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ABSTRACT

Background: Projection of future trends in disease burden can facilitate setting of priorities
for health policies and resource allocation. We report here projections of disease-specific
mortality and the burdens of various diseases in Korea from 2016 to 2030.

Methods: Separate age- and sex-specific projection models for 21 major cause clusters from
2016 to 2030 were developed by applying coherent functional data models based on historical
trends from 2002 to 2015. The age- and sex-specific years of life lost (YLL) for each cause
cluster were projected based on the projected number of deaths. Years lived with disability
(YLD) projections were derived using the 2015 age- and sex-specific YLD to YLL ratio. The
disability-adjusted life years (DALYs) was the sum of YLL and YLD.

Results: The total number of deaths is projected to increase from 275,777 in 2015 to 421,700
in 2030, while the age-standardized death rate is projected to decrease from 586.9 in 2015 to
447.3 in 2030. The largest number of deaths is projected to be a result of neoplasms (75,758
deaths for males; 44,660 deaths for females), followed by cardiovascular and circulatory
diseases (34,795 deaths for males; 48,553 deaths for females). The three leading causes

of DALYs for both sexes are projected to be chronic respiratory diseases, musculoskeletal
disorders, and other non-communicable diseases (NCDs).

Conclusion: We demonstrate that NCDs will continue to account for the majority of the
disease burden in Korea in the future.

Keywords: Burden of Disease; Republic of Korea; Projection; Coherent Functional Data Model;
Time Series

INTRODUCTION

Assessment and quantification of the population health scenarios expected to occur in the
future provide information on probable trends in health and enable setting of priorities

for healthcare and public health policies. This is particularly important for Korea, which

is currently undergoing a major epidemiologic and demographic transition; the Korean
population has aged more rapidly than those of other developed countries, and Korea is
expected to be a super-aged society by 2026.1 Comprehensive assessments of current burden
of disease in Korea have been conducted.2:3 However, little effort has focused on projections
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of disease-specific mortality and the burden of disease for the entire disease spectrum at the
national level.

At the global level, projections for a complete set of causes were conducted as part of the
Global Burden of Disease (GBD) study.4> The GBD projections used a structural model

based on relationships between mortality and projected changes in key system components.
However, the structural model requires considerable knowledge of the important system
components and the relationships among them. In addition, when the system is complex and
highly sensitive to its components, the structural model provides less reliable estimates. In
contrast, aggregate models are based on the assumption that previous trends will continue
into the future. This method requires good mortality and morbidity registration data.

We prepared projections of mortality and burden of disease from 2016 to 2030 by developing
separate age-, sex-, and cause-specific projection models using coherent functional data
models and time-series methods based on the trends from 2002 to 2015.

METHODS

Data source

To estimate the mortality rates from 2002 to 2015 and to project future mortality rates from
2016 to 2030 of diseases and injuries in the entire Korean population, the 2002-2015 Causes
of Death Statistics and database of residents registered with the Ministry of Interior, the
2016-2030 projected population, and the 2002-2030 Life Expectancy Table from Statistics
Korea were used.6 To estimate the prevalence and incidence rates of the selected causes in
2015, we used National Health Insurance Service claims data for 2015, the 2015 National
Cancer Registration and Statistics from the Korea Central Cancer Registry, and the 2015
Korea National Hospital Discharge Injury Surveillance data from the Korea Centers for
Disease Control and Prevention.

Case definitions

In total, 260 mutually exclusive diseases and injuries were classified into the following 21

cause clusters: 1) human immunodeficiency virus/acquired immune deficiency syndrome
(HIV/AIDS) and tuberculosis; 2) diarrhea, lower respiratory infections, meningitis, and other
common infectious diseases; 3) neglected tropical diseases and malaria; 4) maternal disorders;
5) neonatal disorders; 6) nutritional deficiencies; 7) other communicable, maternal, neonatal,
and nutritional disorders; 8) neoplasms; 9) cardiovascular and circulatory diseases; 10) chronic
respiratory diseases; 11) cirrhosis of the liver; 12) digestive diseases except cirrhosis; 13)
neurological disorders; 14) mental and behavioral disorders; 15) diabetes, urogenital, blood,
and endocrine diseases; 16) musculoskeletal disorders; 17) other non-communicable diseases
(NCDs); 18) transport injuries; 19) unintentional injuries other than transport injuries; 20) self-
harm and interpersonal violence; and 21) forces of nature, war, and legal intervention. These 21
cause clusters were further grouped into three broad cause groups: 1) communicable, maternal,
neonatal, and nutritional conditions (CMNNs); 2) NCDs; and 3) injuries. Detailed information
on the definition of cause of death and epidemiologic parameters is available.3

Mortality projection methods

We used these 21 cause clusters to estimate mortality rates from 2002 to 2015 for both
sexes and eighteen 5-year age groups (04, 5-9, 10-14, 1519, 20-24, 25-29, 30-34, 35-39,
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40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84, and > 85 years). For analysis
of maternal, neonatal, and childhood behavioral disorders, age restriction was applied
depending on the characteristics of the diseases. Only females 10-59 years of age were
included for maternal disorders, children 0-9 years of age for infant disorders, newborns

0-1 years of age for sepsis and other infectious disorders of newborns, and children under 20
years of age for childhood behavioral disorders.

To forecast mortality rates from 2016 to 2030, we developed coherent functional time-series
models for each age-sex group for the 21 cause-of-death clusters using the demography
package in R software (version 3.4.4; R Foundation, Vienna, Austria). This model uses
smoothed historical mortality data, and we used the mortality rates for the years 2002-2015
as the basis for the projection of mortality rates. The past mortality rates were calculated by
the ratio between the number of deaths and mid-year population. The square roots of the
products and ratios of the smoothed rates for each sex were modeled using functional time
series models.” The projected number of deaths was generated by applying the projected
population to the projected mortality rate.

Calculation of years of life lost (YLLs), years lived with disability (YLDs), and
disability-adjusted life years (DALYs)

Details of the methods for estimating YLLs, YLDs, and DALYs are provided elsewhere.8,9
The cause-specific YLLs for 2015 were computed by multiplying the number of deaths for
each cause cluster by the residual expected life expectancy at the age of death. We used a 4%
age weighting and 3% time discount rate. The YLDs for 2015 were calculated by multiplying
the number of incident cases by the average duration of a case and the disability weight of
the disease. To calculate the age at onset and disease duration, we used DisMod-II software
(EpiGear, Noosa, Australia) with appropriate input parameters, including the incidence
rate, prevalence rate, mortality rate, and fatality rate. Detailed information on the disability
weights used in this study is available.10 The DALY was the sum of YLL and YLD.

YLLs from 2016 to 2030 were calculated based on the projected mortality by cause, age, and
sex. YLD projections were derived from the YLL projections by applying the ratio of YLDs to
YLLs for 2015 with the assumption that these ratios would be constant from 2015 to 2030,
as estimated in the original GBD projections.4 For causes for which there was no mortality,
the 2015 YLD rates per capita were assumed to remain constant until 2030. We used the
projected population to calculate age-standardized YLL, YLD, and DALY rates per capita. All
the analysis was done by age-, and sex-specific models.

Ethics statement
This study was approved by the Korea University Institutional Review Board (KU-IRB-18-EX-
51-A-1). The informed consent was waived by the board.

RESULTS

Overall, the number of deaths is projected to increase from 275,777 in 2015 to 421,700 in
2030; and the age-standardized death rate (ASDR) is projected to decrease from 586.9 in 2015
to 447.3 in 2030. NCDs are projected to account for approximately 80% of all deaths in 2030.
In contrast, injuries and CMNNs will account for 13.7% and 5.9%, respectively, of the total
deaths in 2030.
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Table 1 summarizes the projected number of deaths and ASDRs for the 21 cause clusters in
2030 by sex in comparison with those in 2015, as well as the percentage changes in ASDRs
for 2015-2030. The five leading causes of death are projected to be NCDs. The largest number
of deaths is projected to be caused by neoplasms (75,758 deaths for males; 44,660 deaths

for females), followed by cardiovascular and circulatory diseases (34,795 deaths for males;
48,553 deaths for females); these were also the leading causes of death in 2015. Although the
ASDRs for both are projected to decline from 2015 to 2030, the number of deaths from those
causes is projected to increase, likely due to population growth and/or aging. For injuries, the
rank orders of the causes drop or are unchanged from those in 2015. Unintentional injuries
and self-harm and interpersonal violence are projected to account for almost 90% of the
injury-related deaths in 2030. Generally, CMNNs had the lowest rank orders in both 2015 and
2030, with the exceptions of diarrhea, lower respiratory infections, meningitis, and other
common infectious diseases (ninth for males and seventh for females in 2030) and HIV/AIDS
(11th for both males and females in 2030), each of which is projected to move up one place in
the rankings.

The estimates of YLL per 100,000 population for 2015 and 2030 and the changes in rank
order by sex are shown in Table 2. Neoplasms were the leading cause of YLL for both sexes in
2015 and is projected to remain so in 2030. For males, self-harm and interpersonal violence
is projected to move up one place in the rankings to be the second leading cause of YLL.
Cardiovascular and circulatory diseases is projected to move down one place in the rankings
and be the third leading cause of YLL. For females, the ranking of cardiovascular and

Table 1. Projected mortality for selected 21 causes in 2030 in comparison to mortality in 2015

Diseases Male Female
2015 2030 % change 2015 2030 % change
Deaths  ASDR Deaths ~ ASDR  INASDR  peaths  ASDR Deaths ~ ASDR  inASDR
CMNNs
HIV/AIDS and tuberculosis 2,181 4.5 4,669 4.8 7.0 1,395 2.7 2,628 2.7 0.4
Other infectious ds* 3,031 5.8 6,705 5.2 -9.6 3,436 6.4 8,046 7.1 9.8
Neglected tropical ds and malaria 131 0.3 266 0.3 1.7 129 0.3 297 0.3 -5.1
Maternal disorder N/A 64 0.3 65 0.4 1.6
Neonatal disorder 418 2.6 563 3.8 49.5 330 1.9 378 2.5 97.2
Nutritional deficiencies 312 0.6 664 0.6 -3.6 374 0.7 857 0.7 5.4
Other CMNN 309 0.7 568 0.7 -6.1 289 0.7 491 0.7 -3.5
NCDs
Neoplasms 51,049 102.9 75,758 71.0 -31.0 32,848 75.6 44,660 53.7 -28.9
Cardiovascular and circulatory ds 32,964 63.6 34,795 26.2 -58.9 37,848 72.2 48,553 40.5 -43.9
Chronic respiratory ds 9,114 15.2 23,313 16.1 6.0 6,855 12.5 14,777 12.9 5
Cirrhosis of the liver 5,882 14.2 8,494 14.7 L) 2,332 5.7 3,568 5.6 -2.0
Digestive ds except cirrhosis 2,672 53 5,864 &5 3.8 3,177 6.0 6,390 6.2 3.0
Neurological disorders 7,292 13.4 16,676 12.8 -4.3 11,000 20.4 24,441 21.6 6.1
Mental and behavioral disorders 924 2.3 1,228 2.4 2.6 197 0.5 247 0.5 -5.2
DM, urogenital, blood, and endocrine ds 9,278 18.0 14,344 10.2 -43.4 10,357 20.5 18,353 16.0 -21.8
Musculoskeletal disorders 510 1.0 1,032 0.9 -5.9 970 2.0 1,864 2.0 1.0
Other NCDs 691 2.8 1,067 2.8 0.5 805 3.0 1,222 3.0 1.8
Injuries
Transport injuries 4,566 13.3 3,710 6.8 -48.9 2,154 6.0 1,809 3.2 -47.7
Unintentional injuries® 7,497 18.6 12,212 19.2 3.1 5,576 13.0 9,663 12.4 -4.5
Self-harm and interpersonal violence 11,393 33.8 14,760 33.1 -1.9 5,136 16.9 6,250 17.3 1.9
Other injuries® 180 0.4 348 0.6 54.8 m 0.2 174 0.2 -3.3

ASDR = age-standardized death rate, ds = diseases, N/A = not applicable, CMNN = communicable, maternal, neonatal, and nutritional condition, HIV/AIDS = human
immunodeficiency virus/acquired immune deficiency syndrome, NCD = non-communicable disease, DM = diabetes mellitus.
aDiarrhea, lower respiratory infections, meningitis, and other common infectious diseases; *Unintentional injuries other than transport injuries; °Forces of

natures, war, and legal intervention.

https://jkms.org
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Table 2. Projected YLLs and changes in rankings for selected 21 causes for 2015 and 2030

Diseases Male Female
2015 2030 Change 2015 2030 Change
YLL? Rank YLL® Rank  inrank  yp|® Rank YLL? Rank inrank
CMNNs
HIV/AIDS and tuberculosis 72 12 125 12 - 31 14 56 13 ™
Other infectious ds” 76 n 135 1 - 58 10 136 8 22
Neglected tropical ds and malaria 4 20 8 20 - 3 21 5 20 M
Maternal disorder N/A 7 18 7 19 U1
Neonatal disorder 54 14 70 13 ™ 43 13 48 14 N
Nutritional deficiencies 10 18 16 19 N 6 19 14 17 T2
Other CMNNs 12 17 18 17 - 10 17 14 16 ™
NCDs
Neoplasms 1,642 1 1,940 1 = 1,108 1 1,146 1 =
Cardiovascular and circulatory ds 941 2 680 3 1 705 2 772 2 -
Chronic respiratory ds 164 9 434 5 N 104 8 252 7 ™
Cirrhosis of the liver 296 5 390 6 V1 95 9 125 9 -
Digestive ds except cirrhosis 80 10 147 10 = 56 12 122 10 M2
Neurological disorders 172 8 332 7 ™ 179 6 415 3 ™3
Mental and behavioral disorders 49 15 61 14 4N n 16 12 18 V2
DM, urogenital, blood, and endocrine ds 265 7 268 8 1 214 4 306 5 1
Musculoskeletal disorders 15 16 25 16 - 23 15 41 15 -
Other NCDs 58 13 59 15 V2 56 n 60 12 V1
Injuries
Transport injuries 281 6 164 9 V3 109 7 69 1 Va4
Unintentional injuries® 357 4 479 4 - 182 5 255 6 N
Self-harm and interpersonal violence 728 3 785 2 ™ 356 3 363 4 N
Other injuries® 8 19 17 18 ™ 3 20 5 21 41

YLL = years of life lost, CMNN = communicable, maternal, neonatal, and nutritional condition, HIV/AIDS = human immunodeficiency virus/acquired immune
deficiency syndrome, ds = diseases, N/A = not applicable, NCD = non-communicable disease, DM = diabetes mellitus.

2YLLs per 100,000 population; "Diarrhea, lower respiratory infections, meningitis, and other common infectious diseases; “Unintentional injuries other than
transport injuries; YForces of natures, war, and legal intervention.

https://jkms.org

circulatory diseases is projected to remain unchanged as the second leading cause of YLL,
and neurological disorders is projected to move up three places to be the third leading cause
of YLL. In general, there is projected to be little or no change in the YLL rankings between
2015 and 2030, while chronic respiratory diseases is projected to move up four places for
males, neurological disorders is projected to move up three places for females, and transport
injuries is projected to move down three places for males and four places for females.

Table 3 summarizes the changes of YLDs and DALYs per 100,000 population for the 21 cause
clusters from 2015 to 2030 by sex. For males, the leading cause of YLD in 2015 was digestive
diseases except cirrhosis, followed by chronic respiratory diseases and other NCDs, while
the leading cause of YLD in 2030 was chronic respiratory diseases followed by other NCDs
and digestive diseases except cirrhosis. For females, the largest number of YLD per 100,000
in 2015 was caused by musculoskeletal disorders, followed by diabetes mellitus (DM),
urogenital, blood, and endocrine diseases, and other NCDs. The top leading causes of YLD
were unchanged in 2030. Other NCDs and digestive diseases except cirrhosis were projected
to be second and third in the rankings, respectively, while DM, urogenital, blood, and
endocrine diseases is projected to move down five places to be seventh in the rankings.

DALYs are projected to increase from 26,799,184 in 2015 to 30,685,593 in 2030, an increase
0f14.5%. During the same period, the population is projected to increase by 3.9%. NCDs are
projected to account for 90% of the total DALYs and to represent a leading burden of disease,
while CMNNSs and injuries are projected to account for 5% each. The three leading causes

https://doi.org/10.3346/jkms.2019.34.e92 5/M
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Table 3. Projected YLDs and DALYs for selected 21 causes for 2015 and 2030

Diseases Male Female
2015 2030 2015 2030
YLD? DALY® YLD? DALY YLD? DALY YLD? DALY®
CMNNs
HIV/AIDS and tuberculosis 107 179 140 265 54 85 90 146
Other infectious ds° 60 136 74 209 77 135 80 216
Neglected tropical ds and malaria 0 5 o] 8 0 3 0 6
Maternal disorder N/A 3,001 3,008 4,417 4,424
Neonatal disorder 14 68 18 88 10 54 12 59
Nutritional deficiencies 19 29 32 48 96 102 165 179
Other CMNNs 2 14 2 20 19 28 15 29
NCDs
Neoplasms 1,181 2,805 1,224 3,164 1,218 2,326 894 2,040
Cardiovascular and circulatory ds 3,249 4,190 1,676 2,356 2,754 3,459 1,629 2,401
Chronic respiratory ds 6,242 6,406 10,919 11,352 7,08 7,212 7,429 7,681
Cirrhosis of the liver 975 1,271 1,105 1,495 501 596 548 673
Digestive ds except cirrhosis 6,924 7,004 7,671 7,818 7,116 7,172 8,964 9,086
Neurological disorders 1,381 1,553 2,180 2,512 2,223 2,401 3,965 4,380
Mental and behavioral disorders 2,081 2,131 2,459 2,520 2,572 2,583 3,100 3,112
DM, urogenital, blood, and endocrine ds 5,493 5,758 2,846 3,114 7,97 8,185 3,910 4,216
Musculoskeletal disorders 6,095 6,109 7,245 7,270 10,223 10,246 11,675 1,716
Other NCDs 6,120 6,178 7,682 7,741 7,734 7,790 9,728 9,788
Injuries
Transport injuries 923 1,205 47N 635 633 742 303 372
Unintentional injuries® 1,310 1,667 1,566 2,045 895 1,078 1,161 1,416
Self-harm and interpersonal violence m 840 104 888 65 421 63 426
Other injuries® 3 il 5 21 1 4 1 6

YLD = years lived with disability, DALY = disability-adjusted life year, CMNN = communicable, maternal, neonatal, and nutritional condition, HIV/AIDS = human
immunodeficiency virus/acquired immune deficiency syndrome, ds = diseases, N/A = not applicable, NCD = non-communicable disease, DM = diabetes mellitus.
2YLDs per 100,000 population; "DALYs per 100,000 population; °Diarrhea, lower respiratory infections, meningitis, and other common infectious diseases;
dUnintentional injuries other than transport injuries; ®Forces of natures, war, and legal intervention.

of DALYs for both sexes are projected to be chronic respiratory diseases, musculoskeletal
disorders, and other NCDs.

Figs. 1and 2 show the rank orders of DALYs in 2015 and 2030 by sex. The three leading
causes of DALY are projected to be chronic respiratory diseases, digestive diseases except
cirrhosis, and other NCDs for males; and musculoskeletal disorders, other NCDs, and
digestive diseases except cirrhosis for females. Overall, NCDs are ranked highly and CMNNs
are ranked lowly. Generally, there was little or no change in the DALY rankings between 2015
and 2030, while cardiovascular and circulatory diseases is projected to move down three
places for males, neurological disorders is projected to move up three places for females, and
both DM, urogenital, blood, and endocrine disorders and neonatal disorders are projected to
move down five places for females.

Table 4 lists the five leading causes of DALYs in 2030 by age group. Chronic respiratory
disease is projected to be an important cause of DALYs in all age groups. Mental and
behavioral disorders as well as unintentional injuries other than transport injuries are
projected to be the major causes of DALYs for males in the 10-19 years age group, and
maternal disorders is projected to be the major cause of DALYs for females of childbearing
age. Musculoskeletal disorders are projected to be ranked highly in the 20-64 years age
group, and neoplasms for males and neurological disorders for females are the leading
causes of DALY in the > 65 years age group.

https://jkms.org https://doi.org/10.3346/jkms.2019.34.e92 6/M
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Rank 2015

1 Digestive diseases except cirrhosis

2 Chronic respiratory diseases

3 Other non-communicable diseases

4 Musculoskeletal disorders

5 Diabetes, urogenital, blood, and endocrine diseases

6 Cardiovascular and circulatory diseases

7 Neoplasms

8 Mental and behavioral disorders

9 Unintentional injuries other than transport injuries

10 Neurological disorders

1 Cirrhosis of the liver

12 Transport injuries

13 Self-harm and interpersonal violence

14 HIV/AIDS and Tuberculosis

15 Diarrhea, lower respirator.'y infef:tions, meningitis,
and other common infectious diseases

16 Neonatal disorder

17 Nutritional deficiencies

18 Othe.r.comm.unicable, maternal, neonatal, and
nutritional disorders

19 Forces of natures, war, and legal intervention

20 | Neglected tropical diseases and malaria

2030 Rank
Chronic respiratory diseases 1
Digestive diseases except cirrhosis 2
Other non-communicable diseases 3
Musculoskeletal disorders 4
Neoplasms 5
Diabetes, urogenital, blood, and endocrine diseases 6
Mental and behavioral disorders 7
Neurological disorders 8
Cardiovascular and circulatory diseases 9
Unintentional injuries other than transport injuries 10
Cirrhosis of the liver 1
Self-harm and interpersonal violence 12
Transport injuries 13
HIV/AIDS and Tuberculosis 14
Diarrhea, lower respiratory infef:tions, meningitis, 15
and other common infectious diseases
Neonatal disorder 16
Nutritional deficiencies 17
Forces of natures, war, and legal intervention 18
Other communicable, maternal, neonatal, and
nutritional disorders 19
Neglected tropical diseases and malaria 20

Fig. 1. Change in rank order of DALYs between 2015 and 2030 for the 21 selected causes in male.
DALY = disability-adjusted life year, HIV/AIDS = human immunodeficiency virus/acquired immune deficiency syndrome.

https://jkms.org

DISCUSSION

We performed projections of the number of deaths and burden of disease from 2016 to 2030
by 21 cause clusters, age, and sex. The number of deaths is projected to increase, and the
ASDRs are projected to decrease, from 2015 and 2030. By 2030, the largest number of deaths
is projected to be caused by neoplasms and cardiovascular and circulatory diseases. There is
no substantial change in the patterns of DALYs between 2015 and 2030. In 2030, the three
leading causes of DALY will be chronic respiratory diseases, musculoskeletal disorders, and
other NCDs. The proportions of deaths and DALYs due to NCDs were projected to be 82%

and 90%, respectively.

The projected trends of deaths and DALYs can be attributed in part to population growth
and demographic transition in addition to improvements in medical care and health policy.
According to the population projections reported by Statistics Korea, the proportion of the

population aged 0-14 years is projected to decrease from 13.8% in 2015 to 11.5% in 2030, the
proportion of the population of working age is projected to decrease from 73.4% in 2015 to

https://doi.org/10.3346/jkms.2019.34.e92
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Rank 2015 2030 Rank
1 Musculoskeletal disorders Musculoskeletal disorders 1
2 Diabetes, urogenital, blood, and endocrine diseases |, Other non-communicable diseases 2
3 Other non-communicable diseases - Digestive diseases except cirrhosis 8
4 Chronic respiratory diseases - Chronic respiratory diseases 4
5 Digestive diseases except cirrhosis / Maternal disorder 5
6 Maternal disorder Neurological disorders 6
7 Cardiovascular and circulatory diseases Diabetes, urogenital, blood, and endocrine diseases 7
8 Mental and behavioral disorders X Mental and behavioral disorders 8
9 Neurological disorders Cardiovascular and circulatory diseases 9
10 Neoplasms Neoplasms 10
1 Unintentional injuries other than transport injuries Unintentional injuries other than transport injuries 1
12 Transport injuries Cirrhosis of the liver 12
13 Neonatal disorder Self-harm and interpersonal violence 13
14 Cirrhosis of the liver Transport injuries 14
15 Self-harm and interpersonal violence Diarrhea, lower respiratory infef:tions, meningitis, 15

and other common infectious diseases

16 Diarrhea, lower respirato['y infef:tions, meningitis,

and other common infectious diseases Nutritional deficiencies 16
17 Nutritional deficiencies HIV/AIDS and Tuberculosis 17
18 HIV/AIDS and Tuberculosis A Neonatal disorder 18
19 Othetr.comm.unicable, maternal, neonatal, and Othe.r.comm.unicable, maternal, neonatal, and 19

nutritional disorders nutritional disorders
20 | Forces of natures, war, and legal intervention Forces of natures, war, and legal intervention 20
21 Neglected tropical diseases and malaria Neglected tropical diseases and malaria 21

Fig. 2. Change in rank order of DALYs between 2015 and 2030 for the 21 selected causes in female.
DALY = disability-adjusted life year, HIV/AIDS = human immunodeficiency virus/acquired immune deficiency syndrome.

https://jkms.org

64.0% in 2030, and the proportion of the population > 65 years is projected to increase from
12.8% in 2015 to 24.5% in 2030.1

According to the GBD projection, the three leading causes of burden of disease worldwide

in 2030 will be HIV/AIDS, depression, and ischemic heart disease, and those in high-income
countries will be depression, ischemic heart disease, and dementias. Comparing the GBD
projection with our results is difficult because the GBD study performed projections for 132
detailed causes, whereas we conducted projections for 21 cause-clusters. However, the future
disease burden in Korea is in accordance with that in high-income countries in the GBD
projection, in that NCDs will account for the majority.

To the best of our knowledge, this is the first study to predict cause-specific mortality and
DALYs for a comprehensive set of causes in Korea; therefore, comparisons with previous
studies are impossible. Our projections for all-cause mortality are similar to those by
Statistics Korea, despite our use of the sum of the projections for 21 cause clusters compared
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Table 4. Ranking for 5 leading disease groups of DALYs® by sex and age group in 2030

Age Rank Male (%) Female (%)
Total

1 Chronic respiratory diseases (21) Musculoskeletal disorders (19)

2 Digestive diseases except cirrhosis (15) Other NCDs (16)

3 Other NCDs (14) Digestive diseases except cirrhosis (15)

4 Musculoskeletal disorders (14) Chronic respiratory diseases (12)

5 Neoplasms (6) Maternal disorders (7)
0-9yr

1 Chronic respiratory disease (78) Chronic respiratory diseases (47)

2 Other NCDs (10) Other NCDs (25)

3 Digestive diseases except cirrhosis (5) Digestive diseases except cirrhosis (17)

4 Neonatal disorder (1) Mental and behavioral disorders (4)

5 Mental and behavioral disorders (1) Diabetes, urogenital, blood, and endocrine diseases (2)
10-19 yr

1 Other NCDs (23) Other NCDs (51)

2 Chronic respiratory diseases (17) Digestive diseases except cirrhosis (11)

3 Mental and behavioral disorders (17) Chronic respiratory diseases (11)

4 Unintentional injuries other than transport injuries (10) Maternal disorder (7)

5 Musculoskeletal disorders (9) Mental and behavioral disorders (6)
20-64 yr

1 Digestive diseases except cirrhosis (18) Musculoskeletal disorders (24)

2 Musculoskeletal disorders (17) Digestive diseases except cirrhosis (16)

3 Other NCDs (16) Other NCDs (13)

4 Chronic respiratory diseases (14) Maternal disorder (13)

5 Diabetes, urogenital, blood, and endocrine diseases (6) Chronic respiratory diseases (11)
65yrand up

1 Other NCDs (13) Neurological disorders (18)

2 Digestive diseases except cirrhosis (13) Other NCDs (13)

3 Chronic respiratory diseases (12) Musculoskeletal disorders (13)

4 Neoplasms (12) Digestive diseases except cirrhosis (11)

5 Musculoskeletal disorders (12) Cardiovascular and circulatory diseases (9)

The value in parentheses are percentages of the DALY of the disease among the total DALY by sex and age group.
DALY = disability-adjusted life year, NCD = non-communicable disease.
2DALYs per 100,000 population.

to past trends in all-cause mortality by Statistics Korea. The projected total number of deaths
in 2030 is 421,700 (227,036 for males; 194,664 for females) and that by Statistics Korea is
423,000 (222,000 for males; 201,000 for females).

The GBD projection used a methodology based on the assumption of a relationship
between cause-specific mortality rates and a set of socioeconomic variables. The GBD study
considered a limited number of socioeconomic variables — including average income per
capita, the average number of years of schooling in adults, and time — to capture the impact
of technological change on health status. In addition, tobacco use was included in the
projections for cancers, cardiovascular diseases, and chronic respiratory diseases.>

We applied coherent functional data models to forecast cause-, age-, and sex-specific
mortality in Korea from 2016 to 2030. The coherent functional data model is a variant of
the Lee—Carter model, which extrapolates historical trends and forecasts the probability
distributions of age-specific death rates using a statistical time-series method.1! The time-
series method presupposes that the historical trend will continue into the future, and is
regarded to be superior to structural modeling using exogenous variables for forecasting.12
The coherent functional data model is a product-ratio method based on forecasting of the
simple product function (the geometric mean of subpopulation death rates) and the ratio
function (ratios of the subpopulation death rates to the geometric mean rates).” In this
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paradigm, coherence is imposed and the forecasts of cause-specific mortality for the two
sexes maintain certain structural relationships without continuing to diverge.»1315

This study had limitations that should be considered. The forecasting is based on the
assumption that past trends would be reflected in future trends, and unpredictable future
occurrences are not considered.15 In addition, we assumed that the YLD to YLL ratio in 2015
would remain unchanged in the future. However, the YLD to YLL ratio can increase if the
mortality rate decreases or decrease if the disease burden decreases due to improvements in
medical technologies and health interventions.

To the best of our knowledge, this is the first projection of the future burden of a
comprehensive set of diseases in Korea. Our results will facilitate establishment of
appropriate health interventions to reduce the burdens imposed by various diseases.
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