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Background: Although it is known that inhaled corticosteroid (ICS) use may increase the risk of respiratory infection,
its influence on the risk of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection remains unknown.
Thus, the aim of this study was to investigate the association between ICS use and the positivity of SARS-CoV-2 infection
among patients with chronic respiratory diseases.
Methods: Nationwide data of 44,968 individuals with chronic respiratory diseases tested for SARS-CoV-2 until May 15,
2021 were obtained from the Ministry of Health and Welfare and Health Insurance Review and Assessment Service in
Korea. The positivity of SARS-CoV-2 infection was retrospectively analysed according to the prescription, type, and dose
of ICS taken one year before SARS-CoV-2 test.
Results: Among 44,968 individuals tested, 931 (2.1%) were positive for SARS-CoV-2. A total of 7,019 patients (15.6%)
were prescribed ICS one year prior to being tested for SARS-CoV-2. Low, medium, and high doses of ICS were prescribed
in 7.5%, 1.6%, and 6.5% of total cases, respectively. Among types of ICS, budesonide, fluticasone, beclomethasone, and
ciclesonide were prescribed in 3.7%, 8.9%, 2.3%, and 0.6% of total cases, respectively. A multivariate analysis showed no
significant increase in infection with ICS use (odds ratio, 0.84; 95% confidence interval, 0.66–1.03). Moreover, there were
no associations between the positivity of infection and the dose or type of ICS prescribed.
Conclusion: Prior ICS use did not increase the positivity for SARS-CoV-2 infection. Moreover, different doses or types of
ICS did not affect this positivity.
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Introduction
At the end of December 2019, an unexplained pneumonia emerged in Wuhan, Hubei Province, China. This disease
was found to be caused by a novel coronavirus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)1. As of December 11, 2021, SARS-CoV-2 has resulted in over 267 million
infections and over 5 million deaths worldwide2. Patients with
mild symptoms such as fever and cough often recover from
the SARS-CoV-2 infection. However, some die from severe
complications3. In patients with SARS-CoV-2, the presence of
respiratory disease is associated with poor prognosis. Based
on chest computed tomography, 86.2% of hospitalized patients show abnormalities4,5.
Inhaled corticosteroids (ICS) are essential drugs for major
respiratory diseases such as asthma and chronic obstructive
pulmonary disease (COPD). However, ICS may increase the
risk of respiratory infection. A meta-analysis has reported that
the use of ICS alone or in combination may increase the risk
of pneumonia in COPD patients6. Regarding asthma, some
studies have reported that ICS use may increase the risk of
pneumonia, although this is controversial7,8. ICS may also increase the risk of tuberculosis or nontuberculous mycobacterial infection9,10.
ICS are frequently prescribed to patients with respiratory
diseases who may be at a high risk for severe SARS-CoV-2 infection. However, the influence of ICS use on the risk of SARSCoV-2 infection remains unknown. Thus, the purpose of this
study was to evaluate the association between ICS use and
the positivity of SARS-CoV-2 infection in patients with chronic
respiratory diseases.

Materials and Methods

revision) in the first year before the test of SARS-CoV-2 were
included in this study using HIRA dataset until May 15, 2020.
SARS-CoV-2 infection was confirmed by a reverse transcription polymerase chain reaction test for SARS-CoV-2 using nasopharyngeal swab or sputum specimens. Those with negative results were considered as negative controls for SARSCoV-2 infection.
Exacerbations in previous 1 year before the test of SARSCoV-2 were classified as moderate, emergency room visit, and
hospitalization. Moderate exacerbation was defined as presence of chronic respiratory diseases diagnostic code plus the
use of systemic corticosteroid or antibiotics.
Drug adherence was assessed with medication possession
ratio (MPR) for asthma medications11,12. MPR was calculated
as the sum of the day’s supply for medication fills divided by
the time from first fill in previous 1 year until the test of SARSCoV-2. MPR ratio was categorized into three adherence
groups as follows: low adherence (MPR <50%), medium adherence (MPR 50%–79%), and high adherence (MPR ≥80%).
3. Demographic factors
Information on sex, age, region of residence, and medical
aid were taken at the time of SARS-CoV-2 diagnosis. Data
regarding comorbidity and ICS prescription were collected
during the first year before the test of SARS-CoV-2. The Charlson Comorbidity Index (CCI) for stratifying the risk of mortality or the resource use of patients based on comorbidities
was recorded as previously described13. Comorbidities were
categorized into heart disease (ischemic heart disease, I2025; congestive heart failure, I50), diabetes mellitus (E10-14),
hypertension (I10), and cancer (C00-97) according to the International Classification of Diseases, 10th revision.
4. Outcomes

1. Data source
For a global research collaboration on SARS-CoV-2, the
Ministry of Health and Welfare and Health Insurance Review
and Assessment Service (HIRA) of Korea shared nationwide
data of SARS-CoV-2 with researchers. The HIRA dataset was
based on the insurance benefit claim sent to the HIRA. It comprised all cases tested for SARS-CoV-2 in Korea. This dataset
includes various health-related information, including sociodemographic characteristics, health care utilization including
diagnosis and medications, and survival status.

Among all individuals tested for SARS-CoV-2, the case
group included patients with SARS-CoV-2 infection and the
control group included patients without SARS-CoV-2 infection. The positivity of SARS-CoV-2 infection was analysed according to the prescription, type, and dose of ICS taken 1 year
before the SARS-CoV-2 test. The type of ICS was categorized
into budesonide, fluticasone, beclomethasone, and ciclesonide. The dose of ICS was calculated as the average daily
consumption. It was categorized into low, medium, and high
doses according to the Global Initiative for Asthma (GINA)
report14.

2. Case definition
5. Statistical analysis
Among a total of 234,427 individuals tested for SARS-CoV-2,
44,968 subjects who had comorbidity of chronic respiratory
diseases (asthma, J45-46; COPD, J43-44; bronchiectasis J47;
according to the International Classification of Diseases, 10th
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Descriptive statistics were performed for all variables. Differences between the two groups (case and control) were
assessed by chi-squared test for categorical variables. Mul-
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Table 1. Baseline demographics of individuals tested for SARS-CoV-2
Total
(n=44,968)

Variable
Male sex

Positive for SARS-CoV-2
(n=931)

Negative for SARS-CoV-2
(n=44,037)

22,210 (49.4)

355 (38.1)

21,855 (49.6)

0–19

5,363 (11.9)

62 (6.7)

5,301 (12.0)

20–39

8,753 (19.5)

205 (22.0)

8,548 (19.4)

40–59

8,901 (19.8)

269 (28.9)

8,632 (19.6)

60–79

14,546 (32.3)

298 (32.0)

14,248 (32.4)

7,405 (16.5)

97 (10.4)

7,308 (16.6)

Age, yr

p-value
<0.001
<0.001

≥80
Region of residence

<0.001

North-western
Seoul*

13,114 (29.2)

72 (7.7)

13,042 (29.6)

Incheon*

2,341 (5.2)

18 (1.9)

2,323 (5.3)

Daejeon*

1,557 (3.5)

11 (1.2)

1,546 (3.5)

9,463 (21.0)

72 (7.7)

9,391 (21.3)

Chungcheongbuk

1,175 (2.6)

21 (2.3)

1,154 (2.6)

Chungcheongnam†

2,523 (5.6)

46 (4.9)

2,477 (5.6)

1,127 (2.5)

21 (2.3)

1,106 (2.5)

Daegu*

4,370 (9.7)

422 (45.3)

3,948 (8.9)

Busan*

2,515 (5.6)

15 (1.6)

2,500 (5.7)

Ulsan*

742 (1.7)

4 (0.4)

738 (1.7)

†

Gyeonggi

†

North-eastern
Gangwon†
South-eastern

†

1,626 (3.6)

153 (16.4)

1,473 (3.3)

1,585 (3.5)

36 (3.9)

1,549 (3.5)

Gwangju*

712 (1.6)

11 (1.2)

701 (1.6)

†

1,082 (2.4)

23 (2.5)

1,059 (2.4)

712 (1.6)

6 (0.6)

706 (1.6)

324 (0.7)

0 (0)

324 (0.7)

Gyeongsangbuk

Gyeongsangnam

†

South-western
Jeollabuk

Jeollanam†
Jeju Island

†

Medical-aid beneficiaries

3,897 (8.7)

82 (8.8)

3,815 (8.7)

0.877

9,508 (21.1)

121 (13.0)

9,387 (21.3)

<0.001

Diabetes mellitus

13,371 (29.7)

210 (22.6)

13,161 (29.9)

<0.001

Hypertension

18,182 (40.4)

294 (31.6)

17,888 (40.6)

<0.001

7,092 (15.8)

63 (6.8)

7,029 (15.9)

<0.001

1

15,084 (33.5)

374 (40.2)

14,710 (33.4)

2

7,636 (16.9)

182 (19.6)

7,454 (16.9)

≥3

22,248 (49.5)

375 (40.3)

21,873 (49.7)

Comorbidities
Heart disease

Cancer
Charlson comorbidity index

82

<0.001
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Table 1. Continued
Total
(n=44,968)

Variable

Positive for SARS-CoV-2
(n=931)

Negative for SARS-CoV-2
(n=44,037)

p-value

Exacerbations in previous 1 year
Moderate exacerbations

0.42 (0.82)

0.51 (0.95)

<0.001

0

30,695 (68.3)

667 (71.6)

30,028 (68.2)

0.025

≥1

14,273 (31.7)

264 (28.4)

14,009 (31.8)

0.025

Emergency room visit

0.01 (0.1)

0.06 (0.41)

<0.001

0

42,935 (95.5)

922 (99)

42,013 (95.4)

<0.001

≥1

2,033 (4.5)

9 (1)

2,024 (4.6)

<0.001

Hospitalization

0.13 (0.53)

<0.001

0

41,166 (91.5)

0.06 (0.4)
896 (96.2)

40,270 (91.5)

<0.001

≥1

3,802 (8.5)

35 (3.8)

3,767 (8.6)

<0.001

Values are presented as number (%).
*Cities in South Korea. †Provinces in South Korea.
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

tiple logistic regression analysis was performed to determine
whether ICS was associated with the positivity of SARS-CoV-2
infection. Three models were used to analyze the positivity of
infection according to ICS prescription, type, and dose. The
positivity of infection is presented as odds ratio (OR) with
95% confidence interval (CI). A p-value <0.05 was considered
statistically significant. All statistical analyses were performed
with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

number of individuals tested. Among the four types of comorbidities, patients with any comorbidity tended to have a lower
probability of SARS-CoV-2 infection in univariate analysis.
This trend was similar in the analysis according to CCI. The
higher the CCI, the lower the probability of SARS-CoV-2 infection. All types of exacerbations in previous 1 year before
SARS-CoV-2 test were more frequency observed in those with
a negative result for SARS-CoV-2 than those with a positive
result for SARS-CoV-2.

6. Ethics statement
2. Patterns of ICS use in the past 1 year
This study was approved by the Institutional Review Board
of the National Health Insurance Service of Ilsan Hospital. It
adhered to the tenets of the Declaration of Helsinki (NHIMC
2020-04-008). Written informed consent was waived as data
used were de-identified in the database.

Results
1. Baseline demographics of individuals tested for
SARS-CoV-2
A total of 44,968 individuals were included. Of them, 931
(2.1%) were positive for SARS-CoV-2 (Table 1). A total of 355
(0.7%) males and 576 (1.3%) females were positive for SARSCoV-2. In terms of age group, individuals aged 60–79 years
had a higher proportion (32.3%) of those tested for SARSCoV-2, followed by individuals aged 40–59 years (19.8%) and
20–39 years (19.5%). When 16 regions (cities and provinces)
in South Korea were compared, the South-Eastern region had
high rates of SARS-CoV-2 infection. In Seoul, the number of
SARS-CoV-2 cases was relatively low considering the large
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A total of 7,019 patients (15.6%) were prescribed ICS 1 year
prior to being tested for SARS-CoV-2 (Table 2). Low, medium,
and high doses of ICS were prescribed for 7.5%, 1.6%, and 6.5%
of total cases, respectively. In both groups, low MPR was dominant. Most patients were prescribed with one type of ICS.
Budesonide, fluticasone, beclomethasone, and ciclesonide
were prescribed for 3.7%, 8.9%, 2.3%, and 0.6% of total cases,
respectively.
3. Multivariate analysis for ICS use and positivity of
SARS-CoV-2 infection
A multivariate analysis was performed to assess whether
ICS use was associated with SARS-CoV-2 infection (Table
3, Supplementary Table S1). In model 1, individuals who
were taking ICS were compared with those who were not
taking ICS. The positivity of developing SARS-CoV-2 infection was not associated with the use of ICS (OR, 0.84; 95% CI,
0.68–1.03). There was no association between the positivity of
SARS-CoV-2 infection and ICS dose in model 2. When positivity of infection was analyzed according to ICS type, no type of
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Table 2. Patterns of inhaled corticosteroid use in the past 1 year
Variable

Total
(n=44,968)

Positive for SARS-CoV-2
(n=931)

Negative for SARS-CoV-2
(n=44,037)

p-value

Inhaled corticosteroid used

7,019 (15.6)

114 (12.2)

6,905 (15.7)

0.004

3,349 (47.7)

54 (47.3)

3,295 (47.7)

Dose

<0.001

Low
Medium

728 (10.4)

High

2,942 (41.9)

10 (8.8)

718 (10.4)

50 (43.9)

2,892 (41.9)

ICS MPR*

0.723

Low

6,980 (99.4)

114 (100)

6,866 (99.4)

Medium

14 (0.2)

0 (0)

14 (0.2)

High

25 (0.4)

0 (0)

25 (0.4)

No. of ICS types

0.491

1

6,399 (91.2)

106 (93)

6,293 (91.1)

≥2

620 (8.8)

8 (7)

612 (8.9)

Type

<0.001

Budesonide

1,674 (23.8)

19 (16.7)

1,655 (23.9)

Fluticasone

4,001 (57.0)

76 (66.7)

3,925 (56.9)

Beclomethasone

1,054 (15.1)

13 (11.4)

1,041 (15.1)

290 (4.1)

6 (5.2)

284 (4.1)

Ciclesonide

Values are presented as number (%).
*MPR ratio was categorized into three adherence groups as follows: low adherence (MPR, <50%), medium adherence (MPR, 50%–79%), and
high adherence (MPR, ≥80%).
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ICS: inhaled corticosteroid; MPR: medication possession rate.

Table 3. Multivariate analysis for inhaled corticosteroid use and risk of SARS-CoV-2
Variable

Odds ratio*

95% Confidence interval

p-value

0.68–1.03

0.089

ICS use
No

1

Yes

0.84

ICS dose
No

1

Low

0.83

0.63–1.11

0.204

Medium

0.75

0.39–1.42

0.373

High

0.87

0.64–1.17

0.347

ICS type
No

1

Budesonide

0.67

0.42–1.08

0.098

Fluticasone

0.86

0.67–1.09

0.227

Beclomethasone

0.88

0.50–1.56

0.679

Ciclesonide

1.33

0.58–3.09

0.503

*Adjusted for sex, age, region of residence, medical-aid beneficiary, respiratory disease, heart disease, diabetes mellitus, hypertension, and
Charlson comorbidity index.
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ICS: inhaled corticosteroid.
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ICS was not associated with positivity of SARS-CoV-2 infection in model 3.
4. Comparison between ICS users and non-ICS users
among those with positive SARS-CoV-2 infection
Supplementary Table S2 shows comparison of clinical outcomes between ICS users and non-ICS users among those
with positive SARS-CoV-2 infection. Medical cost, the proportion of hospital admission, the proportion of intensive care
unit care, and all-cause mortality were not significantly different between the two groups.

Discussion
ICS plays an important role in controlling airway diseases
such as asthma and COPD by reducing airway inflammation.
However, the increased risk of infection associated with the
use of ICS has always been a concern. Although the mechanism has not been fully elucidated, immunosuppressive effects of ICS are speculated to be associated with locally high
concentration of ICS in the respiratory tract15. ICS is often
regarded as being immunosuppressive. Its use is associated
with an increased risk of respiratory infection. Thus, many
physicians are concerned about an increased risk of SARSCoV-2 infection in patients awith airway diseases taking ICS.
Whether such patients should continue using ICS during the
SARS-CoV-2 pandemic is unclear. Our study showed that ICS
did not increase the positivity of SARS-CoV-2 infection. Furthermore, positivity of SARS-CoV-2 infection was not associated with the dose or the type of ICS.
Possible immunosuppressive effects of ICS have raised
concerns about an increased risk of respiratory infection, including upper respiratory tract infection (URTI), pneumonia,
and mycobacterial pulmonary disease. Two meta-analyses
have reported that ICS use is associated with a significantly
increased risk of URTI in patients with asthma or COPD16,17.
Only high-dose ICS increased the risk of URTI (OR, 1.19) in
patients with COPD, while low-dose (OR, 1.46) and high-dose
(OR, 1.20) ICS increased the risk of URTI in patients with asthma16,17. Singanayagam et al.18 have reported that ICS can impair innate and acquired antiviral immune responses and lead
to delayed virus clearance. They also found previously unrecognized adverse effects such as enhanced mucus production,
impaired antimicrobial peptide secretion, and increased
pulmonary bacterial load during virus-induced exacerbations,
which increased the risk of pneumonia after clearance of viral
infection18. Several studies and a meta-analysis have demonstrated an increased risk of pneumonia in COPD patients with
ICS use, although this increased risk of pneumonia does not
lead to a higher mortality6. However, ICS use and pneumonia
in asthma patients have shown controversial results, which
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might be due to the varying age range and comorbidities assessed in different studies7,8,19. ICS can also increase the infection risk of both nontuberculous and tuberculous mycobacterial pulmonary diseases9,10,20. There is a strong dose-response
relationship between mycobacterial infection and cumulative
ICS dose20.
Recently, a similar study was conducted in 928 patients
tested for SARS-CoV-2 at National Jewish Health21. There was
no significant association between ICS use and testing positive for SARS-CoV-221. A meta-analysis has demonstrated
that chronic use of ICS does not increase the risk for the
development of a fatal course of SARS-CoV-222. In a large cohort of hospital admissions for SARS-CoV-2, patients aged 50
years and older with ICS use for asthma treatment showed
lower mortality than those without underlying respiratory
condition23. However, patients with COPD had significantly
increased mortality compared to those with no underlying
respiratory condition regardless of ICS use23. Therefore, effects
of ICS are expected to be different according to patient factors
and types of chronic airway diseases.
Cell entry of coronaviruses depends on binding of viral
spike (S) proteins to cellular receptors and S protein priming
by host cell proteases. SARS-CoV-2 uses angiotensin converting enzyme 2 (ACE2) for entry and transmembrane protease
serine 2 (TMPRSS2) for S protein priming24,25. An increased
expression in lung cells will increase the susceptibility to
SARS-CoV-2 infection or lead to a more severe COVID-19 disease26.
Peters et al.26 have analyzed gene expression of ACE2 in
sputum cells from 330 participants in the Severe Asthma
Research Program-3 and 79 healthy controls. They found
that the use of ICS was associated with decreased expression
levels of ACE2 and TMPRSS226. However, intramuscular triamcinolone acetonide injection did not lower the expression
level of either genes. This discordant result between systemic
corticosteroid and inhaled corticosteroid might be related to
assessment of sputum cell gene expression at different time
points after exposure to corticosteroid26. They suggested that
the decrease in ACE2 and TMPRSS2 gene expression provided some reassurance that ICS use would not increase the risk
of SARS-CoV-2 infection or morbidity, although prospective
studies are needed to confirm this assumption. Moreover, the
mechanism by which ICS can reduce the expression of ACE2
and TMPRSS2 needs to be investigated further.
Types of ICS were not associated with positivity of SARSCoV-2. Iwabuchi et al. have reported cases of SARS-CoV-2
pneumonia successfully treated with ciclesonide inhalation27.
However, it was unclear that whether these patients would
have improved spontaneously because there was no control group in their study. Nevertheless, several reports have
provided evidence for the beneficial effect of ICS on virus
infections28. Matsuyama et al.29 have shown that ICS ciclesonide can block coronavirus RNA replication by targeting
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viral NSP15. Moreover, glycopyrronium, formoterol, and a
combination of glycopyrronium, formoterol, and budesonide
can inhibit human coronaviruses-229E replication partly by
inhibiting receptor expression and/or endosomal function,
suggesting that these drugs may modulate infection-induced
inflammation in the airway30.
Previous studies have reported that fluticasone use is associated with a higher risk of pneumonia than budesonide
due to its greater and more protracted immunosuppressive
effects locally in airways and lungs17,20. Local pharmacokinetic
profiles (e.g., rate and extent of airway/pulmonary absorption)
of ICS are strongly associated with intrinsic physicochemical
properties of corticosteroids such as lipophilicity, aqueous
solubility, and airway epithelial permeability31. However, ICS
did not increase the positivity of SARS-CoV-2 infection in this
study regardless the type of ICS. Differences in pharmacokinetics and immune modulatory effects of different types of
ICS warrant further studies to investigate the relationship between different types of ICS and the positivity of SARS-CoV-2
infection.
This report provides further evidence on the relationship
between the use of ICS and positivity of SARS-CoV-2 infection
in a large population-based study including different types of
ICS. However, this study has several limitations. The severity
of primary respiratory diseases for which ICS were prescribed
was not categorized. The role of ICS is different between asthma and COPD. ICS is an essential maintenance treatment in
asthma while it is an add-on treatment in COPD with frequent
exacerbations. Therefore, not just ICS, but also the severity of
chronic respiratory disease might have affected the degree of
positivity for SARS-CoV-2 infection. Secondly, previous use of
systemic corticosteroid was not included in the analysis. Systemic corticosteroids are more potent immune modulators
than ICS. Therefore, their effects on positivity for SARS-CoV-2
infection are also important. Thirdly, the positivity of infection based on different types of ICS could not be fully evaluated because different numbers of each ICS were prescribed.
Lastly, this study included people who were suspected of or at
a high risk of SARS-CoV-2 infection. Therefore, asymptomatic
infected persons might have been missed. Moreover, data
analyzed were from the administrative claims database until
the middle of the pandemic period. Thus, this study could not
represent the whole population who were suspected of having SARS-CoV-2, at a high risk of infection, and confirmed with
SARS-CoV-2 infection in Korea.
In conclusion, prior use of ICS within one year did not
increase the positivity for SARS-CoV-2 infection in Korea.
Furthermore, different doses or types of ICS did not affect the
the positivity of SARS-CoV-2 infection. The current guidelines
recommend no changes to the treatment or management of
chronic respiratory conditions including asthma and COPD
and suggest continuing the use of ICS even during the COVID-19 pandemic. Further epidemiologic studies with a large

86

population are warranted to clarify the association between
ICS use and the risk of SARS-CoV-2 infection as well as its
mechanisms.
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