1) pISSN 2210-9099 elSSN 2233-6052
https://doi.org/10.24171/j.phrp.2022.0312
Cheek ol Osong Public Health Res Perspect 2023;14(2):89-99

[o}

SONG PUBLIC HEALTH
AND RESEARCH PERSPECTIVES

Original Article

Risk factors for deaths associated with COVID-19
according to the cause of death classification in
Republic of Korea

Na-Young Kim, Seong-Sun Kim *’, Hyun Ju Lee ', Dong Hwi Kim *“, Boyeong Ryu ",
Eunjeong Shin ', Donghyok Kwon

Central Disease Control Headquarters, Korea Disease Control and Prevention Agency, Cheongju, Republic of Korea

Received: December 12, 2022
Revised: February 6,2023
Accepted: March 16, 2023

Corresponding author:
Donghyok Kwon

Central Disease Control
Headquarters, Korea Disease
Control and Prevention Agency,
187 Osongsaengmyeong 2-o,
Osong-eup, Heungdeok-gu,
Cheongju 28159, Republic of
Korea

E-mail: vethyok@korea.kr

ABSTRACT

Objectives: This study aimed to classify coronavirus disease 2019 (COVID-19)-related deaths
according to whether COVID-19 was listed as the cause of death, and to investigate the
differences in demographic characteristics and risk factors for COVID-19 death classifications.
Methods: A total of 5,625 deaths in South Korea among patients with confirmed COVID-19 from
January 20, 2020 to December 31, 2021 were selected. Excluding false reports and unnatural
deaths, 5,597 deaths were analyzed. Based on death report data, deaths were classified according
to whether the cause of death was listed as COVID-19 (CD) or not (NCD). The epidemiological
characteristics and causes of deaths were investigated using descriptive, univariate, and
multivariate statistical analyses. Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated to analyze the risk factors.

Results: The case fatality ratio was 0.89% and increased with age. Additionally, 96.4% of
the subjects had an underlying disease, and 53.4% died in winter. The proportion of NCDs
was 9.3%, of whom 19.1% died at home and 39.0% were confirmed to have COVID-19 after
death. Malignant neoplasms (102/416 vs. 637/4,442; OR, 1.71; 95% CI, 1.36-2.16; p< 0.001) were
significantly associated with NCD.

Conclusion: This is the first study to analyze risk factors by cause of death using COVID-19
death report data in South Korea. These results are expected to be used as evidence for
establishing a death monitoring system that can collect timely information in a new infectious
disease pandemic.
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Introduction

Since the first case of coronavirus disease 2019 (COVID-19) was confirmed in December
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2019, 627 million confirmed cases of COVID-19 have been
reported and 6.5 million deaths have occurred worldwide
as of October 30, 2022 [1]. In South Korea, 25,538,799 cases
have been confirmed and 29,158 deaths have been reported
[2].

Numerous studies have demonstrated that age and
underlying diseases are major risk factors for death from
COVID-19 [3-5]. In the United States (US), 80% of COVID-19
deaths at the beginning of the COVID-19 pandemic in 2020
occurred in people aged 65 years or older [5]. In Brazil,
75% of COVID-19 deaths in 2020 were among people aged
60 years or older [6]. In Italy, one of the countries with the
highest COVID-19-related mortality since the beginning of
the COVID-19 pandemic, more than 94% of COVID-19 deaths
from February to September 2020 occurred in elderly people
aged 60 years or older, and at least 70% had an underlying
disease [7]. In South Korea, more than 90% of COVID-19
deaths took place in elderly people in their 60s or older [2].

The higher proportions of confirmed cases and deaths
among elderly people with underlying diseases can lead to
another problem—namely, the capacity of national health
systems could be temporarily exceeded. In addition, because
it is difficult to accurately determine whether the direct
cause of death is COVID-19 infection or the aggravation of
underlying diseases due to COVID-19 [8-10], some countries
have suggested that caution should be taken when interpreting
COVID-19-related deaths [8,11].

Epidemiological studies regarding the exact number of
deaths are key measures that are widely used as surrogate
variables to accurately identify the most vulnerable groups
in a country and assess the severity of diseases [12]. In
particular, mortality data play an essential role in public
health decision-making or policy-making regarding the
magnitude and duration of necessary interventions [13,14]. As
proper reporting on deaths during the COVID-19 pandemic
is very useful for effectively planning public health control
measures [15,16], various countries have counted COVID-19
deaths for the purpose of infectious disease surveillance.

The World Health Organization (WHO) recommends
that a death in a probable or confirmed COVID-19 case
be reported as a death due to COVID-19, unless there is a
clear alternative cause of death that cannot be related to
COVID-19 (e.g., unnatural deaths) [17]. According to the US
Centers for Disease Control and Prevention, a death should
be reported as related to COVID-19 when a confirmed
COVID-19 infection results in death, or when a death in a
suspected or presumed COVID-19 case without laboratory
results is recorded as a death due to COVID-19 on the death
certificate by a medical professional [18]. In the UK, deaths
within 28 days of the confirmation of COVID-19 infection
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HIGHLIGHTS

- The number of deaths associated COVID-19 increased
with age in South Korea. Therefore, it is necessary to
prepare the public health response for elderly people
who are at a high risk of death.

* The group whose cause of death was not listed as
COVID-19 in the reports had more deaths at home
than in hospitals. And underlying diseases related to
malignant neoplasms were frequent.

«It is necessary for public health agencies to make
accurate and timely death statistics and analysis
through unified standards by quickly establishing a
death counting system or guideline in the early stage of
the pandemic.

are counted as COVID-19-related deaths, and cases where
the cause of death is clearly determined to be COVID-19 by a
medical professional are also recommended to be counted
as deaths due to COVID-19 [10]. The official global number
of COVID-19 deaths (i.e., daily mortality) is provided by the
WHO COVID-19 dashboard. However, it is not clear whether
cases of COVID-19 that are confirmed after death are
included in the count of COVID-19 deaths. In South Korea,
the COVID-19 death counting criteria are generally similar
to the WHO criteria, but COVID-19 cases confirmed through
postmortem testing and cases where COVID-19 testing was
performed before death but COVID-19 was confirmed after
death are also included in the number of deaths due to
COVID-19 [19].

Despite the establishment of these death counting
systems or criteria in each country, specific aspects of the
COVID-19 pandemic have acted as a significant obstacle
to accurately counting COVID-19 deaths [20]. Some deaths
associated with COVID-19 in the US have not been classified
as COVID-19 deaths [20]. In Brazil, it was difficult to accurately
determine the number of deaths associated with COVID-19
due to the limited availability of diagnostic tests in the early
stages of the pandemic [21,22]. In addition, issues related to
the classification of deaths have been raised, as India lacks
complete death certificates [23], and Indonesia is known to
have under-reported deaths due to incomplete certification
of deaths [24]. A study also identified many errors related to
causes of death on death certificates in Iran [25]. Therefore,
research emphasizing the importance of accurate death
reporting according to an analysis of the underlying or
direct cause of death is needed.

This study aimed to classify deaths in individuals with
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COVID-19 according to whether COVID-19 was listed as the
cause of death, using COVID-19-related death reporting
data and epidemiological information in South Korea, and
to analyze differences in the demographic characteristics of
COVID-19 deaths and risk factors for whether a death was
classified as being caused by COVID-19.

Materials and Methods

Subjects and Case Definition

Among patients with confirmed COVID-19 between January
20, 2020 and December 31, 2021, a total of 5,625 deaths that
were registered in the Korea Disease Control and Prevention
Agency (KDCA) COVID-19 information management system
were selected as the subjects of this study. In South Korea,
the data of COVID-19 cases and deaths reported by healthcare
institutions or local public health centers are registered
in the KDCA COVID-19 information management system
according to Article 11 of the Infectious Disease Control and
Prevention Act.

A patient with confirmed COVID-19 was defined as a person
in whom, during the investigation period, severe acute
respiratory syndrome coronavirus 2 viral genes in a specimen
collected from the upper respiratory tract were detected
using reverse-transcription polymerase chain reaction in
accordance with the laboratory diagnostic criteria, regardless
of clinical symptoms [19]. “Deceased” referred to people who
had no alternative cause of death related to COVID-19, such
as unnatural deaths, (1) people who were confirmed to be
infected with COVID-19 and died during the isolation period,
(2) people who were confirmed to be infected with COVID-19
after death, or (3) people who died after release from COVID-
19-related isolation for whom a medical opinion was available
regarding whether the death was related to COVID-19, and
then confirmed the fact of death with the respective local
government. Critically ill patients referred to those who were
treated in isolation with respiratory support, such as non-
invasive ventilation, high-flow oxygen therapy, invasive
ventilation, extracorporeal membrane oxygenation, or
continuous renal replacement therapy.

The variables used in this study included epidemiological
information (sex, age group, region, the presence or absence
and type of underlying diseases, vaccination history, respiratory
support history, place of death, date of COVID-19 confirmation,
and date of death), and items regarding the cause of death
(a) the direct cause of death, (b) causes of (a), (c) causes of
(b), (d) causes of (c), and other physical conditions except for
causes of death (a)-(d).

The reported deaths were classified as those listed as
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being caused by COVID-19 (CD) and those not listed as being
caused by COVID-19 in the death reports (NCD). A single
author carried out the classification of deaths as CD or NCD.

Age was categorized as under or older than 60 years, and
regions were divided into metropolitan cities and provinces.
Metropolitan cities included Seoul, Busan, Daegu, Incheon,
Gwangju, Daejeon, Ulsan, Sejong, and Jeju, and the provinces
included Gyeonggi-do, Gangwon-do, Chungcheongbuk-
do, Chungcheongnam-do, Jeollabuk-do, Jeollanam-do,
Gyeongsangbuk-do, and Gyeongsangnam-do.

All analyses were performed based on the regions where
COVID-19 tests were performed and cases were confirmed.
Cases where a death report was requested to be withdrawn
due to a false report by the local authority responsible
for reporting deaths and cases that were confirmed as
unnatural deaths were excluded from the analysis.

Classification of the Cause of Death

From the 5,625 reported deaths, 5,597 were finally selected
for analysis, excluding 12 false reports and 16 confirmed
unnatural deaths.

Deaths were categorized into 2 groups based on the
information in the death reporting data according to the
algorithm presented in Figure 1: CD (if the cause of death
was listed as COVID-19 in the respective death report) or
NCD (if the cause of death was not listed as COVID-19). The
NCD group included cases with unknown and missing
causes of death in the COVID-19 death reporting data.

Statistical Analysis

A descriptive statistical analysis was performed to
investigate the epidemiological characteristics and causes
of death of the deceased people, and the distribution of deaths
according to sex, age group, area, and underlying diseases
was analyzed. Univariate analysis of the relationships
between each epidemiological variable and the CD and
NCD groups was conducted. Multivariate logistic regression
analysis was carried out using statistically significant
variables from the univariate analysis. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated to analyze
risk factors for the classification of the causes of death
(significance level: p<0.05). All analyses were performed
using Microsoft Excel 2018 and IBM SPSS ver. 23.0 for
Windows (IBM Corp.).

Ethics Statement
This study was approved by the Institutional Review Board
of KDCA (IRB No: 2022-11-05-PE-A).
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5,625 Total

12 False report

16 Unnatural deaths

5,597 Subjects

(a) Direct cause of death 2,932 Listed COVID-19 (CD) 2,665 NOT(IILSé;(; covID-19
| ——
(b) Causes of (a) 4,393 1,461 CD 1,204 NCD
| ——
(c) Causes of (b) 4,981 588 CD 616 NCD
| ——
(d) Causes of (c) 5,079 CD 98 CD 518 NCD?

Figure 1. A classification algorithm of the subjects.
CD, cause of death listed as COVID-19 on death report; NCD, cause of death not listed as COVID-19 on death report.

dIncluded cases with unknown (n=122) and missing (n=8) causes of death.

Results

Epidemiological Characteristics

The total number of confirmed cases during the investigation
period was 635,253, from which 5,625 deaths were reported.
The case fatality ratio (CFR) was 0.89%. Individuals in their
60s or older accounted for 5,202 of the 5,597 deaths (92.9%)
investigated, and the proportion of those in their 80s was the
highest (n=2,019, 36.1%). The CFR increased with age, and
the mortality rates of those in their 60s, 70s, 80s, and 90s
or older were 0.94%, 3.93%, 11.95%, and 21.81%, respectively
(Table 1, Figure 2).

In addition, 96.4% of deaths (n=5,395) occurred in people
with an underlying disease, the most common of which
was cardiovascular disease (n=3,739, 69.3%). Furthermore,
95.6% of deaths (n=5,351) took place in medical institutions.
There were 367 cases (6.6%) in which COVID-19 was
confirmed after death, 2,971 patients received critical care
before death (53.1%) (Table 1), and 53.4% (n=2,987) died in
the winter, between December and February (Figure 3).

Characteristics of COVID-19 Deaths According to the
Classification

The number of those whose cause of death was listed as
COVID-19 (i.e., the CD group) was 5,079 (90.7%), whereas
the number of those whose cause of death was not listed
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as COVID-19 (i.e., the NCD group) was 518 (9.3%). In the NCD
group, 122 people (2.2%) had an unknown cause of death and
the cause of death was left blank, with no details related to
the cause of death, for 8 people (0.1%) (Table 1, Figure 1).

The number of men was higher than women in both groups
(51.3% vs. 54.1%), and there was no significant difference
in age between the groups (median, 80 vs. 80 years; mean,
77.9 vs. 76.9 years; interquartile range [IQR], 71-86 years
vs. 69 -86 years), and the number of those in their 80s was
the highest. By region, the number of deaths was highest in
Seoul and Gyeonggi-do (32.2% vs. 31.7% and 33.5% vs. 24.1%
in the CD and NCD groups, respectively). At least 1 underlying
disease was recorded in 5,395 deaths, and the proportion of
those with 4 or more underlying diseases was 19.2% in the
CD group and 16.6% in the NCD group. The most common
underlying disease was cardiovascular disease, as 67.7% of
people in the CD group and 58.5% of those in the NCD group
had this condition. The proportion of those who had received
no vaccination or only 1 dose of vaccination was 74.6% in the
CD group and 74.5% in the NCD group, with no significant
difference between the groups. The most common place of
death was medical institutions (97.3% in the CD group and
78.6% in the NCD group).

Of the deceased, 53.1% received critical care (56.3% in
the CD group and 21.6% in the NCD group). Meanwhile, 367
individuals (6.6%) were confirmed to have COVID-19 after

https://doi.org/10.24171/j.phrp.2022.0312
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Table 1. Characteristics of the subjects according to the classification of the cause of death

Variable Total CD NCD
(n=5,597) (n=5,079) (N=518)
Sex
Male 2,883 2,603 (51.3) 280 (54.1)
Female 2,714 2,476 (48.7) 238 (45.9)
Age group (y)
0-19 3 3(0.1) 0(0)
20-59 392 346 (6.8) 46 (8.9)
60-69 854 762 (15.0) 92 (17.8)
70-79 1,516 1,401 (27.6) 115 (22.2)
80-89 2,019 1,825 (35.9) 194 (37.5)
290 813 742 (14.6) 71 (13.7)
Region
Seoul 1,801 1,637 (32.2) 164 (31.7)
Busan 277 239 (4.7) 38 (7.3)
Daegu 366 339 (6.7) 27 (5.2)
Incheon 263 228 (4.5) 35 (6.8)
Gwangju 45 44 (0.9) 1(0.2)
Daejeon 168 132 (2.6) 36 (6.9)
Ulsan 62 55(1.1) 7(1.4)
Sejong 4 4(0.1) 0(0)
Gyeonggi-do 1,828 1,703 (33.5) 125 (24.1)
Gangwon-do 102 92 (1.8) 10(1.9)
Chungcheongbuk-do 109 92 (1.8) 17 (3.3)
Chungcheongnam-do 146 134 (2.6) 12(2.3)
Jeollabuk-do 105 94 (1.9) 11(2.1)
Jeollanam-do 38 36 (0.7) 2(0.4)
Gyeongsangbuk-do 163 149 (2.9) 14(2.7)
Gyeongsangnam-do 91 81 (1.6) 10(1.9)
Jeju 13 7 (0.1) 6(1.2)
Unspecified 16 13 (0.3) 3(0.6)
No. of underlying diseases
No 202 178 (3.5) 24 (4.6)
Yes 5,395 4,901 (96.5) 494 (95.4)
1 1,436 1,280 (25.2) 156 (30.1)
2 1,643 1,489 (29.3) 154 (29.7)
3 1,255 1,157 (22.8) 98 (18.9)
24 1,061 975 (19.2) 86 (16.6)
Underlying disease
Cardiovascular 3,739 3,436 (67.7) 303 (58.5)
Endocrine 2,284 2,100 (41.3) 184 (35.5)
Respiratory 478 432 (8.5) 46 (8.9)
Gastrointestinal 195 178 (3.5) 17 (3.3)
Urinary 811 740 (14.6) 71 (13.7)
Psychologic 317 286 (5.6) 31 (6.0)
Malignant neoplasms (cancer) 739 637 (12.5) 102 (19.7)
Hematological 121 109 (2.1) 12(2.3)
Neurological 1,958 1,796 (35.4) 162 (31.3)
Musculoskeletal 391 355(7.0) 36 (6.9)
Others 166 158 (3.1) 8 (1.5)
Vaccination status (dose)
Unvaccinated 3,907 3,540 (69.7) 367 (70.8)
1 267 248 (4.9) 19 (3.7)
2 1,297 1,175 (23.1) 122 (23.6)
3 126 116 (2.3) 10 (1.9)
Place of death
Hospital 5,351 4,944 (97.3) 407 (78.6)
Home 221 122 (2.4) 99 (19.1)
Others 25 13(0.3) 12 (2.3)
Respiratory support 2,971 2,859 (56.3) 112 (21.6)
Infection confirmed after death 367 165 (3.2) 202 (39.0)
Interval between infection confirmation and death (d) 16.2 16.5 11.9

CD, cause of death listed as COVID-19 on death report; NCD, cause of death not listed as COVID-19 on death report.
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Confirmed (n)
1,133,748
94,950
92,347
92,810

Risk factors of COVID-19 deaths in Korea

Age (y) Death (n) CFR (%)
0-19 3 0.00
20-29 10 0.01
30-30] 33 0.04
40-49 l 74 0.08

38,608 70-79 1,516 3.93
T T T T T T T T T T T T
120,000 100,000 80,000 60,000 40,000 20,000 0 0 500 1,000 1,500 2,000
Figure 2. Number of confirmed patients, deaths, and case fatality ratio (CFR) by age group.
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Figure 3. Case fatality ratio (CFR) by age and month of the year.

death. Of those cases, 165 (3.2%) were in the CD group and 202
(39.0%) were in the NCD group, indicating that a postmortem
diagnosis of death was more common in the NCD group than
in the CD group.

The average time interval from the date of COVID-19
confirmation to the date of death in 5,230 deaths, excluding
the 367 deaths where COVID-19 infection was confirmed
after death, was 16.2 days, with 16.5 days in the CD group and
11.9 days in the NCD group (median, 13 days vs. 8 days; IQR,

94

7-21vs. 2 -16 days).

Comparison of Epidemiological Variables for COVID-
19-Related Deaths

Univariate and multivariate analyses were conducted to
evaluate the relationships between epidemiological variables
and COVID-19-related deaths. Statistically significant
relationships were found for region, place of death, respiratory
support, and COVID-19 confirmation after death. In terms of

https://doi.org/10.24171/j.phrp.2022.0312
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region, Busan (OR, 1.59; 95% CI, 1.09-2.32; p=0.021), Incheon
(OR, 1.53; 95% CI, 1.04-2.26; p=0.041), Daejeon (OR, 2.72; 95%
CI, 1.82-4.07, p<0.001), Chungcheongbuk-do (OR, 1.84; 95%
CI, 1.07-317; p=0.038), and Jeju (OR, 8.56; 95% CI, 2.84-25.76;
p<0.001) showed significant relationships with the NCD
group. Gyeonggi-do (OR, 0.73; 95% CI, 0.57-0.93; p=0.014)
was significantly associated with the CD group. NCD cases
were more likely to die at home (OR, 9.85; 95% CI, 742-13.09;
p<0.001) but less likely to receive respiratory support (OR,

phrp

0.21; 95% CI, 0.17-0.27;, p<0.001) than CD cases. COVID-19
confirmation after death was also more common in the NCD
group (OR, 19.0; 95% CI, 15.05-24.08; p< 0.001) (Table 2).
Multivariate analysis was performed using the variables
that were statistically significant in the univariate analysis.
The NCD group showed a significantly higher risk of death
at home (OR, 2.11; 95% CI, 1.49-3.00; p<0.001) and COVID-19
confirmation after death (OR, 945; 95% CI, 7.20-12.40; p< 0.001)
than the CD group. Residence in the provinces (OR, 0.80; 95%

Table 2. Univariate analysis of epidemiological variables related to COVID-19 deaths according to the classification of the

causes of death

Univariate odds ratio

ek (95% confidence interval) el
Sex

Male Reference

Female 0.89 (0.75-1.07) 0.224
Age group (y)

<60 Reference

=260 0.76 (0.55-1.04) 0.090
Region

Seoul Reference

Busan 1.59 (1.09-2.32) 0.021

Daegu 0.80 (0.52-1.21) 0.336

Incheon 1.53(1.04-2.26) 0.041

Gwangju 0.23 (0.03-1.66) 0.182

Daejeon 2.72 (1.82-4.07) <0.001

Ulsan 1.27 (0.57-2.84) 0.717

Sejong -

Gyeonggi-do 0.73 (0.57-0.93) 0.014

Gangwon-do 1.08 (0.55-2.12) 0.951

Chungcheongbuk-do 1.84(1.07-3.17) 0.038

Chungcheongnam-do 0.89 (0.48-1.65) 0.834

Jeollabuk-do 1.17 (0.61-2.23) 0.765

Jeollanam-do 0.55(0.13-2.32) 0.595

Gyeongsangbuk-do 0.94 (0.53-1.66) 0.938

Gyeongsangnam-do 1.23(0.63-2.42) 0.674

Jeju 8.56 (2.84-25.76) <0.001

Unspecified 2.30(0.65-8.17) 0.371
Underlying disease

No Reference

Yes 0.75(0.48-1.16) 0.191
Vaccination status

Unvaccinated Reference

Vaccinated (1-3 doses) 0.95(0.76-1.15) 0.622
Place of death

Hospital Reference

Home 9.85 (7.42-13.09) <0.001

Others 11.21 (5.08-24.73) <0.001
Respiratory support

No Reference

Yes 0.21 (0.17-0.27) <0.001
Infection confirmed after death

No Reference

Yes 19.0 (15.05-24.08) <0.001

https://doi.org/10.24171/j.phrp.2022.0312
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CI, 0.65-0.98; p=0.029) and the use of respiratory support
(OR, 040; 95% CI, 0.32-0.51; p<0.001) were significantly less
common in NCD cases than in CD cases (Table 3).

Comparison of Underlying Diseases as Risk Factors
for the Classification of COVID-19 Deaths

In a further analysis, cardiovascular disease (303/215 vs.
3436/1,643; OR, 0.67; 95% CI, 0.56-0.81; p<0.001) and endocrine
disease (184/334 vs. 2,100/2,979; OR, 0.78; 95% CI, 0.65-0.94;
p=0012) were more common in the CD group than in the NCD
group, while malignant neoplasms (102/416 vs. 637/4,442;
OR, 1.71; 95% CI, 1.36-2.16; p<0.001) showed a significant
association with the NCD group (Table 4).

Discussion

Since the WHO declared the COVID-19 outbreak as a public

Table 3. Multivariate analysis of epidemiological variables
related to COVID-19 deaths according to the classification
of the causes of death

Multivariate odds ratio

Vel (95% confidence interval) Rl
Region

Metropolitan city Reference

Province 0.80 (0.65-0.98) 0.029

Unspecified 3.82(0.90-16.14) 0.068
Place of death

Hospital Reference

Home 2.11 (1.49-3.00) <0.001

Others 2.54 (0.99-6.49) 0.052
Respiratory support

No Reference

Yes 0.40 (0.32-0.51) <0.001
Confirmed after death

No Reference

Yes 9.45 (7.20-12.40) <0.001

Risk factors of COVID-19 deaths in Korea

health emergency of international concern in January 2020
[26] and a pandemic in March 2020, COVID-19 has spread
around the world. COVID-19 is a life-threatening infectious
disease that has had major effects on people’s lives [27].
In 2020, when the COVID-19 outbreak began, COVID-19
was the top cause of death in Brazil [6], and it was the third
leading cause of death in the US [28]. Although COVID-19
did not rank high as a cause of death in South Korea, it was
announced that the number of deaths due to COVID-19
increased by 429.5% from 2020 to 2021 [29].

Studies regarding deaths due to COVID-19 have focused
mainly on hospitalized patients, and several risk factors
for death due to COVID-19 have been identified [6,30-32].
However, the presence of at least 1 risk factor did not
meaningfully distinguish between the CD and NCD groups.
The major risk factors for COVID-19-related death are
age and underlying diseases, which is why the CD group
predominantly contained elderly patients with underlying
diseases. In Germany, more than 40% of those who died from
COVID-19 had at least 1 underlying disease, and there was no
significant difference in risk factors between the CD and
NCD groups [8].

In South Korea, 96.4% of COVID-19 deaths occurred in
those who had an underlying disease. However, no previous
studies have investigated the causes of death in deceased
COVID-19 patients in South Korea. To address that knowledge
gap, this study analyzed the epidemiological characteristics
of COVID-19-related deaths and explored underlying diseases
as risk factors by classifying all COVID-19-related deaths
between 2020 and 2021 according to whether or not the cause
of death was listed as COVID-19. The CFR in COVID-19 cases
increased with age in Europe and the US [5,7,8]. Similarly, the
number of deaths among elderly people with COVID-19 was
high in South Korea, and the CFR also increased with age.

Table 4. Underlying diseases as risk factors for the classification of the cause of deat

Underlying disease 0Odds (yes/no) of NCD vs. CD (95% cog?izser:?:t:i)nterval) p-value
Cardiovascular 303/215 vs. 3,436/1,643 0.67 (0.56-0.81) <0.001
Endocrine 184/334 vs. 2,100/2,979 0.78 (0.65-0.94) 0.012
Respiratory 46/472 vs. 432/4,647 1.05 (0.76-1.44) 0.835
Gastrointestinal 17/501 vs. 178/4,901 0.93 (0.56-1.55) 0.891
Urinary 71/447 vs. 740/4,339 0.93(0.72-1.21) 0.641
Psychologic 31/487 vs. 286/4,793 1.07 (0.73-1.56) 0.817
Malignant neoplasms (cancer) 102/416 vs. 637/4,442 1.71 (1.36-2.16) <0.001
Hematological 12/506 vs. 109/4,970 1.08 (0.59-1.98) 0.924
Neurological 162/356 vs. 1,796/3,283 0.83(0.68-1.01) 0.070
Musculoskeletal 36/482 vs. 355/4,724 0.99 (0.70-1.42) 0.955
Others 8/510 vs. 158/4,921 0.49 (0.24-1.00) 0.062

NCD, cause of death not listed as COVID-19 on death report; CD, cause of death listed as COVID-19 on death report.
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Therefore, it is necessary to continue to implement COVID-19
prevention and control measures for elderly people who are
more vulnerable to disease transmission and are at a high
risk of death. In particular, it is necessary to prepare the
public health response for the winter, when many deaths
occur. According to previous studies, symptoms such as
dyspnea, pneumonia, and cough at COVID-19 diagnosis were
significantly associated with COVID-19 being reported as
the cause of death, indicating that these symptoms served
as predictors of disease severity and death [8]. Although
information on the definite diagnosis of the deceased and
the symptoms at the time of death could not be identified,
pneumonia was listed as the case of death for 52.5% of the
deceased. However, we could not confirm whether their
symptoms were directly caused by COVID-19 infection or
due to aggravation of other underlying diseases.

Through this study, we found that the NCD group had a
higher likelihood of dying at home and having COVID-19
infection confirmed after death than the CD group. The
information on the patients who died before COVID-19
results were available may not have been timely enough
to determine the correct cause of death. Furthermore,
malignant neoplasms as underlying diseases were more
frequent in NCD cases than in CD cases, indicating that
some of the NCD cases were likely due to the exacerbation
of malignant neoplasms rather than COVID-19. In addition,
we found that the CD cases were more likely to have received
critical care and had a longer interval from the day of
diagnosis to death. We suggest that underlying diseases such
as neoplasms could aggravate COVID-19-related deaths,
which was probably an important factor in NCD cases.
COVID-19 testing may have been delayed in NCD patients
because it was difficult to clinically distinguish between
symptoms caused by aggravation of the underlying diseases
and COVID-19. Furthermore, the NCD group was less likely
than the CD group to show severe respiratory symptoms and
might not have required treatment in a hospital, which could
explain why they were more likely to die at home. However,
it is likely that the results of this study were affected by
limitations in reported death information; therefore, further
research is needed to elucidate more information on this
topic for COVID-19 decedents. Nevertheless, we suggest
high risk groups with underlying diseases, such as cancer
patients, should be promptly tested for COVID-19. Once
COVID-19 is diagnosed, treatment should be administered
at an early stage to reduce mortality.

In this study, 8 cases had no description for any of the death
report items. Furthermore, COVID-19 was not included in the
death report for about 9.3% of deaths, and for 25.1% of them,

https://doi.org/10.24171/j.phrp.2022.0312
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the cause of death was not known at all. The rapid increase
in the number of deaths in the special circumstances of the
COVID-19 pandemic made it difficult to determine the cause
of death at the right time when writing a death certificate.
The information contained in the death report data varied in
quality and did not support a definitive attribution of cause
of death in all cases. Therefore, further analysis is needed
to determine the quality of death certificates or death
registration data.

In many countries, death certificates are the main source
of official death statistics [33]. Accurate death diagnosis and
reporting are critical to maintaining accurate and reliable
mortality data. Because the quality of death certificate
data eventually determines the accuracy of public health
mortality data [20], efforts to improve the quality of data
regarding suspected causes of death (i.e., efforts to provide
complete and logical causal relationships) should be made.
In particular, it is necessary to thoroughly educate people
(e.g., physicians) on the criteria or guidelines stating that
people infected with COVID-19 can die from other underlying
diseases or accidents, and such cases are not deaths
due to COVID-19. Thus, they are not subject to reporting
requirements for deaths related to COVID-19.

In general, it is difficult to obtain characteristics of
infected patients and clinical observations of patients at
the population level in the early stages of a pandemic [34].
Thus, determining the exact cause of death is essential
for planning prevention and control measures, especially
during a pandemic that requires rapid public action [24].
In addition, high-quality death certificates containing
correct information enable national health authorities
to collect timely and accurate information to assist in the
assessment and management of infectious diseases [20].
Therefore, it is necessary for public health agencies to make
additional efforts to mitigate the spread of disease by quickly
establishing a death counting system and guideline in the
early stage of a pandemic or outbreak, and unified standards
should be implemented to ensure the accuracy of death
statistics and support analyses of those records.

This study has several limitations. First, because our
analysis was based on death report data, it might contain
less information than was contained in the corresponding
death certificates. Some of the data were incomplete because
the information from death reports varied qualitatively
and missing data sometimes existed. Second, underlying
diseases and causes of death were not analyzed using Korean
Classification of Diseases codes. We analyzed epidemic
data and information on deaths from death reports in the
KDCA COVID-19 information management system. Third,
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we did not adjust for potential confounding factors, such as
COVID-19 variants and vaccine effectiveness. Furthermore,
our study cannot provide a definitive explanation of how
deaths can be attributed to COVID-19 after infection.

This is the first study to analyze risk factors for the
reported cause of death using COVID-19 death report data
in South Korea. The results of this study reconfirm that
domestic COVID-19 response strategies and COVID-19
patient management methods, such as COVID-19 diagnostic
tests and bed allocations, monitoring of patients’ clinical
status, and the provision of COVID-19 treatment, have been
formulated based on scientific evidence. As the COVID-19
pandemic has continued for 3 years, COVID-19 variants
continue to emerge. Hence, it is necessary to monitor COVID-19
deaths during COVID-19 variant outbreaks. Monitoring
COVID-19 deaths can be used as a basis for strengthening
COVID-19 prevention and control policies, which can
minimize the damage caused by the disease, such as
progression to severe illness or death. This study is also
expected to be used as evidence for establishing a death
counting system or criteria that can collect timely and
accurate information in the event of a new infectious disease
pandemic or outbreak.
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