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ABSTRACT
Objectives The prevalence and clinical outcomes of 
COVID-19 in patients with autoimmune diseases who 
are frequently treated with disease modifying therapies 
remains poorly understood. This meta- analysis aims to 
assess the prevalence and clinical outcomes of COVID-19 
in autoimmune diseases.
Methods Electronic databases were searched for 
observational and case–controlled studies. We sorted 
medications into glucocorticoids, conventional synthetic 
disease- modifying antirheumatic drugs (csDMARDs) and 
biologic or targeted synthetic DMARDs (b/tsDMARDs), 
which was also divided into monotherapy and b/
tsDMARDs–csDMARDs combination therapy.
Results We analysed 62 observational studies with a 
total of 319 025 patients with autoimmune diseases. The 
prevalence of COVID-19 was 0.011 (95% CI: 0.005 to 
0.025). Meta- analysis of seven case–controlled studies 
demonstrated that the risk of COVID-19 in autoimmune 
diseases was significantly higher than in control 
patients (OR: 2.19, 95% CI: 1.05 to 4.58, p=0.038). 
Meta- regression analysis showed glucocorticoids were 
significantly associated with the risk of COVID-19. For 
clinical outcomes, we assessed 65 studies with 2766 
patients with autoimmune diseases diagnosed with 
COVID-19. The rates of hospitalisation and mortality 
were 0.35 (95% CI: 0.23 to 0.50) and 0.066 (95% CI: 
0.036 to 0.12), respectively. Glucocorticoids, csDMARDs 
and b/tsDMARDs–csDMARDs combination therapy 
increased the risk of these outcomes, whereas b/
tsDMARDs monotherapy, particularly antitumour necrosis 
factor agents, were associated with a lower risk of 
hospitalisation and death.
Conclusions Our meta- analysis demonstrated that 
patients with autoimmune diseases had an increased risk 
of COVID-19, primarily attributed to glucocorticoid use. 
b/tsDMARDs monotherapy was associated with a lower 
risk of severe COVID-19 suggesting its safety in the 
COVID-19 pandemic.

INTRODUCTION
The outbreak of COVID-19 caused by the novel 
SARS- CoV-2 has spread worldwide leading to large 
number of infections and deaths.1 Patients with 
autoimmune diseases (ADs) are frequently treated 
with immunosuppressive or anticytokine drugs, 
which raises concern for infectious complications, 
placing patients and physicians at a crossroads with 
respect to continuation or cessation of these disease 
modifying therapies.

To understand the incidence and prognosis 
of COVID-19 in ADs, international registries 
of patients with inflammatory bowel disease 
(SECURE- IBD registry2) or rheumatic diseases 
(C19- GRA3) diagnosed with COVID-19 have been 
developed and analysed their COVID-19 outcomes. 
These data have demonstrated that similar to the 
general population, age and underlying comor-
bidities are poor prognostic factors of COVID-19 
in ADs.4 In terms of treatments, both registries 
demonstrated that patients treated with glucocorti-
coids (GCs) had poor clinical outcomes of COVID-
19, whereas those treated with antitumour necrosis 
factor (TNF) therapies, particularly when used as a 
monotherapy, had a decreased risk of hospitalisa-
tion due to COVID-19.2 3 These findings suggest 
that anti- TNF monotherapy may be protective 
against severe COVID-19. However, each study or 
registry has a limited sample size. Therefore, there 

Key messages

What is already known about this subject?
 ► The prevalence and clinical outcomes of 
COVID-19 in patients with autoimmune 
diseases who are frequently treated with 
immunosuppressive or anticytokine drugs 
remains poorly understood.

What does this study add?
 ► The prevalence of COVID-19 in autoimmune 
diseases was 0.011 (95% CI: 0.005 to 0.025) 
which was significantly higher than in the 
comparator population.

 ► Glucocorticoids increased the risk of COVID-19 
and its severe outcomes.

 ► Conventional synthetic disease- modifying 
antirheumatic drugs (csDMARDs) and biologic 
or targeted synthetic DMARDs (b/tsDMARDs)–
csDMARDs combination therapy significantly 
increased the risk of severe outcomes, whereas 
b/tsDMARDs monotherapy, in particular anti- 
tumour necrosis factor therapy, reduced the risk 
of severe COVID-19.

How might this impact on clinical practice or 
future developments?

 ► Unlike glucocorticoids, csDMARDs and b/
tsDMARDs–csDMARDs combination therapy, 
b/tsDMARDs monotherapy can be safely used 
during COVID-19 pandemic.
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is a need to integrate findings across studies to better understand 
the risk of COVID-19 in ADs.

This systematic review and meta- analysis aimed to determine 
the prevalence of COVID-19 and investigate its clinical outcomes 
in ADs. We also assessed how individual risk factors, including 
comorbidities and medical therapies, influence the prevalence 
and clinical outcomes in ADs.

METHODS
Search strategy and study selection
This meta- analysis was conducted according to a priori defined 
protocol that is in accordance with Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses guideline.5 The 
protocol of this meta- analysis has been submitted to the Interna-
tional Prospective Register of Systematic Reviews.6 We searched 
PubMed/MEDLINE, Scopus, EMBASE, medRxiv (https://www. 
medrxiv. org/) from inception to 31 July 2020 to identify studies 
assessing the prevalence and clinical outcomes of COVID-19 in 
ADs.

As for inclusion criteria, we considered observational or 
case–controlled studies reporting the prevalence and clinical 
outcomes of COVID-19 in ADs. There were no restrictions 
regarding age, sex or duration of the study. We imposed no 
geographic or language restrictions. Three authors (SA, SH 
and AS) independently screened each of the potential studies 
to determine whether they were eligible for inclusion. Areas of 
disagreement or uncertainty were resolved by consensus among 
the authors. Studies were identified with the following terms: 
‘COVID-19’, ‘inflammatory bowel disease’, ‘psoriasis’, ‘rheu-
matic diseases’, ‘systemic lupus erythematosus’ and ‘autoim-
mune diseases’.

Single case reports were excluded. Given several studies used 
initial data from C19- GRA registry, we included a study with 
data of the first 600 patients submitted to C19- GRA registry3 
and excluded other studies with preliminary data.7–9 For an 
analysis for the prevalence of COVID-19, studies in which all of 
included patients were COVID-19 were excluded. As for clinical 
outcomes of COVID-19, studies that included only hospitalised 

or deceased patients were excluded. The search strategy is 
described in figure 1.

Data extraction and quality assessment
All data were independently abstracted in duplicate by two 
authors (SA and AS) by using a data extraction form. Data on the 
study characteristics, such as author name, year of publication, 
study design, duration, study location, sample size, diagnosis of 
ADs, type of medications, age and gender of patients, comor-
bidities including hypertension, diabetes and obesity, prevalence 
and clinical outcomes of COVID-19 were collected. We rated 
the quality of evidence according to the Grades of Recommen-
dation, Assessment, Development and Evaluation (GRADE) 
approach to assess the certainty of evidence obtained from the 
present meta- analysis.10

Outcome assessment
The primary outcome was the prevalence of suspected or 
confirmed COVID-19 with a positive PCR test for SARS- CoV-2 
in ADs. The numbers of patients with COVID-19 and confirmed 
cases in each of studies are shown in online supplemental table 
S1. To conduct subgroup analyses with each diagnosis, we classi-
fied ADs based on the digestive, musculoskeletal and integumen-
tary systems. Diseases of the digestive system were categorised 
into IBD and autoimmune hepatic diseases (AHD). Rheumatic 
diseases (RD) included rheumatoid arthritis, systemic lupus 
erythematosus (SLE), psoriatic arthritis, spondyloarthritis, anky-
losing spondylitis, vasculitis, polymyalgia rheumatica, Sjögren’s 
syndrome (SjS), systemic sclerosis (SSc) and other autoimmune- 
mediated diseases (including Behcet’s syndrome, sarcoidosis and 
inflammatory myopathies). Given that several studies of RD 
focused only on patients with SLE, SjS or SSc, these studies were 
categorised into ‘SLE/SjS/SSc’. Diseases of the skin were catego-
rised as ‘psoriasis/autoimmune skin diseases (AISD)’. Two studies 
included various ADs and were classified as ‘immune- mediated 
inflammatory disease (IMID)’.11 12

Secondary outcomes included the following COVID-19 clin-
ical outcomes: (1) hospitalisation, (2) intensive care unit (ICU) 
admission, (3) mechanical or non- invasive ventilation and (4) 
death. Subgroup analyses evaluating individual comorbidi-
ties13 and medication use prior to COVID-19 diagnosis were 
conducted. We divided medication use into the following three 
categories: (1) GCs, (2) conventional synthetic disease- modifying 
antirheumatic drugs (csDMARDs), (3) biologic or targeted 
synthetic DMARDs (b/tsDMARDs). Budesonide, which is used 
as an ileal release form in IBD, was not included in the GCs 
when data were available. csDMARDs included hydroxychlo-
roquine, chloroquine, thiopurines, cyclophosphamide, cyclo-
sporine, tacrolimus, leflunomide, methotrexate, mycophenolate 
mofetil/mycophenolic acid and sulfasalazine. b/tsDMARDs 
included abatacept, belimumab, CD-20, interleukin (IL)-1, IL-6, 
IL-12/23, IL-23, IL-17, TNF, α4β7 integrin and Janus kinase 
inhibitors.3 We also divided b/tsDMARDs into monotherapy and 
b/tsDMARDs–csDMARDs combination therapy if studies sepa-
rately presented the data. If not, we considered b/tsDMARDs as 
utilised as a monotherapy.

Statistical analysis
We undertook a meta- analysis of the prevalence and clinical 
outcomes of COVID-19 among individuals with ADs from 
observational or case–control studies by using a random effects 
model. We evaluated the presence of heterogeneity across 
studies by using the I2 statistic. An I2 value of <25% indicates 

Figure 1 Flow chart of the assessment of the studies identified in the 
meta- analysis.
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low heterogeneity, 25%–75% as moderate heterogeneity and 
>75% as considerable heterogeneity.14 Heterogeneity was eval-
uated by using Cochran’s Q- statistics with a significance level 
of p<0.10.15 Begg’s and Egger’s tests were performed to access 
publication bias and funnel plots were constructed to visualise 
possible asymmetry when three or more studies were avail-
able.16 17 A random effects meta- regression model was used to 
assess the contributions of each of potential risk factors and 
medication class to the prevalence and adverse clinical outcomes. 
If the number of available studies for each analysis was less than 
10, we did not perform meta- regression analysis due to its low 
reliability.

Statistical analyses were performed using the Comprehensive 
Meta Analysis Software (V.3.0; Biostat, Englewood, NJ, USA). 
All statistical tests except for the Q- statistics used a two- sided 
p- value of 0.05 for significance.

RESULTS
Study characteristics
We identified 2918 citations through the literature search, 
excluded 2773 titles and abstracts after initial screening and 
assessed 145 studies for eligibility. A final number 89 full- text 
articles met all eligibility criteria. For the analysis of COVID-19 
prevalence, we included 62 observational studies with a total of 
319 025 patients with ADs. For clinical outcomes, we included 
65 studies with 2766 patients with ADs diagnosed with COVID-
19. Among these studies, we identified 11 studies with case–con-
trolled data which compared the prevalence or clinical outcomes 
of COVID-19 in patients with ADs to those without ADs or the 
general population (figure 1). The characteristics and outcomes 
of the included studies are summarised in online supplemental 
table S1.

Prevalence of COVID-19 in autoimmune diseases
Meta- analysis of 62 observational studies including 319 025 
patients with ADs from 15 countries showed that the prevalence 
of COVID-19 was 0.011 (95% CI: 0.005 to 0.025) (figure 2A). 
In the subgroup analyses, the prevalence of COVID-19 in AHD, 

IBD, psoriasis/AISD, RD and SLE/SjS/SSc were 0.036 (95% 
CI: 0.004 to 0.258), 0.003 (95% CI: 0.001 to 0.006), 0.011 
(95% CI: 0.006 to 0.021), 0.009 (95% CI: 0.005 to 0.014), 
0.034 (95% CI: 0.014 to 0.080), respectively, with IBD having 
the lowest prevalence (figure 2A). SLE/SjS/SSc showed a higher 
prevalence (0.034) when compared with the other disease 
groups, which is likely due to a higher proportion of GC use 
(60.3%) in the SLE/SjS/SSc subgroup (online supplemental table 
S1). Heterogeneity was considerable in overall (I2=96.8%) and 
most subgroup analyses, which was primarily due to the differ-
ence in study sizes. The funnel plot was not asymmetric, indi-
cating no publication bias, which was supported by Egger’s test 
(p=0.083) but not Begg’s test (p=0.002) (online supplemental 
figure S1). The subgroup analysis according to country showed 
that the prevalence range of COVID-19 was 0.002–0.012, 
with European countries having the highest prevalence (online 
supplemental figure S2).

Meta- analysis of seven case–controlled studies showed that 
the risk of COVID-19 in ADs was significantly higher than in 
control patients (OR: 2.19, 95% CI: 1.05 to 4.58, p=0.038). 
These studies only included individuals with psoriasis and RD, 
and both diseases demonstrated an elevated risk of COVID-19 
as compared with controls (OR: 3.43, 95% CI: 1.68 to 7.01, 
p=0.001, OR: 1.60, 95% CI: 1.13 to 2.25, p=0.008, respec-
tively) (figure 2B). There was low to considerable heterogeneity 
in overall (I2=78.0%) and in each subgroup analysis (I2=0% 
with psoriasis, and I2=53.1% with RD). No publication bias 
was detected by Begg’s and Egger’s tests (Begg: p=1.00, Egger: 
p=0.25) (online supplemental figure S3).

Meta- regression analysis of the variables potentially associated 
with the risk of COVID-19 showed that studies with a higher 
proportion of GC use in patients with ADs had a higher prev-
alence of COVID-19 (regression coefficient: 0.020, 95% CI: 
0.001 to 0.040, p=0.042). Meanwhile, age, proportion of 
males, hypertension, diabetes or therapies including csDMARDs 
and b/tsDMARDs did not contribute to the risk of COVID-19 
(table 1).

Figure 2 (A) Meta- analysis of observational studies to determine the prevalence of COVID-19 in patients with autoimmune diseases. (B) Meta- 
analysis of case–controlled studies to compare the prevalence of COVID-19 in autoimmune diseases with those without autoimmune diseases or 
general population.
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Clinical outcomes of COVID-19 in autoimmune diseases
Meta- analysis of 65 observational studies including 2766 
patients with ADs diagnosed with COVID-19 showed that the 
hospitalisation rate due to COVID-19 was 0.35 (95% CI: 0.23 
to 0.50) (figure 3A). Hospitalisation rates of AHD, IBD, IMID, 
psoriasis/AISD, RD and SLE/SjS/SSc were 0.52 (95% CI: 0.23 to 
0.80), 0.29 (95% CI: 0.21 to 0.38), 0.24 (95% CI: 0.12 to 0.43), 
0.26 (95% CI: 0.15 to 0.41), 0.54 (95% CI: 0.46 to 0.63) and 
0.33 (95% CI: 0.20 to 0.49), respectively, with RD having the 
highest hospitalisation rate. Studies of RD included more elderly 
patients and patients with comorbidities (online supplemental 
table S1). Heterogeneity was considerable in overall (I2=81.8%) 
and moderate to considerable in subgroup analyses (I2=28.1%–
79.9%) except for AHD (I2=0%). Funnel plot demonstrated no 

asymmetry, therefore suggesting there was no small- study effects 
or publication bias, which was supported by Begg’s and Egger’s 
tests (online supplemental figure S4A).

The mortality due to COVID-19 in patients with ADs was 
0.066 (95% CI: 0.036 to 0.12) (figure 3B). Mortality of AHD, 
IBD, IMID, psoriasis/AISD, RD and SLE/SjS/SSc were 0.094 
(95% CI: 0.019 to 0.36), 0.045 (95% CI: 0.032 to 0.063), 0.017 
(95% CI: 0.004 to 0.065), 0.097 (95% CI: 0.042 to 0.21), 0.113 
(95% CI: 0.098 to 0.13) and 0.069 (95% CI: 0.032 to 0.14), 
respectively. Patients with RD had the highest mortality rate, 
which was consistent with the analysis of the hospitalisation rate. 
Heterogeneity was moderate in overall (I2=26.6%) and absent 
in subgroup analyses (I2=0%) except for IBD (I2=49%). Begg’s 
(p=0.003), but not Egger’s (p=0.093), test was suggestive of 

Table 1 Meta- regression of the variables potentially associated with the prevalence of COVID-19

Variables
Number of 
studies Coefficient SE

Lower
95% CI

Upper
95% CI Z value P value

Age (mean/median) 42 0.043 0.024 −0.003 0.089 1.82 0.069

Male (%) 44 −0.018 0.011 −0.040 0.004 −1.64 0.101

HTN (%) 12 0.025 0.029 −0.031 0.081 0.88 0.377

DM (%) 13 0.060 0.099 −0.134 0.253 0.60 0.546

Obesity (%) <10 NA NA NA NA NA NA

Comorbidities (≥1) (%) <10 NA NA NA NA NA NA

Glucocorticoids (%) 26 0.020 0.010 0.001 0.040 2.04 0.042

csDMARDs (%) 24 0.005 0.010 −0.015 0.025 0.47 0.637

b/tsDMARDs (%, mono) 31 −0.006 0.008 −0.021 0.010 −0.72 0.469

b/tsDMARDs (%, combo) <10 NA NA NA NA NA NA

b/tsDMARDs
(%, mono/combo)

34 −0.004 0.007 −0.019 0.010 −0.56 0.574

TNF antagonists
(%, mono/combo)

30 −0.020 0.013 −0.045 0.004 −1.63 0.104

Non- TNF antagonists
(% mono/combo)

29 −0.006 0.012 −0.029 0.018 −0.47 0.641

b/tsDMARDs, biologic or targeted synthetic DMARDs (abatacept, belimumab, CD-20, IL-1, IL-6, IL-12/23, IL-23, IL-17, α4β7 integrin, TNF and Janus kinase (JAK) inhibitors); 
combo, combination therapy with csDMARDs; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs (hydroxychloroquine, chloroquine, thiopurines, 
cyclophosphamide, cyclosporine, tacrolimus, leflunomide, methotrexate, mycophenolate mofetil/mycophenolic acid and sulfasalazine); DM, diabetes; HTN, hypertension; mono, 
monotherapy; NA, not available; TNF, tumour necrosis factor.

Figure 3 (A) Meta- analysis of observational studies to assess the hospitalisation rate of COVID-19 in patients with autoimmune diseases. (B) Meta- 
analysis of observational studies to assess the mortality rate of COVID-19 in patients with autoimmune diseases.
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publication bias, but the funnel plot was not asymmetric (online 
supplemental figure S4B). Overall rates of ICU admission and 
mechanical or non- invasive ventilation were 0.087 (95% CI: 
0.045 to 0.16) (online supplemental figure S5A) and 0.11 (95% 
CI: 0.063 to 0.18) (online supplemental figure S5B), respectively.

Meta- analysis of six case–controlled studies showed no differ-
ences in hospitalisations (OR: 1.05, 95% CI: 0.78 to 1.42, 
p=0.73) (figure 4A), death (OR: 0.55, 95% CI: 0.081 to 3.68, 
p=0.53) (figure 4B), ICU admission (OR: 1.22, 95% CI: 0.42 
to 3.60, p=0.72) (online supplemental figure S6A) or mechan-
ical/non- invasive ventilation (OR: 1.03, 95% CI: 0.22 to 4.81, 
p=0.97) when compared with the control population (online 
supplemental figure S6B). Each disease subgroup did not show 
any remarkable differences in these clinical outcomes. All anal-
yses showed low to moderate heterogeneity (I2=0%–73.5%) and 
no publication bias (online supplemental figure S6C,D and S7).

Subgroup analyses according to comorbidities showed that 
patients with age ≥64 years old, male gender, hypertension, 
diabetes, BMI ≥30 and at least one comorbidity had higher 
rates of hospitalisation, ICU admission, ventilation and death 
due to COVID-19 when compared with those without these 
comorbidities (online supplemental table S2). Subgroup anal-
yses according to medical therapies showed that patients treated 
with GCs, csDMARDs or b/tsDMARDs–csDMARDs combina-
tion therapy had a 2–3 times higher event rate of each clinical 
outcome when compared with those treated with b/tsDMARDs 
monotherapy (online supplemental table S3). Importantly, 
patients with anti- TNF monotherapy use tended to have a lower 
rate of hospitalisation and mortality when compared with those 
with non- TNF- targeted monotherapy (online supplemental table 
S3). Analysis of hospitalisation rates showed moderate hetero-
geneity, but most other analyses had low heterogeneity (online 
supplemental tables S2 and S3).

Meta- regression analysis showed that older age (regression 
coefficient: 0.070, 95% CI: 0.046 to 0.095, p<0.001), a higher 
proportion of patients with hypertension (regression coefficient: 
0.017, 95% CI: 0.002 to 0.032, p=0.024), or at least one comor-
bidity (regression coefficient: 0.024, 95% CI: 0.007 to 0.040, 
p=0.004) in patients with ADs and COVID-19 had a higher 
risk of hospitalisation due to COVID-19. Older age (regression 
coefficient: 0.068, 95% CI: 0.048 to 0.089, p<0.001), a higher 
proportion of hypertension (regression coefficient: 0.034, 
95% CI: 0.022 to 0.045, p<0.001) and diabetes (regression 
coefficient: 0.038, 95% CI: 0.012 to 0.064, p=0.004) were asso-
ciated with a higher mortality rate due to COVID-19 (table 2). 
In terms of treatments, studies with a greater proportion of 
patients on csDMARDs or b/tsDMARDs–csDMARDs combina-
tion therapy showing a higher rate of hospitalisation or death 
and conversely, studies with a higher proportion of patients on 
b/tsDMARDs monotherapy, particularly anti- TNF monotherapy, 
had a lower rate of hospitalisation and mortality due to COVID-
19. A higher proportion of GC use tended to be associated with 
a higher rate of hospitalisation and death, although this result 
was not statistically significant (table 2).

Grading the quality of evidence
Based on the GRADE approach, an overall quality of evidence 
for this analysis was moderate as the heterogeneity was consid-
erable (online supplemental table S4).

DISCUSSION
Our meta- analysis showed that although patients with ADs have 
a higher prevalence of COVID-19, their clinical outcomes were 
not considerably worse when compared with individuals without 
ADs. Meta- regression analysis demonstrated that prior GC use 
was associated with the increased risk of SARS- CoV-2 infection. 

Figure 4 (A) Meta- analysis of case–controlled studies to assess the hospitalisation rate of COVID-19 in patients with autoimmune diseases. (B) 
Meta- analysis of case–controlled studies to assess the mortality rate of COVID-19 in patients with autoimmune diseases.
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We also found that the following factors associated with severe 
COVID-19 outcomes: (1) GC use, (2) older age, (3) comorbid-
ities such as hypertension or diabetes, (4) csDMARDs and (5) 
b/tsDMARDs–csDMARDs combination therapy. However, b/
tsDMARDs monotherapy, particularly anti- TNF therapy, was 

associated with reduced risk of hospitalisation and mortality due 
to COVID-19.

Our data showed that the prevalence of COVID-19 in ADs 
was 0.011 (95% CI: 0.005 to 0.025) and subgroup analysis 
revealed the prevalence in IBD was lower than that in RD or 

Table 2 Meta- regression of the variables potentially associated with clinical outcomes of COVID-19

Variables
Number of 
studies Coefficient SE

Lower
95% CI

Upper
95% CI Z value P value

Hospitalisation

Age (mean/median) 50 0.070 0.013 0.046 0.095 5.61 <0.001

Male (%) 50 −0.012 0.008 −0.028 0.004 −1.52 0.129

HTN (%) 38 0.017 0.008 0.002 0.032 2.26 0.024

DM (%) 36 0.024 0.014 −0.004 0.052 1.67 0.095

Obesity (%) 24 0.012 0.009 −0.006 0.030 1.32 0.187

Comorbidities (≥1) (%) 27 0.024 0.008 0.007 0.040 2.85 0.004

Glucocorticoids (%) 44 0.011 0.006 −0.0003 0.022 1.91 0.056

csDMARDs (%) 40 0.014 0.005 0.005 0.023 2.94 0.003

b/tsDMARDs (%, mono) 49 −0.014 0.004 −0.022 −0.005 −3.13 0.002

b/tsDMARDs (%, combo) 26 0.016 0.007 0.001 0.030 2.11 0.035

b/tsDMARDs
(%, mono/combo)

49 −0.005 0.004 −0.013 0.003 −1.18 0.237

TNF antagonists
(%, mono)

44 −0.019 0.007 −0.032 −0.005 −2.66 0.008

TNF antagonists
(%, combo)

22 0.028 0.017 −0.006 0.062 1.59 0.111

TNF antagonists
(%, mono/combo)

46 −0.015 0.007 −0.027 −0.002 −2.24 0.025

Non- TNF antagonists
(%, mono)

44 −0.012 0.008 −0.027 0.002 −1.64 0.102

Non- TNF antagonists
(%, combo)

21 0.039 0.019 0.003 0.076 2.09 0.036

Non- TNF antagonists
(%, mono/combo)

47 −0.002 0.007 −0.015 0.011 −0.33 0.739

Death

Age (mean/median) 48 0.068 0.010 0.048 0.089 6.54 <0.001

Male (%) 48 −0.006 0.008 −0.023 0.010 −0.76 0.449

HTN (%) 37 0.034 0.006 0.022 0.045 5.84 <0.001

DM (%) 35 0.038 0.013 0.012 0.064 2.86 0.004

Obesity (%) 24 0.013 0.007 −0.001 0.027 1.87 0.062

Comorbidities (≥1) (%) 26 0.013 0.008 −0.004 0.029 1.53 0.127

Glucocorticoids (%) 43 0.011 0.006 −0.001 0.022 1.78 0.075

csDMARDs (%) 40 0.012 0.004 0.004 0.020 2.99 0.003

b/tsDMARDs (%, mono) 49 −0.011 0.005 −0.020 −0.002 −2.31 0.021

b/tsDMARDs (%, combo) 26 0.013 0.009 −0.004 0.030 1.52 0.128

b/tsDMARDs
(%, mono/combo)

49 −0.010 0.004 −0.018 −0.002 −2.48 0.013

TNF antagonists
(%, mono)

44 −0.018 0.008 −0.033 −0.003 −2.29 0.022

TNF antagonists
(%, combo)

22 0.009 0.019 −0.029 0.047 0.47 0.642

TNF antagonists
(%, mono/combo)

46 −0.017 0.007 −0.030 −0.004 −2.55 0.011

Non- TNF antagonists
(%, mono)

45 −0.006 0.008 −0.022 0.010 −0.78 0.438

Non- TNF antagonists
(%, combo)

21 0.030 0.019 −0.007 0.066 1.57 0.115

Non- TNF antagonists
(%, mono/combo)

48 −0.006 0.007 −0.019 0.007 −0.87 0.387

b/tsDMARDs, biologic or targeted synthetic DMARDs (abatacept, belimumab, CD-20, IL-1, IL-6, IL-12/23, IL-23, IL-17, TNF, α4β7 integrin and Janus kinase (JAK) inhibitors); 
combo, combination therapy with csDMARDs; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs (hydroxychloroquine, chloroquine, thiopurines, 
cyclophosphamide, cyclosporine, tacrolimus, leflunomide, methotrexate, mycophenolate mofetil/mycophenolic acid and sulfasalazine); DM, diabetes; HTN, hypertension; mono, 
monotherapy; TNF, tumour necrosis factor.
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SLE/SjS/SSc. Previous studies have also reported differences 
in the prevalence of COVID-19 in patients with IBD (0.4%18) 
and RD (0.76%).19 Our meta- regression analysis demonstrated 
that GC use prior to COVID-19 significantly contributed to the 
disease prevalence. Indeed, the mean percentage of GC use in 
studies of IBD (12.6%) was lower than in RD (37.8%) and SLE/
SjS/SSc (60.3%), suggesting that the differential infectious risk 
among diseases might be attributed to GC use prior to devel-
oping COVID-19. Recent studies showed that active disease and 
GC use were associated with higher risk of SARS- CoV-2 infec-
tion20 or severe COVID-1921 in patients with ADs. Another study 
reported on the beneficial effect of dexamethasone in reducing 
mortality among those hospitalised with COVID-19.22 Further 
investigations into the use of GCs in patients with ADs and the 
risk of COVID-19 in patients with active disease requiring GCs 
are needed.

In terms of the clinical outcomes, we found that the subgroup 
of RD had the highest rate of hospitalisation and mortality due 
to COVID-19. Our meta- regression analysis demonstrated that 
older age, comorbidities, csDMARDs and b/tsDMARDs–csD-
MARDs combination therapy contributed to severe COVID-19 
outcomes. Supporting this result, the mean age (58.3 years), 
proportion of individuals with underlying comorbidities 
(71.8%) and b/tsDMARDs–csDMARDs combination therapy 
use (33.1%) was highest in the RD subgroup when compared 
with all other disease subgroups. Meanwhile, our data showed 
that b/tsDMARDs monotherapy, particularly anti- TNF therapy, 
might be protective against severe COVID-19. This finding was 
consistent with the C19- GRA registry which reported that the 
hospitalisation rate of RD patients treated with csDMARDs 
and b/tsDMARDs–csDMARDs combination therapy was 55% 
and 36%, respectively, whereas those with b/tsDMARDs mono-
therapy had a lower hospitalisation rate (29%).3 A recent study 
which assessed associations between serum levels of cytokines 
including IL-1β, IL-6 and TNF and COVID-19 outcomes 
demonstrated that an increased level of TNF can be a predictor 
of poor outcomes in patients under 70 years.23 These findings 
suggested that anti- TNF therapies might prevent severe COVID-
19, however, further investigations are needed because anti- TNF 
drugs are associated with increased risk of serious infections in 
ADs.24 25

Limitations
Meta- analyses of observational studies regarding the prevalence 
of COVID-19 and hospitalisation rate had considerable hetero-
geneities. The cause of this heterogeneity could be potentially 
explained by the differences in study size, inclusion of different 
diseases and study location. Thus, we undertook subgroup 
analyses and performed meta- regression to assess the effect of 
each potential risk factor on the individual outcomes. Subgroup 
analyses regarding the hospitalisation outcome revealed low- 
moderate heterogeneities, which suggested that the difference 
among subgroups contributed to the initial heterogeneity. 
Second, although we assessed the effect of b/tsDMARDs mono-
therapy and b/tsDMARDs–csDMARDs combination therapy on 
the outcomes separately, not all studies presented data in these 
two groups. In a situation where csDMARDs were stopped 
for fear of COVID-19 in patients on combination therapies, 
washout periods of csDMARDs could not be considered. Third, 
the sensitivity of RT- PCR for SARS- CoV-2 from nasopharyngeal 
swab is roughly 70%.26 27 Meanwhile, although there was no 
guideline regarding COVID-19 testing in patients starting immu-
nosuppressants,28 patients with ADs might have been tested 

earlier and more frequently compared with the general popu-
lation due to their concern of infectious risk of SARS- CoV-2. 
Hence, these issues might affect the result of the prevalence data 
in our meta- analysis.

CONCLUSION
This study is the first comprehensive meta- analysis which deter-
mined the prevalence and clinical outcomes of COVID-19 
in ADs. Our study suggests that GC use increases the risk of 
SARS- CoV2 infection and might contribute to the higher prev-
alence of COVID-19 in ADs. Although GCs, csDMARDs and 
b/tsDMARDs–csDMARDs combination therapy contributed 
to disease severity in COVID-19, b/tsDMARDs monotherapy, 
especially anti- TNF monotherapy, was associated with reduced 
risk of severe disease. Our meta- analysis provides evidence 
that b/tsDMARDs monotherapy can be safely used during the 
pandemic.
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