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ABSTRACT

Introduction In South Korea, non-pharmaceutical
interventions such as mask-wearing, hand washing and
social distancing were strictly implemented to prevent the
spread of COVID-19 after a national crisis alert was raised
to the highest level early in the pandemic (23 February
2020). We aimed to investigate changes in the occurrence
of respiratory diseases at the national level after the
COVID-19 outbreak.

Methods The study period was from 1 January to 1
August 2019 (213 days) and from 1 January to 31 July
2020 (213 days). Based on the National Health Insurance
Service data, we analysed changes in the numbers of
patients treated for respiratory diseases. The changes in
the numbers of individuals using public transportation

and visiting the theatre were investigated to assess the
effect of social distancing after the national crisis alert was
raised. Differences in daily cumulative numbers (DDCNs)
in 2020 were calculated as follows: (daily cumulative
number in 2020)—(cumulative number for that day in
2019). A change over time in DDCNs of <0 was taken as
indication that the numbers decreased from 2019 to 2020.
Segmented regression analyses were performed using
generalised least squares method to identify changes

in trends of DDCNs of patients treated for respiratory
diseases and individuals using public transportation and
visiting the theatre.

Results After the national crisis alert was raised to the
highest level, DDCNs of patients treated for respiratory
diseases, individuals using public transportation, and those
visiting the theatre exhibited a significant daily decline by
53.18 per 10000 inhabitants (95% Cl —65.86 to —40.49),
48.19 per 1000 inhabitants (95% Cl —62.05 to —34.32) and
25.30 per 5000 inhabitants (95% Cl —36.30 to —14.30),
respectively, compared with before the national crisis alert
was raised.

Conclusion Non-pharmaceutical interventions to prevent
the spread of COVID-19 significantly reduce the incidence
of respiratory diseases.

BACKGROUND
COVID-19 was first identified in December

WHAT IS ALREADY KNOWN?

= Arecently published systematic review showed that
it was difficult to draw solid conclusions on the ef-
fect of non-pharmaceutical interventions in prevent-
ing respiratory diseases.

WHAT ARE THE NEW FINDINGS?

= After the COVID-19 outbreak, non-pharmaceutical
interventions, including mask use, hand washing
and social distancing were strictly practised in South
Korea.

= South Korea operates a National Health Insurance
Service (NHIS) that covers all citizens and stores
diagnostic information in a centralised database;
therefore, NHIS data may be used to examine
changes in disease epidemiology at a national level.

= We investigated changes in the occurrence of respi-
ratory diseases after the COVID-19 outbreak based
on the NHIS data and found the non-pharmaceutical
interventions that were implemented to prevent the
spread of COVID-19 significantly reduced the inci-
dence of respiratory diseases.

WHAT DO THE NEW FINDINGS IMPLY?

= Considering the small number of countries world-
wide with centralised national healthcare sys-
tems similar to the South Korean NHIS, our study
provides valuable insight into the effects of non-
pharmaceutical interventions on the incidence of re-
spiratory diseases at the national level; these results
may serve as strong evidence in support of policies
requiring non-pharmaceutical interventions to pre-
vent respiratory diseases.

individuals have been infected, with the death
toll exceeding 4million as of mid-September
2021. To prevent the spread of COVID-19,
non-pharmaceutical interventions such as
face mask use, hand washing and social
distancing are recommended in most coun-
tries, which may prevent human-to-human
infections by preventing transmission of aero-

Dr Munyoung Chang; 2019 and has spread worldwide. According sols or large droplets released by infected indi-
cadu01@cau.ac.kr to the WHO, approximately 230million viduals." These measures have advantages in
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Figure 1 The daily number of patients newly diagnosed with COVID-19 and changes in numbers of patients treated for
respiratory diseases and individuals using public transportation and visiting the theatre in South Korea during the COVID-19
pandemic. (A) As large-scale group infections occurred in mid-February 2020, the South Korean government raised the national
crisis alert to the highest level on 23 February 2020. (B) The daily cumulative numbers of patients treated for respiratory
diseases in 2020 started to decrease compared with those in 2019 after raising of the national crisis alert to the highest level.
As the cumulative number of patients with COVID-19 increased, the differences in cumulative numbers of patients treated for
respiratory diseases per 10000 inhabitants and individuals using public transportation per 1000 inhabitants and visiting the

theatre per 5000 inhabitants decreased.

controlling upper and lower respiratory tract infections,
such as rapid implementation regardless of the infec-
tion source and effectiveness against novel virus variants.
Several studies have reported the effects of these non-
pharmaceutical interventions for prevention of respira-
tory tract infections.'” In addition, it has been reported
that wearing a mask reduces the symptoms of allergic
rhinitis, one of the most common respiratory diseases,” !
so it is known that non-pharmaceutical interventions
may have an influence on the prevalence of respiratory
diseases. However, a recently published systematic review
reported that it was difficult to draw solid conclusions
on the effectiveness of non-pharmaceutical interven-
tions on the prevention of respiratory diseases.'? Large-
scale studies are needed to address the effects of non-
pharmaceutical interventions.

In South Korea, the first COVID-19 case was diag-
nosed on 20 January 2020." In mid-February, large-scale
group infections occurred in Daegu city (figure 1). On
23 February 2020, the South Korean government raised
the national crisis alert to the highest level (level 4) and
mandated non-pharmaceutical interventions such as
mask use, hand washing and social distancing. Sachs et
al compared the effectiveness of responses to COVID-19
in Organisation for Economic Co-operation and Devel-
opment countries based on results between March and
May 2020. The mortality rate, effective reproduction rate
(average number of individuals infected by one infected
individual) and efficiency of epidemic control were used
to calculate the COVID-19 Index of Epidemic Control.
South Korea ranked first with a score of 0.90, exemplifying
good implementation of non-pharmaceutical interven-
tions to prevent COVID-19 transmission.'* Since South
Korea has strict implementation of non-pharmaceutical
interventions, it would appear to be the ideal country to
test this effectiveness.

South Korea operates a National Health Insurance
Service (NHIS) that includes all citizens and stores
diagnostic information regarding medical treatment
in a centralised database.” Therefore, South Korean
NHIS data may be used to examine changes in disease

epidemiology at a national level. Because the implemen-
tation of non-pharmaceutical interventions may affect
the prevalence of respiratory diseases other than COVID-
19, we used the NHIS data to analyse changes in numbers
of patients treated for respiratory diseases during the
enforcement of social distancing after the national crisis
alert was raised to the highest level. The changes in the
numbers of individuals using public transportation and
visiting the theatre were evaluated to find out whether
social distancing, which is part of non-pharmaceutical
interventions, was well implemented after the national
crisis alert was raised.

We aimed to investigate changes in the occurrence
of respiratory diseases after the COVID-19 outbreak in
order to evaluate the effects of non-pharmaceutical inter-
ventions on respiratory diseases at the national level in
South Korea. Given the small number of countries world-
wide with centralised national healthcare databases, such
as the South Korean NHIS that includes all citizens, our
study provides valuable insight into the effects of national
interventions on the occurrence of respiratory diseases at
the population level.

METHODS

Study design

The study period was from 1 January to 1 August 2019 (213
days) and from 1 January to 31 July 2020 (213 days). The
study comprised three parts: (1) identification of COVID-19
outbreak trends, (2) analysis of changes in cumulative inci-
dence of patients treated for respiratory diseases and indi-
viduals using public transportation and visiting the theatre,
and (3) segmented regression analyses before and after the
national crisis alert was raised.

Daily numbers of patients newly diagnosed with COVID-19
were obtained from 20 January to 31 July 2020. Daily cumu-
lative numbers of patients with COVID-19 were calculated
from 20 January to the relevant day to identify COVID-19
outbreak trends. Daily numbers of patients treated for
respiratory diseases per 10000 inhabitants during the study
period were extracted from the NHIS data. National data
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and data from seven metropolitan cities (Seoul, Busan,
Daegu, Incheon, Gwangju, Daejeon and Ulsan) and nine
provinces (Gyeonggi-do, Gangwon-do, Chungcheong-
buk-do, Chungcheongnam-do, Jeollabuk-do, Jeollanam-do,
Gyeongsangbuk-do, Gyeongsangnam-do and Jeju-do) were
collected. Implementation of social distancing was evaluated
via analyses of societal movement and social activities. Daily
numbers of individuals using public transportation per 1000
inhabitants and visiting the theatre per 5000 inhabitants
during the study period were obtained.

COVID-19 infections

The daily numbers of patients newly diagnosed with
COVID-19 in South Korea were obtained from a website
operated by the Korea Disease Control and Prevention
Agency.'®

Respiratory diseases

NHIS provides data on the daily number of patients treated
for the following respiratory diseases as the primary diag-
nosis, which are common in South Korea. These respira-
tory diseases were identified based on the Korean Classifi-
cation of Disease codes as follows: acute bronchitis (J20),
acute tonsillitis (JO3), acute upper respiratory infections
(J06), vasomotor or allergic rhinitis (J30), acute pharyngitis
(JO2), acute nasopharyngitis (J00), acute sinusitis (JO1),
acute laryngitis or tracheitis (J04), bronchitis (J40), chronic
sinusitis (J32), acute bronchiolitis (J21), chronic rhinitis,
nasopharyngitis or pharyngitis (J31), bronchopneumonia
(J18), disorders of nose and nasal sinuses (J34), periton-
sillar abscess (J36) and acute lower respiratory infections
(J22). These data were obtained from the Public Data Portal
website operated by the Korea Information Society Agency
(https://www.data.go.kr/).

Population numbers by year and region were obtained
from the Korean Statistical Information Service website
operated by Statistics Korea (https://kosis.kr/index/index.
do). Daily numbers of patients treated for the aforemen-
tioned respiratory diseases per 10000 inhabitants were
calculated from 1 January to 31 July 2020. Information for
the same time frame in 2019 (1 January-1 August 2019, to
account for the leap year) was obtained.

Social distancing

The degree of social distancing in South Korea was
assessed based on societal movement and social activities.
The numbers of individuals using public transportation
or visiting the theatre were employed as an index of the
degree of implementation of social distancing. In Seoul, the
capital of South Korea, the rate of transportation card usage
reached 99.02% as of 2014."” Therefore, transportation
card usage information is considered a good proxy of public
transportation use. The Transportation Card Big Data Inte-
grated Information System (https://www.stcis.go.kr/wps/
main.do#) " is operated by the Ministry of Land, Infrastruc-
ture and Transport and the Korea Transportation Safety
Authority. Daily numbers of individuals using public trans-
portation per 1000 inhabitants nationwide from 1 January

2020 to 31 July 2020 and from 1 January to 1 August 2019
were obtained from this website, which provides statistics on
national transportation card data.

Daily numbers of individuals visiting the theatre per
5000 inhabitants from 1 January to 31 July 2020 and
from 1 January to 1 August 2019 were obtained from
the Korean box-office information system operated
by the Korean film council (https://www.kobis.or.kr/
kobis/business/stat/them/findDailyTotalList.do), which
aggregates ticket issuance information for movie theatres
nationwide and provides daily numbers of individuals
visiting the theatre."

Analyses

Daily numbers of patients treated for respiratory diseases
and individuals using public transportation and visiting
the theatre in 2020 were divided into two groups based
on the timing of the highestlevel national crisis alert:
group 2020-1 comprised the period from 1 January to 22
February 2020, and group 2020-2 comprised the period
from 23 February to 31 July 2020. Daily 2019 numbers were
divided into two groups according to similar time frames.
Group 2019-1 comprised the period from 1 January to 22
February 2019, and group 2019-2 comprised the period
from 23 February to 1 August 2019 (to account for the
leap year). The differences in cumulative incidence over
the entire period of each group between group 2019-1
and group 2020-1 and between group 2019-2 and group
2020-2 were tested using Poisson test.

Daily cumulative numbers were calculated from 1
January of each year to the corresponding day in 2019
and 2020. Differences in daily cumulative numbers
(DDCNs) in 2020 were calculated as follows: (daily cumu-
lative number in 2020)—(cumulative number for that day
in 2019) (figure 2) 2A change over time in DDCNSs of <0
was taken as an indication that the numbers of patients
treated for respiratory diseases or individuals using public
transportation or visiting the theatre decreased from
2019 to 2020. In contrast, a change over time in DDCNs
of >0 was taken as an indication of the opposite trend.

A segmented regression model was employed to eval-
uate changes in trends of DDCNs in 2020 following
the highest-level national crisis alert according to the
following equation®":

Y = Bo + B1 X Time_baseline+ By X national_alert + B3

X Time_national_alert + €

where Y, represents the DDCNs of patients treated for
respiratory diseases (per 10 000) or individuals using
public transportation (per 1000) or visiting the theatre
(per 5000), and Time_baseline indicates the number of
days as a continuous variable from commencement of
the study period (1-213). national_alert is a dummy vari-
able representing the number of days before (national_
alert=0) and after (national_alert=1) the national crisis
alert was raised (1 January—22 February 2020 and 23
February-31 July 2020, respectively). Time_national_alert
is a continuous variable indicating the number of days
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Figure 2 The concept of DDCNs. DDCNs in 2020 were
calculated as follows: (daily cumulative number in 2020)—
(cumulative number for that day in 2019). A change over time
in DDCNs of <0 was taken as an indication that the numbers
of patients treated for respiratory diseases or individuals
using public transportation or visiting the theatre decreased
from 2019 to 2020. In contrast, a change over time in DDCNs
of >0 was taken as an indication of the opposite trend.
DDCN, difference in daily cumulative numbers.

after the national crisis alert was raised and was set to 0
before this timepoint. The coefficient f; estimates the
base level at the point of study commencement; f, esti-
mates the changes in DDCNs over time (baseline trend)
before the national crisis alert was raised, ﬂQ estimates the
immediate changes in DDCNs (level change) after the
national crisis alert was raised; 8, estimates the temporal
changes in trends (trend change) of DDCNs after the
national crisis alert was raised; and ¢ estimates the random
error. Autocorrelation between error terms was assessed
with the Durbin-Watson statistic. Values ranged from
0.014 to 0.044 and demonstrated autocorrelation. The
correlation structure was estimated through autocorrela-
tion function and partial autocorrelation function anal-
ysis. We then developed segmented regression models
using generalised least squares method with the ‘nlme’
package of R software. These models were compared
using the generic anova() function. The model with the
lowest Akaike information criterion was chosen as the
final model.

There were no missing data. All tests were two-tailed,
and p values of <0.05 were considered statistically signif-
icant. Statistical analyses were performed using R V.4.0.5
(R Foundation for Statistical Computing, Vienna,
Austria) and SAS V.9.4.

Patient and public involvement
Patients were not involved in this study.

RESULTS

COVID-19 outbreak trends

The number of patients newly diagnosed with COVID-19
and the cumulative number of patients with COVID-19

in South Korea are presented in figure 1. As the number
of patients with COVID-19 surged in mid-February, the
raising of the national crisis alert led to a decrease in the
number of patients with newly diagnosed COVID-19. The
number of daily occurrences then remained below 100
until the end of the study period.

Cumulative incidence of patients treated for respiratory
diseases and social distancing patterns

The daily number of patients treated for respiratory
diseases (per 10 000) and individuals using public trans-
portation (per 1000) and visiting the theatre (per 5000)
are presented in table 1 and online supplemental tables
1 and 2. The cumulative incidence over the entire period
of each group was calculated and compared between
group 2019-1 and group 2020-1 and between group
2019-2 and group 2020-2 (table 2).

Before the national crisis alert was raised to the highest
level, the cumulative incidence of patients treated for
respiratory diseases in 2020 (group 2020-1) was 1.11
times the cumulative incidence of 2019 (group 2019-1)
at the national level (95% CI 1.06 to 1.16, p<0.001). The
cumulative incidence of 2020 was significantly higher
than that of 2019 in all regions except for Gwangju. The
cumulative incidence of individuals using public trans-
portation and visiting the theatre in 2020 (group 2020-1)
was 0.95 times (95% CI 0.93 to 0.98, p=0.001) and 0.64
times (95% CI 0.60 to 0.67, p<0.001) the cumulative inci-
dence of 2019 (group 2019-1), respectively.

After the national crisis alert was raised to the highest
level, the cumulative incidence of patients treated for
respiratory diseases in 2020 (group 2020-2) was 0.45
times the cumulative incidence of 2019 (group 2019-2)
at the national level (95% CI 0.43 to 0.46, p<0.001). The
cumulative incidence of 2020 was significantly lower than
that of 2019 in all regions. The cumulative incidence of
individuals using public transportation and visiting the
theatre in 2020 (group 2020-2) was 0.71 times (95% CI
0.70 to 0.73, p<0.001) and 0.15 times (95% CI 0.15 to
0.16, p<0.001) the cumulative incidence of 2019 (group
2019-2), respectively.

Segmented regression model

Estimates from segmented regression analyses of trends
in DDCNs of patients treated for respiratory diseases per
10000 inhabitants and individuals using public transpor-
tation per 1000 inhabitants and visiting the theatre per
5000 inhabitants are summarised in table 3 and figure 3.
Before the national crisis alert was raised, DDCNs of
patients treated for respiratory diseases nationwide
showed no significant change over time. When analysed
by region, no significant change over time was observed in
all regions except for Daejeon and Chungcheongnam-do.
Daejeon and Chungcheongnam-do showed significantly
increasing changes over time (13.38 per 10000 inhabit-
ants, 95% CI 2.62 to 24.13, and 13.10 per 10000 inhab-
itants, 95% CI, 0.51 to 25.70, respectively). After the
national crisis alert was raised, DDCNSs of patients treated
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Continued

Table 1

Group 2020-1 Group 2019-2 Group 2020-2

Group 2019-1

(23 February 2020-31 July

2020)

(23 February 2019-1

August 2019)

(1 January 2020-22

February 2020)

(1 January 2019-22

Population in 2020 February 2019)

Population in 2019

42.55 57.43 8.86

66.96

51829023

Mean daily number of individuals 51849861

visiting the theatre per 5000

(51.37 to 63.30) (7.56 t0 10.22)

(84.72 to 51.21)

(56.81 to 77.35)

Data are presented as means (95% CI).

for respiratory diseases nationwide declined significantly
each day, by 53.18 per 10000 inhabitants (95% CI —65.86
to —40.49) compared with that before the national crisis
alert was raised. Extrapolation of baseline trends resulted
in an expected reduction of 8505.74 (95% CI -9303.57
to =7707.90) in DDCNs of patients treated for respira-
tory diseases nationwide per 10000 inhabitants by 31 July
2020. After the national crisis alert was raised, DDCNs of
patients treated for respiratory diseases declined signifi-
cantly each day by 40.80-63.45 per 10000 inhabitants in
all regions compared with that before the national crisis
alert was raised. Extrapolation of baseline trends resulted
in an expected reduction of 6530.09-10144.90 in DDCNs
of patients treated for respiratory diseases in all regions
per 10000 inhabitants by 31 July 2020.

DDCNs of individuals using public transportation
declined significantly each day by 48.19 per 1000 inhab-
itants (95% CI —62.05 to —34.32) compared with that
before the national crisis alert was raised. Extrapolation
of baseline trends resulted in an expected reduction of
7753.42 (95% CI -8587.58 to —6919.27) in DDCNs of
individuals using public transportation per 1000 inhab-
itants by 31 July 2020.

DDCNs of individuals visiting the theatre declined
significantly each day by 25.30 per 5000 inhabitants
(95% CI -36.30 to —14.30) compared with that before
the national crisis alert was raised. Extrapolation of base-
line trends resulted in an expected reduction of 4066.19
(95% CI -4809.21 to -3323.17) in DDCNs of individuals
visiting the theatre per 5000 inhabitants by 31 July 2020.

DISCUSSION

Most countries have implemented non-pharmaceutical
interventions to reduce the spread of COVID-19. The
Gallup International Association surveyed 24652 adults
in 28 countries worldwide between 11 and 22 March 2020
regarding the implementation of non-pharmaceutical
interventions, including mask use, hand washing and
social distancing.”? South Korea reported the highest
rates of medical mask use (94%), hand washing (92%)
and staying at home/less social interaction (85%)
among the surveyed countries, indicating strong non-
pharmaceutical intervention practices.

Our results confirm that social distancing was more
strongly practiced in South Korea after the national crisis
alert was raised to the highest level. Compared with the
same period in 2019, the cumulative incidence of individ-
uals using public transportation in 2020 was significantly
lower, and the use of public transportation decreased
with a steeper declining trend after the national crisis
alert was raised to the highest level. This suggests that
social contact decreased or that person-to-person contact
decreased due to the use of private cars instead of public
transportation. Our findings indicate that the number of
individuals visiting the theatre, a representative leisure
activity in South Korea, also decreased after this time-
point. However, the number of theatre visits had begun
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to decline in 2020 compared with that in 2019 before
this timepoint. This may have been due to avoidance of
theatre visits as a result of the COVID-19 pandemic even
before the national crisis alert was raised, given the less
essential nature of theatre visits compared with public
transportation use. Nevertheless, the steeper decline in
the number of theatre visits after the national crisis alert
was raised indicates the stronger enforcement of social
distancing after this timepoint. These results suggest
that non-pharmaceutical interventions such as social
distancing were well implemented in South Korea.

We used the NHIS data to examine changes in respi-
ratory disease occurrence at the national level. Despite
the COVID-19 outbreak, the cumulative incidence
of patients treated for respiratory diseases in 2020
initially was significantly higher than that in 2019, and
the number of patients treated for respiratory diseases
tended to increase in 2020 before the national crisis alert
was raised. However, after the national crisis alert was
raised, the cumulative incidence of patients treated for
respiratory diseases in 2020 was significantly lower than
that in 2019, and the number of patients with respiratory
diseases declined in 2020 compared with 2019. Enforce-
ment of non-pharmaceutical interventions to prevent
COVID-19 transmission may have suppressed other respi-
ratory diseases.

Several studies have investigated the inhibitory effects
of non-pharmaceutical interventions on the incidence
of respiratory diseases. Regarding respiratory tract infec-
tions, Aiello et al divided 1437 young adults into three
groups (face mask use, face masks with hand hygiene
or control) during the influenza season and observed
that the incidence of influenza-like illness was signifi-
cantly lower in the group that used face masks with
hand hygiene." Cowling e al divided influenza-infected
individuals into three groups (control, hand hygiene or
surgical face masks plus hand hygiene) and reported
that transmission between family members was lower
in the group that used face masks plus hand hygiene.”
Carabin et aland Ladegaards and Stage reported that the
incidence of respiratory tract infections was reduced by
repeated hand washing.”° However, the effectiveness of
non-pharmaceutical interventions for inhibiting respi-
ratory tract infections remains controversial. Jacobs et al
reported that the use of face masks did not affect the inci-
dence of cold symptoms in hospital workers, although
their sample size was small (n=32). A recently published
systematic review reported that there was uncertainty
about the effects of face masks, but hand hygiene was
likely to modestly reduce the burden of respiratory tract
infections.'” Zhang et al reported that mask-wearing was
effective for preventing person-to-person COVID-19
transmission in Italy and New York City and argued that
social distancing is also important.” Lee et alreported that
non-pharmaceutical interventions implemented after
the COVID-19 outbreak reduced seasonal influenza inci-
dence in South Korea.** Collectively, these results support
the use of non-pharmaceutical interventions such as hand

Mun S-K, et al. BMJ Global Health 2021;6:6006912. doi:10.1136/bmjgh-2021-006912
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Figure 3 Changes in trends in numbers of patients treated for respiratory diseases and individuals using public transportation
and visiting the theatre. After the national crisis alert was raised to the highest level, the differences in cumulative numbers
of (A) patients treated for respiratory diseases per 10000 inhabitants and individuals using (B) public transportation per 1000

Date

inhabitants and (C) visiting the theatre per 5000 inhabitants declined, compared with the previous year.

hygiene, wearing masks and social distancing to suppress
respiratory tract infections. Regarding allergic rhinitis,
Dror et al reported that the symptoms of allergic rhinitis
decreased after wearing a mask during the COVID-19
pandemic.® This was presumed to be because wearing a
mask reduced allergen inhalation and exposure.” This is
consistent with our results.

Our study has some limitations. We estimated a decrease
in respiratory disease incidence based on the decrease in
the number of patients treated for respiratory diseases.
However, as respiratory diseases included in our study
are relatively mild diseases that are common in South
Korea, the number of patients treated for these respira-
tory diseases may have decreased as patients were reluc-
tant to visit hospitals due to fear of getting the COVID-19
outbreak. A recent study on changes in severe respiratory
diseases during the non-pharmaceutical intervention
period in South Korea used the NHIS data in the same
way as in our study.* This study reported that the cumula-
tive incidence of hospital admissions for chronic obstruc-
tive pulmonary disease (COPD) and asthma during the
non-pharmaceutical intervention period for COVID-19
decreased to 58% and 48% of the previous period,
respectively. Since severe respiratory diseases require
treatment in hospital, it is unlikely that patients will not
visit the hospital for fear of getting COVID-19. Respira-
tory diseases included in our study decreased to 45%
of that in the previous period, not vastly different from
hospital admissions for COPD and asthma. Therefore, it
is judged that avoidance of the hospital visits for fear of
COVID-19 infection was not the cause of the decrease in
the number of patients treated for respiratory diseases.

CONCLUSIONS

Our study demonstrates that the incidence of respira-
tory diseases decreased after the national crisis alert was
raised to the highest level in South Korea. Our results
suggest that non-pharmaceutical interventions imple-
mented to prevent COVID-19 spread reduced the inci-
dence of other respiratory diseases. This study provides
valuable insight into the effectiveness of implementing
non-pharmaceutical interventions at the national
level, as manifested by a reduced nationwide incidence

of respiratory diseases. These results may serve as
strong evidence in support of policies requiring non-
pharmaceutical interventions to prevent respiratory
diseases.
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