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ABSTRACT

Background: Injury is a major public health problem and accounts for 10% of the global
burden of disease. This study intends to present the temporal trend in the injury burden in
Korea and to compare the burden size by injury mechanism and age group.

Methods: This study was a nationwide population-based observational study. We used two
data sets, the death certificates statistics and the Korean National Hospital Discharge Survey
data (2004-2012). We calculated age-standardized disability-adjusted life year (DALY) from
years of life lost (YLL) and years lived with disability (YLD) and trend analysis.

Results: The DALYs of road injury decreased (P= 0.002), falls did not exhibit a trend (P=0.108),
and self-harm increased overall (P= 0.045). In the road injury, the YLLs decreased across all 4
age groups (0-14, 15-49, 50-79, > 80) and the YLDs decreased in the 0-14-year-old group. In
total, the DALYs of road injuries decreased in the 0-14-year-old group. In the fall injury, although
the YLLs decreased in the over 80-year-old group, the YLDs increased in the 50-79-year-old
group and the over 80-year-old group. The burden of self-harm injury was high in the age group
15 years and over, especially in the 15-49-year-old group.

Conclusion: The leading causes of the injury burden were road injuries, falls, and self-harm.
The burden of road injury and self-harm have recently shown a gradual decreasing tendency. On
the other hands, that of fall injuries are continually high in the age group over 50 years of age.

Keywords: Injuries; Trends; Global Burden of Disease; Falls; Suicide; Traffic Accidents

INTRODUCTION

Injury is a major public health problem and accounts for 10% of the Global Burden of Disease
(GBD).! In recent decades, the total global disability-adjusted life years (DALYs) of injury have
continued to show a reducing trend.! However, injury exhibits different patterns according

to the mechanism. In the 2015 GBD study, the age-standardized DALY rate of road injuries
decreased by 18% compared to the rate in 2005. Among unintentional injuries, drowning
had the largest reduction in age-standardized DALY rates (32%). The age-standardized DALY
rates due to self-harm and interpersonal violence both fell by more than 16% since 2005.2,3
Road injuries (9th), falls (26th) and interpersonal violence (30th) each rose in the reflective
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ranks in the leading 30 causes of global DALYs. Self-harm injuries fell slightly in the ranking
but remained a major leading cause of death and burden of disease in 2015.2,3

The GBD changes over time and is influenced by factors such as health care systems, culture,
and socio-economic status.45 Because public health is affected by those factors, elucidating
the injury burden of disease and its trends will allow public health managers to prevent
mortality and morbidity due to injuries and to develop an emergency care system.6 In Korea,
whether the injury burden has changed and which mechanism is the leading causes of the
disease burden of injury by year are uncertain.

The purpose of this study was to present the temporal trend in the injury burden in Korea and
to compare the relative burden size by injury mechanism and age group.

METHODS

Study design and setting

This study was a nationwide, population-based, observational study. Our study population
was composed of all fatal injuries, and non-fatal injuries requiring hospitalization. We used
nationwide, population-based, annual injury datasets spanning from 2004 to 2012. The study
population was all citizens of Korea. People who suffered from an injury were enrolled, and
we analyzed the death statistics and the Korean National Hospital Discharge Survey.

We used two sets of annual data spanning from January 1, 2004, to December 31, 2012. The
first set is the death certificate statistics from the Statistics Korea, and the second set is the
Korean National Hospital Discharge Survey from the Korea Centers for Disease Control and
Prevention (KCDC).

Mortality data were obtained from the mortality records of the Korean National Statistical Office.
Life expectancies were calculated using mortality data for 2010, and years of life lost (YLL) were
evaluated using age of injury-related death and the life expectancy data from the mortality data.

Morbidity data were collected from the Korean National Hospital Discharge Survey (KNHDS)
conducted by the KCDC. The KNHDS is a continuing nationwide sample survey of acute general
hospitals from 2004 in Korea. A two-stage stratified sample design was used, and hospitals
were stratified according to bed size and geographic region. Hospitals with less than 100 beds
and long-term care/rehabilitation hospitals were excluded. A total of 170 acute-care hospitals
were sampled. In the second step, approximately 9% of discharged patients were randomly
sampled in hospitals with an electronic medical record system, whereas 300-450 cases were
retrieved according to bed numbers in hospitals with manual systems. Moreover, the extraction
rates depended on sex and age group. These representative data contained de-identified clinical
information accessible by the public. The survey items are 19 general questions on patient
characteristics and 8 injury related items. The detailed sampling design used for the survey was
previously described.67 Weighting for the complex sample survey was considered when the
incidence of injury was estimated for the years lived with disability (YLD) calculations.

Data variables

The main exposure was the time trend of DALYs for each injury mechanism. During the
designated timeframe, we collected the data by year. From the death statistics, we gathered the
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death population from all injury mechanisms. From the national hospital discharge survey, we
obtained the discharge dates of all patients admitted due to injuries. We collected information
on demographic factors (age and sex), injury-related factors (diagnostic code and location), and
definite time (death date and discharge date). Age was grouped into life cycle stages (0-14, 1549,
50-79, and > 80 years).28,9 The injury mechanisms were recategorized into 10 mechanisms from
the GBD's 15 external cause of injury categories (road injury, poisonings, falls, fire, heat and hot
substances, drownings, exposure to force of nature, other unintentional injuries, self-harm,
interpersonal violence, collective violence, and legal intervention).10413 The underlying causes of
injury are coded in the data according to the International Classification of Diseases and Related
Health Problems, 10th revision (ICD-10). Road injury was defined as injuries featuring the codes
V01-V04, V06, V09-V80, V87, V89, and V90. Falls were defined by the codes WO0O-W19. Self-harm
was defined as the codes X60 — X84 and Y870. Poisonings were defined as the codes X40, X43—
X44, and X46-X49. Fire, heat and hot substances were defined as the codes X00-X19. Drowning
was defined as the codes W65-W74. Exposure to forces of nature was defined as the codes X30-
X39. Other unintentional injuries were defined as the codes W20-W64, W75-W99, X20-X29,
X50-X59, Y40-Y86, Y88, and Y89. Interpersonal violence was defined as the codes X85-Y09 and
Y871. Collective violence and legal intervention were defined as the codes Y35-Y36. The nature of
the injury was categorized into 23 categories as described in the GBD 2010 study.1+14

Outcomes

DALYs are a sum of YLLs due to premature death and YLD due to disability resulting from
injuries. The burden of fatal injury was estimated using YLLs, which were calculated by
multiplying deaths by the remaining life expectancy at the age of death from a standard life

table chosen as the norm for estimations of premature mortality in the GBD. The study largely
employed the methodology recommended by the 2010 GBD study.1 Life expectancy data used
from the life table for Korea were reported annually. All death reports were grouped by underlying
cause of death as defined in the GBD study and coded using the ICD-10, coding system.

The burden of non-fatal injury was estimated in YLDs as described in the 2010 GBD study
without age weighting or time discounting.! YLDs were calculated by multiplying the number
of prevalent cases with a certain health outcome by the disability weight assigned to this health
outcome. The disability weight reflects the magnitude of the health loss associated with the
outcome and has a value anchored between O (equivalent to full health) and 1 (equivalent to
death). Classically, YLD calculations require estimates of the injury incidence and the frequency
of associated disabilities. We measured YLDs that required hospital admission from the Korean
National Hospital Discharge Survey to estimate the prevalence of admission cases from a
specific injury. We used disability weights derived from the GBD 2010 and New Zealand Burden
of Disease (NZBD) studies.1015 For YLD measurements, some modified definitions were used
with reference to existing research methods.” We distinguished long-term disability and short-
term disability by 4 weeks, using the standard treatment period according to the diagnosis
(ICDA10 code) based on the instructions for the medical certificate of injury recommended in
this country. The duration of short-term disability was used exactly as described in the standard
treatment periods. The probability of disability was measured by replacing the number of
injuries newly occurring every year across the country with the number of hospitalized patients
using the incidence-based approach according to the characteristics of the data sources.

Statistical analysis

After calculation of the DALYs, the annual unadjusted DALYs per 100,000 were calculated
for the overall population, for each sex and for the age groups. The annual age-standardized
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DALYs per 100,000 were also calculated, and the rates were direct-adjusted to the 2010
age structure of the Korean population to allow comparisons over time. We used linear
regression analyses to identify trends for each injury mechanism by year. The statistical
analysis was performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Ethics statement
This study was approved by the Institutional Review Board of Seoul National University
Hospital, Seoul, Korea (approval No.1509-119-705).

RESULTS

Table 1 shows the demographic characteristics of injuries according to Korean mortality
data. Approximately 30,000 deaths occur per year, of which two-thirds are males. The 15-49
and 50-79-year-old age groups accounted for more than 80% of the total deaths. Suicide is

Table 1. Characteristics of the death certificates by year

Variables 2004 2005 2006 2007 2008 2009 2010 2011 2012
Total 30,566 (100.0) 30,957 (100.0) 29,615 (100.0) 30,247 (100.0) 30,587 (100.0) 32,772 (100.0) 32,732 (100.0) 32,543 (100.0) 31,234 (100.0)
Sex
Male 21,114 (69.1) 21,050 (68) 20,045 (67.7) 20,140 (66.6) 20,476 (66.9) 21,943 (67.0) 22,213 (67.9) 22,313 (68.6) 21,156 (67.7)
Female 9,452 (30.9) 9,907 (32) 9,570 (32.3) 10,107 (33.4)  10,11(331)  10,829(33.0) 10,519 (321) 10,230 (31.4) 10,078 (32.3)
Age, yr
0-14 1,019 (3.3) 877 (2.8) 742 (2.5) 648 (2.1) 638 (2.1) 606 (1.8) 517 (1.6) 449 (1.4) 448 (1.4)
15-49 12,735 (417) 12,799 (41.3)  T11,255(38.0) 12,070 (39.9) 12,349 (40.4) 13132 (40.)  12,621(38.6) 11,892 (36.5) 10,743 (34.4)
50-79 13,646 (44.6) 13,932 (45.0) 14,063 (47.5)  13,971(46.2)  13,891(45.4)  15,225(46.5) 15,640 (47.8) 16,088 (49.4) 15,486 (49.6)
>80 3166 (10.4)  3,349(10.8)  3,555(12.0) 3,558 (11.8) 3,709 (121) 3,809 (11.6) 3,954 (12.1) 4114 (12.6) 4,557 (14.6)
Season
Spring 7,989 (261) 8,568 (27.7) 7,591(25.4)  7,945(26.3)  7,355(24.0)  8739(267)  8,421(25.7) 8,341(25.6) 8,262 (26.5)
Summer 8170 (26.7) 8,249 (26.6)  7,882(26.6) 7,779 (257) 7,520 (24.6) 8708 (26.6)  8,716(26.6)  8,931(27.4) 7,786 (24.9)
Fall 7432 (24.3)  7,638(24.7) 7,606 (25.7) 7374(24.4)  8707(28.5)  7,943(24.9)  8,413(25.7) 8118 (24.9)  7,892(25.3)
Winter 6,975(22.8)  6,502(21.0) 6,606 (22.3) 7149 (23.6)  7,005(22.9)  7,382(22.5) 7182 (21.9) 7153 (22) 7,294 (23.4)
Location
Housing 6,553 (21.4)  6,968(22.5)  5837(197)  6,072(201)  6,013(19.7) 7,036 (21.5) 8114 (24.8)  8,380(25.8)  7451(23.9)
Medical 1122 (36.4) 1,204 (36.2)  11,818(39.9) 11,970 (39.6) 12,350 (40.4) 12,810 (39.1) 13,099 (40.0) 13,088 (40.2) 13,355 (42.8)
Transportation 2,176 (7.1) 2,016 (6.5) 1,821 (6.1) 1,773 (5.9) 1,656 (5.4) 1,709 (5.2) 2,151 (6.6) 2,132 (6.6) 92,994 (7.)
Industrial 384 (1.3) 370 (1.2) 315 (1.1) 324 (1.1) 387 (1.3) 453 (1.4) 548 (1.7) 450 (1.4) 482 (1.5)
Other 10,064 (32.9) 10,380 (33.5) 9,780 (33.0)  10,061(33.3)  10,41(33.2) 10,720 (32.7)  8,776(26.8) 8,456 (26.0) 7,684 (24.6)
Unknown 267 (0.9) 19 (0.1) 44.(0) 47(0.9) 40 (0.1) 44.(0.1) 44.(0.7) 37(0) 38(0.1)
Mechanism
Road injury 7,597 (24.6) 7,232 (23.4) 7093 (24.3)  6,981(231)  6709(21.9)  6,570(20.0)  6,231(19.0)  5838(17.9) 5,927 (19.0)
Fall 3,358 (11.0) 3155(10.9) 3,419 (11.5) 2,998 (9.9) 9,482 (8.1) 9,147 (6.6) 9,136 (6.5) 2,150 (6.6) 2,109 (6.8)
Drowning 964 (3.2) 861(2.8) 757 (2.6) 721 (2.4) 688 (2.2) 577 (1.8) 642 (2.0) 647 (2.0) 714 (2.3)
Fire, heat and hot 402 (1.3) 476 (1.5) 495 (1.4) 344 (1.1) 335 (1.1) 247 (0.8) 307 (0.9) 270 (0.8) 325 (1.0)
substances
Poisoning 9256 (0.8) 974 (0.9) 9295 (1.0) 219 (0.7) 230 (0.8) 194 (0.6) 294 (0.7) 207 (0.6) 282 (0.9)
Other unintentional 3,198 (10.5) 3191(10.3) 3,378 (11.4) 3,492 (11.5) 3,443 (11.3) 3,428 (10.5) 3,779 (11.5) 3,637(1.2) 4,093 (13.1)
injuries
Self-harm 1,595 (37.7) 12,049 (38.9) 10,693 (36.1) 12,218 (40.4) 12,894 (42.2) 15451 (471) 15,600 (47.7) 15,942 (49.0) 14,191 (45.4)
Interpersonal 883 (2.9) 867 (2.8) 794 (2.7) 708 (2.3) 690 (2.3) 685 (2.1) 630 (1.9) 555 (1.7) 546 (1.7)
violence
Exposure to forces 384 (1.3) 414 (1.3) 349 (1.9) 290 (1.0) 9263 (0.9) 284 (0.9) 353 (1) 377 (1.9) 368 (1.2)
of nature
Collective 1(0.0) 0(0.0) 0(0.0) 2(0.0) 0(0.0) 2(0.0) 50 (0.2) 0(0.0) 0(0.0)
violence and legal
intervention
Unknown 2,068 (6.8) 9,438 (7.9) 9,319 (7.8) 9,974 (7.5) 2,853 (9.3) 3,187 (9.7) 9,780 (8.5) 9,920 (9.0) 2,679 (8.6)
Values are presented as number of patients (%o).
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a major cause of death from injuries, and since 2009, approximately half of all deaths have
been caused by self-harm. The second most common cause of death is road traffic injuries,
which account for approximately 20% of all deaths.

Table 2 shows the demographic characteristics of people with morbidities requiring
hospitalization. The number of injured patients was calculated given the weight, because
the sample was obtained by extraction due to the nature of the resource. Hospitalization due
to injuries increased from 771,509 cases in 2004 to 1,049,636 cases in 2012. The proportion
of female morbidity increased from 37.8% in 2004 to 41.5% in 2012, although the number
of males was higher than the number of females in all years. By age group, individuals 0-14
years of age and 15-49 years of age showed a decreasing tendency, and the ratio increased for
individuals over 50 years old. The location with the highest rate of injury was transportation

Table 2. Characteristics of the Korean National Hospital Discharge Survey by year

Variables 2004 2005 2006 2007 2008 2009 2010 20T 2012
Total 771,509 (100.0) 816,229 (100.0) 837,186 (100.0) 858,938 (100.0) 889,399 (100.0) 909,436 (100.0) 1,005,028 (100.0) 993,398 (100.0) 1,049,636 (100.0)
Sex
Male 480,162 (62.2) 499,357 (61.2) 516,891 (61.7)  523,361(60.9) 531,097 (59.7) 543,623 (59.8) 593,015 (59.0) 581,958 (58.6) 614,275 (58.5)
Female 991,347 (37.8) 316,872 (38.8) 320,295 (38.3)  335,577(39.1) 358,302 (40.3) 365,813 (40.2) 412,013 (41.0) 411,440 (41.4) 435,361 (41.5)
Age, yr
0-14 76,980 (10.0)  73,925(9.7)  68,685(8.2) 69,549 (8.1) 71,331 (8.0) 66,153 (7.3) 67,977(6.8) 65,799 (6.6) 67,447 (6.4)
15-49 432,439 (56.1) 452,382 (55.4) 462,991 (55.3) 474,799 (55.3) 473,644 (53.3) 475,060 (52.2) 502,314 (50.0)  484,281(487) 483,651 (46.1)
50-79 236,812 (30.7) 263,809 (32.3) 275,955 (33) 284,193 (33.1) 307,613 (34.6)  328,823(36.2) 384,639 (38.3) 392,359 (39.5) 436,822 (41.6)
>80 95,978 (3.3) 26,112(3.2) 29,555 (3.5) 30,467 (3.5) 36,862 (4.1) 39,399 (4.3) 50,098 (5.0) 50,959 (5.1) 61,716 (5.9)
Season
Spring 187,208 (24.5) 210,383 (26.1) 213,205 (25.8) 218,190 (25.9) 220,650 (25.3)  224,241(25.2) 933,127 (23.9) 233,606 (24.0) 959,314 (25.1)
Summer 206,927 (27.) 216,569 (26.8) 293,125 (27.0) 222,757 (26.4) 298,244 (26.2)  9233,275(26.3)  252,525(25.9) 953,577 (26.0) 267,762 (26.0)
Fall 193,262 (25.3) 202,526 (25.1) 213,737 (25.9) 211,193 (25.0) 230,772 (26.5) 229,890 (25.9) 253,956 (26.0) 256,112 (26.3) 266,910 (25.9)
Winter 177,508 (23.2) 177,439 (22.0) 176,275 (21.3) 190,994 (22.7) 192,230 (22.0) 201,125 (22.6) 935,942 (24.2) 230,608 (23.7) 937,437 (23.0)
Location
Housing 193,313 (16.0) 150,507 (18.4) 136,791 (16.3) 131,081 (15.3) 129,445 (14.6) 130,748 (14.4) 136,802 (13.6)  128,645(13.0) 135,660 (12.9)
Transportation 310,124 (40.9) 347,495 (42.6) 362,014 (43.9) 377,806 (44) 382,905 (43) 381,348 (41.9)  3937117(39) 381,024 (38.4) 396,079 (37.7)
Industrial 65,297 (8.5) 70,456 (8.6) 61,893 (7.4) 55,960 (6.5) 56,338 (6.3) 49,331 (5.4) 55,603 (5.5) 46,720 (4.7) 49,699 (4.7)
Educational 15,959 (2.1) 13,819 (17) 13,006 (1.6) 13,875 (1.6) 11,649 (1.3) 12,012 (1.3) 13,097 (1.3) 12,803 (1.3) 12,153 (1.92)
Commercial/cultural 23704 (3.0) 32,256 (4.0) 29,373 (3.5) 98,407 (3.3) 96,394 (3.0) 95,981 (2.9) 26,709 (2.7) 93,141 (2.3) 95,134 (2.4)
Agricultural 12,112 (1.6) 15,905 (1.9) 13,167 (1.6) 13,254 (1.5) 12,980 (1.5) 15,249 (1.7) 13,158 (1.3) 9,446 (1.0) 1,661 (1.1)
Outdoor 926,75(3.4) 22,099 (27) 19,814 (2.4) 91,440 (2.5) 99,556 (2.5) 20,441 (2.2) 21,191 (2.1) 91,326 (21) 21,421 (2.0)
Other 93,331(3.0)  37,423(4.6) 39,514 (4.7) 41,002 (4.8) 43,713 (4.9) 45,753 (5.0) 48,772 (4.9) 47,472 (4.8) 55,201 (5.3)
Unknown 172,093 (22.3) 126,270 (15.5) 161,614 (19.3) 176,013 (20.5)  203,541(22.9) 998,573 (25.1) 996,579 (29.5) 322,820 (32.5) 342,628 (32.6)
Mechanism
Road injury 308,825 (40.0) 316,624 (38.6) 332,629 (39.5) 350,882 (40.5)  351,441(39.2) 354,344 (387) 368,890 (36.5) 352,532(35.2) 371,999 (35.3)
Fall 218,566 (28.3) 232,234 (28.3) 246,427 (29.3)  242,295(28.0) 256,037 (28.6) 269,670 (29.4) 319,560 (31.6) 328,218 (32.8) 346,778 (32.9)
Drowning 478 (0.1) 466 (0.1) 1,064 (0.1) 406 (0.0) 337(0.0) 574 (0.1) 591 (0.1) 415 (0.0) 530 (0.1)
Fire, heatand hot 16,025 (2.1) 15,529 (1.9) 16,820 (2.0) 29,163 (2.6) 26,307(2.9) 29,567 (3.2) 98,361 (2.8) 95,561 (2.6) 98,134 (2.7)
substances
Poisoning 4,853 (0.6) 5976 (0.7)  6,493(0.8) 7,070 (0.8) 6,697 (0.7) 6,967 (0.8) 7,848 (0.8) 6,781(0.7) 7,997 (0.7)
Other unintentional 167,056 (21.7) 190,544 (23.3) 177,839 (21.1)  187,347(21.6) 200,491 (22.4)  203,175(22.2)  233,325(23.1)  935,278(23.5) 952,595 (23.9)
injuries
Self-harm 16,549 (2.1) 17,314 (21) 19,045 (2.3) 14,981 (1.7) 17,913 (2.0) 16,969 (1.9) 17,359 (1.7) 17,197 (1.7) 16,915 (1.6)
Interpersonal 34,802 (4.5) 35,501(4.3) 34,665 (4.1) 35,090 (4.1) 34,935 (3.9) 32,750 (3.6) 31,926 (3.2) 30,763 (3.1) 97,174 (2.6)
violence
Exposure to forces 316 (0.0) 444.(0.1) 447 (0.1) 286 (0.0) 493(0.0) 304 (0.0) 802 (0.1) 983 (0.1) 1,230 (0.1)
of nature
Collective 0(0.0) 280 (0.0) 209 (0.0) 0(0.0) 202 (0.0) 0(0.0) 0(0.0) 48(0.0) 47(0.0)
violence and legal
intervention
Unknown 4,039 (0.5) 4,392 (0.5) 5,849 (0.7) 5,640 (0.7) 1,459 (0.2) 1,718 (0.2) 2,120 (0.2) 2,343 (0.2) 2,651 (0.3)

Values are presented as number of patients (weighted %).

https://jkms.org

https://doi.org/10.3346/jkms.2018.33.e194

5/13


https://jkms.org

JKMS

with approximately 40%, followed by home. By injury mechanism, road injuries and falls
were the first and second leading causes of disability by injury.

Change in Injury Burden in Korea

Fig. 1 shows the DALY trends by year. The leading causes of YLDs were falls, road injuries

and other unintentional injuries. The category of other unintentional injury covers the
remaining various unintentional injuries that were not specified into a single unintentional
injury category. The leading causes of YLLs were self-harm and road injuries. From these
categories, the major injury mechanism of DALYs were falls, road injuries, and self-harm. The
YLDs of falls increased (P=0.037). The YLLs of road injuries decreased annually (P < 0.001),
whereas self-harm exhibited a slightly increasing trend (P = 0.041). The DALYs of road

injury decreased (P= 0.002), falls did not exhibit a definite trend (P = 0.108), and self-harm
increased overall (P =0.045).

The YLLs, YLDs, and DALYs by age group for the major injury mechanism categories are
presented in Figs. 2-4. In the road injury category, the YLLs decreased across all age groups,
and the YLDs decreased in the 0-14-year-old age group. In total, the DALYs of road injuries
decreased in the 0-14-year-old age group (Fig. 2).

In the fall injury category, a large portion of the disease burden occurred in the older group.
Although the YLLs dramatically decreased in the age group over 80 years, the YLDs increased

YLD YLL DALY
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P=0.08
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= 1,500 - /\\s-\-/'\.\- 1,500 -
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o
©
g 600 -
e
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é’n 400 P =0.045
<
P <0.001
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- Road injury —4— Falls -O- Drownings Fire, heat and hot substances -O- Poisonings -@- Other unintentional injuries

~9- Self-harm  =O- Interpersonal violence -O- Exposure to forces of nature ~O- Collective violence and legal intervention =O- Unknown

Fig. 1. Trends in standardized DALY rate by injury mechanism.
YLD = years lived with disability, YLL = years of life lost, DALY = disability-adjusted life year.
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Road injury
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Fig. 2. Injury burden from road injuries.
YLL = years of life lost, YLD = years lived with disability, DALY = disability-adjusted life year.
Falls
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Fig. 3. Injury burden from falls.
YLL = years of life lost, YLD = years lived with disability, DALY = disability-adjusted life year.

consistently in the 50-79-year-old age group and the over 80-year-old age group. Therefore,
the total injury burden of falls showed an increasing pattern in both groups (Fig. 3).

In the self-harm injury category, overall, the range of the YLL distribution was more than
10 times the range of the YLD scale. Thus, the DALYs presented similarities with the YLL
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Fig. 4. Injury burden from self-harm.
YLL = years of life lost, YLD = years lived with disability, DALY = disability-adjusted life year.

distribution. Overall, the burden of self-harm injury was high in the age group 15 years and
over, especially in the 15-49-year-old age group (Fig. 4).

DISCUSSION

In this study, we analyzed the temporal transition of the injury burden in Korea. Our study
population were composed of fatal injuries, and non-fatal injuries that required hospital
admission based on nationwide, population-based, annual injury datasets (death statistics
and the Korean National Hospital Discharge Survey).

To understand the burden of disease related to medical utilization, it is necessary to examine
the current state of medical use in the country. The Korean Health Insurance Service (NHIS),
is in charge of operating and managing national health insurance. NHIS scheme officially
started with employees at the workplace and gradually expanded. All people in Korea are
eligible for coverage under the NHIS Program since 1989. In 2016, the total number of
covered people was greater than 50.7 million, which accounted for more than 97.1% of the
total population. The remaining 2.9% were supported by the Medical Aid Program. NHIS
premiums are lower than other Organisation for Economic Co-operation and Development
(OECD) countries, and the ratio of self-pay is relatively high. However, medical access is easy
and utilization rate is high. As of 2015, the hospital average length per patient was 16.1 days,
twice the OECD average of 8.2 days, and the number of doctor's consultation per patient was
16 times higher than the OECD average of 6.9 times.16 Especially in the case of road traffic
accidents, the payment system is divided into automobile insurance and national health
insurance. In addition, the patient freely chooses a doctor and a hospital, and the payment
method is applied to the fee-for-service (FFS) payment system. The medical use rate is high
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due to the wide protection of NHIS, medical delivery system, and payment system. Therefore,
the YLD measurements based on medical use data may be overestimated in terms of direct
medical costs.

The authors used the classification of injury causes (mechanism), the injury nature, and the
weight of disability, the GBD study was used as it was. Additionally, similar to the 2010 GBD
study, age weighting and time discount were excluded from the YLD measurements. The
injury DALY rates from 2004 to 2012 were similar and accounted for approximately 6,500 per
100,000 population. The percentage of YLLs in the DALYs was 31.7% in 2004 and gradually
decreased to 24.7% in 2012. The YLDs relatively increased from 68.3% to 75.3%, and the
YLL:YLD ratio was 1:3 in 2012 (Supplementary Table 1).

According to the GBD analysis, the burden of injury in Korea in 2010 was 695.28 (479.65—
971.51) YLDs per 100,000 and 2,990.08 (2,770.03-3,269.27) DALYs per 100,000. YLDs
accounted for approximately 25% of the DALYs in the 2010 GBD.17 However, this ratio in the
present study differed from the ratio reported in the GBD study. In this article, YLLs (1,850
per 100,000) and YLDs (5,007 per 100,000) in 2010 accounted for approximately 27% and
73% of the DALYs (6,856 per 100,000), respectively.

Similarly, in a series of studies conducted in the Netherlands, the YLDs due to unintentional
injury accounted for approximately two-thirds of the DALYs.8:18 The authors of these
previous studies presumed that these differences occurred because the YLDs of non-
hospitalized injuries were underestimated in the existing GBD studies.19-21 Although the
YLDs were estimated based on discharge (hospitalized) patient survey data in this study,

the YLDs were much higher than the YLLs, as was reported in previous studies. This ratio
made us to consider some assumptions of the analysis process. We defined the duration and
probability of disability differently in the YLD calculation process. In this study, to define
long-term disability and short-term disability, we referred to the standard treatment period
according to the diagnosis (ICD-10) based on the instructions for the medical certificate of
injury recommended in this country. In other words, a diagnosis with a standard treatment
period of 4 weeks or more due to injury was defined as long-term disability (in this case
assuming a remission rate of 0), whereas a diagnosis with a standard treatment period

of less than 4 weeks was defined as short-term disability. The duration of short-term
disability was used exactly as described in the standard treatment periods. The probability
of disability was measured by replacing the number of injuries newly occurring every year
across the country with the number of hospitalized patients using the incidence-based
approach according to the characteristics of the data sources. The GBD study estimated the
probability and prevalence of short term/long term disability using several follow-up surveys
and the DISMOD program. However, in this study, short term disability and long-term
disability were defined according to ICD-10 S/T code, and the YLD was measured using the
disability weight and duration of the matched nature-of-injury for each code.” Therefore, we
assume that all injury where treatment duration of more than 4 weeks is expected, is life-
long sequalae. For these reasons, overestimation may be possible, which is in contrast to the
YLDs estimated in the GBD.

The leading causes of injury burden in Korea were single-injury causes, including traffic

accidents, falls, and self-harm, which was similar to global trends. Globally, the leading
causes of DALYs from 2005-2015 were traffic accidents (10th - 9th) and falls (30th - 26th),
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whereas self-harm increased to 19th from 21th.1 In 2004, the DALYs of traffic accidents

were ranked first and falls were ranked second in Korea; however, traffic accidents have
declined since that time, and falls have shown an increasing trend since 2010. Thus, the
ranks have reversed since 2010. Subsequently, self-harm ranked third and showed an upward
trend from 2004 to 2012 (Fig. 1). In the case of traffic accidents, both the YLLs and YLDs
decreased continuously, the YLDs of falls increased more than the decreased width of the
YLLs, and finally the DALYs of falls increased. The DALYs caused by self-harm were mostly
caused by YLLs, increased overall for nine years and then showed a decreasing trend over the
last four years.

In the age group analysis, YLLs of road injuries decreased in all age groups, and YLDs of road
injuries decreased especially in the age group under 15 years of age, which characteristically
showed a decreasing trend. However, these changes are not limited to Korea but are global
trends. Rather, there are 8.4 deaths from traffic accidents per 100,000 people in Korea, far
exceeding the OECD average, and deaths among pedestrians are close to three times the
OECD average.16

Therefore, it is difficult to identify causal relationship between the traffic safety policy and
the influence of laws and regulations on the reduction of disease burden caused by traffic
accidents. However, multiphase traffic safety measures have been carried out during the
study period. Every city has intensified their efforts for traffic safety education, traffic safety
facility establishment, and traffic accident reduction campaigns.2223 However, the YLDs of
elderly people showed an increasing pattern. Elderly pedestrians were at a higher risk, and

a number of socio-economic and transport-related variables were clear determinants of
elderly pedestrian injuries at the municipal level. Thus, policy makers need to concentrate
on the elderly.24:25 The government is making efforts through specific campaigns such as
“Campaign to Reduce Road Accidents by Half” (2012) and “Traffic Accident Zero Resolution”
(2013), as well as targeted campaigns for seniors and pedestrians. The disease burden is
expected to continue to decline due to traffic accidents.

The DALYs of fall injuries were largest in the age group over 80 years, followed by the 50—
70-year-old age group. Fall injury DALYs in the 15-49 and 0-14-year-old age groups showed
the same level. The YLLs of fall injuries has been steadily declining at the age of 80 years

and over. Although there are limitations in analyzing the cause of YLL decline in this study,
several possible factors can be considered. In the elderly, death due to falls are often caused by
delayed complications rather than acute injury itself, and if the cause of death is misclassified
as an infection or other complication, it is likely that the mortality related fall injuries

is underestimated.26,27 Possible factors include the prevention of fatal injury due to the
extension of osteoporosis treatment and community exercise therapy as preventive measures
for the elderly.28,29 However, due to the global population aging, the incidence of fall injuries
is continuously increasing. In August 2017, Korea has entered an aged society with over 14%
of its population aged 65 and over and, has the fastest pace of aging in the world. During the
nine-year period analyzed in this study, there was no significant trend for DALY of falls, but it
has been increasing since 2008. In the future, it is estimated that the burden of the fall injuries
caused by the explosion of the elderly population will increase rapidly.

Regarding self-harm, most of the DALYs are caused by YLLs in all age groups. Self-harm is
highest in the 15-49-year-old age group, followed by the 50-79-year-old and 80-year-old and
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over age groups. In this study, DALY due to self-harm is taking the highest point in 2009.
The DALYs in the 15-49-year-old age group increased overwhelmingly from 2006 to 2009
compared to the other age groups. The DALYs of self-harm showed an increasing trend, of
which the YLLs and middle-aged group were the main proportions. The death rate due to
self-harm was highest among the OECD nations. The Korean government has tried to reduce
the number of suicides in recent years by instituting five-year plans for suicide prevention in
2004 and 2009 that expired in 2013.30 The Korean government also adopted the Act for the
Prevention of Suicide and the Creation of Culture of Respect for Life in 2011.31,32

After 2009, the DALYs of self-harm has been slowing down and has been declining since
2011, as shown in Fig. 1. Several studies have described this phenomenon as the suicide
rates among working-age adults in Korea increased in the aftermath of the global financial
crisis (2009).33:34 These increasing patterns before and after the economic crisis were due

to changes in macroeconomic conditions. However, these associations vary depending on
sex, employment status and occupational roles. The causes of self-harm have various factors,
and the efforts to reduce suicide have to proceed in many aspects based on age, sex, socio-
economic status, employment and occupation.

From the 2013 GBD study, injuries continue to be an important cause of morbidity and
mortality in the developed and developing world. The decline in rates for almost all injuries is
so prominent that it warrants a general statement that the world is becoming a safer place in
which to live. However, the patterns vary widely by cause, age, sex, region and time, and large
improvements still need to be made.

To date, several studies have investigated the injury burden. However, no study has evaluated
the time trend. In this study, we showed the burden of injury by mechanism and concentrated
on self-harm, falls, and road injuries. Because medical resources are not infinite, the
distribution is an important factor when making policies to reduce mortality and morbidity.
In this study, various trends were observed for each mechanism. The self-harm injury
mechanism showed an increasing trend. In Korea, self-harm is a major problem in society,
and policy makers have been trying to reduce the rate of self-harm. However, self-harm
maintains high mortality, and relatively young people are affected. Therefore, decision
making about resource distributions should more concentrated on self-harm in Korea.

This study has several limitations. Although medical aid in Korea has easy accessibility and
extensiveness, not all injuries are covered. Patients who visited emergency rooms or general
clinics but did not require hospitalization were not included in these data. Further study should
consider the outpatient injury burden and patients who only visit an emergency department.

Finally, the disability weight in this study used the disability weight of the GBD study. The
medical environment in Korea is different from other countries, which will cause an increase
or decrease in the disease burden by each mechanism.

The leading causes of the injury burden in Korea were road injuries, falls, and self-harm. The
overall DALYs of road injury tended to decrease. This trend is particularly noticeable in the
YLLs and age groups under 15 years of age. Fall injuries do not tend to be consistent but are
continually high in the age group over 50 years of age. Finally, the total DALYs of self-harm
have recently shown a gradual decreasing tendency in all groups over the age of 15 years.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1
Estimated burden of injuries in Korea by mechanism
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