

Attauabi M 
et al., 2021; 
Denmark

Population-based cohort study; The Danish 
COVID-IMID cohort; January 28, 2020 to
September 15, 2020

71,733 IMID patients 
with 13,015 RA 
patients

NS NS Prevalence of 
COVID-19

Bachiller-
Corral et al., 
2021; Spain

Retrospective single-center observational study;
Ramóny Cajal Hospital; March 1, 2020
to April 30, 2020

4592 IRD patients 
with 1708 RA patients

NS NS Hospitalization; Risk 
of hospitalization

Belleudi et al., 
2021; Italy

Retrospective cohort Study; Regional administra-
tive healthcare databases; NS

65,230 IMID patients 
with 20,299 RA 
patients

64 (52–75) b 15,184/5115 Prevalence of COVID-
19; Risk of COVID-19; 
Risk of hospitalization; 
Risk of death

Bower et al., 
2021; Sweden

Cohort study; Swedish nationwide multiregister 
linkages; March–September 2020

110,567 IJD patients 
with 53,455 RA 
patients

69 (57–77) b 39,022/14,433 Risk of hospitaliza-
tion; risk of ICU; Risk 
of death

Cordtz et 
al., 2021; 
Denmark

Cohort study; the linkage of several Danish na-
tionwide registers; March 1 to August 12, 2020

29,440 RA patients 67.3 (56.7–75.7) b 20,990 /10,101 Death; Risk of hos-
pitalization; Risk of 
severe COVID-19

Fernandez-G 
et al., 2021; 
Spain

Observational longitudinal study;
Single tertiary hospital in Madrid; March 1 to 
April 15,2020

3951 IRD patients 
with
1486 RA patients

NS NS Risk of hospitalization

Florence et al., 
2021; France

Cohort study; Lille University Hospital; February 
24 to April 17, 2020

694 IRMD patients 
with
213 RA-COVID-19 
patients

NS NS Prevalence of COVID-
19; Severe COVID-19; 
Death

Gamboa-C et 
al., 2021; Peru

Cohort follow-up; Hospital Nacional Guillermo 
Almenara Irigoyen-EsSalud; March to November 
2020

1148 ARDs patients 
with
169 RA patients; 75 
RA-COVID patients

NS NS Prevalence of 
COVID-19

Guillaume 
et al., 2021; 
France

Observational monocentric cohort study; Adol-
phe de Rothschild Foundation Hospital; Apr 17 
to Nov 2, 2020

459 IMID patients 
with
149 RA patients

NS NS Risk of COVID-19

Jung et al., 
2021; Korea

Cross-sectional study; Nationwide COVID-19 
cohort database by the Korea National Health 
Insurance Corporation; NS

35 RA-COVID pa-
tients,121 controls

NS NS Severity of COVID-19; 
Admission to ICU; 
Death; Risk of COVID-
19; Risk of death

Naderi et al., 
2021; Iran

Multicenter cohort-based observational study; 
Rheumatology clinics of academic hospitals of 
Isfahan; April and July 2020

954 RD patients with 
215 RA patients;9 RA-
COVID patients

51.09 (52 [43–60]) 
c

175/40 Prevalence of COVID-
19; Hospitalization; 
Death; Admission 
to ICU

Pileggi et al., 
2021; Brazil

Cross-sectional analysis; Web‐based platform 
using telephone calls; March 29 to May 17, 2020

5166 RD patients with 
402 RA patients;16 
RA-COVID patients

NS NS Prevalence of 
COVID-19

Table 1 Characteristics of the included studies and patients
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Study ID, 
year, county

Study design; Study settings; Study duration Number of partici-
pants in the study

Age of RA 
cohort

Female/male 
in RA cohort

COVID-19 outcomes 
reported

Raike et al., 
2021; USA

Retrospective cohort study; US multicenter 
research network (TriNetX); NS

9730 RA patients (61.1 ± 15.3) a 7280/2450 Hospitalization; Ad-
mission to ICU; Death; 
Severe COVID-19; Risk 
of hospitalization; Risk 
of severe COVID-19; 
Risk of admission to 
ICU; Risk of death

Saadoun et al., 
2021; France, 
Germany, 
Italy, Portugal, 
Spain, and 
the UK

Multicenter cross-sectional study;
Six tertiary referral centers in France, Germany, 
Italy, Portugal, Spain, and the UK; June 7 to Dec 
8, 2020

3136 IMID patients 
with 891 RA pa-
tients;39 RA-COVID 
patients

NS NS Prevalence of 
COVID-19

Sarzi-P et al., 
2021; Italy

Multicenter retrospective study; Italian regions of 
Lombardy and Marche; March 15 to April 23,2020

10,260 RD patients 
with 5373 RA pa-
tients;23 RA-COVID 
patients

NS NS Prevalence of 
COVID-19

Shobha et al., 
2021; India

Prospective multicenter noninterventional lon-
gitudinal ongoing study; 14 specialist rheuma-
tology centers across Karnataka; March 2020 to 
August 10, 2020

3807 RD patients with 
1964RA patients;12 
RA-COVID patients

NS NS Prevalence of 
COVID-19

Hasseli et 
al., 2021; 
Germany

Prevalence study; German COVID-19 registry for 
IRD patients;30th March to 16th November 2020

104 RA-COVID-19 
patients

NS NS Hospitalization; Death

Batıbay et al., 
2021; Turkey

Prevalence study; Gazi University Hospital; July to 
December 2020

320 IRD patients with 
109 RA patients;6 RA-
COVID patients

NS NS Prevalence of COVID-
19; Death

Alsaed et al., 
2022; Qatar

Single-center retrospective matched cohort 
study; A medical center; March 2020 to March 
2021

141 ARD patients 
with 57 RA patients

NS NS Severe COVID-19; Risk 
of severe COVID-19

Assar et al., 
2022; Iran

Prevalence study; Emam Reza and Golestan 
Hospitals; Feb 18 and Aug 22, 2020

1000 RD patients with 
371RA patients; 78 
RA-COVID patients

NS NS Prevalence of COVID-
19; Risk of COVID-19

Becetti et al., 
2022; Qatar

Cross-sectional study; Telephonic survey; April 1 
to July 31, 2020

700 ARD patients 
with 260 RA patients; 
34 RA-COVID patients

NS NS Prevalence of 
COVID-19

Curtis et al., 
2022; USA

Retrospective cohort study; The Optum COVID-
19 EHR dataset; February 1 to December 9, 2020

2306 RA-COVID 
patients

61 (19–89) b 1795/511 Hospitalization; Ad-
mission to ICU; Death; 
Risk of hospitalization; 
Risk of admission to 
ICU; Risk of death

Eder et al., 
2022; Canada

Population-based, matched cohort study; The 
health administrative data; January 1 to July 31, 
2020

134,964 RA patients NS NS Risk of hospitalization

Figueroa-P et 
al., 2022; USA

Retrospective, comparative, multicenter cohort 
study; Mayo Clinic and Mass General Brigham in 
the USA; March 1, 2020 to June 6, 2021

582 RA patients 62 (14) a 421/161 Hospitalization; 
Death; Severe COVID-
19; Risk of hospitaliza-
tion; Risk of severe C 
OVID-19; Risk of death

Gomides et 
al., 2022; Brazil

Cross-sectional analysis; ReumaCoV- Brazil Regis-
try; May 24, 2020, to January 31, 2021

489 RA patients (53 ± 12) a 443/46 Prevalence of COVID-
19; Hospitalization

Gracia et al., 
2022; Spain

Cross-sectional survey; Google form platform; 
April to October 2020

1526 AD patients 
with 46 RA patients;2 
RA-COVID patients

NS NS Prevalence of 
COVID-19

Marozoff et al., 
2022; Canada

Population-based matched cohort study;
British Columbia; February 6, 2020 to August 
15,2021

6279 ARD patients 
with 2067 RA 
patients;

60.1 (18.3) a 1445/622 Risk of admission 
to ICU

Table 1 (continued) 
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Study ID, 
year, county

Study design; Study settings; Study duration Number of partici-
pants in the study

Age of RA 
cohort

Female/male 
in RA cohort

COVID-19 outcomes 
reported

Oztas et al., 
2022; Turkey

Cohort study; Rheumatology outpatient clinics 
of Istanbul University-Cerrahpasa and Istanbul 
University; June 1 to September 1, 2020

89 RA patients; 4 RA-
COVID patients

(53.9 ± 10.3) a 73/16 Prevalence of COVID-
19; Risk of COVID-19; 
Hospitalization

Patil et al., 
2022; India

Cohort study; 14 specialist rheumatology centers 
across Karnataka and one center in Kerala; April-
December 2020

9212 AIRD patients 
with 4558 RA pa-
tients; 120 RA-COVID 
patients

NS NS Prevalence of COVID-
19; Risk of death

Rorat et al., 
2022; Poland

Retrospective real-world study; The SARS Ter 
national database; 1 March 2020 and 31 January 
2022

136 RA patients NS NS Death

Sonaglia et al., 
2022; Italy

Observational study; The province of Udine, Italy; 
September 2019 to November 2020

936 RA patients; 16 
RA-COVID patients

NS NS Prevalence of 
COVID-19

Valladales-R 
et al., 2022; 
Colombia

Observational study; A health care institution; 1 
April 2020 to 31 May 2021

2566 RA patients; 130 
RA-COVID patients

61.9 (53.3–69.4) b 2080/486 Prevalence of COVID-
19; Hospitalization; 
Admission to ICU; 
Death

Wang et al., 
2022; China

Cohort Study; The Health Improvement Network; 
February 2020 to September 2020

17,268 RA patients; 42 
RA-COVID patients

(64.9 ± 13.5) a 12,295/4973 Prevalence of COVID-
19; Risk of COVID-19

Yue et al., 
2022; USA

Retrospective analysis; Optum EHR database; 
February 1, 2020 to March 3,2021

6108 RA patients (61.5 ± 14.8) a 4714/1394 Risk of severe 
COVID-19

Li et al., 2022; 
UK

Cohort study; UK primary care database; Decem-
ber 8, 2020 to October 31, 2021

15,901 RA patients (64.8 ± 13.7) a 11,258/4643 Prevalence of COVID-
19; Hospitalization; 
Death; Risk of COVID-
19; Risk of hospitaliza-
tion; Risk of death

Eder et al., 
2023; Canada

Population-based, matched cohort study; Adult 
residents from Ontario, Canada; January 2020 to 
December 2020

493,499 IMIDs 
patients with 134,964 
RA patients; 1349 RA-
COVID patients

NS NS Prevalence of COVID-
19; Risk of COVID-19

Geng et al., 
2023; China

Prevalence study; A tertiary hospital in Beijing; 
December 8, 2022 to January13, 2023

2005 AIIRDs patients 
with 290 RA pa-
tients;228 RA-COVID 
patients

NS NS Prevalence of COVID-
19; Risk of COVID-19

Jain et al., 
2023; India

Prospective, non-interventional longitudinal 
cohort study; 15 referral rheumatology centers; 
Apr-Dec,2021

2969 AIRD patients 
with 129 RA patients

NS NS Risk of COVID-19; Risk 
of death

Khalaf et al., 
2023; USA

Retrospective cohort study; The National Inpa-
tient Sample (NIS) database; 2020

21,175 RA patients; 68d 15,458/5717 Risk of death

Rizzi et al., 
2023; Italy

Prospective cohort; NS; October to December 
2021

17 RA patients; 2 RA-
COVID patients

NS NS Prevalence of COVID-
19; Risk of COVID-19

Sarı et al., 
2023; Türkiye

Prevalence study; İstanbul Fatih Sultan Mehmet 
Training and Research Hospital; July 2020 and 
January 2021

71 RA patients; 14 RA-
COVID patients

NS NS Prevalence of COVID-
19; Severe COVID-19

Scirocco et al., 
2023; Italy

Retrospective, observational design; The national 
CONTROL-19 Database; March 26, 2020 to March 
1, 2021

524 RA patients; 
131RA-COVID 
patients

60.6 (13.1) a 389/135 Prevalence of 
COVID-19

Singh et al., 
2023; USA

Cohort study; Database; January 1,2020 and 
September 16,2021

69,549 RA patients; 
22,956 RA-COVID 
patients

61.00 (51.0, 71.0) b 17,492/5464 Prevalence of COVID-
19; Hospitalization; 
Admission to ICU; 
Death

Svensson 
et al., 2023; 
Denmark

Cohort study; Danish national registers; March 
2020 to January 2023

30,919 RA patients; 
13,011RA-COVID 
patients

52.1(40.3–63.8) b 21,895/9024 Prevalence of COVID-
19; Risk of COVID-19; 
Risk of hospitalization; 
Risk of death; Risk of 
Severe COVID-19

Table 1 (continued) 
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data provided on the WHO  w e b s i t e (    h t  t p s  : /  / d a t a . w h o . i n t / 
d a s h b o a r d s / c o v i d 1 9 / c a s e s ? n = c     ) ) .  

In addition, a statistically significant association 
between rheumatoid arthritis and COVID-19 was found 
in the risk estimate, which suggested that patients with 
rheumatoid arthritis were more susceptible to COVID-
19 than the general population. This was consistent 
with the results of prior studies highlighting rheuma-
toid arthritis patients’ elevated infection risk [93]. Fac-
tors such as immunosuppression, chronic inflammatory 
states, and comorbidities might also be causes [94]. 
Notably, certain rheumatoid arthritis treatments, such as 
DMARDs, glucocorticoids and etanercept, are associated 
with increased COVID-19 risk. For example, Assar et al. 
reported that patients treated with > 20  mg/d predniso-
lone were at increased risk of getting COVID-19 [56]. 

Gracia et al. reported that anti-TNF-alpha treatment was 
associated with a more than 3-fold increased risk of con-
tracting COVID-19 [62]. A study conducted by Valladales 
et al. suggested that the incidence of COVID-19 was 
greater among patients with rheumatoid arthritis who 
received DMARDs and glucocorticoids simultaneously 
than among patients with rheumatoid arthritis who did 
not receive these drug combinations [68]. Bagheri et al. 
provided evidence that etanercept therapy might increase 
the risk of developing COVID-19 in patients with rheu-
matoid arthritis [83]. Apparently, the mechanism might 
stem from the suppression of a protective immune state 
in rheumatoid arthritis patients.

Our meta-analysis revealed that the incidence of severe 
COVID-19 among rheumatoid arthritis patients was 
18%. For the risk of severe COVID-19, some studies have 

Study ID, 
year, county

Study design; Study settings; Study duration Number of partici-
pants in the study

Age of RA 
cohort

Female/male 
in RA cohort

COVID-19 outcomes 
reported

Tsai et al., 
2023; Taiwan

Retrospective cohort study; the US Collabora-
tive Network in TriNetX; January 1, 2018 and 
December 31, 2022

7284 RA patients; 753 
RA-COVID patients

NS 5908/1376 Prevalence of 
COVID-19; Hospital-
ization; Death; Severe 
COVID-19

Zamora-A 
et al., 2023; 
Philippines

Prevalence study; The Global Rheumatology Alli-
ance registry; March 2020 to August 2021

164 IRDs patients 
with 25 RA

NS NS Risk of hospitalization; 
Risk of death

Bagheri-H et 
al., 2023; Iran

Retrospective cross-sectional study;
Ali-Ibn-Abi-Talib Hospital, Rafsanjan University of 
Medical Sciences; NS

200 RA patients;34 
RA-COVID patients

NS 140/60 Prevalence of 
COVID-19

Abdulnaby 
et al., 2023; 
Egypt

Multicenter case-control study; Cairo University 
Hospitals; September 2020 and February 2021

66 RD patients with 
32 RA patients;

NS NS Severe COVID-19

Armağan 
et al., 2023; 
Turkey

Single-center retrospective study; Ankara City 
Hospital Rheumatology Clinic; May to December 
2021

98 ARD patients with 
62 RA patients;14 RA- 
COVID patients

NS NS Prevalence of 
COVID-19

Nair et al., 
2023; India

Prevalence study; A tertiary care center from 
South India; October 2019 to May 2021

76 RA patients;4 RA- 
COVID patients

NS NS Prevalence of 
COVID-19

Anand et al., 
2023; USA

Cohort study; Veterans Health Administration 
electronic health records; January 1, 2020 to 
September 30, 2022

1355 RA-COVID 
patients

NS 280/1075 Severe COVID-19; Risk 
of severe COVID-19

Davis et al., 
2024; USA

Retrospective case-control; The National Inpa-
tient Sample database; January 1 to December 
31, 2020

21,545 RA-COVID 
patients

68.75 (0.20) a 15,711/5834 Risk of death

Embaby et al., 
2024; Egypt

Prevalence study; Cairo University hospitals 
and private rheumatology centers; The start of 
pandemic in 2019 till 30 June 2022

300 RA-COVID 
patients

(48.92 ± 12.1) a 187/13 Severe COVID-19; 
Death

Cordtz R 
et al., 2022; 
Denmark

Cohort study; Several Danish nationwide regis-
ters; January 1 to October 5, 2021

81,818RA pa-
tients;1942 RA-COVID 
patients

NS 58,233/23,585 Prevalence of COVID-
19; Hospitalization

Le M et al., 
2023; Belgium

Longitudinal prospective monocentric study; 
Hospital Erasme (Brussels, Belgium); April 2021 
and February 2022

79 RA patients;7 RA-
COVID patients

61.0 (52.5–68.0) b 63/16 Prevalence of 
COVID-19

Mahdavi et al., 
2021; Iran

Cross-sectional study; Tabriz University of Medical 
Sciences; 14 December 2020 to 14 March 2021

128 RA-COVID 
patients

(52.3 ± 13.9) a 107/21 Hospitalization; Ad-
mission to ICU; Death

ASD inflammatory autoimmune systemic diseases, AIRD autoimmune inflammatory rheumatic diseases, IMIDs immune-mediated inflammatory diseases, IAD 
inflammatory articular diseases, RD rheumatic diseases, IRDs inflammatory rheumatic diseases, IJDs inflammatory joint diseases, IRMD inflammatory rheumatic and 
musculoskeletal diseases, ARDs autoimmune rheumatic diseases, UK United Kingdome, USA United States of America. NS not specified.
aMean with standard deviation; bMedian with IQR; cmean (median [IQR]); dMean

Table 1 (continued) 

https://data.who.int/dashboards/covid19/cases?n=c
https://data.who.int/dashboards/covid19/cases?n=c


Page 9 of 18Jin et al. BMC Rheumatology            (2024) 8:61 

Fig. 2 (a)Prevalence of COVID-19 in RA patients; (b) Risk of COVID-19 among RA patients
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Fig. 3 (a) Severe COVID-19 among RA patients; (b) Risk of severe COVID-19 among RA patients
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Fig. 4 (a) COVID-19 hospitalization among RA patients; (b) Risk of COVID-19 hospitalization among RA patients
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Fig. 5 (a) ICU admission due to COVID-19 among RA patients; (b) Risk of ICU admission due to COVID-19 among RA patients
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Fig. 6 (a)Morality rate in COVID-19 RA patients; (b) Risk of dying from COVID-19 in RA patients
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reported that patients with rheumatoid arthritis have 
an increased risk of severe COVID-19 [44, 60, 70, 80]. 
In contrast, other studies have suggested that COVID-
19 severity is not associated with rheumatoid arthritis 
[25, 51, 55]. Overall, the pooled results indicated that 
rheumatoid arthritis was not a risk factor for severe 
COVID-19. This discrepancy underscores the need for 
standardized severity definitions and more data to clarify 
these findings.

The hospitalization and ICU admission rates for 
COVID-19 in rheumatoid arthritis patients were nota-
bly high, at 29% and 13%, respectively. Similarly, the 
pooled mortality rate of 9% among rheumatoid arthritis 
patients due to COVID-19 starkly contrasted with the 
global mortality rate of approximately 1% (roughly cal-
culated according to data provided on the WHO web-
site)1. In addition, rheumatoid arthritis patients might 
be more likely to be hospitalized due to COVID-19, and 
a similar trend was observed in terms of the risk of ICU 
admission for COVID-19. Moreover, compared with con-
trol patients, rheumatoid arthritis patients had a greater 
risk of dying from COVID-19. These outcomes suggest 
that compared with the general population, rheumatoid 
arthritis patients are more likely to experience severe 
COVID-19 and have worse clinical outcomes.

Figueroa et al. reported that rheumatoid arthritis with 
interstitial lung disease might be a substantial contribu-
tor to severe COVID-19 in patients with rheumatoid 
arthritis [60]. A study conducted by Gomides et al. dem-
onstrated that heart disease and the use of glucocorti-
coids were associated with a greater number of hospital 
admissions for COVID-19 in patients with rheumatoid 
arthritis [61]. Singh et al. reported that rituximab was 
associated with hospitalization and ICU admission for 
COVID-19 in patients with rheumatoid arthritis [79]. 
Similarly, Tsai et al. reported that patients with rheuma-
toid arthritis caused by the use of Janus-associated kinase 
inhibitors (JAKis) had a significant risk for hospitaliza-
tion, mortality or composite adverse outcomes, especially 
mortality, among those without COVID-19 vaccination 
[81]. In addition, advanced age, comorbid conditions 
(such as hypertension and diabetes), and a history of pre-
vious serious infections might be associated with a more 
severe COVID-19 disease course [73, 79, 84, 85, 89]. 
Some treatment options for rheumatoid arthritis might 
contribute to severe COVID-19 outcomes in patients 
with rheumatoid arthritis. However, compared with the 
comparator cohort, patients with rheumatoid arthritis 
were at a greater risk of severe or critical COVID-19, 
while non-TNFi biologics and systemic therapies did not 
further increase the risk [58]. These results might guide 

Table 2 The results of the meta-analysis. Note: **p < 0.01, △p > 0.05.ICU: intensive care unit
NO. of 
included 
studies

Heterogeneity Model Results of meta-analysis
I²(%) p-value Pooled rate or 

OR(95%CI)
p-value Z

Prevalence of COVID-19 in RA patients 36 99.96 0.00 random 0.11 (0.06–0.17) 0.00** 7.12
The risk of COVID-19 in RA patients 12 63.3 0.002 random 1.045 (0.969, 1.122) 0.006** 2.76
Severe COVID-19 in RA patients 11 97.79 0.00 random 0.18(0.11–0.26) 0.00** 8.02
The risk of severe COVID-19 in RA patients 8 98.3 0.000 random 1.354 (1.002, 1.706) 0.135△ 1.49
COVID-19-related hospitalization in RA patients 14 99.61 0.00 random 0.29(0.20–0.39) 0.00** 9.52
The risk of COVID-19-related hospitalization in RA patients 13 94.6 0.000 random 1.319 (1.055, 1.584) 0.006** 2.74
COVID-19-related admission to ICU in RA patients 7 99.23 0.00 random 0.10(0.05–0.16) 0.00** 5.83
The risk of COVID-19-related admission to ICU in RA patients 5 81.1 0.000 random 1.498 (1.145, 1.850) 0.002** 3.06
COVID-19 mortality in RA patients 16 97.48 0.00 random 0.08(0.05–0.11) 0.00** 9.20
The risk of dying from COVID-19 in RA patients 13 81.7 0.00 random 1.377 (1.168, 1.587) 0.001** 3.31

Table 3 Results of Begg’s test and Egger’s test. Note: *p < 0.05, **p < 0.01, △p > 0.05. ICU: intensive care unit
NO. of included studies Begg’s test Egger’s test

z p t p
Prevalence of COVID-19 in RA patients 36 3.43 0.001** 0.38 0.705△

The risk of COVID-19 in RA patients 12 0.21 0.837△ -0.05 0.962△

Severe COVID-19 in RA patients 11 0.31 0.755△ 2.97 0.016*
The risk of severe COVID-19 in RA patients 8 -0.12 1.000△ 0.02 0.985△

COVID-19-related hospitalization in RA patients 14 0.44 0.661△ 0.97 0.353△

The risk of COVID-19-related hospitalization in RA patients 13 1.40 0.161△ 0.24 0.818△

COVID-19-related admission to ICU in RA patients 7 0.00 1.000△ 1.76 0.139△

The risk of COVID-19-related admission to ICU in RA patients 5 0.73 0.462△ 1.39 0.258△

COVID-19 mortality in RA patients 16 0.77 0.444△ 1.63 0.125△

The risk of dying from COVID-19 in RA patients 13 -0.06 1.000△ 1.12 0.288△
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the development or modification of treatment plans for 
rheumatoid arthritis patients infected with SARS-CoV-2 
or other similar viruses [83].

Potential biases in the review process
There was a significant level of heterogeneity observed 
in the pooled analysis of all outcomes, such as the preva-
lence of COVID-19, the risk of severe COVID-19, the 
prevalence and the risk of COVID-19-related hospital-
ization, the prevalence of admission to the ICU due to 
COVID-19 and the risk of admission to the ICU due to 
COVID-19, and the mortality and the risk of death from 
COVID-19, except for the risk of COVID-19 and the 
prevalence of severe COVID-19. Heterogeneity might 
stem from varying follow-up durations, disparate pan-
demic control measures, and regional differences in 
healthcare protocols. Subgroup analyses were not con-
ducted due to insufficient data granularity. In addition, 
different treatments for rheumatoid arthritis and disease 
activity might also result in heterogeneity. However, pub-
lication bias was minimal, suggesting that the included 
studies were generally of high quality. Sensitivity analysis 
confirmed the robustness of our findings.

Limitations
Limitations include potential underreporting of data, 
especially from regions with limited resources. Variabil-
ity in outbreak severity and control measures between 
countries also introduced inevitable heterogeneity. And 
due to the lack of relevant details, it was difficult to ana-
lyze some important points such as drug combination 
and disease activity in patients with RA. Additionally, the 
inclusion of single-center and small-scale studies might 
have influenced the overall results.

Conclusion
In conclusion, our meta-analysis revealed that com-
pared with non- rheumatoid arthritis patients, rheuma-
toid arthritis patients are at greater risk of COVID-19 
infection, hospitalization, ICU admission, and mortality. 
However, no significant association was found between 
rheumatoid arthritis and severe COVID-19. Future 
research should focus on standardizing severity defini-
tions and assessing the impact of specific rheumatoid 
arthritis treatments on COVID-19 outcomes to optimize 
patient management strategies.

Abbreviations
COVID-19  Coronavirus disease 2019
ICU  Intensive care unit
SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
PRISMA  The Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
NOS  The Newcastle‒Ottawa Scale
JAKis  Janus-associated kinase inhibitors

Supplementary Information
The online version contains supplementary material available at  h t t  p s : /  / d o  i .  o r 
g / 1 0 . 1 1 8 6 / s 4 1 9 2 7 - 0 2 4 - 0 0 4 3 1 - 5     .  

Supplementary Material 1

Supplementary Material 2

Acknowledgements
We would like to thank all the patients and researchers who have contributed 
to the related studies.

Author contributions
V.K.W.W and WY designed the study. JL, GJP, LXW, and LY collected the data. 
JL and GJP drafted the manuscript. V.K.W.W, and WY contributed to revise the 
manuscript. All authors reviewed the manuscript.

Funding
The funding project number is [cstc2019jscx-dxwtBX0023].

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Clinical trial number
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 September 2024 / Accepted: 16 October 2024

References
1. Khan S, Gionfriddo MR, Cortes-Penfield N, Thunga G, Rashid M. The trade-off 

dilemma in pharmacotherapy of COVID-19: systematic review, meta-analysis, 
and implications. Expert Opin Pharmacother. 2020;21(15):1821–49.

2. Worldometer, COVID-19 CORONAVIRUS PANDEMIC. : Worldometer; 2021 
[updated 31 August 2021. https:/ /www.wo rldomet ers. info/coronavirus/. 
Accessed on 25 April 2024.

3. Favalli EG, Ingegnoli F, De Lucia O, Cincinelli G, Cimaz R, Caporali R. COVID-
19 infection and rheumatoid arthritis: faraway, so close! Autoimmun Rev. 
2020;19(5):102523. 10.1016/j. autrev.2020.102523.

4. Wolff D, Nee S, Hickey NS, Marschollek M. J. I. Risk factors for Covid-19 severity 
and fatality: a structured literature review. Infection. 2021;49(1):15–28.

5. Pijls BG, Jolani S, Atherley A, Derckx RT, Dijkstra JIR, Franssen GHL, et al. Demo-
graphic risk factors for COVID-19 infection, severity, ICU admission and death: 
a meta-analysis of 59 studies. BMJ Open. 2021;11(1):e044640.  h t t  p s : /  / d o  i .  o r g / 
1 0 . 1 1 3 6 / b m j o p e n - 2 0 2 0 - 0 4 4 6 4 0     .   

6. Zhang JJ, Dong X, Liu GH, Gao YD. Risk and protective factors for COVID-19 
morbidity, severity, and Mortality. Clin Rev Allergy Immunol. 2023;64(1):90–
107. https:/ /doi.or g/10.10 07/s 12016-022-08921-5. Epub 2022 Jan 19.

7. Rashid M, Rajan AK, Thunga G, Shanbhag V, Nair S. Impact of diabetes in 
COVID-19 associated mucormycosis and its management: a non-systematic 
literature review. Curr Diabetes Rev. 2022.  h t t  p s : /  / d o  i .  o r g / 1 0 . 2 1 7 4 / 1 5 7 3 3 9 9 8 1 
8 6 6 6 2 2 0 2 2 4 1 2 3 5 2 5     .   

8. Pardamean E, Roan W, Iskandar KTA, Prayangga R, Hariyanto T. I. Mortality 
from coronavirus disease 2019 (Covid- 19) in patients with schizophrenia: a 
systematic review, meta-analysis and meta-regression. Gen Hosp Psychiatry. 
2022;75:61–7.

https://doi.org/10.1186/s41927-024-00431-5
https://doi.org/10.1186/s41927-024-00431-5
https://www.worldometers.info/coronavirus/
https://doi.org/10.1136/bmjopen-2020-044640
https://doi.org/10.1136/bmjopen-2020-044640
https://doi.org/10.1007/s12016-022-08921-5
https://doi.org/10.2174/1573399818666220224123525
https://doi.org/10.2174/1573399818666220224123525


Page 16 of 18Jin et al. BMC Rheumatology            (2024) 8:61 

9. Díaz-González F, Hernández-Hernández MV. Rheumatoid arthritis. Med Clin 
(Barc). 2023;161(12):533 – 42. English, Spanish.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 1 6 / j . m e d c l 
i . 2 0 2 3 . 0 7 . 0 1 4     . Epub 2023 Aug 9.

10. Cush JJ. Rheumatoid arthritis: early diagnosis and treatment. Rheum Dis Clin 
North Am. 2022;48(2):537–47. https:/ /doi.or g/10.10 16/j .rdc.2022.02.010.

11. Gravallese EM, Firestein GS. Rheumatoid arthritis - common origins, divergent 
mechanisms. N Engl J Med. 2023;388(6):529–42.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 5 6 / N E J 
M r a 2 1 0 3 7 2 6     .   

12. Figus FA, Piga M, Azzolin I, McConnell R, Iagnocco A. Rheumatoid arthritis: 
extra-articular manifestations and comorbidities. Autoimmun Rev. 
2021;20(4):102776. https:/ /doi.or g/10.10 16/j .autrev.2021.102776. Epub 2021 
Feb 17.

13. Alghamdi M, Somaily MY, Alemam S, Majadah S, Hassan AAH, Meshary AA, et 
al. Prevalence and comorbidities among individuals with rheumatoid arthritis 
in the Saudi Arabian context. Cureus. 2024;16(2):e53992.  h t t  p s : /  / d o  i .  o r g / 1 0 . 7 7 
5 9 / c u r e u s . 5 3 9 9 2     .   

14. Almutairi K, Nossent J, Preen D, Keen H, Inderjeeth C. The global prevalence 
of rheumatoid arthritis: a meta-analysis based on a sys- tematic review. 
Rheumatol Int. 2021;41(5):863–77.

15. Zhang S, Wang L, Bao L, Sun H, Feng F, Shan J, et al. Does Rheumatoid 
Arthritis affect the infection and complications rates of spinal surgery? A 
systematic review and Meta-analysis. World Neurosurg. 2021;145:260–6.  h t t  p s 
: /  / d o  i .  o r g / 1 0 . 1 0 1 6 / j . w n e u . 2 0 2 0 . 0 9 . 0 3 9     . Epub 2020 Sep 22.

16. Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel SE. Frequency of 
infection in patients with rheumatoid arthritis compared with controls: a 
population-based study. Arthritis Rheum. 2002;46(9):2287–93.  h t t  p s : /  / d o  i .  o r g 
/ 1 0 . 1 0 0 2 / a r t . 1 0 5 2 4     .   

17. Balandraud N, Roudier J. Epstein-Barr virus and rheumatoid arthritis. Joint 
Bone Spine. 2018;85(2):165–70. https:/ /doi.or g/10.10 16/j .jbspin.2017.04.011. 
Epub 2017 May 9.

18. Konig MF. The microbiome in autoimmune rheumatic disease. Best Pract Res 
Clin Rheumatol. 2020;34(1):101473.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 1 6 / j . b e r h . 2 0 1 9 . 1 0 1 4 7 
3     . Epub 2020 Feb 7.

19. De Sanctis JB. Assessment of Inflammatory Response and its resolution in 
viral infection and rheumatoid arthritis. Curr Pharm Des. 2021;27(44):4433. 
https:/ /doi.or g/10.21 74/1 38161282744211025125359.

20. Montastruc F, Renoux C, Hudson M, Dell’Aniello S, Simon TA, Suissa S. 
Abatacept initiation in rheumatoid arthritis and the risk of serious infection: 
a population-based cohort study. Semin Arthritis Rheum. 2019;48(6):1053–8. 
https:/ /doi.or g/10.10 16/j .semarthrit.2019.01.009.

21. Downey C. Serious infection during etanercept, infliximab and adalim-
umab therapy for rheumatoid arthritis: a literature review. Int J Rheum Dis. 
2016;19(6):536–50. https:/ /doi.or g/10.11 11/1 756-185X.12659.

22. Singh JA, Cameron C, Noorbaloochi S, Cullis T, Tucker M, Christensen R, et al. 
Risk of serious infection in biological treatment of patients with rheumatoid 
arthritis: a systematic review and meta-analysis. Lancet. 2015;386(9990):258–
65. https:/ /doi.or g/10.10 16/S 0140-6736(14)61704-9.

23. Atzeni F, Masala IF, di Franco M, Sarzi-Puttini P. Infections in rheumatoid 
arthritis. Curr Opin Rheumatol. 2017;29(4):323–30.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 9 7 / B O 
R . 0 0 0 0 0 0 0 0 0 0 0 0 0 3 8 9     .   

24. McInnes IB. COVID-19 and rheumatology: first steps towards a different 
future? Ann Rheum Dis. 2020;79(5):551–2.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 3 6 / a n n r h e u m 
d i s - 2 0 2 0 - 2 1 7 4 9 4     .   

25. Jung Y, Kwon M, Choi HG. Association between previous rheumatoid arthritis 
and COVID-19 and its severity: a nationwide cohort study in South Korea. 
BMJ Open. 2021;11(10):e054753.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 3 6 / b m j o p e n - 2 0 2 1 - 0 5 4 
7 5 3     .   

26. Shobha V, Chanakya K, Haridas V, et al. Do all patients with rheumatic diseases 
have a higher risk of COVID 19? Initial results from the Karnataka Rheumatol-
ogy Association COVID 19 Cohort Study (KRACC)[J]. Indian J Rheumatol. 
2021;16(2):164–8.

27. Batıbay S, Koçak Ulucaköy R, Özdemir B, Günendi Z, Göğüş FN. Clinical out-
comes of Covid-19 in patients with rheumatic diseases and the effects of the 
pandemic on rheumatology outpatient care: a single-centre experience from 
Turkey. Int J Clin Pract. 2021;75(9):e14442. https://doi.org/10.1111/ijcp.

28. D’Silva KM, Wallace ZS. COVID-19 and rheumatoid arthritis. Curr Opin Rheu-
matol. 2021;33(3):255–61. https:/ /doi.or g/10.10 97/B OR.0000000000000786.

29. Zhang G, Liu J, Wang J, et al. Meta-analysis reveals that rheumatoid arthritis is 
associated with worse clinical outcomes among patients with COVID‐19[J]. 
Int J Rheum Dis. 2024;27(2):e15049.

30. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. 
The PRISMA statement for reporting systematic reviews and meta-analyses of 

studies that evaluate healthcare interventions: explanation and elaboration. 
BMJ. 2009;339:b2700. https:/ /doi.or g/10.11 36/b mj.b2700.

31. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021;372:n71. https:/ /doi.or g/10.11 36/b mj.n71.

32. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M et al. The 
Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrandomized 
studies in meta-analyses. Available from: URL: http://www.ohri.ca/programs/ 
clinical_ epidemiology /oxford.htm cited 2009 Oct 19.

33. Moola S, Munn Z, Sears K, Sfetcu R, Currie M, Lisy K, Tet. Conducting system-
atic reviews of association (etiology): the Joanna Briggs Institute’s approach. 
Int J Evid Based Healthc. 2015;13(3):163–9.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 9 7 / X E B . 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 6 4     .   

34. Ferri C, Giuggioli D, Raimondo V, L’Andolina M, Tavoni A, Cecchetti R, et al. 
COVID-19 and rheumatic autoimmune systemic diseases: report of a large 
Italian patients series. Clin Rheumatol. 2020;39(11):3195–204.  h t t  p s : /  / d o  i .  o r g / 
1 0 . 1 0 0 7 / s 1 0 0 6 7 - 0 2 0 - 0 5 3 3 4 - 7     .   

35. Freites Nuñez DD, Leon L, Mucientes A, Rodriguez-Rodriguez L, Font Urgelles 
J, Madrid García A, et al. Risk factors for hospital admissions related to COVID-
19 in patients with autoimmune inflammatory rheumatic diseases. Ann 
Rheum Dis. 2020;79(11):1393–9.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 3 6 / a n n r h e u m d i s - 2 0 2 
0 - 2 1 7 9 8 4     .   

36. Mena Vázquez N, Manrique-Arija S, Cabezudo-García P, Godoy-Navarrete FJ, 
Cabezas-Lucena AM, Morales-Águila M, et al. Incidence and case fatality rate 
of COVID-19 in patients with inflammatory articular diseases. Int J Clin Pract. 
2021;75(4):e13707. https:/ /doi.or g/10.11 11/i jcp.13707.

37. Soldevila-Domenech N, Tío L, Llorente-Onaindia J, Martín-García E, Nebot P, 
de la Torre R, et al. COVID-19 incidence in patients with Immunomediated 
Inflammatory diseases: influence of immunosuppressant treatments. Front 
Pharmacol. 2020;11:583260. https:/ /doi.or g/10.33 89/f phar.2020.583260.

38. Alzahrani ZA, Alghamdi KA, Almaqati AS. Clinical characteristics and 
outcome of COVID-19 in patients with rheumatic diseases. Rheumatol Int. 
2021;41(6):1097–103. https:/ /doi.or g/10.10 07/s 00296-021-04857-9. Epub 
2021 Apr 15.

39. Annamalai SV, Santhanam S, Mohanasundaram K, et al. COVID-19 and 
rheumatic diseases in Tamil Nadu–a multicenter retrospective observational 
study[J]. Indian J Rheumatol. 2021;16(4):441–6.

40. Attauabi M, Seidelin JB, Felding OK, Wewer MD, Vinther Arp LK, et al. 
Coronavirus disease 2019, immune-mediated inflammatory diseases and 
immunosuppressive therapies - a Danish population-based cohort study. J 
Autoimmun. 2021;118:102613. https:/ /doi.or g/10.10 16/j .jaut.2021.102613.

41. Bachiller-Corral J, Boteanu A, Garcia-Villanueva MJ, de la Puente C, Revenga 
M, Diaz-Miguel MC, et al. Risk of severe COVID-19 infection in patients with 
Inflammatory Rheumatic diseases. J Rheumatol. 2021;48(7):1098–102.  h t t  p s : /  / 
d o  i .  o r g / 1 0 . 3 8 9 9 / j r h e u m . 2 0 0 7 5 5     .   

42. Belleudi V, Rosa AC, Poggi FR, Armuzzi A, Nicastri E, Goletti D, et al. Direct and 
indirect impact of COVID-19 for patients with Immune-mediated inflam-
matory diseases: a retrospective cohort study. J Clin Med. 2021;10(11):2388. 
https:/ /doi.or g/10.33 90/j cm10112388.

43. Bower H, Frisell T, Di Giuseppe D, Delcoigne B, Ahlenius GM, Baecklund E, et 
al. Impact of the COVID-19 pandemic on morbidity and mortality in patients 
with inflammatory joint diseases and in the general population: a nationwide 
Swedish cohort study. Ann Rheum Dis. 2021;80(8):1086–93.  h t t  p s : /  / d o  i .  o r g / 1 
0 . 1 1 3 6 / a n n r h e u m d i s - 2 0 2 1 - 2 1 9 8 4 5     .   

44. Cordtz R, Lindhardsen J, Soussi BG, Vela J, Uhrenholt L, Westermann R, et 
al. Incidence and severeness of COVID-19 hospitalization in patients with 
inflammatory rheumatic disease: a nationwide cohort study from Denmark. 
Rheumatology (Oxford). 2021;60(SI):SI59–67.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 9 3 / r h e u m a 
t o l o g y / k e a a 8 9 7     .   

45. Fernandez-Gutierrez B, Leon L, Madrid A, Rodriguez-Rodriguez L, Freites D, 
Font J, et al. Hospital admissions in inflammatory rheumatic diseases during 
the peak of COVID-19 pandemic: incidence and role of disease-modifying 
agents. Ther Adv Musculoskelet Dis. 2021;13:1759720X20962692.  h t t  p s : /  / d o  i .  
o r g / 1 0 . 1 1 7 7 / 1 7 5 9 7 2 0 X 2 0 9 6 2 6 9 2     .   

46. FAI2R /SFR/SNFMI/SOFREMIP/CRI/IMIDIATE consortium and contributors. 
Severity of COVID-19 and survival in patients with rheumatic and inflamma-
tory diseases: data from the French RMD COVID-19 cohort of 694 patients. 
Ann Rheum Dis. 2021;80(4):527–38.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 3 6 / a n n r h e u m d i s - 2 0 
2 0 - 2 1 8 3 1 0     .   

47. Gamboa-Cárdenas RV, Barzola-Cerrón S, Toledo-Neira D, Reátegui-Sokolova 
C, Pimentel-Quiroz V, Zevallos-Miranda F, et al. Predictors of hospitalization 
for COVID-19 in patients with autoimmune rheumatic diseases: results from a 

https://doi.org/10.1016/j.medcli.2023.07.014
https://doi.org/10.1016/j.medcli.2023.07.014
https://doi.org/10.1016/j.rdc.2022.02.010
https://doi.org/10.1056/NEJMra2103726
https://doi.org/10.1056/NEJMra2103726
https://doi.org/10.1016/j.autrev.2021.102776
https://doi.org/10.7759/cureus.53992
https://doi.org/10.7759/cureus.53992
https://doi.org/10.1016/j.wneu.2020.09.039
https://doi.org/10.1016/j.wneu.2020.09.039
https://doi.org/10.1002/art.10524
https://doi.org/10.1002/art.10524
https://doi.org/10.1016/j.jbspin.2017.04.011
https://doi.org/10.1016/j.berh.2019.101473
https://doi.org/10.1016/j.berh.2019.101473
https://doi.org/10.2174/138161282744211025125359
https://doi.org/10.1016/j.semarthrit.2019.01.009
https://doi.org/10.1111/1756-185X.12659
https://doi.org/10.1016/S0140-6736(14)61704-9
https://doi.org/10.1097/BOR.0000000000000389
https://doi.org/10.1097/BOR.0000000000000389
https://doi.org/10.1136/annrheumdis-2020-217494
https://doi.org/10.1136/annrheumdis-2020-217494
https://doi.org/10.1136/bmjopen-2021-054753
https://doi.org/10.1136/bmjopen-2021-054753
https://doi.org/10.1111/ijcp
https://doi.org/10.1097/BOR.0000000000000786
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.n71
http://www.ohri.ca/programs/
https://doi.org/10.1097/XEB.0000000000000064
https://doi.org/10.1097/XEB.0000000000000064
https://doi.org/10.1007/s10067-020-05334-7
https://doi.org/10.1007/s10067-020-05334-7
https://doi.org/10.1136/annrheumdis-2020-217984
https://doi.org/10.1136/annrheumdis-2020-217984
https://doi.org/10.1111/ijcp.13707
https://doi.org/10.3389/fphar.2020.583260
https://doi.org/10.1007/s00296-021-04857-9
https://doi.org/10.1016/j.jaut.2021.102613
https://doi.org/10.3899/jrheum.200755
https://doi.org/10.3899/jrheum.200755
https://doi.org/10.3390/jcm10112388
https://doi.org/10.1136/annrheumdis-2021-219845
https://doi.org/10.1136/annrheumdis-2021-219845
https://doi.org/10.1093/rheumatology/keaa897
https://doi.org/10.1093/rheumatology/keaa897
https://doi.org/10.1177/1759720X20962692
https://doi.org/10.1177/1759720X20962692
https://doi.org/10.1136/annrheumdis-2020-218310
https://doi.org/10.1136/annrheumdis-2020-218310


Page 17 of 18Jin et al. BMC Rheumatology            (2024) 8:61 

community cohort follow-up. Clin Rheumatol. 2021;40(11):4725–34.  h t t  p s : /  / d 
o  i .  o r g / 1 0 . 1 0 0 7 / s 1 0 0 6 7 - 0 2 1 - 0 5 8 3 3 - 1     .   

48. Guillaume D, Magalie B, Sina E, Imène SM, Frédéric V, Mathieu D, et al. 
Antirheumatic Drug Intake Influence on occurrence of COVID-19 infection 
in ambulatory patients with Immune-mediated inflammatory diseases: a 
Cohort Study. Rheumatol Ther. 2021;8(4):1887–95.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 7 / s 4 
0 7 4 4 - 0 2 1 - 0 0 3 7 3 - 1     .   

49. Naderi Z, Sadeghi B, Farajzadegan Z, et al. Prophylactic effects of hydroxy-
chloroquine on the incidence of COVID-19 in patients with rheumatic arthri-
tis: an observational cohort study[J]. Immunopathol Persa. 2021;7(2):e29.

50. Pileggi GS, Ferreira GA, Reis APMG, Reis-Neto ET, Abreu MM, Albuquerque CP, 
et al. Chronic use of hydroxychloroquine did not protect against COVID-19 in 
a large cohort of patients with rheumatic diseases in Brazil. Adv Rheumatol. 
2021;61(1):60. https:/ /doi.or g/10.11 86/s 42358-021-00217-0.

51. Raiker R, DeYoung C, Pakhchanian H, Ahmed S, Kavadichanda C, Gupta L, 
et al. Outcomes of COVID-19 in patients with rheumatoid arthritis: a multi-
center research network study in the United States. Semin Arthritis Rheum. 
2021;51(5):1057–66. https:/ /doi.or g/10.10 16/j .semarthrit.2021.08.010. Epub 
2021 Aug 20.

52. Saadoun D, Vieira M, Vautier M, Baraliakos X, Andreica I, da Silva JAP, et 
al. SARS-CoV-2 outbreak in immune-mediated inflammatory diseases: 
the Euro-COVIMID multicentre cross-sectional study. Lancet Rheumatol. 
2021;3(7):e481–8. https:/ /doi.or g/10.10 16/S 2665-9913(21)00112-0.

53. Sarzi-Puttini P, Marotto D, Caporali R, Montecucco CM, Favalli EG, Franceschini 
F, et al. Prevalence of COVID infections in a population of rheumatic patients 
from Lombardy and Marche treated with biological drugs or small molecules: 
a multicentre retrospective study. J Autoimmun. 2021;116:102545.  h t t  p s : /  / d o  i 
.  o r g / 1 0 . 1 0 1 6 / j . j a u t . 2 0 2 0 . 1 0 2 5 4 5     .   

54. Hasseli R, Pfeil A, Hoyer BF, Krause A, Lorenz HM, Richter JG et al. Do patients 
with rheumatoid arthritis show a different course of COVID-19 compared 
to patients with spondyloarthritis? Clin Exp Rheumatol. 2021 May-
Jun;39(3):639–47. https:/ /doi.or g/10.55 563/ clinexprheumatol/1bq5pl

55. Alsaed O, Alemadi S, Satti E, Becetti K, Saleh R, Ashour H, et al. Risk of severe 
SARS-CoV-2 infection in patients with Autoimmune Rheumatic diseases in 
Qatar: a Cohort Matched Study. Qatar Med J. 2022;2022(3):24.  h t t  p s : /  / d o  i .  o r g / 
1 0 . 5 3 3 9 / q m j . 2 0 2 2 . 2 4     .   

56. Assar S, Mohamadzadeh D, Pournazari M, Soufivand P. Frequency, characteris-
tics and outcome of corona virus disease 2019 (COVID-19) infection in Iranian 
patients with rheumatic diseases. Egypt Rheumatol. 2022;44(3):209–13. 
https:/ /doi.or g/10.10 16/j .ejr.2021.12.002.

57. Becetti K, Satti E, Varughese B, Al Rimawi Y, Sheikh Saleh R, Hadwan N, et al. 
Prevalence of coronavirus disease 2019 in a multiethnic cohort of patients 
with autoimmune rheumatic diseases in Qatar. Qatar Med J. 2022;2022(3):37. 
https:/ /doi.or g/10.53 39/q mj.2022.37.

58. Curtis JR, Zhou X, Rubin DT, Reinisch W, Yazdany J, Robinson PC, et al. Char-
acteristics, comorbidities, and outcomes of SARS-CoV-2 infection in patients 
with autoimmune conditions treated with systemic therapies: a Population-
based study. J Rheumatol. 2022;49(3):320–29.  h t t  p s : /  / d o  i .  o r g / 1 0 . 3 8 9 9 / j r h e u m 
. 2 1 0 8 8 8     .   

59. Eder L, Croxford R, Drucker AM, Mendel A, Kuriya B, Touma Z, et al. COVID-19 
hospitalizations, Intensive Care Unit stays, Ventilation, and death among 
patients with Immune-mediated inflammatory diseases compared to con-
trols. J Rheumatol. 2022;49(5):523–30.  h t t  p s : /  / d o  i .  o r g / 1 0 . 3 8 9 9 / j r h e u m . 2 1 1 0 1 2     
.   

60. Figueroa-Parra G, Gilbert EL, Valenzuela-Almada MO, Vallejo S, Neville MR, 
Patel NJ, et al. Risk of severe COVID-19 outcomes associated with rheumatoid 
arthritis and phenotypic subgroups: a retrospective, comparative, multicen-
tre cohort study. Lancet Rheumatol. 2022;4(11):e765–74.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 
0 1 6 / S 2 6 6 5 - 9 9 1 3 ( 2 2 ) 0 0 2 2 7 - 2     .   

61. Gomides APM, de Albuquerque CP, da Mota LMH, Devidé G, Dias LH, Duarte 
ALBP, et al. Factors associated with hospitalizations for Covid-19 in patients 
with rheumatoid arthritis: data from the Reumacov Brazil registry. Adv Rheu-
matol. 2022;62(1):13. https:/ /doi.or g/10.11 86/s 42358-022-00244-5.

62. Gracia BDC, Sáez L, Pallarés L, Velilla J, Marín A, Martinez-Lostao L, et al. COVID 
GEAS: COVID-19 National Survey in patients with systemic Autoimmune 
diseases. Front Med (Lausanne). 2022;8:808608.  h t t  p s : /  / d o  i .  o r g / 1 0 . 3 3 8 9 / f m e d 
. 2 0 2 1 . 8 0 8 6 0 8     .   

63. Marozoff S, Lu N, Loree JM, et al. Severe COVID-19 outcomes among patients 
with autoimmune rheumatic diseases or transplantation: a population-based 
matched cohort study[J]. BMJ Open. 2022;12(8):e062404.

64. Oztas M, Bektas M, Karacan I, Aliyeva N, Dag A, Aghamuradov S, et al. 
Frequency and severity of COVID-19 in patients with various rheumatic 

diseases treated regularly with colchicine or hydroxychloroquine. J Med Virol. 
2022;94(7):3431–7. https:/ /doi.or g/10.10 02/j mv.27731.

65. Patil A, Chanakya K, Shenoy P, Chandrashekara S, Haridas V, Kumar S, et al. A 
prospective longitudinal study evaluating the influence of immunosuppres-
sives and other factors on COVID-19 in autoimmune rheumatic diseases. 
BMC Rheumatol. 2022;6(1):32. https:/ /doi.or g/10.11 86/s 41927-022-00264-0.

66. Rorat M, Zarębska-Michaluk D, Kowalska J, Kujawa K, Rogalska M, Kozielewicz 
D, et al. The course of COVID-19 in patients with systemic Autoimmune Rheu-
matic diseases. J Clin Med. 2022;11(24):7342.  h t t  p s : /  / d o  i .  o r g / 1 0 . 3 3 9 0 / j c m 1 1 2 
4 7 3 4 2     .   

67. Sonaglia A, Comoretto R, Pasut E, Treppo E, Del Frate G, Colatutto D, et 
al. Safety of Biologic-DMARDs in Rheumatic Musculoskeletal disorders: a 
Population-based study over the first two waves of COVID-19 outbreak. 
Viruses. 2022;14(7):1462. https:/ /doi.or g/10.33 90/v 14071462.

68. Valladales-Restrepo LF, Machado-Duque ME, Gaviria-Mendoza A, Ospina-
Arzuaga HD, Ruiz-Zapata M, Machado-Alba JE. Incidence and factors related 
to SARS-CoV-2 infection in a cohort of patients with rheumatoid arthritis 
from a health service provider in Colombia during the COVID-19 pandemic. 
Ther Adv Infect Dis. 2022;9:20499361221135155.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 7 7 / 2 0 4 
9 9 3 6 1 2 2 1 1 3 5 1 5 5     .   

69. Wang Y, D’Silva KM, Jorge AM, Li X, Lyv H, Wei J, et al. Increased risk of COVID-
19 in patients with rheumatoid arthritis: a General Population-based Cohort 
Study. Arthritis Care Res (Hoboken). 2022;74(5):741–7.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 2 
/ a c r . 2 4 8 3 1     .   

70. Yue X, Ye Y, Choi YC, Zhang D, Krueger WS. Risk of severe COVID-19 outcomes 
among patients with Immune-mediated inflammatory diseases or malignan-
cies: a retrospective analysis of real-World Data in the United States. Adv Ther. 
2022;39(12):5413–32. https:/ /doi.or g/10.10 07/s 12325-022-02293-0.

71. Li H, Wallace ZS, Sparks JA, Lu N, Wei J, Xie D, et al. Risk of COVID-19 among 
unvaccinated and vaccinated patients with rheumatoid arthritis: a General 
Population Study. Arthritis Care Res (Hoboken). 2023;75(5):956–66.  h t t  p s : /  / d o  i 
.  o r g / 1 0 . 1 0 0 2 / a c r . 2 5 0 2 8     .   

72. Eder L, Croxford R, Drucker AM, Mendel A, Kuriya B, Touma Z, et al. Under-
standing COVID-19 risk in patients with Immune-mediated inflammatory 
diseases: a Population-based analysis of SARS-CoV-2 testing. Arthritis Care Res 
(Hoboken). 2023;75(2):317–25. https:/ /doi.or g/10.10 02/a cr.24781.

73. Geng Y, Fan Y, Deng X, Wang Y, Zhao J, Ji L, et al. The recent outbreak of 
COVID-19 in China during the Omicron variant predominance: clinical fea-
tures and outcomes in patients with Autoimmune Inflammatory Rheumatic 
diseases. Rheumatol Ther. 2023;10(4):1039–53.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 7 / s 4 0 7 4 
4 - 0 2 3 - 0 0 5 6 9 - 7     .   

74. Jain V, Shobha V, Kumar S, Janardana R, Selvam S. Comparison of risk factors 
during First and Second Wave of COVID-19 in patients with Autoimmune 
Rheumatic diseases (AIRD): results from KRACC subset. Mediterr J Rheumatol. 
2023;34(3):342–8. https:/ /doi.or g/10.31 138/ mjr.20230827.co.

75. Khalaf A, Ibrahim G, Goble S, Kuijpers M, Nasr R. COVID-19 hospitalization 
outcomes among patients with Autoimmune Rheumatic diseases in the 
United States. ACR Open Rheumatol. 2023;5(7):364–70.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 
2 / a c r 2 . 1 1 5 7 2     .   

76. Rizzi M, Tonello S, Brinno C, Zecca E, Matino E, Cittone M, et al. SARS-CoV-2 
infection risk is higher in vaccinated patients with inflammatory autoimmune 
diseases or liver transplantation treated with mycophenolate due to an 
impaired antiviral immune response: results of the extended follow up of the 
RIVALSA prospective cohort. Front Immunol. 2023;14:1185278.  h t t  p s : /  / d o  i .  o r g 
/ 1 0 . 3 3 8 9 / fi  m m u . 2 0 2 3 . 1 1 8 5 2 7 8     .   

77. Sarı K, Özkan FÜ, Aktaş İ et al. Effects of the COVID-19 pandemic in unvac-
cinated rheumatoid arthritis, Ankylosing Spondylitis, and psoriatic arthritis 
patients using Disease-modifying Antirheumatic Drugs[J]. Med J Bakirkoy, 
2023, 19(2).

78. Scirocco C, Ferrigno S, Andreoli L, Fredi M, Lomater C, Moroni L, et al. COVID-
19 prognosis in systemic lupus erythematosus compared with rheumatoid 
arthritis and spondyloarthritis: results from the CONTROL-19 study by the 
Italian Society for Rheumatology. Lupus Sci Med. 2023;10(2):e000945.  h t t  p s : /  / 
d o  i .  o r g / 1 0 . 1 1 3 6 / l u p u s - 2 0 2 3 - 0 0 0 9 4 5     .   

79. Singh N, Madhira V, Hu C, Olex AL, Bergquist T, Fitzgerald KC, et al. Rituximab 
is associated with worse COVID-19 outcomes in patients with rheuma-
toid arthritis: a retrospective, nationally sampled cohort study from the 
U.S. National COVID Cohort Collaborative (N3C). Semin Arthritis Rheum. 
2023;58:152149. https:/ /doi.or g/10.10 16/j .semarthrit.2022.152149.

80. Svensson ALL, Emborg HD, Bartels LE, Ellingsen T, Adelsten T, Cordtz R, et al. 
Outcomes following SARS-CoV-2 infection in individuals with and without 

https://doi.org/10.1007/s10067-021-05833-1
https://doi.org/10.1007/s10067-021-05833-1
https://doi.org/10.1007/s40744-021-00373-1
https://doi.org/10.1007/s40744-021-00373-1
https://doi.org/10.1186/s42358-021-00217-0
https://doi.org/10.1016/j.semarthrit.2021.08.010
https://doi.org/10.1016/S2665-9913(21)00112-0
https://doi.org/10.1016/j.jaut.2020.102545
https://doi.org/10.1016/j.jaut.2020.102545
https://doi.org/10.55563/clinexprheumatol/1bq5pl
https://doi.org/10.5339/qmj.2022.24
https://doi.org/10.5339/qmj.2022.24
https://doi.org/10.1016/j.ejr.2021.12.002
https://doi.org/10.5339/qmj.2022.37
https://doi.org/10.3899/jrheum.210888
https://doi.org/10.3899/jrheum.210888
https://doi.org/10.3899/jrheum.211012
https://doi.org/10.1016/S2665-9913(22)00227-2
https://doi.org/10.1016/S2665-9913(22)00227-2
https://doi.org/10.1186/s42358-022-00244-5
https://doi.org/10.3389/fmed.2021.808608
https://doi.org/10.3389/fmed.2021.808608
https://doi.org/10.1002/jmv.27731
https://doi.org/10.1186/s41927-022-00264-0
https://doi.org/10.3390/jcm11247342
https://doi.org/10.3390/jcm11247342
https://doi.org/10.3390/v14071462
https://doi.org/10.1177/20499361221135155
https://doi.org/10.1177/20499361221135155
https://doi.org/10.1002/acr.24831
https://doi.org/10.1002/acr.24831
https://doi.org/10.1007/s12325-022-02293-0
https://doi.org/10.1002/acr.25028
https://doi.org/10.1002/acr.25028
https://doi.org/10.1002/acr.24781
https://doi.org/10.1007/s40744-023-00569-7
https://doi.org/10.1007/s40744-023-00569-7
https://doi.org/10.31138/mjr.20230827.co
https://doi.org/10.1002/acr2.11572
https://doi.org/10.1002/acr2.11572
https://doi.org/10.3389/fimmu.2023.1185278
https://doi.org/10.3389/fimmu.2023.1185278
https://doi.org/10.1136/lupus-2023-000945
https://doi.org/10.1136/lupus-2023-000945
https://doi.org/10.1016/j.semarthrit.2022.152149


Page 18 of 18Jin et al. BMC Rheumatology            (2024) 8:61 

inflammatory rheumatic diseases: a Danish nationwide cohort study. Ann 
Rheum Dis. 2023;82(10):1359–67. https:/ /doi.or g/10.11 36/a rd-2023-223974.

81. Tsai JJ, Liu LT, Chen CH, Chen LJ, Wang SI, Wei JC. COVID-19 outcomes 
in patients with rheumatoid arthritis with biologic or targeted synthetic 
DMARDs. RMD Open. 2023;9(3):e003038.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 1 3 6 / r m d o p e n - 2 
0 2 3 - 0 0 3 0 3 8     .   

82. Zamora-Abrahan GT, Salido EO, Lichauco JJT, Gutierrez-Rubio AKM, Rivera-Go 
ICT, Cortez KJC, et al. Outcomes of filipinos with inflammatory rheumatic 
diseases developing COVID-19 prior to vaccinations and new variants: a 
historical perspective. Clin Rheumatol. 2023;42(4):1171–5.  h t t  p s : /  / d o  i .  o r g / 1 0 . 
1 0 0 7 / s 1 0 0 6 7 - 0 2 3 - 0 6 5 0 7 - w     .   

83. Bagheri-Hosseinabadi Z, Dehghani A, Lotfi MA, Abbasifard M. Effect of treat-
ment regimen of the rheumatoid arthritis patients on the risk of coronavirus 
disease 2019 by modulating the inflammatory mediators. Inflammopharma-
cology. 2023;31(6):3021–8. https:/ /doi.or g/10.10 07/s 10787-023-01289-8.

84. Abdulnaby NK, Gamal SM, Alkemary A, Abdo M, Sabry IM, Belita MI, et al. 
COVID-19 outcomes in patients with and without autoimmune rheumatic 
diseases: a multicenter comparative study. Int J Rheum Dis. 2023;26(5):870–7. 
https:/ /doi.or g/10.11 11/1 756-185X.14662.

85. Armağan B, Konak HE, Özdemir B, Apaydın H, Atalar E, Akyüz Dağlı P, et al. 
COVID-19 disease frequency, risk factors, and re-infection rates in patients 
with autoimmune rheumatic disease receiving rituximab. Int J Rheum Dis. 
2023;26(5):930–7. https:/ /doi.or g/10.11 11/1 756-185X.14676.

86. Nair AM, Chandhu AS, Zafar MT, et al. Rituximab and COVID-19 infection in 
patients with Autoimmune Rheumatic Diseases–A real-world study from 
India[J]. Indian J Rheumatol. 2023;18(2):154–8.

87. Anand ST, Vo AD, La J, Brophy M, Do NV, Fillmore NR, et al. Risk of severe 
coronavirus disease 2019 despite vaccination in patients requiring treatment 
with immune-suppressive drugs: a nationwide cohort study of US veterans. 
Transpl Infect Dis. 2024;26(1):e14168. https:/ /doi.or g/10.11 11/t id.14168.

88. Davis MG, Akhlaq A, Aamer S, Shuja H, Edigin E, Sheikh AB. COVID-19 infec-
tion and clinical outcomes in hospitalized patients with rheumatoid arthritis: 

insights from the National Inpatient Sample. J Community Hosp Intern Med 
Perspect. 2024;14(1):5–12. https:/ /doi.or g/10.55 729/ 2000-9666.1288.

89. Embaby A, Maged LA, Abdel-Hamid HM, El Hadidi KT. Factors associated with 
severe infection in rheumatoid arthritis patients: lessons learned from the 
COVID-19 pandemic. Infection. 2024 Feb;21.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 7 / s 1 5 0 1 
0 - 0 2 4 - 0 2 1 8 7 - z     .   

90. Cordtz R, Kristensen S, Westermann R, Duch K, Pearce F, Lindhardsen J, et al. 
COVID-19 infection and hospitalization risk according to vaccination status 
and DMARD treatment in patients with rheumatoid arthritis. Rheumatology 
(Oxford). 2022;62(1):77–88. https:/ /doi.or g/10.10 93/r heumatology/keac241.

91. Le Moine C, Soyfoo MS, Mekkaoui L, Dahma H, Tant L. Waning humoral 
immunity of SARS-CoV-2 vaccination in a rheumatoid arthritis cohort and 
the benefits of a vaccine booster dose. Clin Exp Rheumatol. 2023;41(1):82–7. 
https:/ /doi.or g/10.55 563/ clinexprheumatol/ti3tvu.

92. Malek Mahdavi A, Varshochi M, Hajialilo M, Dastgiri S, Khabbazi R, Khabbazi A. 
Factors associated with COVID-19 and its outcome in patients with rheuma-
toid arthritis. Clin Rheumatol. 2021;40(11):4527–31.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 7 / s 
1 0 0 6 7 - 0 2 1 - 0 5 8 3 0 - 4     .   

93. Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel SE. Frequency of 
infection in patients with rheumatoid arthritis compared with controls: a 
population-based study. Arthritis Rheum. 2002;46(9):2287–93.

94. Favalli EG, Ingegnoli F, De Lucia O, Cincinelli G, Cimaz R, Caporali R. COVID-
19 infection and rheumatoid arthritis: Faraway, so close! Autoimmun rev. 
2020;19(5):1–7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1136/ard-2023-223974
https://doi.org/10.1136/rmdopen-2023-003038
https://doi.org/10.1136/rmdopen-2023-003038
https://doi.org/10.1007/s10067-023-06507-w
https://doi.org/10.1007/s10067-023-06507-w
https://doi.org/10.1007/s10787-023-01289-8
https://doi.org/10.1111/1756-185X.14662
https://doi.org/10.1111/1756-185X.14676
https://doi.org/10.1111/tid.14168
https://doi.org/10.55729/2000-9666.1288
https://doi.org/10.1007/s15010-024-02187-z
https://doi.org/10.1007/s15010-024-02187-z
https://doi.org/10.1093/rheumatology/keac241
https://doi.org/10.55563/clinexprheumatol/ti3tvu
https://doi.org/10.1007/s10067-021-05830-4
https://doi.org/10.1007/s10067-021-05830-4

	Rheumatoid arthritis and COVID-19 outcomes: a systematic review and Meta-analysis
	Abstract
	Introduction
	Materials and methods
	Criteria for considering the studies for this review
	Participants
	Exposure
	Control
	Outcomes
	Study design


	Search Strategy and Study Selection
	Data extraction and management
	Quality of evidence
	Statistical analysis
	Results
	Results of literature search
	Characteristics of the included studies
	Quality Assessment of the included studies
	Results of the Meta-analysis
	Prevalence of COVID-19 and Risk of COVID-19
	Severe COVID-19 in patients with rheumatoid arthritis
	COVID-19-related hospitalization and ICU admission
	Mortality in COVID-19 rheumatoid arthritis patients


	Sensitivity analysis and publication bias
	Discussion
	Summary of the main results
	Potential biases in the review process
	Limitations

	Conclusion
	References


