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ABSTRACT

Background: The objective of this study was to examine the effect of the coronavirus 
disease 2019 (COVID-19) outbreak on excess in-hospital mortality among patients who 
visited emergency departments (EDs) and to assess whether the excess mortality during the 
COVID-19 pandemic varies by community income level.
Methods: This is a cross-sectional study using the National Emergency Department 
Information System (NEDIS) database in Korea. The study population was defined as 
patients who visited all 402 EDs with medical conditions other than injuries between 
January 27 and May 31, 2020 (after-COVID) and for the corresponding time period in 2019 
(before-COVID). The primary outcome was in-hospital mortality. The main exposure was 
the COVID-19 outbreak, and the interaction variable was county per capita income tax. We 
calculated the risk-adjusted in-hospital mortality rates by COVID-19 outbreak, as well as the 
difference-in-difference of risk-adjusted rates between the before-COVID and after-COVID 
groups according to the county income tax using a multilevel linear regression model with 
the interaction term.
Results: A total of 11,662,167 patients (6,765,717 in before-COVID and 4,896,450 in after-
COVID) were included in the study with a 1.6% crude in-hospital mortality rate. The risk-
adjusted mortality rate in the after-COVID group was higher than that in the before-COVID 
group (1.82% vs. 1.50%, difference: 0.31% [0.30 to 0.33]; adjusted odds ratio: 1.22 [1.18 
to 1.25]). The excess in-hospital mortality rate of the after-COVID in the lowest quartile 
group of county income tax was significantly higher than that in the highest quartile group 
(difference-in-difference: 0.18% (0.14 to 0.23); P-for-interaction: < 0.01).
Conclusion: During the COVID-19 pandemic, there was excess in-hospital mortality among 
patients who visited EDs, and there were disparities in excess mortality depending on 
community socioeconomic positions.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic is a worldwide public health crisis 
in which COVID-19 cases soared across most countries, affecting 221 countries with an 
estimated 75 million people infected and 1.6 million deaths in 2020.1 In Korea, the first 
confirmed COVID-19 case occurred on January 20, the first mortality occurred on February 
19, and a total of 60,000 people were infected and 900 people died from COVID-19 in 2020.

Excess mortality during the COVID-19 pandemic was caused not only by deaths directly 
attributable to COVID-19 but also to deaths indirectly caused by COVID-19 that were due to 
disruptions in the operation of the existing healthcare system.2 Patients with acute medical 
illnesses are reluctant to visit emergency departments (EDs) because of concerns about 
COVID-19 contamination in hospitals, as well as stay-at-home orders. Patients with severe 
illness who visit the ED may also experience delays in proper treatment, which are due to a 
lack of resources resulting from the consumption of many medical resources, such as beds, 
intensive care units (ICUs) and medical staff, in the course of responding to the COVID-19 
outbreak.2-4

Even in the context of the COVID-19 pandemic, appropriate patient care according to acuity 
level is essential in the emergency setting because most patients with acute illness will still be 
primarily using emergency medical services (EMS) for treatment.5,6 However, the COVID-19 
outbreak is consuming emergency medical resources in a community and delaying proper 
care for emergency patients. Therefore, this disaster will worsen the clinical outcomes 
of patients who visit EDs, and there will be disparities in excess mortality depending on 
community characteristics as well as individual factors.

The socioeconomic position (SEP) is a complex component that is determined by the 
individual's or group's relative position within a society and is based on socially derived 
economic factors.7 People with lower SEPs at the individual and neighborhood levels have 
higher mortality rates, which have been consistently reported in patients with various 
diseases and in special situations such as disasters.8-13 Recent analyses of the excess mortality 
from COVID-19 have also reported higher excess mortality in the general population with 
lower income and education levels,2,4,14 but few attempts have been made in patients with 
emergency conditions.

We hypothesize that the COVID-19 outbreak will worsen the clinical outcomes of patients 
visiting EDs and that excess mortality rates will be greater in patient groups living in 
communities with lower SEPs than in those with higher SEPs, especially income levels. The 
objective of this study was to estimate the excess in-hospital mortality among patients who 
visited EDs during the COVID-19 outbreak and to assess whether the excess mortality during 
the COVID-19 pandemic varies across community income levels.

METHODS

Study design and setting
This is a retrospective observational study using a nationwide emergency patient database. 
Korea has approximately 50 million people living in 100,210 km2, and there are 17 provinces, 
including 6 metropolitan cities. These areas are subdivided into 229 counties for administrative 
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purposes, including 69 counties in metropolitan cities (gu, median population density: 9,214 
persons per km2), 78 counties in urban cities (si, median population density: 598 persons per 
km2), and 82 counties in rural areas (gun, median population density: 65 persons per km2).

The Korean EMS system is a government-based public system operated by the National 
Fire Agency. There are a total of 219 fire stations (EMS centers) with approximately 1,400 
ambulance stations nationwide. The Ministry of Health and Welfare in Korea designed 
3 levels of EDs based on the availability of human resources, facilities, instruments, and 
equipment. There are 402 EDs categorized into 38 level 1 EDs, 125 level 2 EDs, and 239 level 3 
Eds.15 Level 1 and 2 EDs provide the highest level of emergency care services in the country.

Data sources
This study used the National Emergency Department Information System (NEDIS) database 
in Korea. NEDIS is an emergency information network designated by the Ministry of Health 
and Welfare, which has been in use since 2003 and is operated by the National Emergency 
Medical Center (NEMC). NEDIS includes administrative and clinical information on all 
patients who have visited all 402 nationwide EDs across the country.16 The NEDIS data 
contain patient information, including demographics (sex, age, address, and insurance), 
symptoms (chief complaints and onset), prehospital (EMS use and treatment), ED-hospital 
(vital signs and level of consciousness at presentation, triage, diagnosis codes based on the 
International Classification of Disease 10th Edition-based (ICD-10), disposition, hospital stay 
after admission, and final clinical outcomes) information. All patient-related information 
was automatically transferred from each hospital to a central server according to protocols. 
Inaccurate data were filtered by a data processing system.

Community characteristics regarding SEP, including per capita income tax and employment 
rate, were acquired using Korean Statistical Information Service (KOSIS) data for 2018. 
KOSIS was developed in 1976 by Statistics Korea under the Ministry of Strategy and Finance. 
The income tax is imposed on the annual gross income, which is the sum of earned income, 
pension income, and financial income, with a progressive tax rate. The employment status 
and occupation are surveyed monthly for sampled households by Statistics Korea.

Study population
The study population was defined as patients who visited all 402 EDs with medical conditions 
other than injuries in Korea between January 27 and May 31, 2020 (after-COVID) and the 
corresponding period in 2019 (before-COVID). The start date of the study period, January 
27, 2020, is the day of the announcement of the national crisis warning level of “Alert” for 
COVID-19 in Korea, and the same period of the previous year was included to compare the 
effects of the COVID-19 outbreak on the study outcome. Patients who visited the ED with 
acute or chronic injuries and for nonmedical purposes, such as issuing a medical certificate, 
were excluded.

Study outcomes and variables
The study outcome was the in-hospital mortality measured for the study population when 
discharged from the EDs or hospitals.

The main exposure of interest was the COVID-19 outbreak in 2020. The interaction variable 
of interest was per capita income tax for each county. We calculated the per capita income tax 
in each county as the annual income tax divided by the number of residents using the 2018 

3/11https://jkms.org https://doi.org/10.3346/jkms.2021.36.e100

Community Income and COVID-19 Outbreak



KOSIS data. The study population was categorized based on the quartile group for the per 
capita income tax of the county in which he/she lives.

Demographic findings and outcomes were collected: patient demographics (age, sex, 
address, and medical insurance) and clinical information (EMS use, vital signs and mental 
status at presentation, initial triage, diagnosis codes based on ICD-10, and dispositions after 
ED visits and hospital admission). Based on the diagnosis codes at ED discharge, respiratory 
disease (ICD-10, J00–J99), cardiovascular disease (ICD-10, I00–I99), and neurologic disease 
(ICD-10, G00–G99) were defined.

For community characteristics, per capita income tax, employment rate, and the proportion 
of service/sales workers of the 229 counties were calculated and merged with individual-level 
data of the study population, which were matched to the address. All community-level factors 
were categorized into quartiles according to study population distributions. The employment 
rate was defined as the proportion of individuals with a paid job among those of working age 
(15 to 64 years old). The proportion of workers in service/sales jobs, one of the vulnerable 
occupations during the COVID-19 outbreak, was calculated as the number of service and sales 
workers divided by the number of individuals with paid jobs in each county.

Statistical analysis
Demographic findings and outcomes are described by the COVID-19 outbreak and the quartile 
of county per capita income tax. The Chi-square test was used for the categorical variables. 
Incidence rates of ED visits per 100,000 person-days were calculated using 2019 census data.

To estimate the effect of the COVID-19 outbreak on in-hospital mortality among patients 
who visited EDs, we calculated the adjusted odds ratios (ORs) and 95% confidence intervals 
(CIs) for the study outcomes using multilevel multivariate logistic regression analysis after 
adjustment for potential individual- and community-level confounders. In addition, to test 
the interactive effects between the COVID-19 outbreak and county per capita income tax on 
the study endpoints, a multilevel logistic regression model with an interaction term (year of 
visit × quartile of county income tax) was used.

We calculated the risk-adjusted rates and 95% CIs for in-hospital mortality by study group 
after adjusting year of visit, age, sex, insurance, community factors (per capita income tax, 
employment rate, and proportion of service/sales workers), and interaction term (year of visit 
× quartile of county income tax). In addition, we calculated the difference in risk-adjusted 
rates between before and after the COVID-19 outbreak using generalized linear mixed models 
to estimate the excess in-hospital mortality among patients who visited EDs during the 
COVID-19 outbreak. Finally, the difference-in-difference of risk-adjusted rates between before 
and after the COVID-19 outbreak for each quartile of county per capita income tax, compared 
to the highest quartile of county income tax, were calculated using a multilevel linear 
regression model with the interaction term to evaluate whether the effects of the COVID-19 
outbreak on excess in-hospital mortality varied according to the county income level. We also 
calculated the difference-in-difference of risk-adjusted rates between exposure groups for 
each county income tax among elderly (over 60-years old) group for sensitivity analysis.

All variables included in the final model were assessed for multicollinearity, which was not 
detected in this analysis. Analyses were performed using SAS ver. 9.4 (SAS Institute Inc., 
Cary, NC, USA), with a P value ≤ 0.05 being deemed significant.
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Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board 
of National Medical Center (approval No. NMC-2007-026). Informed consent was waived 
because of the retrospective nature of the study.

RESULTS

Demographic findings
During the study period (January 27 to May 31, 2019 and January 27 to May 31, 2020), 
6,765,717 (year 2019, hereafter before-COVID) and 4,896,450 (year 2020, hereafter after-
COVID) patients, respectively, visited EDs.

The demographic characteristics of ED visits are summarized in Table 1. The incidence rates 
of ED visits per 100,000 person-days were 105.4 for the before-COVID and 75.7 for the after-
COVID groups. The in-hospital mortality rate was higher in the after-COVID group (1.9%) 
than in the before-COVID group (1.4%) (P < 0.01).

Table 2 describes the demographic characteristics according to the quartile of county per 
capita income tax. In-hospital mortality rates were 1.4% among patients in the Q1 and Q2 
groups, which were lower than 1.9% in the Q3 group and 2.0% in the Q4 group (P < 0.01).

COVID-19 outbreak and in-hospital mortality
Multilevel logistic regression analysis showed that the adjusted OR (95% CI) for in-hospital 
mortality was 1.22 (1.18–1.25) in the after-COVID compared to the before-COVID. By the 
county per capita income tax, the adjusted ORs (95% CIs) compared to the highest quartile 
group were 1.01 (0.96–1.05) in the Q2 group, 1.07 (1.02–1.12) in the Q3 group, and 1.06 
(1.01–1.13) in the Q4 group (Table 3 and Supplementary Table 1).

Interaction effects between COVID-19 and county income on excess in-
hospital mortality
In the interaction model for assessing whether the in-hospital mortality during the COVID-19 
outbreak varied according to the county income tax, the adjusted ORs (95% CIs) for study 
outcome in the after-COVID group compared to the before-COVID group varied according to 
the county per capita income tax: 1.24 (1.20–1.29) in the Q1 group, 1.22 (1.16–1.28) in the Q2 
group, 1.20 (1.17–1.22) in the Q3 group, and 1.28 (1.25–1.31) in the Q4 group (P for interaction 
< 0.01) (Table 4).

In the multilevel multivariable linear regression model to estimate the excess in-hospital 
mortality among patients who visited EDs during the COVID-19 outbreak, the risk-adjusted 
in-hospital mortality rate in the after-COVID group was higher than that in the before-COVID 
group (1.82% vs. 1.50%), and the difference (95% CIs) in the risk-adjusted rates was 0.31% 
(0.30 to 0.33).

Considering the difference in the risk-adjusted in-hospital mortality rates between the before- and 
after-COVID groups in each quartile of the county income tax compared to that in the Q1 group 
(difference-in-difference), the effect of COVID-19 in the Q4 group of county per capita income 
tax on the in-hospital mortality was significantly higher than that in the Q1 group (difference-in-
difference: 0.18% [0.14 to 0.23] for the Q4 group) (Table 5 and Supplementary Table 2).
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DISCUSSION

This cross-sectional study used a nationwide emergency patient database to evaluate the 
impact of the COVID-19 outbreak on in-hospital mortality among patients who visited EDs 
and whether these effects differed across community income levels. We found that there was 
excess in-hospital mortality among patients who visited EDs during the COVID-19 outbreak 
compared to those who visited EDs in the corresponding period of the previous year (the 
difference in risk-adjusted rates, 0.31% [0.30 to 0.33]; adjusted OR, 1.22 [1.18 to 1.25]), and 
there was an interaction effect between the COVID-19 outbreak and county per capita income 
tax on in-hospital mortality (P for interaction < 0.01). Using the difference-in-difference 
models, the excess in-hospital mortality rate was significantly increased for patients in 
the lowest quartiles of the county per capita income tax compared to those in the highest 
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Table 1. Study population characteristics according to the COVID-19 outbreak
Characteristics Total Before-COVID After-COVID P value
Total, ED visits 11,662,167 6,765,717 4,896,450
Incidence rate, per 100,000 person-days 90.5 105.4 75.7
Age, yr < 0.001

0–19 2,173,765 (18.6) 1,498,748 (22.2) 675,017 (13.8)
20–39 2,642,574 (22.7) 1,469,761 (21.7) 1,172,813 (24.0)
40–59 3,069,799 (26.3) 1,723,911 (25.5) 1,345,888 (27.5)
60–79 2,726,324 (23.4) 1,507,835 (22.3) 1,218,489 (24.9)
80–120 1,049,705 (9.0) 565,462 (8.4) 484,243 (9.9)

Sex, female 5,756,688 (49.4) 3,367,763 (49.8) 2,388,925 (48.8) < 0.001
Insurance, medical aid 1,328,499 (11.4) 747,014 (11.0) 581,485 (11.9) < 0.001
EMS use 2,520,555 (21.6) 1,363,410 (20.2) 1,157,145 (23.6) < 0.001
Level of ED, 1 & 2 8,927,986 (76.6) 5,190,587 (76.7) 3,737,399 (76.3) < 0.001
Initial triage, severe 690,729 (5.9) 368,022 (5.4) 322,707 (6.6) < 0.001
Symptom

Fever, ≥ 37.5°C 4,166,049 (35.7) 2,493,187 (36.9) 1,672,862 (34.2) < 0.001
Mental change 2,968,045 (25.5) 1,714,594 (25.3) 1,253,451 (25.6) < 0.001

Diagnosis
Respiratory disease 1,038,083 (8.9) 729,302 (10.8) 308,781 (6.3) < 0.001
Cardiovascular disease 246,761 (2.1) 135,441 (2.0) 111,320 (2.3) < 0.001
Neurologic disease 224,108 (1.9) 119,683 (1.8) 104,425 (2.1) < 0.001

In-hospital mortality 187,563 (1.6) 94,521 (1.4) 93,042 (1.9) < 0.001
ED 63,265 (0.5) 30,942 (0.5) 32,323 (0.7) < 0.001
Hospital ward 124,298 (1.1) 63,579 (0.9) 60,719 (1.2) < 0.001

Community factors
Per capita income tax < 0.001

Q1 (Highest) 2,914,922 (25.0) 1,710,141 (25.3) 1,204,781 (24.6)
Q2 2,940,435 (25.2) 1,689,377 (25.0) 1,251,058 (25.6)
Q3 2,917,213 (25.0) 1,696,030 (25.1) 1,221,183 (24.9)
Q4 2,889,597 (24.8) 1,670,169 (24.7) 1,219,428 (24.9)

Employment rate < 0.001
Q1 (Highest) 2,929,750 (25.1) 1,704,561 (25.2) 1,225,189 (25.0)
Q2 2,914,790 (25.0) 1,694,021 (25.0) 1,220,769 (24.9)
Q3 2,927,859 (25.1) 1,696,883 (25.1) 1,230,976 (25.1)
Q4 2,889,768 (24.8) 1,670,252 (24.7) 1,219,516 (24.9)

Proportion of service workers < 0.001
Q1 (Lowest) 2,897,607 (24.8) 1,673,719 (24.7) 1,233,888 (25.0)
Q2 3,165,814 (27.1) 1,861,976 (27.5) 1,303,838 (26.6)
Q3 2,678,180 (23.0) 1,538,207 (22.7) 1,139,973 (23.3)
Q4 2,920,566 (25.0) 1,691,815 (25.0) 1,228,751 (25.1)

Values are presented as number of patients (%).
COVID-19 = coronavirus disease 2019, ED = emergency department, EMS = emergency medical services, Q = quartile.



quartile group (difference-in-difference: 0.18% [0.14 to 0.23]). These results emphasize 
that the COVID-19 outbreak appears to have a particularly significant detrimental impact on 
socioeconomically vulnerable populations.

7/11https://jkms.org https://doi.org/10.3346/jkms.2021.36.e100

Community Income and COVID-19 Outbreak

Table 2. Study population characteristics by county per capita income tax
Characteristics Total County per capita income tax P value

Q1 (Highest) Q2 Q3 Q4
Total, community 229 24 30 47 128
Total, ED visits 11,662,167 2,914,922 2,940,435 2,917,213 2,889,597
Incidence rate, per 100,000 person-days 90.5 81.7 92.7 84.6 107.1
Age, yr < 0.001

0–19 2,173,765 (18.6) 610,907 (21.0) 582,512 (19.8) 544,764 (18.7) 435,582 (15.1)
20–39 2,642,574 (22.7) 717,108 (24.6) 733,034 (24.9) 663,664 (22.7) 528,768 (18.3)
40–59 3,069,799 (26.3) 750,067 (25.7) 775,629 (26.4) 788,303 (27.0) 755,800 (26.2)
60–79 2,726,324 (23.4) 609,562 (20.9) 632,303 (21.5) 664,865 (22.8) 819,594 (28.4)
80–120 1,049,705 (9.0) 227,278 (7.8) 216,957 (7.4) 255,617 (8.8) 349,853 (12.1)

Sex, female 5,756,688 (49.4) 1,465,446 (50.3) 1,466,482 (49.9) 1,442,588 (49.5) 1,382,172 (47.8) < 0.001
Insurance, medical aid 1,328,499 (11.4) 277,840 (9.5) 329,150 (11.2) 341,892 (11.7) 379,617 (13.1) < 0.001
EMS use 2,520,555 (21.6) 620,295 (21.3) 616,070 (21.0) 633,284 (21.7) 650,906 (22.5) < 0.001
Level of ED, 1 & 2 8,927,986 (76.6) 2,561,900 (87.9) 2,325,880 (79.1) 2,279,726 (78.1) 1,760,480 (60.9) < 0.001
Initial triage, severe 690,729 (5.9) 176,539 (6.1) 168,030 (5.7) 170,485 (5.8) 175,675 (6.1) < 0.001
Symptom

Fever, ≥ 37.5°C 4,166,049 (35.7) 779,625 (26.7) 972,036 (33.1) 1,000,849 (34.3) 1,413,539 (48.9) < 0.001
Mental change 2,968,045 (25.5) 405,448 (13.9) 642,043 (21.8) 706,789 (24.2) 1,213,765 (42.0) < 0.001

Diagnosis
Respiratory disease 1,038,083 (8.9) 240,341 (8.2) 261,551 (8.9) 252,721 (8.7) 283,470 (9.8) < 0.001
Cardiovascular disease 246,761 (2.1) 59,505 (2.0) 55,614 (1.9) 60,356 (2.1) 71,286 (2.5) < 0.001
Neurologic disease 224,108 (1.9) 50,410 (1.7) 50,062 (1.7) 56,665 (1.9) 66,971 (2.3) < 0.001

In-hospital mortality 187,563 (1.6) 41,306 (1.4) 40,986 (1.4) 47,127 (1.6) 58,144 (2.0) < 0.001
ED 63,265 (0.5) 13,708 (0.5) 12,552 (0.4) 16,089 (0.6) 20,916 (0.7) < 0.001
Hospital ward 124,298 (1.1) 27,598 (0.9) 28,434 (1.0) 31,038 (1.1) 37,228 (1.3) < 0.001

Community factors
Employment rate < 0.001

Q1 (Highest) 2,929,750 (25.1) 326,306 (11.2) 974,145 (33.1) 535,916 (18.4) 1,093,383 (37.8)
Q2 2,914,790 (25.0) 939,650 (32.2) 855,227 (29.1) 348,688 (12.0) 771,225 (26.7)
Q3 2,927,859 (25.1) 782,572 (26.8) 697,339 (23.7) 823,281 (28.2) 624,667 (21.6)
Q4 2,889,768 (24.8) 866,394 (29.7) 413,724 (14.1) 1,209,328 (41.5) 400,322 (13.9)

Proportion of service workers < 0.001
Q1 (Lowest) 2,897,607 (24.8) 805,874 (27.6) 66,416 (2.3) 592,666 (20.3) 1,432,651 (49.6)
Q2 3,165,814 (27.1) 1,081,631 (37.1) 793,166 (27.0) 815,884 (28.0) 475,133 (16.4)
Q3 2,678,180 (23.0) 803,388 (27.6) 1,245,342 (42.4) 456,402 (15.6) 173,048 (6.0)
Q4 2,920,566 (25.0) 224,029 (7.7) 835,511 (28.4) 1,052,261 (36.1) 808,765 (28.0)

Values are presented as number of patients (%).
ED = emergency department, EMS = emergency medical services, Q = quartile.

Table 3. Multilevel multivariable logistic regression analysis on study outcomes by the COVID-19 outbreak and county per capita income tax
Variables Total 

 (n = 11,662,167)
In-hospital mortality  

(n = 187,563)
Model 1 Model 2

AOR 95% CI AOR 95% CI
COVID-19 outbreak

Before-COVID 6,765,717 94,521 (1.4) 1.00 1.00
After-COVID 4,896,450 93,042 (1.9) 1.22 1.19–1.25 1.22 1.18–1.25

Per capita income tax
Q1 (Highest) 2,914,922 41,306 (1.4) 1.00 1.00
Q2 2,940,435 40,986 (1.4) 1.02 0.98–1.05 1.01 0.96–1.05
Q3 2,917,213 47,127 (1.6) 1.09 1.05–1.12 1.07 1.02–1.12
Q4 2,889,597 58,144 (2.0) 1.07 1.01–1.14 1.06 1.01–1.13

Model 1: adjusted for year of visit, age, sex, and community factor (per capita income tax); Model 2: adjusted for year of visit, age, sex, insurance, and 
community factors (per capita income tax, employment rate, and proportion of service/sales workers).
COVID-19 = coronavirus disease 2019, AOR = adjusted odds ratio, CI = confidence interval.



Several countries have reported that there were excess deaths during the COVID-19 outbreak 
compared to the mortality rates in previous years.17,18 In addition to the high mortality of 
COVID-19 confirmed cases, it should be taken into account that a significant number of 
deaths among non-infected patients were indirectly associated with the COVID-19 pandemic. 
Reduced accessibility to healthcare services (economic incompetence, lack of access to 
transportation, or disruption of medical services), as well as a shortage of human and 
economic resources that strain the healthcare system, might lead to excess mortality during 
catastrophic pandemics.13,19,20

The direct impact of the COVID-19 outbreak on the in-hospital excess mortality rate varies 
greatly depending on the country's COVID-19 incidence rate and fatality rate of COVID-19. In 
the United States, it has been reported that approximately two-thirds of excess mortality is 
directly attributable to COVID-19, whereas in South American studies, more than 85% of the 
total excess mortality is not directly attributable to COVID-19.14,21 The COVID-19 incidence 
rate in Korea is less than 800 patients per 100,000 people, which is less than 10% of that of 
the United States or major European countries, and the case fatality rate is approximately 
1.5%, which is also lower than that of other countries.1

To date, several studies have shown that older people, racial and ethnic minorities and 
people with lower SEPs have higher COVID-19-related mortality.14,22,23 However, only a 
few attempts at such analysis have been made in patients with emergency conditions. We 
analyzed the interaction effects between SEP and the COVID-19 outbreak on excess mortality 
using nationwide emergency patient data covering all patients who visited all 402 EDs. Using 
the difference-in-difference models, we observed that there was excess mortality during the 
COVID-19 outbreak, as well as disparities in the excess mortality rates between community 
SEP, which was 0.18% higher in the lowest SEP group than in the highest SEP group. Based 
on these study results on the disparities in excess mortality according to community SEP, one 
of the weaknesses of the current response to the COVID-19 pandemic is that there are few 
medical services considering the characteristics of patients with low SEP.22,24 To overcome 
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Table 4. Interaction analysis between the COVID-19 outbreak and county per capita income tax
Per capita income tax Before-COVID After-COVID After-COVID vs. Before-COVID

Total In-hospital mortality Total In-hospital mortality AOR 95% CI
Q1 (Highest) 1,710,141 21,010 (1.23) 1,204,781 20,296 (1.68) 1.24 1.20–1.29
Q2 1,689,377 20,646 (1.22) 1,251,058 20,340 (1.63) 1.22 1.16–1.28
Q3 1,696,030 24,042 (1.42) 1,221,183 23,085 (1.89) 1.20 1.17–1.22
Q4 1,670,169 28,823 (1.73) 1,219,428 29,321 (2.40) 1.28 1.25–1.31
COVID-19 = coronavirus disease 2019, AOR = adjusted odds ratios, CI = confidence interval.
Adjusted for year of visit, age, sex, insurance, community factors (per capita income tax, employment rate, and proportion of service/sales workers), and the 
interaction term (year of visit × quartile of county income tax), P for interaction < 0.01.

Table 5. Risk-adjusted in-hospital mortality rates and the differences according to the COVID-19 outbreak and the county income tax per capita
In-hospital mortality rate Before-COVID After-COVID Difference Difference-in-Difference

Adjusted rate (95% CI) Adjusted rate (95% CI) Adjusted rate (95% CI) Adjusted rate (95% CI)
Total 1.50% (1.49 to 1.52) 1.82% (1.80 to 1.83) 0.31% (0.30 to 0.33)
Income tax per capita

Q1 (Highest) 1.53% (1.50 to 1.55) 1.81% (1.78 to 1.83) 0.28% (0.25 to 0.31) Reference
Q2 1.46% (1.43 to 1.48) 1.68% (1.66 to 1.71) 0.23% (0.20 to 0.25) −0.06% (−0.10 to −0.02)
Q3 1.53% (1.51 to 1.55) 1.82% (1.80 to 1.84) 0.29% (0.26 to 0.32) 0.00% (−0.04 to 0.05)
Q4 1.49% (1.47 to 1.51) 1.96% (1.93 to 1.98) 0.47% (0.44 to 0.49) 0.18% (0.14 to 0.23)

Adjusted for year of visit, age, sex, insurance, community factors (per capita income tax, employment rate, and proportion of service/sales workers), and 
interaction term (year of visit × quartile of county income tax).
COVID-19 = coronavirus disease 2019, CI = confidence interval.



the disparities caused by SEP, it is necessary to develop customized healthcare policies that 
consider various factors, including age, sex, and SEP.

Emergency medical care systems are among the first access points to healthcare in the low SEP 
population. The high quality of the EMS system improves health equity by treating all patients 
regardless of individual and neighborhood SEP. Preparedness for disasters such as COVID-19 
pandemics and resource allocation that considers socioeconomic factors are important to reduce 
excess mortality and to resolve disparities in healthcare services. As the COVID-19 pandemic is 
currently underway, it is necessary to analyze further the impact of COVID-19 pandemic on the 
excess in-hospital mortality among patients who visited EDs after the end of the communicable 
disease pandemic. Our findings have important implications for future protection strategies in 
the potential risk of chronic COVID-19 outbreaks or other communicable disease pandemics.

This study has several limitations. First, this study was not a randomized controlled trial. 
There might have been unmeasured confounders over time other than the COVID-19 
outbreak. Second, we conducted multilevel logistic regression models and generalized linear 
mixed models because one of the exposure variables was at the county level and the outcome 
variable was an individual-level variable. We tried to find an appropriate indicator that reflects 
the patients' SEP, the county income tax per capita may not fully reflect a patient's individual 
SEP. This study has ecological features and is not free from ecological fallacy. However, 
community factors such as medical resources in the county, which may be related to both 
the exposure and outcome variables, were not fully adjusted for. Third, because the study 
population was patients who visited all 402 EDs with medical conditions other than injuries 
in Korea, the patient demographic characteristics, hospital care, and clinical outcomes were 
different between the patients with medical illness and the injured patients. It is likely that 
the calculated excess mortality is underestimated.

During the COVID-19 pandemic, there was excess in-hospital mortality among patients who 
visited emergency departments in Korea, and there were disparities in excess mortality, 
depending on the community socioeconomic position. The excess mortality rates were 
greater in patient groups living in communities with lower income than in those living in 
communities with higher income. There is a need to develop carefully customized strategies, 
including preparedness of emergency healthcare resources for vulnerable populations, to 
overcome the disparities in clinical outcomes occurring in disaster situations.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Multilevel multivariable logistic regression analysis on study outcomes by the COVID-19 
outbreak and county per capita income tax

Click here to view

Supplementary Table 2
Risk-adjusted in-hospital mortality rates and the differences according to the COVID-19 
outbreak and the county income tax per capita in the elderly (over 60 years old) group

Click here to view
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