J Korean Med Sci. 2020 Jun 1;35(21):e199

https://doi.org/10.3346/jkms.2020.35.€199

eISSN 1598-6357-pISSN 1011-8934

JKMS

Original Article

Infectious Diseases,
Microbiology & Parasitology

‘ ") Check for updates ‘

The Burden of Disease due to COVID-19
in Korea Using Disability-Adjusted Life
Years

Min-Woo Jo ®," Dun-Sol Go (,** Rhieun Kim @,' Seung Won Lee ®,' Minsu Ock ©®,*
Young-Eun Kim ,* In-Hwan Oh (,* Seok-Jun Yoon (»,%> and Hyesook Park (®°

'Department of Preventive Medicine, University of Ulsan College of Medicine, Seoul, Korea
’Department of Preventive Medicine, Korea University College of Medicine, Seoul, Korea

3Department of Preventive Medicine, Ulsan University Hospital, University of Ulsan College of Medicine,
Ulsan, Korea

“Department of Preventive Medicine, School of Medicine, Kyung Hee University, Seoul, Korea
*Department of Preventive Medicine, Ewha Womans University School of Medicine, Seoul, Korea

Received: Apr 24, 2020
Accepted: May 25, 2020

Address for Correspondence:

Seok-Jun Yoon, MD, PhD

Department of Preventive Medicine, Korea
University College of Medicine, 73 Goryeodae-
ro, Seongbuk-gu, Seoul 02841, Korea.

E-mail: yoonsjo2@korea.ac.kr

Hyesook Park, MD, PhD

Department of Preventive Medicine, Ewha
Womans University, School of Medicine,
95 Magokdong-ro 2-gil, Gangseo-gu, Seoul
07804, Korea.

E-mail: hpark@ewha.ac.kr

*Min-Woo Jo and Dun-Sol Go contributed
equally to this work.

fPresent address: Department of Health Care
Policy Research, Korea Institute for Health and
Social Affairs, Sejong, Korea.

*Present address: Big Data Department,
National Health Insurance Service, Wonju,
Korea.

© 2020 The Korean Academy of Medical
Sciences.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

https://jkms.org

ABSTRACT

Background: The world is currently experiencing a pandemic of coronavirus disease 2019
(COVID-19). In Korea, as in other countries, the number of confirmed cases and deaths due
to COVID-19 have been rising. This study aimed to calculate the burden of disease due to
COVID-19 in Korea.

Methods: We used data on confirmed cases and deaths due to COVID-19 between January 20
and April 24, 2020 provided by the Korea Centers for Disease Control and Prevention, the
local governments and the public media to determine disability-adjusted life years (DALYs) by
sex and age. Morbidity was estimated directly among the confirmed, cured, and fatal cases.
Disability weights were adopted from previous similar causes on the severity of COVID-19 for
the years of life lived with disability (YLDs). The years of life lost (YLLs) were calculated using
the standard life expectancy from the 2018 life tables for each sex and age.

Results: The YLDs were higher in females (155.2) than in males (105.1), but the YLLs were
higher in males (1,274.3) than in females (996.4). The total disease burden attributable to
COVID-19 in Korea during the study period, was estimated to be 2,531.0 DALYs, and 4.930
DALYs per 100,000 population. The YLDs and the YLLs constituted 10.3% and 89.7% of the
total DALYs, respectively. The DALYs per 100,000 population were highest in people aged >
80 years, followed by those aged 70-79, 60-69, and 50-59 years, but the incidence was the
highest in individuals aged 20-29 years.

Conclusion: This study provided the estimates of DALYs due to COVID-19 in Korea. Most of the
disease burden from COVID-19 was derived from YLL; this indicates that decision-makers should
focus and make an effort on reducing fatality for preparing the second wave of COVID-19.

Keywords: COVID-19; SARS-CoV-2; Burden of Disease; Disability-adjusted Life Years;
Years of Life Lost; Years Lived with Disability

INTRODUCTION

The World Health Organization declared a pandemic of coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), on March 11, 2020.
Between December 2019, when the virus was identified, and end-April 2020, there were more
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than 2.6 million cases of COVID-19 globally. While it was initially reported that about 80% of
confirmed COVID-19 cases are mild with an estimated case fatality of 2.3%,! the exceptional
infection rates of COVID-19 have created multiple cases everywhere at the same time, resulting
in increased burden of disease and increased case fatality which has now risen above 7.1%.2

After the first case in Korea was reported from a passenger who had entered via Incheon
International Airport outside Seoul on a plane from Wuhan in China, Korea had 10,708
reported COVID-19 cases and 240 reported COVID-19 deaths on April 24, 2020.2:3 Although
there are still new imported cases and cases due to community-spread, the number of new
cases has slowed; therefore, Korea might be at an end phase of the first wave of the COVID-19
epidemic. However, the whole society is still maintaining the highest level of alert and
practicing measures such as social distancing, extensive testing and tracing, and wearing
facemasks in public because it is possible that a second wave of COVID-19 will occur.

Despite being a respiratory illness caused by a virus, COVID-19 shows different characteristics
to those of other respiratory viruses such as severe acute respiratory syndrome (SARS) and
influenza. Knowledge of the natural history of coronavirus is limited, but the burden of
disease to our society appears to be substantial. Therefore, this study aimed to calculate the
burden of disease due to COVID-19 between January 20 and April 24 in Korea.

METHODS

The disability-adjusted life years (DALYs) in Korea due to COVID-19 were measured using an
incidence-based approach.4-6 The DALYs were calculated by the sum of the years of life lived
with disability (YLDs) and the years of life lost (YLLs).

For the calculation of the YLDs, we used the numbers of confirmed cases by sex and age
group, the duration of disease, and disability weights (DWs). The numbers of confirmed
cases of COVID-19 by sex or age group were obtained from Korea Centers for Disease Control
and Prevention (KCDC).3 The data covered all cases confirmed in Korea, including foreign
nationals. To estimate the duration of disease directly, we used the person-days of the
confirmed case and days of symptoms before the confirmation of case. The person-days were
directly calculated from the numbers of confirmed, cured, and dead cases.

In order to determine the DW of COVID-19, we considered the severity of the disease and its
mental health effects even though the classical incidence-based approach does not consider
the severity of disease. As the severity of COVID-19 varies from asymptomatic SARS-CoV-2
infection to a severe, and sometimes fatal, disease, we categorized the severity of COVID-19
into 4 categories (asymptomatic, mild, moderate and severe).27 In addition, COVID-19-
associated anxiety due to the lack of a known effective treatment or cure was also considered.
However, as there were no published DW for COVID-19 according to its severity, we adopted
DWs of similar conditions. A multiplicative approach was used to combine two DWs.8

Table 1 shows the parameters used for calculation of YLDs and range of sensitivity analyses.
We considered the number of confirmed cases and deaths, range of severity distribution,
disability weight, and morbid duration as variables with uncertainties.

To calculate YLLs, we used the number of deaths and the standard life expectancy for each
sex and age. In order to obtain information of death case such as sex and age, we reviewed
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Table 1. Parameters used to calculate the years lived with disability

Parameters Baseline Sensitivity analysis Reference
Lower limit Upper limit
No. of cases 10%/20%/30% Estimation
Mild 7,603 increase
All 10,708
No. of deaths
All 240 = 10%/20%/30% Estimation
increase
Severity distribution 7
Proportion of mild
Asymptomatic 10.0% 0.0% -
Mild 71.0% - 81.0%
Proportion of severe
Moderate 14.0% 10.0% 18.0%
Severe 5.0% 1.0% 9.0%
Disability weight 8
Upper respiratory infection 0.088 0.045 0.154
Hemophilus influenzae type B pneumonia 0.309 0.215 0.418
Maternal sepsis 0.825 0.755 0.881
Dysthymia 0.194 0.122 0.286
Duration of disease, day 28.4 21.4 35.4 Estimation
Burden of isolation for 2 wk after the discharge, per person - - 0.007 7.8

https://jkms.org

the press releases from the KCDC. We also checked the official homepage of the local
government where the death occurred and the public media to identify the exact sex and age,
because the KCDC only reported the number of deaths by sex and age group. The standard
life expectancy was obtained from 2018 life tables according to sex and age, published by
the Statistics Korea.9 A time discount rate of 3% was applied to the years of standard life
expectancy in the future to estimate the net present value of YLLs.5

To compare the results with previous studies, we estimated the YLLs, YLDs, and DALYs per
100,000 population for the mid-year population of 2019 by sex and age, using data from the
Statistics Korea demographic survey.10

Ethics statement

This study was approved by the Institutional Review Board (IRB) of Korea University (KU-
IRB-18-EX-51-A-1). The requirement for informed consent was waived because no individual-
level data were used.

RESULTS

Between January 20, 2020, when the first case of COVID-19 was reported, and April 24, 2020
a total 0f 10,708 confirmed cases of COVID-19 (20.86 per 100,000 population) were reported
in Korea, comprising 4,323 males (16.88 per 100,000 population) and 6,385 females (24.82
per 100,000 population).

During the study period, there were 260.3 YLDs attributable to COVID-19 in Korea, and
0.507 YLDs per 100,000 population. Females had greater YLDs than males. The YLDs per
100,000 population caused by COVID-19 was 0.410 in males and 0.603 in females. The
burden of YLDs was highest in those aged 20-29 years as 32.3 in males and 39.1 in females,
and the 0-9-year-old age group had the lowest proportion of YLDs as 1.9 in males and 1.4 in
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Fig. 1. YLDs for coronavirus disease 2019 by sex and age group. (A) YLDs; (B) YLDs per 100,000 population.
YLDs = years lived with disability.

females (Fig. 1A). The YLDs rate per 100,000 population was highest in those aged 20-29
years (1.051) followed by those aged > 80 years (0.666), 50-59 years (0.557), and 60—69 years
(0.541) (Fig. 1B).

Fig. 2 shows the results of the sensitivity analyses investigating the effect of changes of the
parameter estimates on the estimated YLDs. DW was the most sensitive: decreasing the DWs to
the lower limit decreased the YLDs to 174.7 (-32.9%), whereas increasing the DWs to the upper
limit increased the YLDs to 364.3 (+39.9%). When the duration of COVID-19 was one week
longer than the baseline (28.4 days), the YLDs increased to 324.5 (+24.6%). We also considered
the scenario of two weeks isolation after discharge. The additional burden from the stress of
prolonged isolation increased the YLDs to 338.2, increasing the baseline for YLDs and DALYs
by 29.9% and 3.1%, respectively. In addition, we also investigated the effect of a change in the
distribution of severity. When the proportion of severe cases was increased to 9%, the YLDs
increased to 274.2 (+5.3%). If the classification was based on three stages, reclassification of the
asymptomatic cases to the mild category, the YLDs increased to 266.3 (+2.3%).

The total number of YLLs caused by COVID-19 was 2,270.7, and YLLs per 100,000 people were

4.423. Contrary to YLDs, the YLLs were greater in males than in females. The deaths from
COVID-19 occurred in individuals over 30 years old, the proportion of YLLs was the highest in
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Disability weight

Isolation after the discharge (2 weeks)

Morbid duration (= 7 days)
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130.2 260.3 390.5

Fig. 2. Sensitivity analyses of variables used in the calculation of years lived with disability.

70-79 years age group (29.8%) in males, and the > 80 years age group (40.4%) in females (Fig. 3A).
The YLLs per 100,000 population increased with age in both sexes (Fig. 3B).

The total DALYs for COVID-19 was 2,531.0, and 4.930 DALYs per 100,000 population. YLDs
and YLLs constituted 10.3% and 89.7% of the DALYs, respectively. The relative contribution
of YLDs and YLLs to DALYs varied by age, and the contribution of the YLLs increased

with age. The proportions of YLDs and YLLs were 100% and 0%, respectively, in under 30

A Males Females

80+ 402.5
380.2 70-79
361.1 60-69
50-59
40-49

30-39

500 0 250 500

Females
41.820 80+ 33.767
70-79
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50-59
40-49
30-39

50 25 0 0 25 50

Fig. 3. YLLs for coronavirus disease 2019 by sex and age group. (A) YLLs; (B) YLLs per 100,000 population.
YLLs = years of life lost.
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Fig. 4. DALYs for coronavirus disease 2019 by sex and age group. (A) DALYs; (B) DALYs per 100,000 population.
DALYs = disability-adjusted life years.

years age group, and 1.8% and 98.2%, respectively, in the > 80 years age group. The total
DALYs were highest in the 70-79 years age group (744.7), followed by the > 80 years (662.5),
60-69 years (573.1), and 50-59 years (335.3) age groups (Fig. 4A). The DALYs per 100,000
population were highest in > 80 years age group (37.444), followed by 70-79 years (21.243),
60-69 years (9.481), and the 50-59 years (3.936) age groups (Fig. 4B).

DISCUSSION

We measured the burden of COVID-19 from the first wave of COVID-19 outbreak from January
20 to April 24 in Korea using incidence-based DALYs. By April 24, there were a total number
0f2,531.0 DALYs attributable to COVID-19, comprising 260.3 YLDs and 2,270.7 YLLs at an
end of the first wave of COVID-19 in Korea.

The COVID-19 DALYs from the first wave were responsible for 0.017% (males, 0.019%;
females, 0.015%) of all-cause DALYs and for 0.61% (males, 1.32%; females, 0.37%) of the
communicable disease DALYs, compared to the total disease burden based on the 2016
estimates.!! When we compared with 28 diseases categorized in “Diarrhea, lower respiratory
infections, meningitis, and other common infectious diseases,” COVID-19 accounted for
3.52% of DALYs, making it the fifth largest cause of DALYs, after acute bronchitis, upper
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respiratory infections, giardiasis and pneumococcal pneumonia. Out of 243 diseases,
COVID-19 ranked 85th in YLLs and 172nd in YLDs. The burden of COVID-19 had a higher
percentage of YLLs (89.7%) and a lower percentage of YLDs (10.3%). The proportion of YLLs
is higher than the average of communicable diseases (72.0%), indicating that COVID-19 has
a greater impact on premature death.11,12 The portion of YLL will be increasing because the
case fatality is increasing for a while in this first wave.

In terms of sex and age group, the DALYs were higher in females than in males and increased
with age. We found that the absolute numbers of DALYs were the highest in 70-79 years

age group, however, the population adjusted value, representing the DALYs per 100,000
population, showed the highest in > 80 years stage of development group. This implies that
the higher the age group, the higher the risk of developing COVID-19 disease and death due
to COVID-19, which is consistent with the findings of previous studies reporting age-specific
mortality in other countries.1316 In the last few days of Korea, the burden of premature death
was greater than the burden from the new cases. The care for those at high-risk, who are
older adults or have serious underlying medical conditions is now a higher priority.

Compared to other communicable diseases from the KNBD 2016 study, the COVID-19 burden
from January 20 to April 24 was 1.39-fold greater than influenza, and 1.16 and 5.18-fold less
than pneumococcal pneumonia and upper respiratory infections, respectively. However, the
YLDs of COVID-19 were lower than upper respiratory infections and influenza, and greater
than pneumococcal pneumonia and Haemophilus influenzae type B pneumonia. In addition,

the YLLs were lower than those attributable to pneumococcal pneumonia, and greater than
those attributable to the other three diseases. Although comparison with the diseases having
similar symptoms, rather than similar epidemiological characteristics has limitations, the
number of cases and the incidence rate of COVID-19 was relatively low, on the other hand, the
contribution in terms of DALYs was relatively high, because of the higher case fatality rate.

Total burdens of COVID-19 in Korea are expected to be greater than these estimates, and the
percentage of total DALYs or rankings could be higher than those reported in this results
because it is an ongoing outbreak. There could be undetected cases and there might be
more death cases even in the first wave. Especially, if the second wave of COVID will occur,
the COVID-19 DALYs will be larger. According to the sensitivity analysis, the number of
confirmed cases increased by 10%, 20%, and 30%, the total DALYs increased by 1.0%, 2.1%,
and 3.1%, respectively. Alternatively, if only the number of mild cases increased by 10%, 20%,
and 30%, the total DALYs increased by 0.6%, 1.2%, and 1.9%, respectively. In addition, the
fatality of COVID-19 on April 24 was 2.24% (240/10,708) but increased to 2.35% (256/10,909)
on May 11.3 The fatality is likely to increase for a while. According to the sensitivity analysis,
as the number of the deaths increased by 10%, 20%, and 30%, the total DALYs increased by
9.0%, 17.9%, and 26.9%, respectively, and the proportion of the YLLs attributable to DALYs
increased to 90.6%, 91.3%, and 91.9%, respectively.

Considering these perspectives of COVID-19 burden, we can reduce the burden of COVID-19
even if the second wave will occur. The most important strategy to reduce DALYs of COVID-19
in the second wave will be to focus on reducing case fatality because the portion of YLL was
very high. For example, we can set very low case fatality as a target (0.3% of the case fatality
of COVID-19 in Seoul). It might be achieved through a well-allocation of healthcare resources
like healthcare professionals and beds on severity (i.e., While it could provide a care for

mild cases in community treatment centers, severe cases were cared for in hospitals.) It was
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alesson from the experiences of the first wave of COVID-19 outbreak. In addition, it is also
important to do primary preventions to reduce the incidence through various preventive
approaches such a social distancing in a daily life. If the occurrence will overflow than the
healthcare resource capacity, it will be very hard to control, and the COVID-19 will increase
rapidly. Lastly, as early detections of cases also could reduce their reproductive number, it
might reduce incidence of COVID-19.17

The DALY metric, as a summary measure of disease burden, is useful in identifying the
impact of a disease on public health, especially the impact of infectious diseases in epidemic
situations. This study adopted the incident approach for estimation of DALYs rather than

the prevalent approach which was adopted more recently by the Institute for Health Metrics
and Evaluation for the Global Burden of Disease study.18:19 The reason why the Institute for
Health Metrics and Evaluation adopted the prevalent approach was that it might be easy to
obtain the prevalence than the incidence generally.20 However, for COVID-19 in Korea, the
confirmed cases were reported in real time by the government. In addition, because the
KCDC has been conducting widespread screening for SARS-CoV-2 infection using real-

time polymerase chain reaction, the real incidence could be identified.20,21 Moreover, in
most cases, information on the outcome (cure or death) and the severity of the disease also
were reported by the KCDC, therefore we were able to obtain most of the epidemiologic
parameters required to estimate the DALYs based on the COVID-19 notification data. As most
governments have reported this information, the methods used in this study could be used to
estimate DALYs due to COVID-19 in other countries.

To apply the DWs by severity, we used DWs of diseases having similar symptoms to
COVID-19. In addition, we considered the effect of COVID-19 on mental health. One study
reported that about 10% of cases were asymptomatic.” Although there were no respiratory

or infectious symptoms, asymptomatic infection can have negative mental health effects
because COVID-19 is an emerging disease without a vaccine or any specific treatment. Some
studies have reported that COVID-19 patients experience mental health symptoms such

as anxiety.22,23 Although many previous burdens of disease studies using an incidence-
based approach did not consider disease severity, we considered the disease severity when
calculating the DWs because SARS-CoV-2 infection has a wide range of severity from no
symptoms to death.?24 The uncertainty regarding the new disease and anxiety that it could
harm other people cause more burden than other diseases. In addition, there is no vaccine or
other known effective treatment yet, and the government's actions such as tracking the route
of the confirmed patients and informing it to the public, cause not only the disease burden
but also the mental burden. Therefore, we tried to calculate the COVID-19 considering its
severity and mental impacts. To combine two DWs, multiplicative method was applied
because the Global Burden of Disease group also used this approach to combine two or more
DWs when they mapped health states into sequalae.20

There are some limitations to this study. First, DWs for COVID-19 were adopted from those
of similar respiratory infections diseases because COVID-19 is an emerging disease and
COVID-19-specific DWs have not yet been determined. Therefore, the results were interpreted
with carefully. In addition, we conducted sensitivity analyses to assess the impact of the
assumptions to the range of DALYs estimates. Fortunately, the impact was relatively small
because the portion of YLD was relatively smaller than that of YLL. However, it is necessary

to estimate specific DWs for COVID-19/SARS-CoV-2 infection to reflect the exact level of
disability in the near future. Second, the KCDC only reported the number of deaths by sex
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and age group, we additionally confirmed data published by local governments and the
public media. There was one inconsistent death case between the KCDC and the media in
sex classification. The number of female and male was 114 and 126 in this study, whereas 113
and 127 in the KCDC data. The difference in sex caused different life expectancy, however

the difference in YLLs is small. After the epidemic stables, the data should be confirmed
accurately. Third, the results from this study are not final one because the epidemic is
ongoing. We calculated the DALYs of COVID-19 even though the epidemic is ongoing because
it is necessary to know the exact burden of COVID-19 to make informed decisions. Once the
COVID-19 epidemic has ended, we can estimate the final burden of disease due to COVID-19,
and in future it may be useful to estimate it annually.

Burden of COVID-19 in Korea

In conclusion, this is the first study to characterize the disease burden caused by COVID-19
in Korea using DALYs. The methodological framework used in this study can be applied

to other countries where disease notification data are collected by the government.
Determination of the DALYs attributable to COVID-19 in other countries could provide the
basis for international comparisons and prioritization of healthcare resources to control
the pandemic. Most of the disease burden from COVID-19 was derived from YLL (89.7%);
this indicates that decision-makers should focus and make an effort on reducing fatality for
preparing the second wave of COVID-19.
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