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Objectives: The coronavirus disease 2019 (COVID-19) pandemic has led to a global shortage of medical resources; therefore, we inves-
tigated whether COVID-19 impacted the quality of non-COVID-19 hospital care in Korea by comparing hospital standardized mortality 
rates (HSMRs) before and during the pandemic.
Methods: This retrospective cohort study analyzed Korean National Health Insurance discharge claim data obtained from January to 
June in 2017, 2018, 2019, and 2020. Patients’ in-hospital deaths were classified according to the most responsible diagnosis catego-
ries. The HSMR is calculated as the ratio of expected deaths to actual deaths. The time trend in the overall HSMR was analyzed by re-
gion and hospital type.
Results: The final analysis included 2 252 824 patients. In 2020, the HSMR increased nationwide (HSMR, 99.3; 95% confidence interval 
[CI], 97.7 to 101.0) in comparison to 2019 (HSMR, 97.3; 95% CI, 95.8 to 98.8). In the COVID-19 pandemic zone, the HSMR increased sig-
nificantly in 2020 (HSMR, 112.7; 95% CI, 107.0 to 118.7) compared to 2019 (HSMR, 101.7; 95% CI, 96.9 to 106.6). The HSMR in all gen-
eral hospitals increased significantly in 2020 (HSMR, 106.4; 95% CI, 104.3 to 108.5) compared to 2019 (HSMR, 100.3; 95% CI, 98.4 to 
102.2). Hospitals participating in the COVID-19 response had a lower HSMR (HSMR, 95.6; 95% CI, 93.9 to 97.4) than hospitals not par-
ticipating in the COVID-19 response (HSMR, 124.3; 95% CI, 119.3 to 129.4).
Conclusions: This study suggests that the COVID-19 pandemic may have negatively impacted the quality of care in hospitals, espe-
cially general hospitals with relatively few beds. In light of the COVID-19 pandemic, it is necessary to prevent excessive workloads in 
hospitals and to properly employ and coordinate the workforce.
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INTRODUCTION

The rapid increase in coronavirus disease 2019 (COVID-19) 
patients has forced medical resources to be conserved world-
wide. Since December 2019, when the first cluster of COVID-19 
was reported [1], COVID-19 has become a global pandemic [2]. 
Due to the rapid increase in COVID-19 patients, a shortage of 
hospital beds was expected; therefore, to conserve medical re-
sources, including hospital beds, the Centers for Disease Con-
trol and Prevention (CDC) recommended deferring elective 
procedures for stable, chronic-status patients [3]. Additionally, 
with social distancing and restrictions on using medical ser-
vices due to COVID-19, there was a global decrease in all non-
COVID-19 outpatient, inpatient, and emergency services and 
overall treatment procedures [4-8]. 

Therefore, it is necessary to examine not only the direct 
health effects of COVID-19, but also its indirect health effects. 
Several studies have shown that a change in the mortality rate 
is the most important indicator of health effects due to the 
COVID-19 epidemic [9,10]. Studies have reported a decrease in 
hospitalizations and an increase in in-hospital mortality [11], 
or an increase in direct [10] or indirect mortality due to limited 
testing capacity and causes of death other than COVID-19 [9]. 
A study of all-cause mortality in 21 industrialized countries 
also confirmed that more people died from mid-February to 
May 2020 because of COVID-19 than had the pandemic not 
occurred [12].

The pathways contributing to indirect excess death in the 
COVID-19 pandemic might include the loss of wages or hous-
ing, interruption of medical services due to outpatient facility 
suspension, hospital or emergency department avoidance, 
postponement of surgery or chemotherapy, and loss of health 
insurance [13,14]. The causes of indirect deaths from the COV-
ID-19 pandemic, which could persist for years, will not be as 
straightforward to elucidate because economic and social dis-
ruptions intersect in complex ways, influencing morbidity and 
mortality. Although the indirect mortality rate is difficult to 
determine, it can be estimated by comparing the observed 
mortality rate based on prior years, with the difference between 
the two (i.e., the “excess deaths”) including direct deaths from 
COVID-19 [15]. The indirect mortality rate could be identified 
by excluding direct mortality (i.e., the excess mortality rate).

In this study, we used hospital standardized mortality rates 
(HSMRs) as an index for monitoring health effects, especially 
the quality of clinical care, in the context of COVID-19. The 

HSMR is a good index reflecting inpatient care quality, despite 
certain limitations [16,17]. Considering the potential pitfalls of 
HSMR when comparing individual hospitals, assessing chang-
es over time in groups of hospital types or regions is a useful 
way to measure inpatient care quality.

This study aimed to examine whether the COVID-19 pandem-
ic affected the quality of hospital-level hospitalization services, 
as measured by the HSMR. To identify any inpatient services 
that were particularly affected by local COVID-19 epidemics, a 
comparative analysis by COVID-19 epidemic/non-epidemic re-
gion and hospital size was conducted. 

METHODS

Data Source and Study Cohort
As the analysis target period, national hospital discharge 

databases from January to June in 2017, 2018, and 2019 were 
used as patient data before the COVID-19 outbreak, and na-
tional hospital discharge databases from January to June 2020 
were used as patient data after the COVID-19 outbreak. All 
general hospitals with more than 100 beds were selected for 
inclusion to increase the accuracy of the measured mortality 
by applying an appropriate sample size. In addition, children 
under the age of 1, patients over the age of 120, and cases with 
the same hospitalization and discharge date were also exclud-
ed. In the inpatient Korea National Health Insurance claim da-
tabase, organ donors or patients in palliative care hospitals 
were excluded from the analysis because it would be difficult 
to interpret death as being directly correlated with the quality 
of health care in those cases. All hospitalizations transferred to 
other hospitals were also excluded from the analysis because 
it was not possible to exclude the possibility of the outcome 
being affected by the hospitalization services of the institution 
to which the patient was transferred. However, if the patient 
died on the day of transfer, the death was attributed to the rel-
evant institution. For trend analysis, hospitalization cases with 
COVID-19-related diagnostic codes (U071, U072) were exclud-
ed from the analysis. The HSMR is the ratio of actual hospital 
deaths to expected hospital deaths for the most responsible 
diagnoses (MRDs) that accounted for 80% of inpatient mortal-
ity. Patient’s in-hospital deaths were classified according to 
MRD categories using the HSMR methodology, with 32 of the 
258 MRDs of all inpatients accounting for 80% of all deaths in 
this study. These 32 MRD disease groups included acute myo-
cardial infarction, acute cerebrovascular disease, and coronary 
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atherosclerosis. The final analysis included 2 252 824 subjects. 
The process of collecting eligible data from the administrative 
data and selecting targeted participants is shown in Figure 1.

The patient characteristics required for HSMR calculation were 
obtained from the Korean National Health Insurance claims 
data. Claims data include patient demographic information, 
such as sex, age, major diagnosis (International Statistical Clas-
sification of Diseases and Related Health Problems, 10th revi-
sion [ICD-10] code), comorbid diseases (Charlson comorbidity 
index, CCI), operation status, and emergency hospitalization. 
The CCI was calculated using the methodology of Canadian 
Institute for Health Information, Canada, which was developed 
based on Quan’s updated methodology. For the CCI, if there 
were diagnoses corresponding to 12 comorbid disease cate-
gories in the patient’s medical record for the past year, count-
ing the diagnosis group only once without duplication, the 
CCI was calculated as the sum of the selected weights. Hospi-
tal characteristics, such as the number of hospital beds and 
geographic location, were also identified. For death, informa-
tion from the Korea Ministry of the Interior and Safety was used.

Hospital Standardized Mortality Rates 
The HSMR was developed in the United Kingdom in 1999 [18] 

and has been measured in many countries, including Canada 
[19] and the Netherlands [20] because it has the advantage of 
measuring health outcomes clearly and relatively easily [21,22]. 

The retrospective research design used in the current study 
was based on research schemes conducted in the Unite King-
dom, Canada, and the Netherlands.

The HSMR is calculated as the ratio of expected deaths to 
actual deaths (multiplied by 100). For improved accuracy in 
estimating the number of expected deaths, the probability of 
death was calculated for each main diagnosis group with ho-
mogeneous characteristics. In other words, by fitting the logis-
tic regression model for each diagnosis group, the expected 
mortality probability for each patient is calculated, and the 
mortality probability for each hospital is summed to estimate 
the expected number of deaths. The 2017-2019 data were set 
as the baseline, and changes in 2020 were evaluated. The 95% 
confidence interval (CI) was calculated using Byer’s approxi-
mation methodology [23]. Based on an HSMR of 100, if the 
upper limit of the 95% CI is <100, it could be interpreted as 
good quality of care, whereas a lower limit ≥100 could be in-
terpreted as indicating poor quality of care.

Statistical Analysis
The outcome variable for this study was the HSMR, which 

represents the hospital inpatient mortality rate (the date of 
discharge was considered the date of death). The independent 
variables considered for inclusion in the models were chosen 
using factors available in the Korean National Health Insurance 
claims data. Patient characteristics, including age (categorized 
as 1-34, 35-49, 50-64, 65-79, and ≥80 years), sex, insurance 
type (e.g., national health insurance or Medical Aid), operative 
status (e.g., whether surgery was performed or not), admission 
type (e.g., emergency or elective), and the CCI (categorized as 
0, 1-2, and 3) were categorized appropriately and included in 
the regression. In particular, to identify comorbidities, a list of 
all hospitalized and outpatient morbidities was screened 1 year 
before admission. Binomial logistic regression models across 
the Clinical Classifications Software groups presented the ex-
pected probability of death for each patient. We analyzed the 
time trend of the overall HSMR by region and hospital type and 
divided the regions into 2 categories (the Daegu-Gyeongbuk 
area and other parts of the nation) to investigate the impact of 
the early stages of the COVID-19 pandemic, during which a lo-
calized epidemic occurred in the Daegu-Gyeongbuk area. For 
variable selection, the backward elimination procedure was 
applied. In addition, to analyze the difference in the HSMR de-
pending on whether an institution engaged in the COVID-19 
response, medical institutions with a treatment code related 

Figure 1. Flowchart of study participants. COVID-19, coro-
navirus disease 2019; AHRQ CCS, Agency for Healthcare Re-
search and Quality Clinical Classifications Software.

Episode criteria
   - Year of the first half
   - Excluded for day admission
   - Excluded for donor

Exclusion criteria
   -  Age (under the 1 y old and 

 over the 120 y old)
   - Transferred
   - Palliative care
   - COVID-19 confirmed case

32 AHRQ CCS for the top 80% 
of in-hospital deaths

Inpatient of hospitalized of 
all general hospitals 

for 2017-2020
(n=9 218 372)

n=7 951 703

Final subject 
(n=2 252 824)
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to COVID-19 were designated as COVID-19 response institu-
tions. Since there is a Korean Standard Classification of Diseas-
es code for confirmed cases of COVID-19 infection, instances 
where the main diagnosis was U07.1 (the treatment code re-
lated to COVID-19) were used for this classification. All data 
analyses were performed using SAS version 9.3 (SAS Institute 
Inc., Cary, NC, USA).

Ethics Statement 
This study was reviewed and approved by the Institutional 

Review Board of Health Insurance Review and Assessment 
Service (IRB No. 2021-012-001).

RESULTS

From 2017 to 2020, there were 563 206 admissions per year 
on average. There was a difference in the distribution of ad-
mission by age in all years, and there was a significant differ-
ence in survival or death by age (p<0.001). The proportion of 
males was higher than females in all years. Between 2017 and 
2020, about a quarter of cases underwent surgery. Elective 
hospitalization was more frequent than hospitalization via the 
emergency department in all years (p<0.001). Most patients 
had a total CCI score of 3 or over, followed by patients with a 
score of 1-2 and then those with a score of 0 (Table 1).

On a nationwide basis, the HSMR decreased in 2019 (HSMR, 
97.3; 95% CI, 95.8 to 98.8) compared to 2017 (HSMR, 102.6; 
95% CI, 101.0 to 104.3) and 2018 (HSMR, 100.4; 95% CI, 98.9 to 
101.9) but showed a slight increase in 2020 (HSMR, 99.3; 95% 
CI, 97.7 to 101.0). In the Daegu-Gyeongbuk area, where many 
COVID-19 patients were diagnosed in early 2020, the HSMR 

increased significantly in 2020 (HSMR, 112.7; 95% CI, 107.0 to 
118.7) compared to 2019 (HSMR, 101.7; 95% CI, 96.9 to 106.6). 
Nationwide, excluding the Daegu-Gyeongbuk area, the time 
trend in the HSMR from 2019 (HSMR, 96.8; 95% CI, 95.2 to 98.3) 
to 2020 (HSMR, 98.0; 95% CI, 96.3 to 99.7) showed relatively 
little change. In terms of hospital type, the HSMR in tertiary 
hospitals decreased in 2020 (HSMR, 87.1; 95% CI, 84.6 to 89.6) 
compared to 2019 (HSMR, 91.5; 95% CI, 89.1 to 94.0), but the 
HSMR in all general hospitals increased significantly in 2020 
(HSMR, 106.4; 95% CI, 104.3 to 108.5) compared to 2019 (HSMR, 
100.3; 95% CI, 98.4 to 102.2). Among general hospitals, the 
HSMR in those with fewer than 300 beds increased significant-
ly in 2020 (HSMR, 118.0; 95% CI, 113.9 to 122.3) compared to 
2019 (HSMR, 104.0; 95% CI, 100.7 to 107.5) (Table 2).

By hospital type and region, the HSMR of all hospitals in 
Daegu-Gyeongbuk area increased in 2020 (HSMR, 112.7; 95% 
CI, 107.0 to 118.7) compared to 2019 (HSMR, 101.7; 95% CI, 
96.9 to 106.6). The HSMR in tertiary hospitals tended to decrease 
slightly in 2020 (HSMR, 99.4; 95% CI, 90.0 to 109.5) compared 
to 2019 (HSMR, 102.3; 95% CI, 94.4 to 110.7), and the HSMR in 
all general hospitals increased more in 2020 (HSMR, 119.1; 95% 
CI, 111.9 to 126.5) than 2019 (HSMR, 101.3; 95% CI, 95.4 to 
107.5) in the Daegu-Gyeongbuk area. Among general hospi-
tals, there was a greater increase in those with more than 500 
beds (HSMR, 124.3; 95% CI, 114.3 to 135.0 in 2020 vs. HSMR, 
112.0; 95% CI, 102.9 to 121.7 in 2019) and those with fewer 
than 300 beds (HSMR, 117.2; 95% CI, 104.4 to 131.1 in 2020 vs. 
HSMR, 84.6; 95% CI, 76.1 to 93.7 in 2019). Nationwide except 
in the Daegu-Gyeongbuk area, the HSMR in tertiary hospitals 
decreased slightly between 2019 (HSMR, 90.2; 95% CI, 87.7 to 
92.8) and 2020 (HSMR, 86.1; 95% CI, 83.5 to 88.7), but the HSMR 

Table 2. Changes in the hospital standardized mortality ratio (HSMR) by region and hospital type

Variables
Year

2017 2018 2019 2020

Region

Total 102.6 (101.0, 104.3) 100.4 (98.9, 101.9) 97.3 (95.8, 98.8) 99.3 (97.7, 101.0)

Daegu-Gyeongbuk area 108.4 (103.2, 113.8) 106.9 (102.0, 112.0) 101.7 (96.9, 106.6) 112.7 (107.0, 118.7)

Nationwide except in the Daegu-Gyeongbuk area 102.0 (100.3, 103.7) 99.7 (98.1, 101.3) 96.8 (95.2, 98.3) 98.0 (96.3, 99.7)

Hospital type

Tertiary hospitals 92.3 (89.8, 94.9) 90.4 (88.0, 92.9) 91.5 (89.1, 94.0) 87.1 (84.6, 89.6)

All general hospitals 108.3 (106.3, 110.4) 105.6 (103.7, 107.5) 100.3 (98.4, 102.2) 106.4 (104.3, 108.5)

General hospitals with 500 beds or more 105.6 (102.6, 108.8) 103.9 (101.1, 106.8) 96.2 (93.5, 99.0) 98.8 (95.9, 101.8)

General hospitals with 300-500 beds 110.8 (106.6, 115.1) 108.7 (104.8, 112.7) 102.9 (99.1, 106.7) 107.8 (103.5, 112.2)

General hospitals with fewer than 300 beds 110.1 (106.5, 113.8) 105.5 (102.1, 109.0) 104.0 (100.7, 107.5) 118.0 (113.9, 122.3)

Values are presented as HSMR (95% confidence interval).
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in all general hospitals increased slightly in 2020 (HSMR, 105.1; 
95% CI, 102.9 to 107.3) compared to 2019 (HSMR, 100.2; 95% 
CI, 98.2 to 102.2). Among general hospitals, the HSMR increased 
in 2020 compared to 2019 in general hospitals with 300-500 
beds (HSMR, 107.9; 95% CI, 103.4 to 112.5 in 2020 vs. HSMR, 
102.2; 95% CI, 98.4 to 106.2 in 2019) and with fewer than 300 
beds (HSMR, 118.1; 95% CI, 113.8 to 122.7 in 2020 vs. HSMR, 
106.8; 95% CI, 103.2 to 110.5 in 2019) (Table 3). Table 4 describes 
the HSMR by hospital type and COVID-19 response participa-
tion in 2020. Hospitals participating in the COVID-19 response 
had a lower HSMR (HSMR, 95.6; 95% CI, 93.9 to 97.4) than hos-
pitals not participating in the COVID-19 response (HSMR, 124.3; 
95% CI, 119.3 to 129.4). This tendency was similar regardless 
of the size of the hospital. The same tendency occurred in the 
Daegu-Gyeongbuk area, except for general hospitals with 
300-500 beds (HSMR, 104.6; 95% CI, 99.8 to 109.5 vs. HSMR, 
125.8; 95% CI, 113.8 to 138.7).

DISCUSSION

This study showed the changes in the HSMR in Korean hos-
pitals before and during the COVID-19 pandemic and present-
ed 3 crucial findings. First, in contrast to non-pandemic areas, 
COVID-19 pandemic areas showed a significantly increased 
HSMR in 2020 compared to 2019. Second, the HSMR increased 
in general hospitals with a relatively small number of beds, 
unlike tertiary hospitals. Third, hospitals participating in the 
COVID-19 response tended to have a lower HSMR, regardless 
of the size of the hospital.

Hospitalizations with COVID-19-related diagnostic codes 
were excluded from this study because the COVID-19-related 
mortality rate also presented various trends over time in past 
studies [24]. Therefore, we considered the results with the ex-
clusion of COVID-19-related deaths. Considering that the HSMR 
is an indicator of inpatient care quality [17], the outbreak of 
COVID-19 could have affected the quality of medical care. Con-
trary to previous studies showing that the COVID-19 outbreak 
did not affect the quality of care for certain diseases [25,26], in 
the current study, the HSMR increased significantly in the Dae-
gu-Gyeongbuk area (the main COVID-19 outbreak area in Ko-
rea in early 2020). This result could be interpreted in 2 ways. 
First, considering an earlier report that the hospitalization rate 
for severe diseases decreased during the COVID-19 period [27], 
it is possible that actual hospitalization delays or changes in 
the quality of care have occurred. There is a possibility that the Ta
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death rate increased due to an increase in the severity of pa-
tients during the transportation process due to the unavail-
ability of medical services or a decrease in the number of hos-
pitals to which patients could be transported. In previous stud-
ies, treatment for patients undergoing primary percutaneous 
coronary intervention in the United States decreased by 38% 
following the COVID-19 outbreak compared to 2019 [4]. Dur-
ing the peak of the COVID-19 pandemic, hospitalizations for 
acute coronary syndrome declined in Italy and the United 
States [5]. The overall hospitalization rate, excluding hospital-
izations due to COVID-19, also decreased [6]. In outpatient 
clinics, a marked decrease in radiographic examinations oc-
curred in patients with cancer [7]. These studies pointed out 
that reduced treatment could lead to an increase in mortality, 
and it has also been reported that the rate of emergency room 
visits decreased during the COVID-19 period [28]. Second, there 
might have been an increase in reluctance to use medical in-
stitutions, even if patients had other diseases, due to fear of 
catching COVID-19 [8]. Avoidance of emergency departments 
and medical services because of concerns about becoming in-
fected by COVID-19 has resulted in reduced rates of stroke and 
myocardial infarction in the emergency department [8]. but 

an increase in out-of-hospital cardiac arrests [29].
Unlike tertiary hospitals, general hospitals with relatively few 

beds showed an increase in the HSMR during the COVID-19 
pandemic in this study. The requirement to change the care 
process in response to COVID-19 would impose a burden on 
the entire hospital [30]. The quality of care may differ according 
to the size of the hospital, even for the same disease [31,32]. 
During the COVID-19 outbreak, relatively small hospitals may 
have experienced qualitative deficiencies in care due to short-
ages of staff or resources. This effect may have led to an addi-
tional increase in the HSMR in relatively small hospitals during 
the COVID-19 outbreak. 

Although COVID-19 has impacted the operation of most 
hospitals, this study also showed significant differences in 
changes in HSMR according to hospital type or participation in 
the COVID-19 response. As of January 2020, the Korean gov-
ernment established designated hospitals by the Korea Cen-
ters for Disease Control and Prevention (now the Korea Dis-
ease Control and Prevention Agency) that provided inpatient 
treatment for COVID-19 patients who needed hospitalization, 
or COVID-19 protection hospitals that operated clinics for re-
spiratory patients needing medical care for other reasons 

Table 4. HSMR by hospital type and COVID-19 response participation in 2020

Variables

COVID-19 response participation in 2020

Total Daegu-Gyeongbuk area Nationwide except in the 
Daegu-Gyeongbuk area

Participated Non-participated Participated Non-participated Participated Non-participated

All hospitals

No. of hospitals 238 122 27 10 211 112

HSMR (95% CI) 95.6 (93.9, 97.4) 124.3 (119.3, 129.4) 108.0 (101.5, 114.8) 126.3 (114.5, 139.0) 94.6 (92.9, 96.4) 123.8 (118.3, 129.5)

Tertiary hospitals 

No. of hospitals   42 -   5 -   37 -

HSMR (95% CI) 87.1 (84.6, 9.6) 99.4 (90.0, 109.5) 86.1 (83.5, 88.7)

All general hospitals

No. of hospitals 196 122 22 10 174 112

HSMR (95% CI) 101.8 (94.5, 100.5) 124.3 (104.6, 128.1) 114.6 (105.8, 124.0) 126.3 (114.5, 139.0) 100.8 (105.8, 124.0) 123.8 (114.5, 139.0)

General hospitals with 500 beds or more

No. of hospitals   50     4   4   2   46     2

HSMR (95% CI) 97.5 (94.5, 100.5) 115.9 (104.6, 128.1) 118.9 (105.9, 133.1) 131.1 (115.8, 147.8) 96.0 (93.0, 99.2) 91.7 (75.8, 109.9)

General hospitals with 300-500 beds

No. of hospitals   57   15   5   1   52   14

HSMR (95% CI) 105.2 (100.6, 110.0) 120.6 (109.7, 132.3) 115.7 (95.9, 138.4) 89.4 (65.7, 118.9) 104.6 (99.8, 109.5) 125.8 (113.8, 138.7)

General hospitals with fewer than 300 beds

No. of hospitals   89 103 13   7   76   96

HSMR (95% CI) 110.0 (104.6, 115.6) 127.8 (121.4, 134.4) 108.1 (93.6, 124.2) 139.1 (113.9, 168.3) 110.2 (104.4, 116.3) 127.0 (120.4, 133.9)

HSMR, hospital standardized mortality ratio; COVID-19, coronavirus disease 2019; CI, confidence interval.
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[33,34]. For those hospitals participating in the COVID-19 re-
sponse, additional medical personnel were necessary to main-
tain an adaptive healthcare system; therefore, the medical 
workforce was coordinated in areas of need [33,34]. 

This study has several limitations. First, the HSMR methodol-
ogy does not yet have standardized inclusion and exclusion 
criteria. Therefore, depending on the methodology applied, 
different results from those found in this study may be obtained. 
Although demographic factors, socioeconomic factors, and 
the narrowest variables that could reflect the severity of the 
disease were input in this study, the results may have depend-
ed on factors that we did not consider. Second, although the 
HSMR is a useful tool to explain the overall quality of hospitals, 
many researchers doubt whether it reflects a correlation with 
actual quality. Comparisons with medical record reviews found 
no association between avoidable deaths and HSMR outcomes 
[35]. It is recommended to use the HSMR only for trend analy-
sis or monitoring; thus, caution is needed in the interpretation 
of these findings [21]. Third, our analysis was limited to Korea, 
where the population is ethnically homogeneous, and it is un-
certain whether our results could be generalized to other pop-
ulations. Nevertheless, this study reflects a comprehensive 
sample of all Korean hospitals during the COVID-19 pandemic. 
Finally, this study was conducted based on the database of the 
National Health Insurance Service. In using insurance claims-
based data, we were unable to investigate processes of care 
that might also be relevant for assessing disparities in out-
comes. Furthermore, errors may occur in the coding process for 
diseases. In the insurance claim process, a diagnosis code may 
be inserted for a drug prescription, or a claim for a diagnostic 
test or treatment may be included, and other coding changes 
may be made to prevent disqualification in the insurance re-
view process. For this reason, the disease code may be inaccu-
rate.

In summary, this study revealed the possibility that the CO-
VID-19 pandemic might have negatively impacted the quality 
of care in hospitals, particularly general hospitals with a rela-
tively small number of beds. In addition, the results confirmed 
a difference in the quality of care between hospitals that par-
ticipated in the COVID-19 response and hospitals that did not, 
regardless of hospital size. In light of the COVID-19 pandemic, 
to maintain the quality of inpatient care, it is necessary to pre-
vent excessive workloads in hospitals and to properly employ 
and coordinate the workforce.
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