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Abstract

Introduction To describe clinical characteristics of patients in Japan with coronavirus disease 19 (COVID-19) and pre-
existing rheumatic disease and examine the possible risk factors associated with severe COVID-19.

Methods Adults with rheumatic disease and a COVID-19 diagnosis who were registered in the COVID-19 Global Rheuma-
tology Alliance (C19-GRA) physician-reported registry from Japan between 15 May 2020 and 12 May 2021 were included.
Multivariable logistic regression models were used to assess factors associated with severe COVID-19 progression, defined
as death or requiring oxygen inhalation.

Results In total, 222 patients were included in the study. Rheumatoid arthritis (48.2%), gout (14.4%), and systemic lupus
erythematosus (8.1%) were the most common types of theumatic disease, 55.1% of patients were in remission and 66.2% had
comorbid disease. Most patients were hospitalised (86.9%) for COVID-19, 43.3% received oxygen, and 9.0% died. Older age
(> 65 years), corticosteroid use, comorbid diabetes, and lung diseases are associated with higher risk for severe COVID-19
progression (odds ratio (OR) 3.52 [95% confidence interval (CI) 1.69-7.33], OR 2.68 [95% CI 1.23-5.83], OR 3.56 [95%
CI 1.42-8.88], and OR 2.59 [95% CI 1.10-6.09], respectively).

Conclusions This study described clinical characteristics of COVID-19 patients with rheumatic diseases in Japan. Several
possible risk factors for severe COVID-19 progression were suggested.

Key Points

o Clinical characteristics of 222 adult patients in Japan with coronavirus disease 19 (COVID-19) and pre-existing rheumatic diseases were described.

o Most patients were hospitalised (86.9%) for COVID-19 in Japan, 43.3% received oxygen, and 9.0% died.

o The COVID-19 characteristics of patients with rheumatic diseases did not show any obvious different pattern from those of the general popula-
tion in Japan.

o [n this study, older age (> 65 years), corticosteroid use, comorbid diabetes, and lung diseases are associated with higher risk for severe
COVID-19 progression.
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Introduction

Severe acute respiratory syndrome-associated coronavi-

rus 2 (SARS-CoV-2) has spread rapidly since December

2019, resulting in the coronavirus disease 19 (COVID-

54 Mari Kihara 19) global pandemic with significant morbidity and
kihara.rheu@tmd.ac.jp mortality [1]. Patients with chronic health conditions
such rheumatic diseases, where they may be receiving
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immunosuppressive therapy, may be more vulnerable to
infection and developing a more severe form of COVID-
19. However, the current evidence is not clear, and the
European Alliance of Associations for Rheumatology
(EULAR) has advised that there is no evidence to sup-
port that patients with rheumatic musculoskeletal diseases
have a higher risk of contracting SARS-CoV-2 or that
they have a worse prognosis with COVID-19 [2-5]. On
the other hand, it has been reported that SARS-CoV-2
infection leads to a hypersensitive response of the immune
system in the later stage of COVID-19, which might lead
to death or a severe outcome. Besides corticosteroids,
antirheumatics such as IL-6 inhibitors and Janus kinase
(JAK) inhibitors are recommended as treatment options
for severe COVID-19 [6, 7].

In March 2020, the COVID-19 Global Rheumatology
Alliance (C19-GRA) was formed to rapidly collect and
disseminate information about the course of COVID-19
in patients with rheumatic disease and those being admin-
istered immunosuppressive medications [8—10]. Initial
findings from the C19-GRA registry using data mainly
from the USA and Europe highlighted several factors that
were associated with an increased risk of hospitalisation,
including older age, presence of comorbidities, and higher
glucocorticoid dosage (> 10 mg/day of prednisolone
equivalent) [11-13].

In Japan, the number of COVID-19 cases and deaths per
population has been relatively low compared with Western
countries [14], despite the fact that Japan has one of the most
aged populations [15] and a high population density. The rea-
sons for this are unclear, and information specific to the rheu-
matology population in Japan is currently unknown. Given
the current absence of information regarding the course of
COVID-19 in patients with rheumatic diseases in Japan, we
conducted this study to describe the clinical characteristics of
rheumatic disease patients with a diagnosis of COVID-19 in
Japan and examine the possible risk factors associated with
progression to severe COVID-19, defined as death or requiring
oxygen inhalation.

Methods

Study design and patients: This was a retrospective, mul-
ticentre, observational study that used data from the C19-
GRA physician-reported registry. In total, 79 hospitals and
19 clinics in Japan joined this study as a grass-root move-
ment, and upon experiencing COVID-19 cases with under-
lying rheumatic diseases, they consequently registered all
cases into this registry. A COVID-19 diagnosis was based
on either polymerase chain reaction testing, antibody status,
metagenomic testing, computed tomography scans, labora-
tory assays, or symptoms only [16].
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The C19-GRA physician-reported registry was launched
on 24 March 2020 and has been reported previously [8-10,
17]. In brief, registry data was collected voluntarily through
a survey available to clinicians on the registry website
(https://rheum-covid.org/). No patient identifiers, such as
name or date of birth, were collected, and only de-identified
information was captured by the survey. The data collected
on case report forms included patient demographics, rheu-
matic disease phenotypes, physician-reported disease activi-
ties, comorbidities, usage of immunosuppressants and other
drug therapies, COVID-19 phenotypes, treatments, and out-
comes [8-10, 17].

A total of 222 adults who were residing in Japan regis-
tered in the C19-GRA physician-reported registry between
15 May 2020 and 12 May 2021 (diagnosed with COVID-
19 between 1 January 2020 and 31 December 2020) were
included in this study. Due to limited number of death cases,
the primary outcome of interest was progression to severe
COVID-19. Using the WHO severity definition, a low oxy-
gen saturation (<90% on room air) or severe respiratory
distress [18], severe COVID-19 was defined as oxygen inha-
lation or death in this study. Oxygen status nor survival was
not known for 13 cases, and these were excluded from the
outcome analysis.

Ethical approval: The C19-GRA physician-reported
registry was approved by the University of California, San
Francisco Institutional Review Board as exempt research
based on qualification as quality improvement/surveillance
research, and not ‘human subjects research’. This obser-
vational study of data for patients from Japan in the C19-
GRA physician-reported registry was approved by the Eth-
ics Committee of Toho University Omori medical centre
(M20137 20,041 20,018).

Data analysis: Frequency (number and percentage [%])
was calculated for categorical variables, and summary sta-
tistics (median and interquartile range [IQR] or mean and
standard deviation (SD)) were calculated for continuous
data. The background factors of patients who progressed to
severe COVID-19 versus those who did not were compared
and P values were calculated using the Wilcoxon rank-sum
test (for continuous variables) or chi-squared test (for cat-
egorical variables). Data were considered statistically sig-
nificant for P values <0.05. The odds ratios (OR) for both
progression to severe disease and death as an outcome were
analysed using a univariate logistic regression model and
were reported alongside the corresponding 95% confidence
intervals (ClIs). For the multivariable logistic regression
model for which progression to severe disease was an out-
come, covariates included in the model were age, sex, and
background factors with significant differences in the uni-
variate analysis (with regards to complications, each were
included separately), and risk factors identified in former
studies [13, 19, 20]. For the multivariable logistic regression
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model for which death was an outcome, sex, age, and rheu-
matic disease classification or type of therapeutic agent for
rheumatic diseases were included as variables. STATA ver-
sion 16 (StataCorp LLC, College Station, TX, USA) was
used for all analyses.

Results
Patients

A total of 222 adult patients in Japan with rheumatic disease
and COVID-19 that was diagnosed between 1 January 2020
and 31 December 2020 were registered in the C19-GRA
physician-reported registry between 15 May 2020 and 12
May 2021. Baseline demographic and clinical characteris-
tics of these 222 patients are summarised in Table 1. The
mean (SD) patient age was 63 (62.7 + 14.6) years, 44.6%
(99/222) were male, and 98.7% (219/222) were East Asian.
Majority of cases (80.2% [166/207]) were from Kanto
region. Of the 189 patients with available data on smok-
ing history, 44.4% (84/189) were current or ex-smokers.
The most common types of rheumatic disease in this popu-
lation were rheumatoid arthritis (48.2% [107/222]), gout
(14.4% [32/222]), and systemic lupus erythematosus (8.1%
[18/222]). Most patients were reported to be in remission
(55.1% [114/207]), although a low, moderate, or high
level of disease activity was reported in 35.8% (74/207),
6.8% (14/207), and 2.4% (5/207) of patients, respectively
(Table 1). The majority of patients had a comorbid disease
(66.2% [147/222]). Key comorbidities included hyperten-
sion (32.9% [73/222]), diabetes mellitus (22.5% [50/222]),
and a spectrum of lung diseases (23.0% [51/222]), including
COPD/asthma (11.7% [26/222]) and intestinal lung disease
(10.8% [24/222]) (Table 1).

Treatments for underlying rheumatic diseases

At the time of COVID-19 diagnosis, the treatments that
patients were receiving for rheumatic disease included
corticosteroids (45.5% [100/220]), conventional synthetic
disease-modifying antirheumatic drugs (csDMARD:s)
(44.1% [98/222]), biologic disease-modifying antirheumatic
drugs (bDMARDs) (15.3% [34/222]), and JAK inhibitors
(1.4% [3/222]) (Table 2). Most patients who were receiv-
ing bDMARDs or JAK inhibitors discontinued treatment
after the onset of COVID-19 (81.8% [27/33], 100% [3/3],
respectively) (Table 2).

COVID-19 characteristics and outcomes

Regarding the infection acquisition, 47.3% (105/222)
of patients had a community-acquired infection of route

unknown, 48.2% (107/222) of patients reported it was from
a close contact, either at home or in the workplace, and 7.7%
(17/222) of patients reported as healthcare-associated infec-
tion (Table 3). The most common diagnosis method was
by polymerase chain reaction (91.9% [204/222]). CT was
used for 18.9% [42/222] of patients. The common disease
symptoms were fever (88.2% [165/187]) and cough (49.7%
[93/187]). Most of the patients did not have complications
(82.4% [183/222]), but 8.6% (19/222) of patients developed
ARDS. The common treatment administered for COVID-
19 was either corticosteroids (33.8% [75/222]), favipiravir
(27.0% [60/222]), or remdesivir (23.4% [52/222]) (Table 3).
Although most patients (83.8% [181/216]) recovered from
COVID-19, 86.9% (186/214) of patients were hospitalised
and 43.3% (90/208) required oxygen therapy. Death occurred
in 9.0% (20/222) of patients. Overall, 96 patients had pro-
gression to severe COVID-19 (Table 3).

COVID-19 outcomes, mortality, the proportion of
patients who progressed to severe disease (required oxy-
gen inhalation or died), and the proportion of patients who
progressed critical disease (required ventilation or extracor-
poreal membrane oxygenation, or died) by age groups are
shown in Online supplementary Table 1. All these propor-
tions increased with ages from 60s to older than 80 years old;
mortality was 8.3% (4/48), 11.5% (6/52), 28.6% (8/28); the
proportion of patients who progressed to severe disease was
52.3% (23/48), 59.2% (29/52), and 64.3% (18/28); the pro-
portion who progressed to critical disease was 15.9% (7/48),
16.3% (8/52), 35.7% (10/28) in 60-69, 70-79, > 80 years
old, respectively.

Factors associated with progression to severe
CoVID-19

Comparison of clinical characteristics of 96 patients who
progressed to severe COVID-19 (defined as requiring oxy-
gen administration or death) versus 113 patients who did
not using univariate analysis is shown in Table 4. Patients
who progressed to severe disease were older and had more
comorbidities. Especially, hypertension, diabetes mellitus,
lung diseases (including COPD/asthma and intestinal lung
disease) were more common among the patients who pro-
gressed to severe disease. A higher percentage of patients
who progressed to severe disease were administered corti-
costeroids (56.3% [54/96]) than those who did not (38.7%
[43/111]).

When adjusting for baseline factors, a multivari-
able analysis showed that older age (> 65 years) (OR
3.52 [95% CI 1.69-7.33], corticosteroid use (OR 2.68
[95% CI 1.23-5.83]), comorbid diabetes (OR 3.56 [95%
CI 1.42-8.88]), and lung diseases (OR 2.59 [95% CI
1.10-6.09]) remained independently associated with a
greater risk of progression to severe disease (all P <0.05;
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Table 1 Demographic and
underlying rheumatic disease
characteristics (N=222)

@ Springer

n (%)
Age (years), mean +SD 62.7+14.6
Elderly (> 65 years) 104/222 (46.9)
Male 99/222 (44.6)
Current or ex-smoker 84/189 (44.4)
East Asian 219/222 (98.7)
Region Kanto 166/207 (80.2)
Chubu 18/207 (8.7)
Kansai 17/207 (8.2)
Others 6/207 (2.9)
Medical centre Clinic 18/206 (8.7)
General hospital 113/206(54.9)
University hospital 751206 (36.4)
Underlying rheumatic disease® Rheumatoid arthritis 107/222 (48.2)
Gout 32/222 (14.4)
Systemic lupus erythematosus 18/222 (8.1)
ANCA-related vasculitis 14/222 (6.3)
Giant cell arteritis 3/222 (1.4)
Other vasculitis 7/222 (3.2)
Sjogren’s syndrome 14/222 (6.3)
Polymyalgia rheumatica 11/222 (5.0)
Inflammatory muscle disease 71222 (3.2)
Adult-onset Still’s disease 5/222 (2.3)
Autoinflammatory syndrome 5222 (2.3)
IgG4-related disease 4/222 (1.8)
Behget’s disease 4/222 (1.8)
Systemic scleroderma 3/222 (1.4)
MCTD 2/222 (0.9)
Sarcoidosis 2/222 (0.9)
Others” 5/222 (2.2)
Disease activity Remission 114/207 (55.1)
Low 74/207 (35.8)
Moderate 14/207 (6.8)
High 51207 (2.4)
Comorbidities® None 75/222 (33.8)
Any comorbid diseases 147/222 (66.2)
Hypertension 73/222 (32.9)
Diabetes mellitus 50/222 (22.5)
Lung diseases 51/222 (23.0)
COPD/asthma 26/222 (11.7)
Interstitial lung disease 24/222 (10.8)
Others 7222 (3.2)
Obesity (BMI> 30 kg/m?) 17/222 (7.7)
Cerebrovascular/cardiovascular disease 18/222 (8.1)
Heart disease 13/222 (5.9)
Cerebrovascular accident 5/222 (2.3)
Pulmonary hypertension 4/222 (1.8)
Chronic kidney dysfunction 12/222 (5.4)
Hepatic disease 9/222 (4.1)
Malignancy 9/222 (4.1)
Immunodeficiency 5/222 (2.3)
Psychiatric disease 5/222 (2.3)
Psoriasis 2/222 (0.9)

Data are shown as n (%) unless otherwise stated

ANCA antineutrophil cytoplasmic autoantibody, BMI body mass index, COPD chronic obstructive pulmo-

nary disease, MCTD mixed connective tissue disease, SD standard deviation

*Patients may have had more than one disease

® Antiphospholipid antibody syndrome, axial spondylarthritis, psoriatic arthritis, calcium pyrophosphate

deposition disease, and Castleman’s disease, each reported in 1 patient (0.4%)
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Table 2 Medications for underlying rheumatic diseases at the onset of
COVID-19 (N=222)

n (%) Discontinued after the
onset of COVID-19
n (%)
Corticosteroids 100/220 (45.5) 4/97 (4.1)
Dosage, mg/day (PSL 5(3-9.5)

equivalent), median

(IQR)
bDMARDs 34/222 (15.3) 27/33 (81.8)
TNF inhibitor 9/222 (4.1) 9/9 (100.0)
IL-6 inhibitor 94.1) 5/9 (55.6)
Abatacept 11/222 (5.0) 9/10 (90.0)
IL-17 inhibitor 1/222 (0.5) 1/1 (100.0)
Belimumab 1/222 (0.5) 1/1 (100.0)
Rituximab 3/222 (1.4) 2/3 (66.7)
JAK inhibitors 3/222 (1.4) 3/3 (100.0)
csDMARDs?* 98/222 (44.1) 64/95 (67.4)
Methotrexate 63/222 (28.4) 53/62 (85.5)
Leflunomide 2/222(0.9) 2/2 (100.0)
Salazosulfapyridine 28/222 (12.6) 9/25 (36.0)
Bucillamine 6/222 (2.7) 3/6 (50.0)
Immunosuppressants® 35/222 (15.8) 16/32 (50.0)
Mycophenolate mofetil 2/222 (0.9) 1/2 (50.0)
Azathioprine 71222 (3.2) 2/7 (28.6)
Cyclophosphamide 1/222 (0.5) 1/1 (100.0)
Cyclosporine 4/222 (1.8) 2/4 (50.0)
Tacrolimus 22/222 (9.9) 11/22 (57.9)
Others®
Hydroxychloroquine 6/222 (2.7) 0/6 (0.0)
Colchicine 5/222 (2.3) 1/5 (20.0)

Data are shown as n (%) unless otherwise stated

COVID-19 coronavirus disease 19, bDMARDs biologic disease-
modifying antirheumatic drugs, csDMARDs conventional synthetic
disease-modifying antirheumatic drugs, /L interleukin, /QR interquar-
tile range, JAK Janus kinase, PSL prednisolone, TNF tumour necrosis
factor

*Patients may have been on more than one medication

Table 5). Neither underlying rheumatic disease categories,
disease activities of rheumatic diseases, nor other medica-
tions than corticosteroids for rheumatic diseases showed
statistically significant association in this model.

Factors associated with COVID-19-related death

Clinical characteristics of 20 deceased patients were com-
pared to 202 not deceased patients by univariate analy-
sis (Table 6). Patients who died were older (mean + SD
75.0 + 13.4 years old) than those survived (61.5 + 14.2 years
old). More patients who died used corticosteroids (70.0%
[14/20]) than those who did not (43.0% [86/200]). Higher

percentage of patients who died had at least one comorbidity
(90.0% [18/20]) than those who did not (63.9% [129/202]).
Comorbid chronic kidney dysfunction and hepatic disease
were more common among the deceased patients (20.0%
[4/20] and 15.0% [3/20]) than the survived patients (4.0%
[8/202] and 3.0% [6/202]) (all P <0.05).

When adjusting by sex and age using the presence of
underlying rheumatic disease or medications for rheumatic
disease, a multivariable analysis showed that only older age
(=65 years) remained associated with an increased risk of
death (P <0.05; Online Supplementary Tables 2 and 3).

Discussion

This multicentre, observational study using data from the
C19-GRA physician-reported registry of adults with rheu-
matic diseases and COVID-19 enabled description of the
clinical characteristics and management of affected patients
in Japan. The COVID-19 characteristics including route of
infection, common symptoms, and complications of patients
with rheumatic diseases in Japan did not show any obvious
different pattern from those of the general populations in
Japan and China [21-23]. Treatment pattern for COVID-
19 might be different in Japan from western countries. In
the USA, hydroxychloroquine and chloroquine were pre-
scribed for COVID-19 frequently under the emergency use
authorization because of the potential benefits [24, 25]. In
Japan, instead of hydroxychloroquine and chloroquine, it
was expected that favipiravir would have an antiviral effect
against SARS-CoV-2 [26], and so, favipiravir was frequently
administered for COVID-19 in 2020 [21] although it had
not been approved for use in patients with COVID-19. In
this study, antimalarials such as hydroxychloroquine were
administered for only 2.3% (5/222) and 27.0% (60/222)
patients were administered favipiravir. In Japan, remdesivir
was approved for the treatment of COVID-19 on 7 May 2020
[27], however, because of insufficient drug stocks, it was not
widely used at the time. In this study, 23.4% (52/222) were
treated with remdesivir.

Regarding COVID-19 outcomes, this analysis showed
that both the mortality and severe disease progression were
worse with increasing age, which is compatible to the pub-
lished data from the overall population (i.e., those with
and without rheumatic diseases) [21, 22, 28]. While dif-
ferences in the databases do not allow direct comparison
between studies, COVID-19 mortality and proportion of
patients who progressed to severe COVID-19 among hospi-
talized patients in this study were numerically higher than
those reported from the general population by the Minis-
try of Health, Labour, and Welfare (MHLW) in Japan up
to 6 January 2021, both overall and in each age group [28].
The MHLW reported mortality 0.0%, 0.0%, 0.1%, 0.3%,
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Table 3 COVID-19 characteristics (N=222)

n (%)

Route of infection®
Community acquired, route unknown
Close contact at home or workplace
Healthcare-associated infection
Method of diagnosis®
PCR
CT
Antibody test
Antigen test
Symptoms present
Main symptom®
Fever
Cough
Shortness of breath
Malaise
Complications®
Absent
ARDS
Sepsis
Myocarditis or heart failure
Secondary infection

Cytokine storm/similar status (including MAS)

Treatment for COVID-19*
None (supportive care)
Corticosteroids
Favipiravir
Remdesivir
Ciclesonide
IL-6 inhibitor
Antimalarial agent
Outcome
Recovered
Hospitalised
Oxygen inhalation
Ventilator or ECMO
Death
Severe disease”
Time to death (days), median (IQR)
Time to recovery (days), median (IQR)

105/222 (47.3)
107/222 (48.2)
17/222 (1.7)

204/222 (91.9)
42/222 (18.9)
7/222 (3.2)
17/222 (1.7)
187/218 (85.8)

165/187 (88.2)
93/187 (49.7)
54/187 (28.9)
52/187 (27.8)

183/222 (82.4)
19/222 (8.6)
3/222 (1.4)
2/222 (0.9)
9/222 (4.1)
5/222 (2.3)

90/222 (40.5)
75/222 (33.8)
60/222 (27.0)
52/222 (23.4)
29/222 (13.1)
11/222 (5.0)
5/222 (2.3)

181/216 (83.8)
186/214 (86.9)
90/208 (43.3)
20/208 (9.6)
20/222 (9.0)
96/222 (43.2)
17 (11-30)

13 (10-20)

Data are shown as n (%) unless otherwise stated

ARDS acute respiratory distress syndrome, COVID-19 coronavirus
disease 19, CT computed tomography, ECMO extracorporeal mem-
brane oxygenation, /L interleukin, /QR interquartile range, MAS mac-
rophage activation syndrome, PCR polymerase chain reaction

*Multiple answers were allowed

"Defined as death or oxygen inhalation requirement. In 96 cases, 4
died after oxygen inhalation, 5 died without oxygen inhalation, 1 died
but information about oxygen inhalation was missing and 76 required
oxygen inhalation but recovered
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1.4%, 12.3%, and 1.4% and severe COVID-19 (treated in an
intensive care unit or required ventilation or extracorpor-
eal membrane oxygenation) progression 0.0%, 0.0%, 0.5%,
1.4%, 3.0%, 4.1%, 2.0%, and 1.2% in 20-29, 30-39, 4049,
50-59, 60-69, 70-79, > 80 years old, and overall, respec-
tively. Online supplementary Table 1 shows the most com-
parable data in our study to the MHLW data, given that we
utilised the same age group stratification, a similar definition
of progression to severe disease, and close data cut-off date.
This numerical difference between the population in our
study and the general population accords with a published
report of COVID-19 outcome data from immunosuppressed
inpatients in Japan, including those with connective tissue
diseases and those being treated with immunosuppressive
agents, in which a higher proportion of deaths in patients
with connective tissue diseases (16.5%) versus non-immu-
nosuppressed patients (3.2%) was found [29]. However, this
study did not adjust for other risk factors, including age or
sex. A cross-sectional investigation using IORRA cohort in
Japan reported that 46 self-reported COVID-19 cases with
RA were relatively younger, with lower disease activity and
better physical function, compared to 2915 non-COVID-19
with RA cases. Because none of the COVID-19 cases pre-
sented pneumonia nor required hospitalization, characteris-
tics of severe COVID-19 cases with RA were not assessed
in this report [30].

At the closest cut-off point to our analysis, 6300 cases
with underlying rheumatic diseases were registered in the
total population of the C19-GRA physician-reported registry
globally [31]. Among those, the proportion of elderly people
(> 65 years old) was 21.5% (1355/6300), which is lower than
our study population which itself was almost half occupied
by 65 years and older (46.9% [104/222]). The three most
common rheumatic diseases in the global population were
rheumatoid arthritis (41.1% [2586/6300]), systemic lupus
erythematosus (17.7% [1117/6300]), and psoriatic arthritis
(8.3% [522/6300]), in cases registered from Japan, the three
most common were rheumatoid arthritis (48.2% [107/222]),
gout (14.4% [32/222]), and systemic lupus erythematosus
(8.1% [18/222]) (Table 1). The percentage of gout was much
lower in the total C19-GRA physician-reported registry
population (2.6% [165/6300]). Given a known side effect
of favipiravir, a common treatment option for COVID-19 in
Japan, is hyperuricemia [32], clinicians tend to specifically
check for a history of gout in COVID-19 patients, which may
have been a possible explanation for the elevated proportion
of patients with gout in this analysis.

While corticosteroids were used by a somewhat higher
proportion of patients in the cases from Japan versus the
total population usage, biologic DMARD and JAK inhibi-
tor administration at the onset of COVID-19 was lower in
Japan than the overall (corticosteroids 45.5% [100/220] ver-
sus 33.2% [2094/6300]; biologic DMARDs 15.3% [34/222]
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Table 4 Univariate analysis of baseline characteristics of patients who did and did not progress to severe COVID-19

Did not progress to severe Progressed to severe  Unadjusted OR (95% CI)* P value®
disease (N=113) disease (N=96)
Baseline characteristics
Age (years), mean+SD 58.2+15.0 68.4+12.5 1.05 (1.03-1.08) <0.001
Elderly (> 65 years) 39/113 (34.5) 60/96 (62.5) 3.16 (1.79-5.57) <0.001
Male 41/113 (36.3) 53/96 (55.2) 2.16 (1.24-3.77) 0.006
Current or ex-smoker 38/95 (40.0) 39/83 (47.0) 1.33 (0.73-2.41) 0.348
Underlying rheumatic disease®
Inflammatory arthritis 49/113 (20.4) 39/96 (40.6) 0.80 (0.39-1.63) 0.531
Connective tissue diseases/vasculitis 41/113 (36.3) 34/96 (35.4) 0.83 (0.40-1.73) 0.618
Other diseases 23/113 (20.4) 23/96 (24.0) Ref -
Disease activity
Remission 53/104 (51.0) 54/90 (60.0) Ref -
Low 42/104 (40.4) 28/90 (31.1) 0.65 (0.36-1.20) 0.173
Moderate 8/104 (7.7) 5/90 (5.6) 0.61 (0.19-2.00) 0.417
High 1/104 (1.0) 3/90 (3.3) 2.94 (0.30-29.21) 0.356
Medications for underlying rheumatic disease
Corticosteroids 43/111 (38.7) 54/96 (56.3) 2.03 (1.17-3.54) 0.012
Dosage (mg/day (PSL equivalent)), median (IQR) 5 (3.75-10) 5(2.5-9) 1.02 (0.93-1.12) 0.621
>PSL 5 mg/day 26/111 (23.4) 30/96 (31.3) 1.49 (0.80-2.75) 0.207
Medications categories for underlying rheumatic disease®
Without DMARDs/immunosuppressants 46/113 (40.7) 46/96 (47.9) Ref -
csDMARDs/immunosuppressants 48/113 (42.5) 38/96 (39.6) 0.79 (0.44-1.43) 0.438
bDMARDs/JAK inhibitors 19/113 (16.8) 12/96 (12.5) 0.63 (0.28-1.45) 0.278
Comorbid underlying disease
None 55/113 (48.7) 14/96 (14.6) 0.18 (0.10-0.35) <0.001
>2 25/113 (22.1) 47/96 (49.0) 3.38 (1.86-6.14) <0.001
Hypertension 31/113 (27.4) 39/96 (40.6) 1.81 (1.01-3.23) 0.045
Diabetes mellitus 14/113 (12.4) 34/96 (35.4) 3.88 (1.93-7.80) <0.001
Lung diseases® 18/113 (15.9) 31/96 (32.3) 2.52 (1.30-4.87) 0.006
Obesity (BMI > 30 kg/m?) 7/113 (6.2) 9/96 (9.4) 1.57 (0.56-4.38) 0.392
Chronic kidney dysfunction 3/113 (2.7) 9/96 (9.4) 3.79 (1.00-14.44) 0.051
Hepatic disease 3/113 (2.7) 5/96 (5.2) 2.01 (0.47-8.66) 0.346
Malignancy 4/113 (3.5) 4/96 (4.2) 1.18 (0.29-4.87) 0.814
Cerebrovascular/cardiovascular disease 10/113 (8.9) 7196 (7.3) 0.81 (0.30-2.22) 0.682

Severe COVID-19 was defined as requiring oxygen administration, or death

ANCA anti-neutrophil cytoplasmic antibody, BMI body mass index, bDMARDs biologic disease-modifying antirheumatic drugs, COVID-19 cor-
onavirus disease 19, csDMARDs conventional synthetic disease-modifying antirheumatic drugs, CTD connective tissue disease, /L interleukin,
IQR interquartile range, JAK Janus kinase, OR odds ratio, PSL prednisolone, Ref reference value, TNF tumour necrosis factor

#OR for oxygen administration or death by the univariate logistic regression model
bCalculated using the Wilcoxon rank-sum for continuous variables or chi-squared test for categorical variables

“Underlying rheumatic diseases were categorised as follows: inflammatory arthritis included rheumatoid arthritis and axial spondylarthritis; con-
nective tissue diseases/vasculitis included systemic lupus erythematosus, Sjogren’s syndrome, systemic sclerosis, inflammatory myopathy, mixed
connective tissue diseases, ANCA-associated vasculitis, giant cell arteritis, other vasculitis, Behget’s disease and polymyalgia rheumatica; other
diseases included gout, calcium pyrophosphate deposition disease, [gG4-related disease, adult-onset Still’s disease, sarcoidosis, antiphospholipid
antibody syndrome and Castleman’s disease. In cases where a patient had multiple underlying rheumatic diseases, grouping was performed
according to the following priority: CTD/vasculitis > inflammatory arthritis > other diseases

dMedication categories for underlying rheumatic disease were categorised as follows: without DMARDs/immunosuppressants included no medi-
cations for underlying rheumatic diseases, antimalarials (including hydroxychloroquine) or colchicine; csDMARDs included methotrexate, leflu-
nomide, sulfasalazine, and bucillamine; immunosuppressants included azathioprine, cyclophosphamide, cyclosporine, mycophenolate mofetil/
mycophenolic acid and tacrolimus; bDMARDs included TNF inhibitors, IL-6 inhibitors, abatacept, IL-17 inhibitors, belimumab and rituxi-
mab. In cases where a patient had multiple medication categories, grouping was performed according to the following priority: bDMARDs/JAK
inhibitors > csDMARDs/immunosuppressants > without DMARDs/immunosuppressants

°Lung diseases include chronic obstructive pulmonary disease/asthma, intestinal lung disease or others
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Table 5 OR of progressing to
severe COVID-19 disease by
multivariable analysis (N=222)

Background factors Adjusted OR (95% CI)* P value®
Elderly (> 65 years) 3.52 (1.69-7.33) 0.001
Male 1.85 (0.84-4.10) 0.128
Underlying rheumatic disease®
Inflammatory arthritis 0.64 (0.21-1.93) 0.429
Connective tissue diseases/vasculitis 0.40 (0.14-1.18) 0.097
Other diseases Ref -
Disease activity
Remission/low disease activity Ref -
Moderate/high disease activity 0.95 (0.29-3.07) 0.930
Corticosteroid administered 2.68 (1.23-5.83) 0.013
Medications categories for underlying rheumatic disease®
Without immunosuppressants Ref -
csDMARDs/immunosuppressants 0.88 (0.38-2.02) 0.758
bDMARDs/JAK inhibitors 0.58 (0.18-1.84) 0.356
Comorbidities
Hypertension 1.36 (0.64-2.89) 0.427
Diabetes mellitus 3.56 (1.42-8.88) 0.007
Lung diseases! 2.59 (1.10-6.09) 0.030
Chronic kidney disfunction 2.39 (0.53-10.71) 0.256

ANCA anti-neutrophil cytoplasmic antibody, BMI body mass index, bDMARD:s biologic disease-modifying
antirheumatic drugs, COVID-19 coronavirus disease 19, csDMARDs conventional synthetic disease-modi-
fying antirheumatic drugs, CTD connective tissue disease, /L interleukin, JAK Janus kinase, OR odds ratio,
PSL prednisolone, Ref reference value, TNF tumour necrosis factor

dCalculated using the multivariable logistic regression model

®Underlying rheumatic diseases were categorised as follows: inflammatory arthritis included rheumatoid
arthritis and axial spondylarthritis; connective tissue diseases/vasculitis included systemic lupus erythema-
tosus, Sjogren’s syndrome, systemic sclerosis, inflammatory myopathy, mixed connective tissue diseases,
ANCA-associated vasculitis, giant cell arteritis, other vasculitis, Behcet’s disease and polymyalgia rheu-
matica; other diseases included gout, calcium pyrophosphate deposition disease, IgG4-related disease,
adult-onset Still’s disease, sarcoidosis, antiphospholipid antibody syndrome and Castleman’s disease. In
cases where a patient had multiple underlying rheumatic diseases, grouping was performed according to
the following priority: CTD/vasculitis > inflammatory arthritis > other diseases

“Medication categories for underlying rheumatic disease were categorised as follows: without DMARDs/
immunosuppressants included no medications for underlying rheumatic diseases, antimalarials (includ-
ing hydroxychloroquine) or colchicine; csDMARDs included methotrexate, leflunomide, sulfasalazine and
bucillamine; immunosuppressants included azathioprine, cyclophosphamide, cyclosporine, mycophenolate
mofetil/mycophenolic acid and tacrolimus; bDMARDs included TNF inhibitors, IL-6 inhibitors, abatacept,
IL-17 inhibitors, belimumab and rituximab. In cases where a patient had multiple medications, grouping
was performed according to the following priority: bDMARDs/JAK inhibitors > csDMARDs/immunosup-
pressants > without DMARDs/immunosuppressants

9Lung diseases include chronic obstructive pulmonary disease/asthma, intestinal lung disease or others

versus 31.4% [1977/6300]; JAK inhibitors 1.4% [3/222] ver-
sus 4.6% [290/6300]). There was a somewhat higher propor-
tion of patients with comorbidities in cases from Japan ver-
sus the total population (66.2% versus 50.9% [3207/6300]),
while the common comorbid conditions were similar,
hypertension (32.9% [73/222] versus 35.1% [2209/6300]),
comorbid lung diseases (23.0% [51/222] versus 15.6%
[984/6300]), and diabetes mellitus (22.5% [50/222] versus
14.5% [916/6300]) [31].

Among the cases included in the total C19-GRA physi-
cian-reported registry population, most recovered (86.2%

@ Springer

[5431/6300]), 31.1% (1959/6300) were hospitalised, 28.5%
(1795/6300) required oxygen inhalation, 5.1% (324/6300)
required a ventilator or ECMO, and 5.8% (362/6300) died
[31]. The proportion of cases that resulted in death, hospi-
talisation, and oxygen or ventilator usage were numerically
higher in patients from Japan than the global data; however,
these results should be interpreted with caution because of
the baseline characteristic difference as mentioned above.
Additionally, there is a potential selection bias of patients
entered into the C19-GRA physician-reported registry.
Moreover, the way that patient information was collected
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Table 6 Univariate analysis of baseline characteristics of patients who survived or died from COVID-19 (N=222)

Survived (N=202) Died (N=20) Unadjusted OR (95% CI)* P value®

Baseline characteristics

Age (years), mean+ SD 61.5+14.2 75.0+134 1.08 (1.04-1.13) <0.001
Elderly (> 65 years) 88/202 (43.6) 16/20 (80.0) 5.18 (1.67-16.0) 0.004
Male 90/202 (44.6) 9/20 (45.0) 1.02 (0.40-2.56) 0.969
Current or ex-smoker 78/174 (44.8) 6/15 (40.0) 0.82 (0.28-2.40) 0.718
Underlying rheumatic disease®
Inflammatory arthritis 88/202 (43.6) 9/20 (45.0) 4.60 (0.57-37.47) 0.154
Connective tissue diseases/vasculitis 69/202 (34.2) 10/20 (50.0) 6.52 (0.81-52.71) 0.079
Other diseases 45/202 (22.3) 1/20 (5.0) Ref -
Disease activity
Remission 105/188 (55.9) 9/19 (47.4) Ref -
Low 68/188 (36.2) 6/19 (31.6) 1.03 (0.35-3.02) 0.958
Moderate 11/188 (5.9) 3/19 (15.8) 3.18 (0.75-13.52) 0.117
High 4/188 (2.1) 1/19 (5.3) 2.92 (0.29-28.94) 0.361
Medications for underlying rheumatic disease
Corticosteroids 86/200 (43.0) 14/20 (70.0) 3.09 (1.14-8.38) 0.026
Dosage (mg/day (PSL equivalent)), median (IQR) 5 (3-10) 7.5 (3-9) 1.05 (0.96-1.15) 0.267
>PSL 5 mg/day 50/200 (25.0) 9/20 (45.0) 2.45 (0.96-6.27) 0.060
Medications categories for underlying rheumatic disease’
Without DMARDs/immunosuppressants 84/202 (41.6) 9/20 (45.0) Ref -
csDMARDs/immunosuppressants 83/202 (41.1) 9/20 (45.0) 1.01 (0.38-2.68) 0.981
bDMARDs/JAK inhibitors 35/202 (17.3) 2/20 (10.0) 0.53 (0.11-2.59) 0.436
Comorbid underlying disease
None 73/202 (36.1) 2/20 (10.0) 0.20 (0.04-0.87) 0.032
>2 65/202 (32.2) 10/20 (50.0) 2.11 (0.84-5.31) 0.114
Hypertension 68/202 (33.7) 5/20 (25.0) 0.66 (0.23-1.88) 0.434
Diabetes mellitus 44/202 (21.8) 6/20 (30.0) 1.54 (0.56-4.24) 0.404
Lung diseases 45/202 (22.3) 6/20 (30.0) 1.50 (0.54-4.11) 0.436
Obesity (BMI > 30 kg/m?) 16/202 (7.9) 1/20 (5.0) 0.61 (0.08-4.87) 0.643
Chronic kidney dysfunction 8/202 (4.0) 4/20 (20.0) 6.06 (1.65-22.33) 0.007
Hepatic disease 6/202 (3.0) 3/20 (15.0) 5.761 (1.32-25.12) 0.020
Malignancy 8/202 (4.0) 1720 (5.0) 1.28 (0.15-10.76) 0.822
Cerebrovascular/cardiovascular disease 16/202 (7.9) 2/20 (10.0) 1.29 (0.27-6.07) 0.746

ANCA anti-neutrophil cytoplasmic antibody, BMI body mass index, bDMARD:s biologic disease-modifying antirheumatic drugs, CI confidence
intervals, COVID-19 coronavirus disease 19, csDMARDs conventional synthetic disease-modifying antitheumatic drugs, CTD connective tissue
disease, IL interleukin, /QR interquartile range, JAK Janus kinase, OR odds ratio, PSL prednisolone, Ref reference value, TNF tumour necrosis
factor

2OR for death by the univariate logistic regression model
bCalculated using the Wilcoxon rank-sum for continuous variables or chi-squared test for categorical variables

“Underlying rheumatic diseases were categorised as follows: inflammatory arthritis included rheumatoid arthritis and axial spondylarthritis; con-
nective tissue diseases/vasculitis included systemic lupus erythematosus, Sjogren’s syndrome, systemic sclerosis, inflammatory myopathy, mixed
connective tissue diseases, ANCA-associated vasculitis, giant cell arteritis, other vasculitis, Behcet’s disease and polymyalgia rheumatica; other
diseases included gout, calcium pyrophosphate deposition disease, I[gG4-related disease, adult-onset Still’s disease, sarcoidosis, antiphospholipid
antibody syndrome, and Castleman’s disease. In cases where a patient had multiple underlying rheumatic diseases, grouping was performed
according to the following priority: connective tissue diseases/vasculitis > inflammatory arthritis > other diseases

9Medication categories for underlying rheumatic disease were categorised as follows: without DMARDSs/immunosuppressants included no medi-
cations for underlying rheumatic diseases, antimalarials (including hydroxychloroquine) or colchicine; csDMARDs included methotrexate, leflu-
nomide, sulfasalazine, and bucillamine; immunosuppressants included azathioprine, cyclophosphamide, cyclosporine, mycophenolate mofetil/
mycophenolic acid, and tacrolimus; bDMARDs included TNF inhibitors, IL-6 inhibitors, abatacept, IL-17 inhibitors, belimumab and rituximab.
In cases where a patient had multiple underlying rheumatic diseases, grouping was performed according to the following priority: bDMARDs/
JAK inhibitors > csDMARDs/immunosuppressants > without DMARDs/immunosuppressants
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differed from country to country. In Japan, all patients who
tested positive for SARS-CoV-2 infection were isolated per
the Infectious Disease Control Law and those with underly-
ing conditions, including rheumatic diseases, were recom-
mended for hospitalisation. In 2020, hospital bed capacity
allowed them to be hospitalized. Further, polymerase chain
reaction testing was reserved for patients with symptoms of
COVID-19 or who were in close contact with others expe-
riencing COVID-19 symptoms [33], likely leading to less
detection of asymptomatic cases. These differences make
direct comparison between countries difficult even from
within the same registry.

On the other hand, a meta-analysis of 31 reports of
COVID-19 in patients with rheumatic diseases found that
COVID-19-related hospitalisation rates were similar in Asia,
Europe, and North America (60% [95% CI 41-77%], 62%
[51-73%], and 50% [37-64%], respectively) though the
fatality rate after hospitalisation was higher in Europe (19%
[15-24%]) than in Asia (11% [2-23%]) and North America
(12% [6—-19%]) [34]. They reported that the rates of oxy-
gen support, intensive care unit (ICU) admission, and death
were 33% (95% CI 21-47%), 9% (5-15%), and 7% (3—11%),
respectively, in overall, which were similar figures to our
findings.

In this study, older age (> 65 years), corticosteroid use,
and comorbid diabetes and lung diseases were suggested
as possible risk factors for severe COVID-19 outcomes
in patients with rheumatic disease, which were reported
as association with COVID-19-related hospitalization or
death in previous report of C19-GRA cases [11-13], other
cohort studies [35-37], and a meta-analysis in patients with
rheumatic diseases [38]. Other than these factors we sug-
gested, previous C19-GRA reports suggested that comorbid
hypertension/cardiovascular disease and chronic renal insuf-
ficiency were associated with higher odds of hospitalisation
[11] and male sex and higher disease activity were associ-
ated with higher odds of death [13]. In our study, although
in the multivariable model male sex and comorbid hyperten-
sion did not show a statistically strong association, in uni-
variate analysis, they showed statistically strong association
to severe COVID-19. Association of disease activity with
severe disease in our study was not clear because the num-
ber of cases whose physician reported having higher than
moderate disease activity was limited.

Previous reports suggested association of biologic
DMARDSs with severe COVID-19 outcome [11, 12, 36,
38-40],; however, the relationship of biologic DMARDs
or JAK inhibitor usage with COVID-19 outcomes is not
clear currently. A report from the first 600 cases from the
C19-GRA physician-reported registry suggested that the
use of tumour necrosis factor (TNF) inhibitors may reduce
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the probability of hospitalisation [11]. A later analysis that
included 2869 cases from the C19-GRA suggested that JAK
inhibitors or rituximab treatment resulted in worse COVID-
19 outcomes compared with patients treated with TNF
inhibitors, there were no associations between treatment
with abatacept or IL-6 inhibitors and COVID-19 severity
[12]. This association of JAK inhibitor treatment and worse
COVID-19 outcomes was consistent with a New York Uni-
versity cohort study [39], though another cohort study con-
ducted in the USA reported that rituximab users had a higher
risk of hospitalisation compared with patients treated with
TNF inhibitors and found no significant difference between
those treated with JAK inhibitors and TNF inhibitors [40].
These inconsistent results may be explained by differences
in confounding factors assessed in analyses or the timing
of drug usage during COVID-19. In this analysis, patients
receiving biologic DMARDs or JAK inhibitors had lower
point estimate for adjusted odds of severe disease progres-
sion compared to patients without DMARDs or immuno-
suppressant,; however, there was no statistical significance
(adjusted OR 0.58 [95% C1 0.18-1.84] (Table 5). Although
analysis of outcomes according to individual drug classes
would be ideal, this was not possible in our study because of
limited numbers of patients for such individual drugs. Future
studies with larger samples would be more informative.

This current study has several limitations, including a
relatively small number of patients and mortality events
and a potential for reporting bias of more severe cases. This
study is voluntary, and there was a biased distribution with
data mainly from tertiary care centres near Tokyo in the
Kanto region, which results that our data is not well repre-
sentative of the whole rheumatology population in Japan and
thus limits the generalisability of the results. Additionally,
a comparison between our study data from Japan with those
from other countries was limited due to selection bias related
to different data collection methods, health policy and sys-
tems. Finally, this study was based on preliminary data that
was collected in 2020, before new variants of COVID-19
(e.g., alpha, delta or omicron) became prevalent, and before
COVID-19 vaccines became available in Japan. However,
this study allows us to fill the current information gap of the
clinical characteristics of COVID-19 among patients with
rheumatic diseases in Japan.

In conclusion, this retrospective, multicentre, obser-
vational study using data from the C19-GRA physician-
reported registry has shown the clinical characteristics of
patients with underlying rheumatic disease and diagnosed
COVID-19 in Japan. Older age (> 65 years), corticoster-
oid use and comorbid diabetes and lung diseases are sug-
gested as possible risk factors for severe COVID-19 disease
progression.
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