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Background/Aims: The recent coronavirus disease 2019 (COVID-19) pandemic has been associated with changes in the
epidemiology of not only infectious diseases but also several non-infectious conditions. This study investigated changes in the
recorded incidence of various rheumatic diseases during the COVID-19 pandemic.

Methods: The number of patients for each disease from January 2016 to December 2020 was obtained from the Korean
Health Insurance Review and Assessment Service database. We compared the incidence of nine rheumatic diseases (seropos-
itive rheumatoid arthritis, systemic lupus erythematosus [SLE], idiopathic inflammatory myositis [IIM], ankylosing spondylitis
[AS], systemic sclerosis, Sjégren’s syndrome, Behcet's disease [BD], polymyalgia rheumatica, and gout) and hypertensive dis-
eases to control for changes in healthcare utilisation before and after the COVID-19 outbreak. The disease incidence before
and after the COVID-19 outbreak was compared using the autoregressive integrated moving average (ARIMA) and qua-
si-Poisson analyses.

Results: Compared with the predicted incidence in 2020 using the ARIMA model, the monthly incidence of SLE, BD, AS,
and gout temporarily significantly decreased, whereas other rheumatic diseases and hypertensive diseases were within the
95% confidence interval (Cl) of the predicted values in the first half of 2020. In age- and sex-adjusted quasi-Poisson regres-
sion analysis, the annual incidences of IIM (rate ratio [RR], 0.473; 95% Cl, 0.307 to 0.697), SLE (RR, 0.845; 95% Cl, 0.798
to 0.895), and BD (RR, 0.850; 95% Cl, 0.796 to 0.906) were significantly decreased compared with those in the previous 4
years.

Conclusions: The recorded annual incidence of some rheumatic diseases, including IIM, SLE, and BD, decreased during the

COVID-19 pandemic.
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INTRODUCTION

Autoimmune inflammatory rheumatic diseases (AlIRDs)
mainly affect the musculoskeletal system and connective tis-
sues due to altered immune regulation [1]. Several diseases,
including rheumatoid arthritis (RA), systemic lupus erythe-
matosus (SLE), ankylosing spondylitis (AS), Behcet's disease
(BD), Sjogren’s syndrome (SjS), systemic sclerosis (SSc), id-
iopathic inflammatory myositis (IIM), polymyalgia rheumat-
ica (PMR), and gout are included in this classification [2].
Infection is often considered a major trigger for AlIRD [3]. In
December 2019, a novel coronavirus infection (coronavirus
disease 2019 [COVID-19]) was identified, and it has rapidly
spread globally [4]. Nonpharmaceutical interventions (NPIs)
for COVID-19 have been reported to reduce the prevalence
of Kawasaki disease and the rates of hospitalisation for re-
spiratory and chronic lung diseases [5-7]. Conversely, the
COVID-19 pandemic has been associated with an increased
incidence of gestational diabetes mellitus, perforated ap-
pendicitis, depression and anxiety [8-10].

In the light of this and the potential mechanisms by
which COVID-19 could influence the incidence of AlIRDs,
this study aimed to determine if the COVID-19 pandemic
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was associated with changes in the reported incidence of
AlIRDs. We extracted the incidence of AlIRDs in South Korea
during the COVID-19 pandemic from a countrywide health-
care claims database and compared it with data from the
previous 4 years.

METHODS

Selection of study conditions and data acqui-
sition

The present work is a retrospective study comparing the
incidences of 10 diseases before and after the COVID-19
outbreak. The number of outpatients with these diagnoses
from January 2016 to December 2020 was obtained from
the Korean Health Insurance Review and Assessment Ser-
vice database in South Korea. All of the recorded diagnoses
were based on the International Statistical Classification of
Diseases and Related Health Problems, 10th revision. Our
study included nine rheumatic diseases and one common
non-rheumatic disease to control for the change in health-
care utilisation. The rheumatic diseases were seropositive
RA (M05), SLE (M32), IIM (M33), AS (M45), SSc (M34), SjS
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(M35.0), BD (M35.2), PMR (M35.3), and gout (M10), and Study design and statistical analysis

the non-rheumatic disease was a group of hypertensive dis- Prediction analysis was conducted using an autoregressive
eases (110-115). The number of new cases per month was integrated moving average (ARIMA) to determine chang-
used to calculate the incidence of the disease. New patients es in disease incidence associated with the COVID-19 out-
were defined as those who had not been registered with break. The ARIMA model was fitted to the period before the
the applicable diagnosis in the previous 5 years. COVID-19 outbreak from 2016 to 2019 and anticipated the

incidence of diseases with confidence intervals (Cls) of 80%
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Figure 1. The monthly incidence and predicted incidence of (A) systemic lupus erythema-
1200 tosus, (B) Behcet's disease, (C) ankylosing spondylitis, (D) Sjégren's syndrome, (E) idiopathic
1,000 - inflammatory myositis, (F) rheumatoid arthritis, (G) systemic sclerosis, (H) polymyalgia rheu-
matica, (I) gout, and (J) hypertensive diseases using the autoregressive integrated moving
800 . . . . . — average (ARIMA) model. The blue line denotes the monthly predicted incidence for 2020
2016 2017 2018 2013 2020 2021 using the ARIMA model. Blue and grey shades denote the 80% and 95% confidence inter-

J vals of the predicted incidence.
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and 95%. It was used to compare the monthly incidence of
each disease observed in 2020. Visual comparison of the an-
nual and monthly trends as well as the monthly differences
in incidence of each disease was performed using the ARI-
MA model. The age- and sex-adjusted annual incidence rate
ratios (RRs) of each disease before and after the COVID-19
outbreak were estimated using quasi-Poisson regression
analysis. Parameter selection for the ARIMA model and qua-
si-Poisson analysis were performed using the ‘auto.arima’
function in the forecast package and the ‘gim’ function in
the stats package of R software (R Foundation for Statistical
Computing, Vienna, Austria), respectively. p values <0.05
were considered statistically significant. All analyses were
conducted using R software version 4.1.0.

Ethics statement

This study conformed to the ethical guidelines of the Dec-
laration of Helsinki. The need for informed consent was
waived by the Institutional Review Board (IRB) because of
the retrospective nature of the study using a database. The
waiver from the IRB was certified by the Asan Medical Cen-
ter (No. 2021-1031).

RESULTS

Disease incidences
Fig. 1 represents the annual and monthly trends for each
disease based on the monthly aggregated incidence data

KJIM™

from 2016 to 2020 and the monthly predicted incidence for
2020 using the ARIMA model. During the first half of 2020,
the early phase of the COVID-19 outbreak, the monthly inci-
dences of SLE, BD, AS, and gout temporarily decreased dra-
matically compared with the predicted incidences of those
in 2020 (Fig. 1). Conversely, the monthly incidences of SjS,
SSc, PMR, RA, and hypertensive diseases during the same
period were within the 95% Cl of the predicted values using
the ARIMA model. Although the monthly incidence of IIM
was within the 95% Cl of the ARIMA model’s predicted val-
ue, the actual incidence in 2020 was much lower than that
of the previous 3 years (Fig. 1E).

Fig. 2 presents a comparison of the annual incidence of
each disease from 2016 to 2019 and the incidence of each
disease in 2020 according to the age- and sex-adjusted qua-
si-Poisson analysis. The disease incidences in 2020 of IIM
(RR, 0.473; 95% Cl, 0.307 to 0.697), SLE (RR, 0.845; 95%
Cl, 0.798 to 0.895), and BD (RR, 0.850; 95% Cl, 0.796 to
0.906) were significantly decreased compared with that of
the previous 4 years, whereas the annual incidence of gout
(RR, 1.012; 95% Cl, 0.916 to 1.117), PMR (RR, 1.075; 95%
Cl, 0.928 to 1.239), and hypertensive diseases (RR, 1.023;
95% Cl, 0.929 to 1.124) exhibited an increasing trend that
failed to reach statistical significance.

DISCUSSION

South Korea initially gained attention in terms of the glob-

Diseases Mean (2016-2019) Observed (2020) Rate ratio (95% Cl)

[IM 839.8 397 0.473(0.307-0.697) =

SLE 5,371.3 4,541 0.845 (0.798-0.895) &

BD 3,598.3 3,057 0.850 (0.796-0.906) —a

SjS 7913.5 7,280 0.920 (0.839-1.007) —

AS 11,679.5 10,934 0.936 (0.848-1.031) —m

SSc 592.8 557 0.940 (0.806-1.090) —

RA 17,490.3 17,342 0.992 (0.944-1.041)

Gout 129,543 131,133 1.012 (0.916-1.117) l

PMR 1,072 1,152 1.075 (0.928-1.239) ——

HTN 680,943.2 696,391 1.023 (0.929-1.124) —m—
03 0s 07 09 101112

Figure 2. The annual incidence of various diseases in 2020 versus 2016-2019. Cl, confidence interval; IIM, idiopathic inflammatory myo-
sitis; SLE, systemic lupus erythematosus; BD, Behcet's disease; SjS, Sjogren’s syndrome; AS, ankylosing spondylitis; SSc, systemic sclerosis;
RA, rheumatoid arthritis; PMR, polymyalgia rheumatica; HTN, hypertensive diseases.
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al COVID-19 response after the first COVID-19 patient was
identified on January 20, 2020 [11]. In 2020, the number of
cumulative confirmed COVID-19 cases in South Korea was
1.3 per thousand persons, which was much lower than that
in other nations like the United States and the United King-
dom [12]. Nonetheless, the annual incidence of IIM, SLE,
and BD decreased during the COVID-19 pandemic in 2020,
according to this nationwide survey.

Several contributing factors can explain the reduction
in the incidence of some rheumatic diseases during the
COVID-19 pandemic. First, the incidence of rheumatic dis-
eases may have temporarily decreased due to the decrease
in healthcare utilisation driven by concerns about COVID-19
infection. During the COVID-19 pandemic in the United
States, hospital admissions and emergency department
visits were low, presumably related to a fear of COVID-19
infection [13-15]. A recent study demonstrated that the
number of breast cancer screening, diagnosis and surgery
cases decreased with the decrease in hospital visits, whereas
the proportion of patients diagnosed with advanced breast
cancer increased [11]. Essentially, according to the statistics
of the Korean Health Insurance Review and Assessment
Service, the total number of patients in 2020 was signifi-
cantly lower than the average of the previous 4 years [16].
The monthly incidence of numerous diseases in the first
half of 2020, the early phase of the COVID-19 pandemic,
was much lower than that in the second half in the ARIMA
analysis. It could be interpreted that the marked decrease in
hospital visits in the early phases of the COVID-19 pandem-
ic had been complementarily reversed in the second half
of 2020. However, because the annual incidence of gout
and hypertensive diseases did not significantly decrease in
2020 compared with before the COVID-19 pandemic, it is
difficult to attribute the decrease in the annual incidence
of IIM, SLE, and BD to a reduction in healthcare utilization.
Second, South Korea has been thoroughly practising per-
sonal hygiene and the universal use of masks since the early
days of the COVID-19 outbreak [17]. Furthermore, it strictly
implemented social distancing during 2020 [18]. According
to reports, these COVID-19 NPIs reduced the incidence of
Kawasaki disease and the rates of hospitalisation due to re-
spiratory and chronic lung diseases in South Korea [5,6,19].
A study using German national surveillance data also report-
ed a decrease of respiratory and blood-borne infectious dis-
eases, including measles and hepatitis C virus, owing to the
implementation of NPIs during the COVID-19 pandemic [7].
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Various viral infections are implicated in the development
of autoimmune disorders through molecular mimicry and
other mechanisms [3]. In particular, Epstein—Barr and hepa-
titis C viruses may promote uncontrolled autoantibody syn-
thesis, resulting in AlIRDs [20]. Thorough implementation of
the NPIs to prevent the spread of COVID-19 in South Korea
reduced the incidence of several viral infections, which may
have affected the incidence of AlIRDs.

The present study has some limitations. First, the Nation-
al Health Insurance claims database lacked accurate clinical
information on individual patients, such as laboratory and
radiographic findings as well as lifestyle factors. Second,
the disorders were identified using the registered diagnosis
code, which may not accurately reflect the disease severity.
Third, 1 year is too short to sufficiently evaluate the changes
in the incidence of various chronic diseases, including most
rheumatic diseases, in association with changes in societal
and environmental factors. Thus, longer-term studies in
more countries are needed in the future to better elucidate
the potential link between the COVID-19 pandemic and var-
ious chronic diseases. The main strength of this study is that
it is the first to report a significant decrease in the annual
incidence of some rheumatic diseases during the COVID-19
pandemic, based on a nationwide claims database.

In conclusion, this study showed a significant decrease in
the incidence of IIM, SLE, and BD during the COVID-19 pan-
demic in 2020, suggesting a potential link between societal
and environmental changes associated with the COVID-19
pandemic, especially NPIs, and a decrease in the incidence
of certain rheumatic diseases.

KEY MESSAGE

1. The recorded annual incidence of idiopathic in-
flammatory myositis, systemic lupus erythemato-
sus, and Behcet's disease decreased during the
coronavirus disease 2019 (COVID-19) pandemic.

2. Limited use of medical facilities and nonpharma-
ceutical intervention application might have influ-
enced the recorded autoimmune inflammatory
rheumatic disease incidence.
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