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Objectives: This study aimed to investigate the patterns of pediatric patients visiting emergency departments
(EDs) before and after the COVID-19 pandemic and evaluate the interactive effect between the COVID-19
outbreak and age groups.
Methods:Weperformed a cross-sectional study using the nationwide emergency patient database in Korea from
January 2019 to December 2020. Pediatric patients (≤18 years) who visited all 402 nationwide EDs were in-
cluded. The age- and sex-standardized incidence rates of pediatric ED visits per 1,000,000 person-days were cal-
culated, and the incidence rate ratio (IRR) was calculated. The adjusted odds ratio (aOR) and 95% confidence
interval (CI) of in-hospital mortality were calculated by a multivariable logistic regression.
Results: Among 2,808,756 patients, 1,835,045 (65.3%) patients visited before COVID-19, and 973,711 (34.7%) pa-
tients visited after the COVID-19 period. The standardized incidence rates of ED visits per 1,000,000 person-days
were 589.3 in the before COVID-19 group and 326.9 in the after COVID-19 group (IRR (95% CI): 0.55 (0.53–0.58)).
By diagnosis, the IRRs (95% CI) of mental health disorders (0.84 (0.42–1.65)) and self-harm or suicidal attempts
(0.99 (0.38–2.59) were not significant, while the incidence rate of infectious disease was significantly decreased
(0.48 (0.42–0.54)). The aOR (95% CI) of in-hospital mortality after COVID-19 was 1.58 (1.44–1.73) compared to
that before COVID-19.
Conclusions: During the COVID-19 pandemic, the incidence of pediatric ED visits decreased, and these effects dif-
fered by age group. Age-specific policies are needed to ensure that children receive the care they need at the right
time.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

Coronavirus disease 2019 (COVID-19) spread rapidly tomany coun-
tries, and the World Health Organization (WHO) declared a pandemic
on March 11, 2020 [1,2]. Worldwide, more than 278 million cases of
COVID-19 and 5.4 million cumulative deaths were reported by the
WHO in December 2021 [3,4]. The Centers for Disease Control and
Prevention (CDC) in China and the United States estimated that 1.3%
and 1.7% of patients diagnosed with COVID-19 were children,
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respectively [5,6]. The reported pediatric cases represent 2.2% in Italy
(≤18 year-old) and 3.3% and 2.9% in Germany and Austria (<15 year-
old), respectively. [7] Although the proportion of children among all
COVID-19 patients is known to be relatively small, studies investigating
the disease burden of COVID-19 among children are limited.

The COVID-19 outbreak is known to be associated with an unprece-
dented decline in emergency department (ED) utilization [8-11]. As an
effect of the COVID-19 pandemic, there have been daily changes in rou-
tine activities and health care delivery [1,12]. Among pediatric patients,
health care use has also been affected by policies, such as “stay-at-
home” orders and school closures, and the rate of ED visits by children
has decreased during the COVID-19 pandemic [13]. Changes in these pol-
icies or environmentsmay have different effects depending on the age of
the children. Health care delivery for infants and children was mainly
related to household and care centers, and delivery for adolescents was
affected by school life, education, and social relationships [13,14].
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The emergence of infectious disease had different health effects de-
pending on the age of the pediatric patients [13,15]. Differences in the
immune capacity with age in pediatrics influence disease patterns. At
a young age, the function of the immune system can decrease due to
physiological immaturity, and low immunity increases susceptibility
to infections [16]. The infectious outbreak and related policies could
have caused decreases in health care use in pediatrics; however, there
are limited studies concerning age-specific differences in health care
use declines among pediatric patients.

We hypothesize that ED utilization among pediatric patients de-
clined during the COVID-19 pandemic and that the pattern of decline
might vary by age group. The purposes of this study were to evaluate
the patterns of ED visits among children before and after the COVID-
19 pandemic and assess age-specific differences in the effects of the
COVID-19 outbreak on pediatric ED visits.

2. Methods

2.1. Study design and setting

A cross-sectional study was conducted using a nationwide emer-
gency patient database. Korea has more than 50 million people and 17
administrative divisions. The Ministry of Health and Welfare designed
three levels of ED depending on the availability of human resources, fa-
cilities, and equipment. There are 402 nationwide EDs classified into
three levels as follows: 38 Level I EDs, 128 Level II EDs, and 236 Level
III EDs. Level I and Level II EDs provide the highest level emergency
care services. TheMinistry of Health andWelfare designated specialized
emergency medical centers for trauma and pediatric or mental health
diseases. In total, 9 pediatric-specialized EDs were designated in 2016,
and 7 additional pediatric-specialized EDs were designated in Septem-
ber 2020.

The COVID-19 infection monitoring and surveillance response sys-
tem in Korea was initiated on December 31, 2019, when patients with
pneumonia of an unknown cause were reported in Wuhan, China [12].
The first case of COVID-19 in Korea was detected on January 20, 2020.
During the early phase of the COVID-19 outbreak (February and
March 2020), there were several shut down events of the EDs because
COVID-19 confirmed cases were detected among the patients admitted
to the ED [11]. InMarch 2020, theMinistry of Health andWelfare desig-
nated andoperated the Severe EmergencyMedical Care Centers (SEMC)
to treat appropriately suspected and confirmed COVID-19 patients and
to protect other uninfected emergency patients from infection. The in-
formation on resources, including available isolation units and beds in
the SEMC, was shared in real time through the web-based national
emergency care information system [17].

To prevent the spread of COVID-19, the government announced a
physical distancing policy on March 22, 2020. As the national crisis
warning level increased, the Ministry of Education decided to postpone
new semester opening dates for kindergartens and schools on February
2, 2020. As an alternative to closures, the government offered emer-
gency childcare services to kindergartens and online classes to schools.
Students have taken online or offline classes since May 20, 2020. The
Ministry of Education announced plans of physical attendance for all
students starting in the second semester of 2021.

2.2. Data source

This study was conducted using the National Emergency Depart-
ment Information System (NEDIS) database in Korea from January
2019 to December 2020. The NEDIS is a nationwide database operated
by theNational EmergencyMedical Center under theMinistry of Health
andWelfare since 2003. All patient-related information is automatically
transferred in real time from each hospital to the central government
server. Inaccurate data are filtered by a data processing system. The
NEDIS includes the demographic and clinical information of all patients
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who visited EDs across the country, such as patient demographics (such
as sex, age, residential area, and insurance), symptoms (chief com-
plaints, onset of symptoms, and reason for visit), prehospital factors
(ambulance use and prehospital care), and ED (vital signs, triage, emer-
gency operative procedures, diagnosis codes based on the International
Classification of Disease 10th Edition-based (ICD-10), disposition, and
final clinical outcomes) information [11,18].

2.3. Study population

Pediatric patients (0–18 years old) who visited any of the 402
nationwide EDs before and after the COVID-19 pandemic (January 1,
2019, to December 31, 2019, as before COVID-19 and January 1, 2020,
to December 31, 2020, as after COVID-19) were included to compare
the impact of the COVID-19 outbreak after controlling for seasonal var-
iations. We excluded patients who visited EDs for nonmedical purposes
and did not meet the emergency physician criteria.

2.4. Study outcomes and measurements

The primary outcome was the incidence of ED visits with specific
diagnoses (infectious disease, mental health disorders, and injury)
[19-21]. Injury includes self-harm or suicidal attempts and violence or
assault. The secondary outcome was in-hospital mortality.

The following demographic and clinical variables were collected
from the NEDIS: patient demographics (age and sex) and prehospital
ED factors (ambulance use, region of ED, level of ED, initial triage, diag-
nosis, reason for ED visit, intentionality of injury, and dispositions). The
patients' age at the ED visit was categorized into the following four
groups: 0–1-, 1–6-, 7–12-, and 13–18-year-old groups. The ED regions
were classified into the following three categories according to the
population density: metropolitan areas, urban areas, and rural areas.

2.5. Statistical analysis

A descriptive analysis of all pediatric patients visiting EDs was
performed by age group and specific diagnosis. The age- and sex-
standardized incidence rates of pediatric ED visits per 1,000,000
person-days were calculated using the 2020 mid-year census popula-
tion in the Korean Statistical Information Service (KOSIS) database
from Statistics Korea. We calculated the incidence rate difference
(IRD) and incidence rate ratio (IRR) before and after the COVID-19 pan-
demic to estimate the size of the effect of the COVID-19 pandemic on ED
visits among pediatric patients by age group and diagnosis.

The adjusted odds ratios (aORs) and 95% confidence intervals (CIs)
were calculated by a multivariable logistic regression after adjusting
for age, sex, and ED region, which were potential confounders, and an
interaction analysis was conducted with an interaction term (COVID-
19 periods × age).

The database construction and statistical analysis were performed
using SAS version 9.4 (SAS Institute, Cary, NC, USA). The significance
level was 0.05.

2.6. Ethics statement

This study was approved by the Institutional Review Board of the
National Medical Center (IRB No. NMC-2021-04-044), and the require-
ment for informed consent was waived due to the retrospective nature
of this study.

2.7. Patient and public involvement statement

The National Emergency Medical Center under the Ministry of
Health and Welfare was involved in the design and conduct of this
research, but it was not possible to involve patients in our research.
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3. Results

We identified 2,808,756 pediatric patientswho visited EDs from Jan-
uary 1, 2019, to December 31, 2020. Among them, 1,835,045 patients
visited EDs before the COVID-19 period, and 973,711 patients visited
EDs after the COVID-19 period (Table 1). By age group, the 1–6-year-
old group was the largest at 903,320 (49.2%) before COVID-19 and
429,441 (44.1%) after COVID-19. Although the overall characteristics
after COVID-19 decreased by approximately 50% compared to those be-
fore COVID-19, ambulance use (125,383 (6.8%) before COVID-19 vs.
80,942 (8.3%) after COVID-19), intensive care unit (ICU) admission
(6360 (0.3%) vs. 5283 (0.5%)), and in-hospital mortality (978 (0.1%)
vs. 854 (0.1%)) showed a different pattern. By diagnosis, the number
of patients with mental health disorders (6750 (0.4%) vs. 5515
(0.6%)), injury (572,574 (31.2%) vs. 389,974 (40.1%)), and self-harm
and suicide attempts (3061 (0.2%) vs. 2962 (0.3%)) also slightly de-
creased after COVID-19 (Table 1, Supplementary Tables 2 and 3).

Table 2 shows the demographic characteristics of pediatric patients
visiting EDs by age group. After the COVID-19 period, the proportion
of ambulance use increased in all four age groups. The decrease in the
number of patients with injury was alleviated in the groups aged 0–12
years. A similar pattern was observed in the number of patients diag-
nosed with mental health disorders in the 13–18-year-old group. The
number of patients seen due to violence or assault among infants
(under 1 year old) increased from 14 before the COVID-19 period
to 29 after the COVID-19 period. For infectious disease, the number of
visits was 289,728 before COVID-19 and 133,273 after COVID-19
(Supplementary Table 1). Regarding mental health disorders, the
Table 1
Demographic characteristics of pediatric patients visiting emergency departments.

Before COVID-19
(Jan 2019 – Dec
2019)

After COVID-19
(Jan 2020 – Dec
2020)

p-value

Total 1,835,045 (100.0) 973,711 (100.0)
Age groups, years <0.01
0–1 143,987 (7.8) 74,593 (7.7)
1–6 903,320 (49.2) 429,441 (44.1)
7–12 402,781 (21.9) 223,258(22.9)
13–18 384,957 (21.0) 246,419 (25.3)

Sex 0.29
Male 1037,173 (56.5) 550,983 (56.6)
Female 797,872 (43.5) 422,728 (43.4)

Region <0.01
Metropolitan 1,180,715 (64.3) 603,483 (62.0)
Urban 556,066 (30.3) 311,888 (32.0)
Rural 98,264 (5.4) 58,340 (6.0)

Ambulance use 125,383 (6.8) 80,942 (8.3) <0.01
Level of ED <0.01
Level 1 483,610 (26.4) 249,105 (25.6)
Level 2 870,696 (47.4) 468,363 (48.1)
Level 3 480,739 (26.2) 256,243 (26.3)

Patient triage (KTAS) <0.01
Emergency (level 1–2) 47,983 (2.6) 27,317 (2.8)
Urgent (level 3) 557,858 (30.4) 275,560 (28.3)
Less urgent (level 4–5) 1,130,251 (61.6) 621,548 (63.8)
Unknown 98,953 (5.4) 49,286 (5.1)

Diagnosis
Infectious disease 289,728 (15.8) 133,273 (13.7) <0.01
Mental health disorders 6750 (0.4) 5515 (0.6) <0.01
Injury 572,574 (31.2) 389,974 (40.1) <0.01
Self-harm or suicidal
attempts

3061 (0.2) 2962 (0.3) <0.01

Violence or assault 5422 (0.3) 3099 (0.3) <0.01
Admission 173,220 (9.4) 91,625 (9.4) 0.42
ICU 6360 (0.3) 5283 (0.5) <0.01
Hospital ward 166,860 (9.1) 86,342 (8.9) <0.01

In-hospital mortality 978 (0.1) 854 (0.1) <0.01
ED 637 (0.0) 555 (0.1) <0.01
Hospital ward 341 (0.0) 299 (0.0) <0.01

COVID-19, coronavirus disease 2019; Jan, January; Dec, December; ED, emergency
department; KTAS, Korean triage and acuity scale; ICU, intensive care unit.
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13–18-year-old group was the largest at 5719 (84.7%) before COVID-
19 and 4786 (86.8%) after COVID-19 (Supplementary Table 2). After
the COVID-19period, the proportions of admission and in-hospitalmor-
tality increased in all three diagnosis groups during the study period
(Supplementary Tables 1–3).

The standardized incidence rates of pediatric ED visits per 1,000,000
person-dayswere 589.3 before the COVID-19 period and 326.9 after the
COVID-19period (Table 3). The IRR (95% CI) of all pediatric ED visitswas
0.55 (0.53–0.58). By diagnosis, the IRRs (95% CI) of mental health disor-
ders (0.84 (0.42–1.65)) and self-harm or suicidal attempts (0.99
(0.38–2.59)) were not significant, while the incidence rate of infectious
disease was significantly decreased (IRR (95% CI): 0.48 (0.42–0.54))
(Table 3, Figure 1).

The aOR (95% CI) of in-hospital mortality after COVID-19 compared
to that before COVID-19 was 1.58 (1.44–1.73) (Table 4). In the interac-
tion analysis performed to evaluate the effect modification of the
COVID-19 period by age, the aORs (95% CIs) of in-hospital mortality
were 1.75 (1.46–2.09) in the 0–1-year-old group, 1.54 (1.26–1.87) in
the 1–6-year-old group, 1.95 (1.54–2.48) in the 7–12-year-old group,
and 1.37 (1.18–1.60) in the 13–18-year-old group (P-for-interaction
<0.05).
4. Discussion

This cross-sectional study used a nationwide emergency patient da-
tabase and evaluated the impact of the COVID-19 pandemic on pediatric
ED visits and whether these effects differed by age group. During the
COVID-19outbreak, the incidence rates of pediatric patientswho visited
EDs decreased compared with those in the corresponding period (IRR
(95%CI): 0.55 (0.53–0.58)), and therewas an interaction effect between
the COVID-19 outbreak and age groups on in-hospital mortality (P-for-
interaction <0.05). During the COVID-19 pandemic, the proportions of
ED visits for mental health diseases and self-harm or suicide attempts
in the 13–18-year-old group increased, and the number of ED visits
for violence or assault among infants also increased. These results em-
phasize that the COVID-19 pandemic appears to have significantly dif-
ferent impacts on pediatric patients by age. Age-specific policies are
needed to ensure that children receive the care they need at the right
time to treat potentially preventable diseases.

Several studies have reported a decrease in ED visits in pediatric pa-
tients during the COVID-19 pandemic [22-24]. The absolute number of
all pediatric ED visits decreased; however, the patterns of decreases dif-
fer by the characteristics of illness. In this study, the proportions of pa-
tients with high acuity by triage (2.6% and 2.8%, p < 0.01) and those
with ambulance use (6.8% and 8.3%, p < 0.01) increased, while the
total number of ED visits decreased. EDs have attempted to maintain
services for pediatric patients with higher acuity during the pandemic.

COVID-19 has affected various pediatric conditions [25,26]. In terms
of infectious illnesses, which are themost common reasons for pediatric
ED visits, the prevalence in children younger than 6 years decreased in
this study. Interventions, such as using masks, school closures, hand-
washing, and physical distancing, to reduce the spread of COVID-19
have impacted the reduction in the incidence of other infectious dis-
eases, such as seasonal influenza [25,27]. Self-isolation, quarantine,
and worry about COVID-19 transmission in the ED might lead to a de-
crease in pediatric ED visits [24,25].

There were increases in ED visits for mental health diseases and
self-harm or suicidal attempts, especially among the 13–18-year-old
group. This result is consistent with the MMWR report from the CDC;
the proportion of children's mental health visits increased 44% in 2020
comparedwith that in 2019 [13]. Manymental disorders occur in child-
hood, andmental health problems in these groups could be exacerbated
by stress and anxiety related to the pandemic, disconnection from
school, and sudden disturbances in daily life [28]. This increase also
likely occurred because adolescents who usually receivedmental health



Table 2
Demographic characteristics of pediatric patients visiting emergency departments by age group.

Age, 0–1 Age, 1–6 Age, 7–12 Age, 13–18

Before COVID-19 After COVID-19 Before COVID-19 After COVID-19 Before COVID-19 After COVID-19 Before COVID-19 After COVID-19

Total 143,987 (100.0) 74,593 (100.0) 903,320 (100.0) 429,441 (100.0) 402,781 (100.0) 223,258 (100.0) 384,957 (100.0) 246,419 (100.0)
Sex
Male 80,410 (44.2) 41,936 (43.8) 506,494 (43.9) 243,846 (43.2) 240,403 (40.3) 132,955 (40.4) 209,866 (45.5) 132,246 (46.3)
Female 63,577 (55.8) 32,657 (56.2) 396,826 (56.1) 185,595 (56.8) 162,378 (59.7) 90,303 (59.6) 175,091 (54.5) 114,173 (53.7)

Region
Metropolitan 110,927 (77.0) 56,244 (75.4) 602,425 (66.7) 276,270 (64.3) 239,040 (59.3) 127,494 (57.1) 228,323 (59.3) 143,475 (58.2)
Urban 31,404 (21.8) 17,266 (23.1) 265,650 (29.4) 133,964 (31.2) 133,421 (33.1) 77,601 (34.8) 125,591 (32.6) 83,057 (33.7)
Rural 1656 (1.2) 1083 (1.5) 35,245 (3.9) 19,207 (4.5) 30,320 (7.5) 18,163 (8.1) 31,043 (8.1) 19,887 (8.1)

Ambulance use 9304 (6.5) 6457 (8.7) 49,336 (5.5) 27,372 (6.4) 22,354 (5.5) 15,532 (7.0) 44,389 (11.5) 31,581 (12.8)
Level of ED
Level 1 62,296 (43.2) 31,800 (42.6) 269,327 (29.8) 125,197 (29.2) 84,359 (20.9) 46,860 (21.0) 67,628 (17.6) 45,248 (18.4)
Level 2 72,195 (50.1) 38,218 (51.2) 452,948 (50.1) 217,412 (50.6) 182,755 (45.4) 102,505 (45.9) 162,798 (42.3) 110,228 (44.7)
Level 3 9496 (6.6) 4575 (6.1) 181,045 (20.0) 86,832 (20.2) 135,667 (33.7) 73,893 (33.1) 154,531 (40.1) 90,943 (36.9)

Patient triage
(KTAS)
Emergency
(level 1–2)

18,154 (12.6) 10,754 (14.4) 19,114 (2.1) 8770 (2.0) 4341 (1.1) 3030 (1.4) 6374 (1.7) 4763 (1.9)

Urgent (level 3) 63,358 (44.0) 30,039 (40.3) 301,318 (33.4) 119,007 (27.7) 97,150 (24.1) 56,923 (25.5) 96,032 (24.9) 69,591 (28.2)
Less urgent
(level 4–5)

61,044 (42.4) 32,837 (44.0) 547,629 (60.6) 285,115 (66.4) 271,616 (67.4) 148,595 (66.6) 249,962 (64.9) 155,001 (62.9)

Unknown 1431 (0.1) 963 (1.3) 35,259 (3.9) 16,549 (3.9) 29,674 (7.4) 14,710 (6.6) 32,589 (8.5) 17,064 (6.9)
Diagnosis
Infectious
disease

20,848 (14.5) 8246 (11.1) 134,418 (14.9) 44,660 (10.4) 70,121 (17.4) 37,379 (16.7) 64,341 (16.7) 42,988 (17.4)

Mental health
disorders

49 (0.0) 50 (0.1) 301 (0.0) 161 (0.0) 681 (0.2) 518 (0.2) 5719 (1.5) 4786 (1.9)

Injury 26,244 (18.2) 19,144 (25.7) 269,902 (29.9) 198,580 (46.2) 144,901 (36.0) 91,094 (40.8) 131,527 (34.2) 81,156 (32.9)
Self-harm or
suicidal
attempts

0 (0.0) 0 (0.0) 6 (0.0) 4 (0.0) 106 (0.0) 85 (0.0) 2949 (0.8) 2873 (1.2)

Violence or
assault

14 (0.0) 29 (0.0) 242 (0.0) 161 (0.0) 1037 (0.3) 472 (0.2) 4129 (1.1) 2437 (1.0)

Admission 30,100 (20.9) 17,634 (23.6) 70,830 (7.8) 26,939 (6.3) 33,028 (8.2) 19,494 (8.7) 39,262 (10.2) 27,558 (11.2)
ICU 3264 (2.3) 2681 (3.6) 911 (0.1) 661 (0.2) 638 (0.2) 536 (0.2) 1547 (0.4) 1405 (0.6)
Hospital ward 26,836 (18.6) 14,953 (20.0) 69,919 (7.7) 26,278 (6.1) 32,390 (8.0) 18,958 (8.5) 37,715 (9.8) 26,153 (10.6)

In-hospital
mortality

254 (0.2) 229 (0.3) 235 (0.0) 171 (0.0) 129 (0.0) 139 (0.1) 360 (0.1) 315 (0.1)

ED 180 (0.1) 168 (0.2) 137 (0.0) 95 (0.0) 72 (0.0) 76 (0.0) 248 (0.1) 216 (0.1)
Hospital ward 74 (0.1) 61 (0.1) 98 (0.0) 76 (0.0) 57 (0.0) 63 (0.0) 112 (0.0) 99 (0.0)

COVID-19, coronavirus disease 2019; Jan, January; Dec, December; ED, emergency department; KTAS, Korean triage and acuity scale; ICU, intensive care unit.
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care were not receiving services on time due to the mitigation policy of
COVID-19 [13].

In terms of injury, changes in children's environment, including
stay-at-home orders, could pose various threats, such as injuries in the
home or child abuse or neglect [23,29]. For example, there was a report
of a threefold increase in ED visits for children bitten bydogs [30]. In this
study, the number of ED visits due to violence or assault increased from
14 to 29 among infants (younger than 1 year old) after COVID-19.
Table 3
Standardized incidence rates of pediatric patients visiting emergency departments by age grou

Before COVID-19
(Jan 2019 – Dec 2019)

After COVID
(Jan 2020 –

Rate⁎ 95% CI Rate⁎ 9

Total 589.3 573.0 605.6 326.9 3
Age, years
0–1 1336.5 1204.6 1468.3 771.1 6
1–6 1017.7 977.6 1057.8 512.2 4
7–12 386.7 363.9 409.5 218.5 2
13–18 362.8 340.9 384.7 237.4 2

Diagnosis
Infectious disease 93.1 86.6 99.6 44.6 4
Mental health disorders 2.2 1.2 3.2 1.8 0
Injury 184.2 175.1 193.3 130.9 1

Self-harm or suicidal attempts 1.0 0.3 1.7 1.0 0
Violence or assault 1.8 0.9 2.7 1.0 0

COVID-19, coronavirus disease 2019; Jan, January; Dec, December; Diff, difference; CI, confiden
⁎ Age- and sex-standardized incidence rates per 1,000,000 person-days were calculated usin
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Uncontrolled emotional stress could increase the risk of young
children's exposure to intimate caregiver violence, especially within
the family [29,31]. The number of COVID-19 cases has not shown a no-
ticeable decrease, although vaccination has started. There is a strong
need to investigate the characteristics of pediatric patients who visit
EDs, one of the most vulnerable populations to pandemic disasters,
and develop age-specific interventions to correctly utilize the appropri-
ate health care services to treat potentially preventable diseases.
p and diagnosis.

-19
Dec 2020)

Rate difference Rate ratio

5% CI Diff 95% CI Ratio 95% CI

14.5 339.3 −262.4 −282.9 −242.0 0.55 0.53 0.58

65.3 876.8 −565.4 −734.4 −396.4 0.58 0.49 0.68
82.9 541.5 −505.5 −555.1 −455.9 0.50 0.47 0.54
01.2 235.8 −168.2 −196.8 −139.5 0.57 0.51 0.62
19.5 255.4 −125.3 −153.6 −97.0 0.65 0.59 0.72

0.0 49.2 −48.5 −56.4 −40.6 0.48 0.42 0.54
.9 2.8 −0.4 −1.7 1.0 0.84 0.42 1.65
23.1 138.8 −53.2 −65.3 −41.2 0.71 0.66 0.77
.3 1.7 0.0 −1.0 1.0 0.99 0.38 2.59
.3 1.7 −0.7 −1.9 0.4 0.59 0.25 1.36

ce interval.
g the 2020 mid-year census population.



Fig. 1. Standardized incidence rate ratios of pediatric patients visiting emergency departments by diagnosis.

Table 4
The risk of in-hospitalmortality after COVID-19 compared to that before COVID-19 among
pediatric patients visiting emergency departments

Odds ratio⁎ 95% CI

After COVID-19 vs. before COVID-19
Total population 1.58 1.44 1.73
Interaction effect between COVID-19 periods and age
0–1 1.75 1.46 2.09
1–6 1.54 1.26 1.87
7–12 1.95 1.54 2.48
13–18 1.37 1.18 1.60

COVID-19, coronavirus disease 2019; CI, confidence interval.
⁎ Adjustment for COVID-19 periods, age, gender and region of emergency departments,
P for interaction <0.05.

S. Kim, Y.S. Ro, S. Ko et al. American Journal of Emergency Medicine 54 (2022) 196–201
This study has several limitations. First, since this study is an obser-
vational study and not a randomized controlled trial, there is a limita-
tion in causal reasoning. Therefore, further studies evaluating causality
are needed. Second, patients with mental health diseases were defined
based on the diagnosis codes in the NEDIS database. It is impossible to
distinguish whether pediatric patients with mental health diseases
who visited EDs were previously diagnosed with mental disorders or
were newly diagnosed during their visits to the ED. Third, the informa-
tion concerning self-harm or violence/assault was collected only from
Level 1 and Level 2 EDs, and the possibility of underestimation exists.

During the COVID-19 pandemic, the incidence of pediatric ED visits
decreased, and these effects differed by age group; the proportions of
ED visits for mental health diseases and self-harm or suicidal attempts
increased among those aged older than 13 years, and the number of
ED visits for violence or assault among infants also increased. Close
monitoring and age-specific policies are needed to ensure that children
receive the care they need at the right time to treat potentially prevent-
able diseases.
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