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ABSTRACT

Background: The measurement of health levels and monitoring of characteristics and trends
among populations and subgroups are essential for informing evidence-based policy decisions.
This study aimed to examine the burden of disease in Korea for both the total population and
subgroups in 2020, as well as analyze changes in disease burden from 2008 to 2020.

Methods: We employed the methodology developed in the Korean National Burden of
Disease and Injuries Study to calculate disability-adjusted life years (DALYs) by sex, causes,
region, and income level from 2008 to 2020. DALYs were derived by combining years of life
lost and years lived with disability.

Results: In 2020, the burden of disease for the Korean population was estimated to be 25,439
DALYs per 100,000 population, reflecting a 13.8% increase since 2008. The leading causes of
DALYs were diabetes mellitus, followed by low back pain and ischemic stroke. A sex-specific
gap reversal was observed, with the disease burden for men surpassing that of women
starting in 2017. Furthermore, variations in disease burden were identified across 250 regions
and income quintiles.

Conclusion: It is imperative to establish appropriate health policies that prioritize the diseases
with significantly increasing burdens and subgroups experiencing high disease burdens. The
findings of this study are expected to serve as a foundation for developing healthcare policies
aimed at improving the health levels of Koreans and achieving health equity.

Keywords: Disability-Adjusted Life Years; Burden of Disease; Years of Life Lost;
Years Lived with Disability; Korean National Burden of Disease Study

INTRODUCTION

Measuring the health status and monitoring its characteristics and trends over time are
fundamental to improving the health of a population.! Policymakers in the health sector rely
on this data to make informed decisions and establish suitable priorities. Therefore, valid,
reliable, and comparable measures of health status of populations and their subgroups are
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critical components of the evidence base used for drafting health policy.2 Hence, it is essential
to obtain information on the health status of a population, commonly known as the “burden of
disease.” The disease burden of the population can be assessed using a variety of indicators,3
one of which is the disability-adjusted life year (DALY). DALY provides a comprehensive
measure of both mortality and non-fatal health outcomes.# The DALY measurement
methodology, developed by the influential Global Burden of Disease (GBD) projects initiated

in the early 1990s, has been adapted to fit the Korean context and efforts have been made to
calculate the burden of disease of Koreans using domestic data sources. The Korean National
Burden of Disease (KNBD) study was first conducted in 2002 and continues to this day.>

In the KNBD study, disability weights (DWs) that can more appropriately reflect social
preferences for diseases in Korea were calculated and applied.® In addition, efforts are
being made to improve methods to address the limitations associated with GBD study
utilization. These include use of multiple assumptions, methodological choices required to
integrate various information, and timeliness of data inputs into the GBD study.” Moreover,
a significant advantage lies in the easy accessibility and utilization of the National Health
Insurance Service (NHIS) claims data, which serves as the primary source for calculating
years lived with disability (YLDs). The NHIS claims data includes all information on medical
service utilization (excluding non-insured service) by patients who have visited medical
institutions. This wide-ranging dataset enables the generalization of analysis results.
Consequently, it becomes relatively easier to calculate input parameters such as incidences
and prevalences that are valid, reliable, and representative of the population’s health.> The
most recent publication of the KNBD study results was in 2021, which encompassed the
measurement of the disease burden of Koreans from 2008 to 2018.8 Subsequently, updating
the measurement results is necessary to ensure their relevance and accuracy.

Meanwhile, the spread and prolonged coronavirus disease 2019 (COVID-19) pandemic,

that started in 2020, caused immense human suffering; its consequences extend beyond
immediate health impacts, severely affecting daily life and the overall quality of life of people
worldwide.9 The COVID-19 pandemic and its countermeasures have had a significant impact
on healthcare utilization patterns and outbreaks of infectious diseases, including reduced
access to prevention and treatment services.10 To date, no comprehensive study have been
conducted to ascertain the overall impact of COVID-19 on the burden of disease for all diseases
and injuries, nor has the trend of DALYs according to socioeconomic levels been thoroughly
examined. Furthermore, the emergence of COVID-19 as a novel disease necessitates the
application of updated DWs when calculating disease burden, as the previously calculated
weights may no longer be applicable. Hence, it is crucial to incorporate revised and up-to-date
DWs when assessing the disease burden in 2020 and subsequent years.

Therefore, this study was conducted to understand the changes in disease burden and

national health levels among Koreans by identifying its trend from 2008 to 2020 and
evaluating the differences by region and income level.

METHODS

Study design and data sources
In this study, we measured the DALYs for the Korean population from 2008 to 2020, utilizing
the burden of disease measurement methodology developed in the KNBD study. To adapt the
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GBD-based methodology to the Korean context, modifications were made, and an incidence-
based approach was employed for the calculations.!1

The causes of mortality and morbidity were structured using a four-level classification
hierarchy. At level 1, all diseases and injuries were classified into three categories:
communicable, maternal, neonatal, and nutrition disease (CMNN); non-communicable
diseases (NCDs); and injuries. Level 2 included 21 specific diseases, while levels 3 and 4
comprised 260 disease groups. Detailed cause hierarchies are available in previous studies.>
Among these, the disease previously defined as chronic obstructive pulmonary disease was
redefined as chronic lower respiratory diseases, excluding asthma.

To calculate the years of life lost (YLLs) due to premature death, we utilized the number of
deaths and the standard life expectancy based on sex and age. Mortality rate by age, sex,
and disease were calculated using the data on the cause of death from Statistics Korea for
the years from 2008 to 2020. For causes that could not be determined as the primary cause
of death, the garbage code redistribution method was applied.12 To calculate the number
of'years lost due to premature death, we employed standard expected years of life lost.

The standard life expectancy, stratified by year, sex and age, was obtained from life tables
published by Statistics Korea from 2008 to 2020.13

For the calculation of the YLDs, we used the incidence of cases, average duration, and

DWs. Epidemiological indicators such as prevalence and incidence by year and causes were
obtained from the Korean National Hospital Discharge In-depth Injury Survey (KNHDIS) for
injuries (2008-2019) and from the NHIS claims data for other diseases (2008-2020).14 As
the KNHDIS data for 2020 were delayed, we used the 2019 data as a substitute for calculating
YLDs for injuries in 2020. Korea has a mandatory universal health coverage system. As of
2020, a total 0f'52,870,968 people receive health security benefits in Korea; of these, the
National Health Insurance (NHI) covers 97.1% and the remaining 2.9% is covered by Medical
Aid beneficiaries.15 Health insurance claims data are generated in the process of claiming
part of the patient’s medical expenses to the insurer, the NHI, after the health care institution
provides medical services. It is a highly representative medical use database and includes
information on demographics and medical use of nearly the entire population. Therefore,

it has the advantage of broadening the scope of disease burden measurement by including
information such as sex, age, region, and income level of the population.

To prevent overestimation and calculate valid prevalence and incidence while using claims
data, we defined criteria for each disease based on the number of hospitalization and
outpatient visits (ranging from 1 to 5 times).5 Additionally, a washout period of at least 1
year, up to a maximum of 5 years, was applied for estimating the number of incidence cases,
depending on the characteristics of the disease. DW is a value that quantifies the severity of a
disability or specific health states, ranging from O (equivalent to full health) to 1 (equivalent
to death). However, the validity of DW in the past may not be suitable for the current era due
to the rise of new diseases, changes in treatment, or social norms.16 In this study, the DW
values from a prior study® were applied for the years from 2008 to 2019, while newly update
DW values after the emergence of COVID-19 were applied for 2020.17 The duration and
average age of onset for infectious diseases were calculated directly from claims data, while
the DISMOD-II software was used to estimate these parameters for other causes.
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Calculation of YLLs, YLDs and DALYs

The YLLs were calculated for each disease and injury category by multiplying the number of
deaths by sex and year with the standard life expectancy for each age group.4 The YLDs for
each disease and injury category were calculated by multiplying the number of incidence
cases, the average duration, and the assigned DW. In this study, an age-weighting rate of
4.0% and a time discount of 3.0% were applied when calculating YLLs and YLDs.18 Finally,
the YLLs and YLDs were combined to calculate the DALYs for each disease and injury
category. The basic formula for DALYs is shown in Equation (1):

DALY =YLL+YLD=NxLg + I x DW x L,

where N is the number of deaths, Ly, is the standard life expectancy in years, I is the number
of incidence cases, DW is the disability weight, and Ly, is the average duration of disability.
The YLLs, YLDs, and DALYs were reported per 100,000 population for each disease and
injury category. The specific methodology for calculating DALYs based on the KNBD study,
with some variations in data sources, is outlined in previous studies.5>8

Calculation of DALYs by region and income level

To examine regional disparities in health levels, the regions were classified into 250 regions,
consisting of 67 cities (“Si”), 114 counties (“Gun”), and 69 districts (“Gu”), and YLLs, YLDs,
and DALYs were calculated for each region. The burden of disease by region was analyzed as
0f2020. The results of DALYs, YLLs, and YLDs calculations for the 250 regions were divided
into deciles, with five regions with high disease burden expressed in red and five regions with
low disease burden expressed in blue. Additionally, for DALYs by region, the distribution by
region was expressed based on DALYs calculated for the entire population, with regions with
lower and higher DALYs than the nationwide DALYs expressed in blue and yellow, respectively.
The differences in health levels based on the income level of the Korean population were
analyzed using the insurance premium variable for each year. Since insurance premiums in
the NHIS are based on the wage and income of beneficiaries, we used insurance premium

as a proxy indicator to classify the income levels of the population. The income level was
determined using equivalized annual household income based on insurance premiums. For
Medical Aid beneficiaries who did not pay insurance premiums, their insurance premiums
were considered as zero. Consequently, the income level was divided into five quintiles for the
entire population, including both NHI beneficiaries and Medical Aid beneficiaries. However,
as income levels could not be confirmed from the cause-of-death data in Statistics Korea,
which was the main data source for YLL calculations, we obtained the death rate distribution
by income level from the claims data. By applying this distribution to the YLL calculation
result, YLLs were allocated according to income levels. Meanwhile, in order to calculate YLDs
for injuries according to income level, prevalence and incidence distributions by income level
were obtained and applied using the Korea Community Health Survey.

Statistical analysis
SAS version 9.4 (SAS Institute, Cary, NC, USA) was used for statistical analysis. The QGIS
3.10 software was used to express regional disease burden on a map.

Ethics statement

This study was approved by the Institutional Review Board (IRB) of Korea University (IRB No.
KUIRB-2022-0093-01) who waived the need for informed consent.
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RESULTS

Trends of total burden of disease and injuries (2008-2020)

From 2008 to 2020, the DALYs per 100,000 population for Koreans increased by 13.8%, with
25,439 in 2020 compared with 22,361 in 2008. The trend showed a continuous increase from
2008 to 2019, followed by a slight decrease in 2020. This pattern was observed in both sexes.
In 2019, the DALYs per 100,000 population was 26,685, but decreased to 25,439 in 2020. The
relative contribution of YLDs and YLLs to DALYs showed different patterns, with YLLs per
100,000 population decreasing by 4.7% in 2020 (4,176) compared with 2008 (4,384), while
YLDs per 100,000 population increased by 18.3% in 2020 (21,263), compared with 2008
(17,978). In men, DALYs per 100,000 population in 2020 increased by 17.2% from 2008, with
adecrease in YLLs and an increase in YLDs. In the past 12 years, YLLs per 100,000 population
in men decreased by 5.2%, while YLDs per 100,000 population increased by 24.4%. The
proportion of YLLs among total DALYs in men decreased from 24.2% to 19.6% in 12 years,
while the proportion of YLDs increased from 75.8% to 80.4%. In women, DALYs per 100,000
population in 2020 increased by 10.4% from 2008. In the past 12 years, YLLs per 100,000
population in women decreased by 3.8% while YLDs per 100,000 population increased by
12.9%. The proportion of YLLs in total DALYs in women decreased from 15.1% to 13.1% in 12
years, while the proportion of YLDs increased from 84.9% to 86.9%. Overall DALYs and YLLs
were higher in men than in women, while YLDs were higher in women than in men (Fig. 1).

Burden of disease and injuries in Korea according to each level in 2020

At the highest level (level 1) in 2020, CMNN accounted for 2.5% of all DALYs, while NCDs
and injuries made up 88.3% and 9.2%, respectively. This composition ratio was similar for
both men and women. DALYs per 100,000 population in CMNN were higher in women than
in men, whereas in NCDs and injuries, they were higher in men than in women. Among

the middle-level (level 2) disease groups, the DALYs per 100,000 population for diabetes,
urogenital, blood, and endocrine diseases were the highest at 3,963, accounting for 15.6% of
the total DALYs in Korea. This was followed by other NCDs at 3,229 (12.7%), cardiovascular
and circulatory diseases at 3,096 (12.2%), musculoskeletal disorders, at 2,900 (11.4%), and
neoplasms at 2,660 (10.5%). Diabetes, urogenital, blood, and endocrine diseases had the
highest DALYs per 100,000 population among the middle-level (level 2) disease groups for
both men and women, with 4,436 (17.1%) for men and 3,491 (14.0%) for women (Table 1).

In levels 3 and 4 disease groups, the highest DALYs per 100,000 population in 2020 were
attributed to diabetes mellitus at 2,558 (10.1% of the total DALYs), followed by low back
pain at 1,750 (6.9%), ischemic stroke at 1,077 (4.2%), ischemic heart disease at 982 (3.9%),
and cirrhosis of the liver at 965 (3.8%). These top five diseases accounted for 28.8% of the
total burden of disease in Korea. Examining diseases with a high proportion of YLLs among
the top 30 diseases with a high disease burden, self-harm had the highest proportion at
94.7%, followed by liver cancer at 69.1%, trachea, bronchus, and lung cancers at 67.9%,
overexertion and strenuous movements at 66.5%, and hemorrhagic and other non-ischemic
strokes at 65.3% (Fig. 2). For men, the highest DALYs per 100,000 population were observed
in diabetes mellitus at 3,054 (11.8%), followed by low back pain at 1,465 (5.7%), ischemic
heart disease at 1,276 (4.9%), cirrhosis of the liver at 1,257 (4.9%), and ischemic stroke at
1,179 (4.5%). Among women, the highest DALYs per 100,000 population were attributed to
diabetes mellitus at 2,064 (8.3%), followed by low back pain at 2,035 (8.1%), Alzheimer’s
disease and other dementias at 1,171 (4.7%), major depressive disorders at 1,001 (4.0%), and
ischemic stroke at 977 (3.9%) (Table 2).
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Changes in burden of disease ranking by cause and change rate (2008-2020)
When comparing the burden of disease rankings and change rates from 2008 to 2020, several
notable trends could be observed. Among the top 20 diseases with the highest DALYs per
100,000 population in 2020, Alzheimer’s disease and other dementias showed the largest
increase, rising by 313.4% compared with 2008. This was followed by periodontal disease,
which increased by 116.9%, and benign prostatic hyperplasia (BPH) with a 103.9% increase.
Psychiatric disorders such as major depressive disorders and phobic anxiety disorders also
saw significant increases of 98.4% and 73.0%, respectively. On the other hand, chronic lower
respiratory diseases (excluding asthma) experienced the most significant decrease, declining
by 31.9%. Motorized vehicles with three or more wheels also decreased by 30.0%, and
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Table 1. DALYs per 100,000 population by gender and level 2 disease groups in Korea, 2020

Level 1 Level 2 DALYs*
Total Men Women
Communicable,  HIV/AIDS and tuberculosis 90 (0.4) 129 (0.5) 51(0.2)
maternal, Diarrhea, lower respiratory infections, meningitis, and other common infectious diseases 136 (0.5) 138 (0.5) 134 (0.5)
neonatal, and Neglected tropical diseases and malaria 3(0.0) 4(0.0) 2 (0.0)
g:‘stg'rt(;‘;’r‘s‘“‘l Maternal disorders 294 (1.2) 0(0.0) 586 (2.3)
Neonatal disorders 35(0.1) 37(0.1) 32(0.1)
Nutritional deficiencies 70 (0.3) 26 (0.1) 114 (0.5)
Other communicable, maternal, neonatal, and nutritional disorders 5(0.0) 7 (0.0) 4(0.0)
Subtotal 633 (2.5) 341 (1.3) 923 (3.7)
NCDs Neoplasms 2,660 (10.5) 2,887 (11.1) 2,434 (9.7)
Cardiovascular and circulatory diseases 3,096 (12.2) 3,565 (13.8) 2,628 (10.5)
Chronic respiratory diseases 1,061 (4.2) 1,096 (4.2) 1,027 (4.1)
Cirrhosis of the liver 965 (3.8) 1,257 (4.9) 674 (2.7)
Digestive diseases (except cirrhosis) 1,323 (5.2) 1,251 (4.8) 1,394 (5.6)
Neurological disorders 1,300 (5.1) 938 (3.6) 1,660 (6.6)
Mental and behavioral disorders 1,967 (7.7) 1,703 (6.6) 2,230 (8.9)
Diabetes, urogenital, blood, and endocrine diseases 3,963 (15.6) 4,436 (17.1) 3,491 (14.0)
Musculoskeletal disorders 2,900 (11.4) 2,391 (9.2) 3,407 (13.6)
Other non-communicable diseases 3,229 (12.7)  3,223(12.4) 3,236 (13.0)
Subtotal 29,464 (88.3) 292,747 (87.8) 22,183 (88.8)
Injuries Transport injuries 667 (2.6) 819 (3.2) 515(2.1)
Unintentional injuries other than transport injuries 1,068 (4.2) 1,224 (4.7) 913 (3.7)
Self-harm and interpersonal violence 602 (2.4) 774 (3.0) 430 (1.7)
Forces of nature, war, and legal intervention 6 (0.0) 9 (0.0) 4(0.0)

Subtotal

2,342 (9.2) 2,896 (10.9) 1,861 (7.5)

Values are presented as rates (%).

DALYs = disability-adjusted life years, HIV/AIDS = human immunodeficiency virus/acquired immune deficiency syndrome, NCD = non-communicable disease.

2DALYs per 100,000 population.
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osteoarthritis decreased by 16.5%. Chronic lower respiratory diseases (excluding asthma) and
osteoarthritis were also the diseases with the largest decrease in DALYs compared with 2019
among the top 20 diseases with the highest DALYs per 100,000 population in 2020.

Analyzing the changes in the top five diseases with the highest DALYs per 100,000
population in 2020 since 2008, diabetes mellitus increased by 54.2%, low back pain by
75.9%, ischemic stroke by 33.0%, ischemic heart disease by 17.5%, and cirrhosis of the liver
by 16.1%. Examining the changes in the top 20 rankings over past 12 years in terms of DALYs
per 100,000 population, asthma (2nd), gastritis and duodenitis (13th), hypertensive heart
disease (14th), peptic ulcer disease (16th), and dental caries (18th) were ranked in the top

20 with the highest DALYs in 2008 but excluded from the top 20 in 2020 as their rankings
declined. Conversely, periodontal disease, Alzheimer’s disease and other dementias, phobic
anxiety disorders, and BPH, which were outside the top 20 of DALYs in 2008, rose in the
rankings, entering 11th, 6th, 18th, and 16th in 2020, respectively (Fig. 3).

Burden of disease and injuries by region and income level in 2020

When analyzing the burden of disease and injuries by region and income level in 2020,
certain patterns and disparities were observed. Regions with lower overall disease burden
tended to be concentrated in Seoul, Gyeonggi, and metropolitan areas. The region with the
highest DALYs per 100,000 population (40,393) was 2.14 times higher than the region with
the lowest DALYs (18,826). There were 165 regions with a higher burden of disease than the
nationwide DALYSs rate of 25,439 while 85 regions had a lower burden. In terms of YLLs per
100,000 population, the highest region (8,484) was 4.35 times higher than the lowest region
(1,949). For YLDs per 100,000 population, the highest region (33,282) was 1.97 times higher
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than the lowest region (16,871). Disparities in disease burden between regions were more
pronounced in terms of the burden of death (YLLs) compared with the burden of incidence
(YLDs) (Fig. 4).

Examining the gap in burden of disease between the lowest income level group (Q1) and
the highest income level group (Q5) from 2008 to 2020, it was found that the gap initially
decreased from 2008 to 2012 but then started to increase. Generally, the lower the income
level, the higher the disease burden. In 2008, the DALYs per 100,000 population of the Q1
group was 1.42 times higher than that of the Q5 group. This gap decreased to 1.31 times
in 2012, but increased again to 1.40 times in 2020. In 2020, there was a significant gap in
disease burden of1.27 times between the Q1 and Q2 groups, which represents the lowest
income levels among the five income groups (Fig. 5).

https://doi.org/10.3346/jkms.2024.39.e67 8/18
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Table 2. DALYs per 100,000 population by gender and level 3 and 4 disease groups in Korea, 2020

Rank Men Women
Leading causes DALYs® % of total Leading causes DALYs® % of total
DALYs* DALYs*
1  Diabetes mellitus 3,054 11.8  Diabetes mellitus 2,064 8.3
2 Low back pain 1,465 5.7  Low back pain 2,035 8.1
3 Ischemic heart disease 1,276 4.9 Alzheimer’s disease and other dementias 1,171 4.7
4 Cirrhosis of the liver 1,257 4.9  Major depressive disorders 1,001 4.0
5  Ischemic stroke 1,179 4.5  Ischemic stroke 977 3.9
6  Chronic lower respiratory diseases (excluding asthma) 774 3.0  Osteoarthritis 954 3.8
7 Periodontal disease 675 2.6  Chronic lower respiratory diseases (excluding asthma) 696 2.8
8  Benign prostatic hyperplasia 671 2.6  Ischemic heart disease 689 2.8
9 Falls 665 2.6  Cirrhosis of the liver 674 2.7
10 Self-harm 658 2.5  Falls 614 2.5
11 Major depressive disorders 515 2.0  Periodontal disease 578 2.3
12 Trachea, bronchus and lung cancers 510 2.0  Breast cancer 559 2.2
13 Alzheimer’s disease and other dementias 506 2.0  Tubulointerstitial nephritis, pyelonephritis, and urinary tract 439 1.8
infections

14 Motorized vehicles with three or more wheels 440 1.7  Phobic anxiety disorders, et al. 383 1.5
15 Liver cancer 416 1.6  Self-harm 373 1.5
16 Hemorrhagic and other non-ischemic stroke 395 1.5  Motorized vehicles with three or more wheels 370 1.5
17 Osteoarthritis 392 1.5  Gastroesophageal reflux disease 344 1.4
18 Stomach cancer 378 1.5  Schizophrenia 885 1.3
19 Colon and rectum cancers 345 1.3 Hemorrhagic and other non-ischemic stroke 319 1.3
20 Gout 337 1.3 Cataracts 305 1.2
21  Schizophrenia 314 1.2 Asthma 286 1.1
22  Overexertion and strenuous movements 293 1.1 Glaucoma 281 1.1
23 Glaucoma 280 1.1  Gastritis and duodenitis 269 1.1
24 Chronic kidney disease due to diabetes mellitus 260 1.0  Vision loss 266 1.1
25  Phobic anxiety disorders, et al. 252 1.0  Dental caries 264 1.1
26  Vision loss 247 1.0  Thyroid cancer 239 1.0
27 Gastroesophageal reflux disease 239 0.9  Trachea, bronchus and lung cancers 238 1.0
28 Dental caries 239 0.9  Abortion 238 1.0
29 Asthma 233 0.9  Gall bladder and bile duct disease 237 1.0
30 Abscess, impetigo, and other bacterial skin diseases 229 0.9  Colon and rectum cancers 234 0.9

DALYs = disability-adjusted life years.
2DALYs per 100,000 population.

DISCUSSION

The burden of disease on Koreans as measured using DALY increased by 19.8% from 2008 to
2019; however, in 2020, when COVID-19 first emerged, it decreased by 4.7% compared with
the previous year, resulting in an overall increase of 13.8% over the past 12 years. Meanwhile,
until 2019, before the outbreak of COVID-19, YLLs decreased and YLDs increased. However,
in 2020, the opposite was observed. This shift can be attributed to the reduced accessibility
of medical services due to the COVID-19 pandemic, leading to a decline in inpatient

and outpatient medical usage.19 Therefore, when analyzing the overall trend and its
characteristics, it is important to interpret the results of 2020 while considering the influence
of COVID-19. Furthermore, continuous monitoring of the disease burden and identifying
changes in the health status of Koreans remain crucial. The increase in DALYs until 2019 was
primarily driven by the increase in YLDs as opposed to the decrease in YLLs. This pattern was
consistent across both men and women.

The increase in YLDs may be attributed to the reduction in the burden of medical expenses

and the improvements of medical accessibility following the continuous implementation of
policy on expanding health insurance coverage. In 2020, the NHI coverage rate was 65.3%.20

https://jkms.org https://doi.org/10.3346/jkms.2024.39.e67 9/18
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Fig. 4. DALYs per 100,000 population by region in Korea in 2020. (A) DALYs per 100,000 population, (B) YLLs per 100,000 population, (C) YLDs per 100,000 population.
DALYs = disability-adjusted life years, YLLs = years of life lost, YLDs = years lived with disability.

When benefits are added or the number of beneficiaries is expanded, and the out-of-pocket
burden of existing benefit items is lowered, the use of medical service tends to increase.
Thus, the incidences and prevalences, which are the basis of YLDs calculations, may have
increased. In contrast, YLLs gradually decreased, which is primarily attributed to the
improvement in overall living conditions and advancements in medical technology that have
led to reduced mortality rates from diseases and non-disease-related causes.2!
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Fig. 5. DALYs per 100,000 population by income level in Korea by year from 2008 to 2020.
DALYs = disability-adjusted life years.

https://jkms.org

Until 2016, DALYs in women were higher than that in men; however, this was reversed

in 2017 and the sex-specific gap in disease burden widened in 2020, when COVID-19 first
emerged. Similar to the contribution of increased YLDs to the overall increase in DALYs for
the population, the shift where DALYs in men surpassed those in women can be attributed

to the higher rate of increase in YLDs in men (24.4%) compared with those in women
(12.9%). To determine the reason for the increase in YLDs in men, we additionally analyzed
the increase rate in YLDs by cause in men and women, respectively (Supplementary Table

1). We examined the increase rate in 2020 compared with 2008 for the top leading causes

in 2020 for each sex. Our analysis revealed that the rate of increase in YLDs in men was
higher than that of women in diseases such as ischemic stroke, ischemic heart disease, and
major depressive disorder, which have a DW of 0.5 or more, as well as diabetes and low

back pain, which rank first and second in YLDs. Therefore, the increase in YLDs for these
diseases in men may have contributed to the reversal of DALYs by sex. Nevertheless, YLDs in
women remains 1.04 times higher than that in men. Similar to the West, women use more
medical services than men. These factors include not only the harsh environments due to
physiological changes such as pregnancy, childbirth, and menopause, but also the traditional
roles such as housework and responsibility in caring for the physical and mental health of the
family members at home.22 Hence, it is necessary to continue to monitor changes in DALYs
by sex. Furthermore, for diseases with a high increase in YLDs in men, it may be meaningful
to conduct research to examine the causes in relation to health risk factors.

When examining the burden of disease in 2020, diabetes mellitus emerged at the top,
accounting for 10.1% of the total burden of disease. It also ranked first in both men and
women, with a higher burden observed in men compared with women. Diabetes mellitus has
become a prominent disease among modern populations, primarily attributed to westernized
dietary habits and sedentary lifestyles. Therefore, it is imperative to proactively address

this issue at the national level through active management and preventive measures. As of
2020, the population with diabetes in Korea reached 5.7 million (5.26 million over the age
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of 30), with an estimated 14.97 million individuals in the pre-diabetes stage.23 Recently,
patients with obesity and diabetes are increasing, affecting not only the elderly but also the
younger population due to excessive caloric intake and a lack of physical activity. Since the
rate of diabetes awareness, treatment, and control in young patients is considerably low, and
lifestyle management is passive,23 this may potentially lead to serious health consequences,
including the development of complications. Therefore, it is essential to take preemptive
preventive measures. Moreover, there is an urgent need for national responses such as
establishing an integrated diabetes care plan, promoting education and counselling centered
on primary medical institutions, establishing infrastructure, and preparing relevant policies.
Ultimately, to prevent or delay progression to diabetes and development of its complications
in individuals with ‘pre-diabetes,” countermeasures such as the identification of high-risk
groups through the introduction of additional criteria24 and development of appropriate
management guidelines for early lifestyle interventions need to be promoted.

We identified diseases that ranked in the top 20 burdens of disease from 2008 to 2020.
Among these, the DALYs due to Alzheimer’s disease and other dementias increased the
most steeply. As Korea is on the verge of becoming a super-aged society, the number of
patients with dementia, a representative aging disease, is rapidly increasing, and the social
cost is expected to increase accordingly. The number of patients who received treatments for
dementia in 2019 was 799,000 (4 times that in 2009), and the number of patients with mild
cognitive impairment was 276,000 (19 times that in 2009).25 The National Responsibility
Policy for Dementia Care was implemented to solve the problem of dementia; however,
many policies emphasized the welfare aspect, and it was pointed out that the integration
and organic connection between medical and care services was insufficient.26 Considering
the rapidly increasing demand for management in patients with dementia, it is necessary
to emphasize the expansion and functional strength of public medical institutions.2? In
particular, since the community management rate is low in non-metropolitan areas,28
where population aging is severe, it is necessary to strengthen the capacity to respond

to the rapid increase in dementia through sufficient expansion and utilization of public
medical institutions. In addition, since cardiovascular risk factors including diabetes and
hypertension are related to the risk of dementia,29 efforts are needed to effectively manage
these factors to reduce the risk of cognitive impairment and dementia.

A significant increase in DALYs due to periodontal oral disease was also observed, which
reflects the effect of the health insurance coverage expansion policy for dental services
implemented in July 2013. The expansion of coverage to include scaling may have improved
dental care access by lowering patient out-of-pocket costs and increased preventive dental care
utilization.30-33 The disease burden associated with BPH also showed a notable increase. Age
has been identified as an important risk factor for BPH,34 and higher treatment rates among
the elderly3> may contribute to this trend. However, concerns have been raised regarding
unfair prescription and claims for BPH medications to treat hair loss in relation to the increase
in patients with BPH. Finasteride and dutasteride are used for hair loss treatment after dosage
adjustment.36,37 Notably, while BPH is covered by health insurance, hair loss is not and
considered as non-insured. Consequently, there is a concern that patients aiming to alleviate
their financial burden, may be prescribed drugs for BPH, which are covered by insurance,

and use them for hair loss treatment. This may have contributed to the rapid increase in

the disease burden associated with BPH. The disease burden for major depressive disorders
and phobic anxiety disorder also showed a significant increase over the past 12 years, and
continued to increase between 2019 and 2020. This is also confirmed from the results of an
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analysis of treatment trends, which showed that patients with depression increased by 35.1%
and patients with anxiety disorder by 32.3% from 2017 to 2021.38 In 2021, a significant increase
in the number of patients was observed among individuals in their 20s, with a 127.1% increase
in depression and an 86.8% increase in anxiety disorders. Furthermore, the prevalence of
these conditions was higher among female patients compared with male patients.38 Factors
such as the intense competition for university admission,39 job-seeking stress, and work
stress,40:41 which are unavoidable in a highly competitive society, and the impact of the
COVID-19 pandemic,4? may have contributed to mental health problems.

Meanwhile, the DALYs showed an increasing trend for chronic lower respiratory diseases
(excluding asthma) and osteoarthritis from 2008 to 2019, but decreased by 37.7% and 35.2%,
respectively, compared with 2020 during the COVID-19 pandemic. The decline in disease
burden for these causes was substantial to the extent that the overall burden declined from
2008 to 2020. Among the top diseases with high DALYs in 2020, these diseases appear to
have been most impacted by the decrease in medical utilization due to COVID-19. As of 2020,
diabetes mellitus and low back pain, remained the causes with the highest disease burden
among Koreans, and both causes exhibited a consistent increase even between 2019 and
2020. Over the span of 12 years, the burden for both diseases increased by more than 50%.
Notably, diabetes mellitus increased by nearly 20% in disease burden from 2019 to 2020,
raising awareness of the importance and necessity of management.

Asthma has experienced a substantial decline in disease burden, dropping from the second
position in 2008 to the twenty-seventh position in 2020, reflecting a significant decrease of
76.7%. An analysis conducted by the Health Insurance Review and Assessment service also
confirmed a 19.8% decrease in the number of patients with asthma from 2010 to 2014.43

The exact reasons behind this decline have not been fully elucidated; however, one possible
factor could be the implementation of a mild disease differential copayment policy in 2011,
which aimed to improve the efficiency of the medical delivery system. This policy introduced
varying coinsurance rates for prescription drugs when patients seek healthcare for a

minor illness.#4 While further investigations are warranted, it is important to consider the
possibility that changes in disease coding or diagnosis practices, such as assigning alternative
diagnoses instead of asthma in a secondary or tertiary hospitals, could have contributed to
the reduction in the burden on patients. Moreover, the sharp decrease in asthma inpatients
during the COVID-19 pandemic may have also played a role.45

To assess the health status of different regions, this study analyzed DALYs, YLLs, and YLDs
across 250 regions. The findings revealed notable health inequalities between regions,

with a lower burden of disease observed in and around metropolitan cities. These health
inequalities may be differences in health behaviors and health check-up rates by region.
Previous studies have reported that residents living in rural areas have higher metabolic risk46
and adult obesity rates#” compared with those of residents living in urban areas in Korea.
Additionally, it has been found that the general health check-up rate is higher in small and
medium-sized cities and large cities compared with that of rural areas.48 Because individuals
who participate in regular health checkups have fewer risk factors for cardiovascular diseases
than those who do not,# these characteristics are considered to be associated with regional
health disparities. In addition, health disparities depending on residential area are caused by
differences in social structural factors that are difficult to overcome at the individual level,
and among them, accessibility to health care facilities needs to be considered. Geographical
access to health care plays a crucial role in increasing the utilization of preventive health care
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services, and consequently, improving health outcomes.50,51 In Korea, medical facilities are
predominantly concentrated in metropolitan areas and large cities>2 and the concentration
of population in large cities further exacerbates the concentration of healthcare resources

in these areas, resulting in disparities in medical utilization. Because insufficient primary
care can contribute to poor control of chronic diseases and quality of life,53 we suggest

that a national approach to ensure an even distribution of medical institutions capable of
providing primary care and early screening is needed. Considering these possibilities, future
studies could explore the relationship between regional characteristics and YLLs and YLDs
measurements from this study to identify geographical health risks. This approach would
provide valuable information for developing region-specific policies and, ultimately, reducing
health disparities between different regions.

The analysis of DALY differences across income quintiles overtime revealed a widening
disparity in health levels based on income. Specifically, there was a 1.40-fold differences in
disease burden between the lowest-income quantile (Q1) and the highest-income quantile
(Q5). Of this difference, 1.27 times can be attributed to the gap between Q1 and Q2,
highlighting the urgent need for targeted health management for individuals in the lowest
income bracket. Although the disease burden decreased for all income quintiles from 2019
to 2020, the reduction rate was the lowest for Q1. To gain a better understanding of disease
burden by income level, further research is necessary to analyze specific factors such as YLLs,
YLDs, sex differences, and explore diseases with higher burden among each income level. By
conducting more detailed analyses in future studies, it may be possible to gain insights into
the specific health challenges faced by individuals in different income groups and design
interventions to address the diseases that significantly contribute to the disease burden
within each income category.

This study provides valuable insights into the burden of disease in Korea, considering various
factors such as regional disparities and income inequality. However, some limitations need
to be acknowledged. First, we did not include the calculation of DALY for COVID-19, which
is an important public health issue. Future research should incorporate the disease burden
of infectious diseases, including COVID-19, to provide a comprehensive assessment. Second,
the estimation of YLDs may have underestimated the burden of disease that relies on over-
the-counter drugs or has low medical utilization rates. Further research is needed to improve
the methodology for calculating YLDs in such cases. Additionally, age standardization

was not applied in calculating disease burden by region, which limits the comparability
between regions. Further studies should consider age standardization to enhance regional
comparability. Lastly, because this study measured DALYs based on claims data, only data

of those who used medical care were included in the assessment of disease burden. As
aresult, YLDs decreased and YLLs increased in 2020. Changes in the disease burden of
periodontal disease, asthma, and BPH over the past 12 years can also be interpreted in a
similar context. As this methodology included claims data, DALYs in 2020 were measured
using data reflecting changes that occurred due to COVID-19. In order to overcome these
methodological limitations, follow-up studies will need to be conducted to improve the
accuracy of estimating the number of prevalences and incidences of disease. Furthermore,
applying a method of cross-verification with data sources other than claims data could be
helpful in improving the methodology.

Despite these limitations, this study contributes to the understanding of disease burden
in Korea by utilizing individual-level empirical data. The methodology employed, such as
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examining disease burden by region and income level, provides valuable insights into health
equity. It is crucial to explore the underlying factors that contribute to health disparities
identified in the results. Furthermore, estimating the preventable disease burden by
assessing the attributable burden due to health risk factors like smoking, drinking, and lack
of physical activity may guide priority setting and goals establishment in health promotion
efforts. It is recommended that the burden of disease in the Korean population be regularly
measured and the research methodology be continuously improved. The findings from these
measurements should be utilized in policymaking to promote health and address health
disparities effectively.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Percentage change in YLDs (per 100,000 population) for the top 20 leading specific causes
(levels 3 and 4) of YLDs
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