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Background: The ranking lists used by most countries for leading causes of death (CODs) comprise broad category
such as cancer, heart disease, and accidents. To provide more specific information, the World Health Organization
(WHO) and the Institute of Health Metrics and Evaluation (IHME) proposed lists that splitting broad categories into
specific categories. We examined the changes in rankings of leading CODs according to different lists in Japan, Korea,

Methods: We obtained the number of deaths for three countries from the WHO mortality database for 1998, 2008,
and 2018. Age-standardized death rates were calculated for rankings 10 leading CODs using WHO 2000 age structure

Results: The first leading COD was cancer in Japan, Korea, and Taiwan from 1998 to 2018 based on government list;
nevertheless, became stroke based on WHO list, and was stroke and ischemic heart disease based on IHME list. In the
WHO and IHME lists, cancer is categorized based on cancer site. The number of cancer sites included in the 10 leading
CODs in 2018 was 4, 4, and 3 in Japan, Korea, and Taiwan, respectively according to the WHO list and was 4, 4, and 2,
respectively according to IHME list. The only difference was the rank of liver cancer in Taiwan, which was 6th according
to WHO list and was 18th according to IHME list. The ranking and number of deaths for some CODs differed greatly
between the WHO and IHME lists due to the reallocation of “garbage codes” into relevant specific COD in IHME list.

Conclusions: Through the use of WHO and the IHME lists, the relative importance of several specific and avoidable
causes could be revealed in 10 leading CODs, which could not be discerned if the government lists were used. The
information is more relevant for health policy decision making.
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Background

The rankings of leading causes of death (CODs) are
highly cited health statistics by mass media and health-
related advocacy organizations to illustrate the relative
importance of particular health issues. Many countries
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publish official rankings of 10 leading CODs every year
[1-5]. However, the ranking lists used by these coun-
tries comprise broad category such as cancer, heart dis-
ease, and accidents. The category of cancer composes 89
three-character International Classification of Disease
Tenth Revision (ICD-10) codes (C00-C97) for differ-
ent cancer sites. Accidents (unintentional injuries) cat-
egory composes more than 100 three-character /CD-10
codes (V0I-X59). On the contrary, only 1 three-character
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ICD-10 codes (G30) is included in category of Alzhei-
mer’s disease. It is an unfair comparison between ranking
categories [6].

Furthermore, from the disease prevention point of
view, cancers of different sites are heterogeneous in
terms of etiology, progression, screening capability, and
treatment modalities. Grouping these cancer sites with
various levels of preventability and treatability into one
category for mortality rankings cannot provide specific
and actionable information. Similarly, injury control
strategies for road traffic injuries differ from those for
unintentional poisoning or falls. Grouping various unin-
tentional injuries into one category could not provide
specific information to determine the relative importance
of health problems [6].

To provide more specific information for health policy
decision making and planning, the World Health Organi-
zation (WHO) and the Institute of Health Metrics and
Evaluation (IHME) proposed that the broad categories in
the ranking list should be divided into more specific cate-
gories. Table 1 illustrates number of categories and differ-
ences in /CD-10 codes included in selected categories in
ranking lists used by government of different countries,
the WHO and the IHME. Studies have demonstrated
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different profiles of rankings of leading CODs between
those used government list and those used the WHO
list [6-9]. However, little is known whether the profiles
of rankings according to the IHME list differed from pre-
vious lists as the IHME list reallocated “garbage codes”
into specific CODs categories. Therefore, we aimed in
this study to examine the changes in rankings of lead-
ing CODs in Japan, Korea, and Taiwan (three countries
located in the West Pacific region) from 1998 to 2018
based on different ranking lists, namely government lists,
the WHO list, and the IHME list.

Methods

We obtained the number of deaths for various ranking
categories (Supplementary Table S1, S2, S3 and S5 to S6)
for Japan and Korea from the WHO mortality database
for 1998, 2008, and 2018. As Taiwan is not the member
country of the WHO, the number of deaths for rank-
ing categories for Taiwan were retrieved from open data
released by the Ministry of Health and Welfare, Taiwan
[10]. For the 10 leading CODs according to the IHME
list, we used the “GBD Results Tool” to retrieve the num-
ber of deaths and percentages for the 10 leading CODs in
each country over the study period [11].

Table 1 Differences in ICD-10 codes included in selected ranking categories in lists used by government of Japan, Korea, Taiwan, the
United States (US), the World Health Organization (WHO) and the Institute of Health Metrics and Evaluation (IHME)

Japan Korea Taiwan us

No. of categories 39 56 40 52

WHO
65

IHME
137

Broad categories in government lists but are split in the WHO and the IHME lists

Cancer C00-C97 C00-C97 C00-C97 C00-C97 17 categories 29 categories
Heart disease 101-102.0, 105-109,  120-I151 101-102.0,105-109,  100-109, 111, 113,120-151 8 categories 10 categories
120-125, 127, 120-125, 127,
130-152 130-152
Accidents V01-X59 5 categories  V01-X59,Y85-Y86 V01-X59, Y85-Y86 6 categories 13 categories
Some categories combined
Dementia FO1-FO3 NA FO1-FO3 NA FO1,F03,G30  FOO-F03.9, G30-G31.1, G31.8-
Alzheimer disease G30 G30 G30 G30 G31.9
Influenza J10-J11 J09-J11 J10-J11 J10-)18 J10-)18 A48.1, A70, B97.4-B97.6, J09-
J15.8,J16-J16.9, J20-J21.9,
U04-uU04.9
Chronic lower respira-  J41-J44 J40-J47 J40-J47 J40-J47 J40-J47 J41-J44.9
tory diseases J45-)46 J45-)46.9
Similar category name, but are slightly different in ICD-10 codes included
Diabetes mellitus E10-E14 E10-E14 E10-E14 E10-E14 E10-E14 E10-E10.1,E10.3-E11.1,
E11.3-E11.9
Parkinson disease G20 NA G20-G21 G20-G21 G20 G20-G20.9
Hypertension 110-115 [10-113 110-115 110,112 110-115 111-111.9
Cirrhosis and other K70-K77 K70-K76 K70, K73-K74 K70, K73-K74 K70-K76 B18-B18.9,185-185.9, 198.2,

diseases of liver

K70-K70.3, K71.7, K74-K74.9,
K75.2,K75.4-K76.2, K76.4-
K76.9,K77.8

The complete categories in each ranking list was illustrated in Supplementary Table S1, S2, S3, S4, S5 and S6
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Since the age structure differed across countries and
years, the age-standardized death rates were calculated
for rankings of 10 leading CODs using WHO 2000 age
structure as standard. This study was approved by the
Institute of Review Board of the National Cheng Kung
University Hospital (B-EX-110-018).

Results

The number of deaths in Japan, Korea, and Taiwan
was 936,484, 245,825, and 121,946 respectively in
1998 and increased to 1,362,470, 298,820, and 172,859,
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respectively in 2018. The first leading COD was can-
cer in Japan, Korea, and Taiwan from 1998 to 2018
based on government list (Tables 2 , 3 and 4). How-
ever, according to WHO list, the first leading COD was
stroke for 1998, 2008, and 2018 in Japan (Table 2) and
Korea (Table 3); stroke for 1998 and 2008 and influenza
and pneumonia for 2018 in Taiwan (Table 4). Based on
IHME list, the first leading COD was stroke for 1998
and 2008 and ischemic heart disease for 2018 in Japan
(Table 2); stroke for all study years in Korea (Table 3);

Table 2 Rankings of 10 leading causes of death based on three ranking lists in Japan, 1998, 2008, and 2018

1998 (N=936,484)

2008 (N=1,142,407)

2018 (N=1,362,470)

Rank Cause % Rate Cause % Rate Cause % Rate
Government list
1 Cancer 303 226.7 Cancer 30.0 2723 Cancer 274 300.7
2 Heart Dis 15.3 114.3 Heart Dis 15.9 144.4 Heart Dis 153 167.6
3 Stroke 14.7 1100 Stroke 11.1 100.9 Senility 8.0 88.2
4 Pneumonia 8.5 63.8 Pneumonia 10.1 91.6 Stroke 7.9 87.1
5 Accidents 4.2 31.1 Accidents 33 303 Pneumonia 6.9 76.2
6 Suicide 34 254 Senility 3.1 286 Accidents 30 332
7 Senility 23 17.1 Suicide 26 240 Asp Pneu 28 310
8 Renal failure 1.8 133 Renal failure 20 17.9 Renal failure 19 21.0
9 Liver Dis 1.7 129 Liver Dis 14 12.9 Dementia 1.5 16.5
10 Diabetes 13 10.0 COPD 14 123 Suicide 15 16.1
World Health Organization list
1 Stroke 14.7 56.3 Stroke 11 36.6 Stroke 79 245
2 Influ & Pneu 86 316 Influ & Pneu 10.1 293 Influ & Pneu 7.2 185
3 IHD 77 29.8 IHD 6.7 234 Lung ca 55 18.3
4 Stomach ca 54 226 Lung ca 59 21.6 IHD 5.1 17.0
5 Lung ca 54 22.0 Suicide 2.8 20.2 Heart failure 6.4 16.9
6 Suicide 35 204 Heart failure 5.7 176 Suicide 1.7 14.3
7 Heart failure 4.8 18.7 Stomach ca 44 16.6 Colon ca 38 136
8 Colon ca 37 154 Colon ca 38 14.5 Stomach ca 32 11.1
9 Liver ca 3.6 151 Liver ca 29 11.2 Pancreas ca 26 93
10 Transport Inj 14 85 Pancreas ca 23 87 Urinary Dis 29 7.6
Institute of Health Metrics and Evaluation list
1 Stroke 13.6 60.3 Stroke 11.0 388 IHD 10.0 299
2 IHD 12.0 529 IHD 10.7 38.1 Stroke 10.2 296
3 Influ & Pneu 8.1 36.2 Demen & AD 9.0 283 Demen & AD 11.8 27.7
4 Stomach Ca 59 256 Influ & Pneu 83 277 Influ & Pneu 84 222
5 Lung Ca 6.0 254 Lung Ca 6.5 241 Lung Ca 6.2 21.2
6 Demen & AD 54 244 Suicide 28 18.7 Colon Ca 4.6 15.8
7 Colon Ca 4.2 18.6 Stomach Ca 49 18.7 Suicide 1.8 143
8 Suicide 32 17.5 Colon Ca 44 16.9 Stomach Ca 4.1 14.1
9 Liver Ca 37 16.1 Liver Ca 3.1 1.9 Pancreas Ca 2.7 9.6
10 Kidney Dis 2.8 12.5 Kidney Dis 3.1 10.6 Kidney Dis 32 89

Ca Cancer, Cirrhosis Liver cirrhosis, CLRD Chronic Lower Respiratory Disease, Demen & AD Dementia & Alzheimer Disease, Diabetes Diabetes Mellitus, Dis Disease, IHD

Ischemic Heart Disease, Influ & Pneu Influenza & Pneumonia, Inj Injuries
The rate was age-standardized using WHO 2000 age structure as standard
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Table 3 Rankings of 10 leading causes of death based on three ranking lists in Korea, 1998, 2008, and 2018
1998 (N =245,825) 2008 (N=246,113) 2018 (N=298,820)
Rank Cause % Rate Cause % Rate Cause % Rate
Government list
1 Cancer 209 109.5 Cancer 280 1395 Cancer 26.5 154.3
2 Stroke 14.1 741 Stroke 11.3 56.5 Heart Dis 10.7 624
3 Heart Dis 74 389 Heart Dis 8.7 434 Pneumonia 7.8 454
4 Transport inj 49 258 Suicide 52 26.0 Stroke 7.7 44.7
5 Liver Dis 4.7 248 Diabetes 4.2 20.7 Suicide 46 266
6 Diabetes 4.0 212 CLRD 30 14.9 Diabetes 29 17.1
7 Suicide 35 186 Transportinj 30 14.7 Liver Dis 23 134
8 CLRD 24 12.7 Liver Dis 29 14.5 CLRD 2.2 129
9 Hypertension 1.6 8.5 Pneumonia 22 11.1 Alzheim Dis 2.1 12.0
10 Resp TB 14 7.2 Hypertension 19 9.6 Hypertension 20 118
World Health Organization list
1 Stroke 14.1 93.1 Stroke 113 479 Stroke 7.7 239
2 Stomach ca 4.6 282 Suicide 6.3 27.1 Influ & Pneu 80 236
3 Cirrhosis 4.7 26.8 Lung ca 6.0 247 Suicide 5.1 223
4 Transport Inj 49 26.1 IHD 52 21.7 Lung ca 6.0 19.3
5 Diabetes 4.0 259 Liver ca 4.6 185 IHD 49 15.2
6 Lung ca 39 24.8 Diabetes 42 173 Liver ca 36 12.1
7 Liver ca 38 227 Stomach ca 4.2 17.3 Colon ca 29 9.5
8 Suicide 39 20.1 CLRD 3.0 12.8 Demen & AD 33 9.2
9 IHD 3.1 19.8 Transport Inj 29 12.7 Diabetes 29 9.2
10 CLRD 24 16.6 Cirrhosis 29 11.7 Stomach ca 26 86
Institute of Health Metrics and Evaluation list
1 Stroke 18.1 145.8 Stroke 133 70.1 Stroke 1.3 43.8
2 IHD 85 725 IHD 8.6 474 IHD 8.8 348
3 Stomach Ca 6.5 421 Lung Ca 6.6 29.0 Lung Ca 7.3 26.1
4 Cirrhosis 6.0 356 Demen & AD 4.1 26.7 Demen & AD 58 24.2
5 Lung Ca 53 35.1 Suicide 6.1 26.0 Influ & Pneu 5.0 20.2
6 Transport Inj 5.7 30.1 Diabetes 50 236 Suicide 4.8 19.7
7 Diabetes 4.2 282 Stomach Ca 5.1 225 Liver Ca 4.6 16.1
8 Asthma 2.7 274 Liver Ca 49 20.5 Diabetes 4.0 15.0
9 Demen & AD 2.2 26.7 COPD 32 182 Stomach Ca 38 14.0
10 COPD 2.5 234 Influ & Pneu 2.7 16.3 Colon Ca 37 13.7

Ca Cancer, Cirrhosis Liver cirrhosis, CLRD Chronic Lower Respiratory Disease, Demen & AD Dementia & Alzheimer Disease, Diabetes Diabetes Mellitus, Dis Disease, IHD

Ischemic Heart Disease, Influ & Pneu Influenza & Pneumonia, Inj Injuries
The rate was age-standardized using WHO 2000 age structure as standard

stroke for 1998 and ischemic heart disease for 2008 and
2018 in Taiwan (Table 4).

In the WHO and IHME lists, cancer is categorized
based on cancer site. The number of specific cancer sites
included in the 10 leading CODs in 2018 was 4 (lung
followed by colon, stomach, and pancreas) in Japan
(Table 2), 4 (lung followed by liver, colon, and stomach) in
Korea (Table 3), and 3 (lung followed by liver and colon)
in Taiwan (Table 4), respectively according to the WHO
list and was 4, 4, and 2, respectively according to IHME
list. The only difference was the rank of liver cancer in

Taiwan, which was 6th according to WHO list and was
18th according to IHME list.

We noted considerable variation in rankings and per-
centages of some CODs between those according to
the WHO list and those according to the IHME list.
For dementia and Alzheimer’s disease in 2018, the pro-
portion of deaths according to the WHO list was lower
than those according to the IHME list, which was 2.9%
vs. 11.8%, respectively in Japan (Table 2), 3.3% vs. 5.8%,
respectively in Korea (Table 3), and 0.9% vs. 4.7%, respec-
tively in Taiwan (Table 4). For liver cancer in 2018, the
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Table 4 Rankings of 10 leading causes of death based on three ranking lists in Taiwan, 1998, 2008, and 2018
1998 (N=121,946) 2008 (N=142,283) 2018 (N=172,859)
Rank Cause % Rate Cause % Rate Cause % Rate
Government list
1 Cancer 24.0 134.0 Cancer 27.3 1337 Cancer 28.2 121.8
2 Stroke 104 582 Heart Dis 1.1 51.7 Heart Dis 12.5 48.8
3 Heart Dis 9.0 50.5 Stroke 7.5 350 Pneumonia 7.8 274
4 Accidents 9.0 503 Pneumonia 6.1 275 Stroke 6.7 26.1
5 Diabetes 6.2 345 Accidents 50 270 Diabetes 54 215
6 Cirrhosis 4.1 226 Diabetes 56 269 Accidents 4.0 21.1
7 Pneumonia 36 204 Cirrhosis 35 171 Hypertension 35 12.8
8 Kidney Dis 28 15.7 CLRD 38 16.9 CLRD 36 12.7
9 Hypertension 1.9 104 Suicide 29 15.2 Suicide 22 12.5
10 Suicide 1.8 10.0 Kidney Dis 2.8 132 Kidney Dis 32 12.3
World Health Organization list
1 Stroke 104 61.5 Stroke 75 34.8 Influ & Pneu 79 317
2 Diabetes 6.2 36.2 Influ & Pneu 6.1 273 Stroke 6.7 279
3 Liver ca 4.8 27.8 Diabetes 56 26.6 IHD 59 24.7
4 Lung ca 47 274 Liver ca 54 26.3 Lung ca 54 23.6
5 Transport Inj 49 27.0 Lung ca 55 26.0 Diabetes 54 22.7
6 IHD 4.5 26.8 IHD 55 257 Liver ca 4.8 209
7 Cirrhosis 4.6 26.0 Urinary Dis 43 19.9 Urinary Dis 5.1 20.7
8 CLRD 4.1 243 Cirrhosis 39 19.3 Heart failure 4.7 199
9 Influ & Pneu 36 219 Suicide 33 17.1 Colon ca 34 14.6
10 Urinary Dis 3.6 216 CLRD 38 16.9 Hypertension 35 14.1
Institute of Health Metrics and Evaluation list
1 Stroke 12.3 82.8 IHD 9.2 49.0 IHD 9.1 41.8
2 IHD 89 64.6 Stroke 9.0 47.1 Stroke 8.0 375
3 Diabetes 73 46.3 Diabetes 6.5 337 Influ & Pneu 7.1 328
4 Cirrhosis 58 344 Influ & Pneu 6.0 33.0 Lung Ca 6.5 304
5 Lung Ca 53 321 Lung Ca 6.4 327 Diabetes 6.0 28.1
6 COPD 39 29.8 Colon Ca 4.7 244 Colon Ca 56 26.2
7 Influ & Pneu 39 293 Cirrhosis 4.8 238 COPD 46 209
8 Transport Inj 53 286 COPD 4.2 23.1 Demen &AD 4.7 209
9 Kidney Dis 32 223 Demen & AD 37 21.0 Kidney Dis 44 204
10 Colon Ca 33 209 Kidney Dis 38 20.2 Cirrhosis 39 19.2

Ca Cancer; Cirrhosis: Liver cirrhosis, CLRD Chronic Lower Respiratory Disease, Demen & AD Dementia & Alzheimer Disease, Diabetes Diabetes Mellitus, Dis Disease, IHD

Ischemic Heart Disease, Influ & Pneu Influenza & Pneumonia, Inj Injuries
The rate was age-standardized using WHO 2000 age structure as standard

proportion was 1.9% vs. 2.5%, respectively in Japan and
3.6% vs. 4.6%, respectively in Korea. On the contrary,
the proportion of deaths according to the WHO list was
larger than those according to the IHME list in Taiwan,
which was 4.8% vs. 1.5%, respectively.

Discussion

Main findings

The findings of this study reveal different profiles of
rankings of the 10 leading CODs between Japan, Korea,
and Taiwan across years based on different ranking

lists. Through the use of the WHO and the IHME lists,
the relative importance of several specific and avoid-
able causes (lung cancer, colon cancer, liver cancer,
ischemic heart disease, transportation injuries) could
be revealed in 10 leading CODs, which could not be
discerned if government lists were used. We also noted
that the ranks and number of deaths for some CODs
differed greatly between those according to the WHO
and those according to the IHME list due to the real-
location of “garbage codes” into relevant specific COD
in IHME list.
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In relation to previous studies

Several studies also illustrated different rankings of lead-
ing CODs according to government list and the WHO
list [6-9]. Becker et al. used ranking list splitting cancer
into specific cancer sites for mortality data in western
Europe in 2001 revealed the top four leading CODs as
ischemic heart disease, lung cancer, stroke, and heart fail-
ure in contrast to cancer, ischemic heart disease, stroke
and heart failure according to ranking list without split-
ting cancer [7]. Griffiths et al. applied the ranking list
splitting both cancer and accidents to 2003 mortality data
in England and Wales illustrated that the first and sec-
ond leading CODs was ischemic heart disease and stroke,
respectively for both men and women. However, for the
third and fourth leading CODs, it was lung cancer and
chromic lower respiratory diseases, respectively for men
and was influenza and pneumonia and dementia and Alz-
heimer’s disease, respectively for women [8]. Hsiao et al.
used the same ranking list for mortality data for years
2008-2012 in Taiwan and demonstrated different pro-
file of rankings of 10 leading CODs in Taiwan. The top
four leading CODs according government list was can-
cer, heart disease, stroke, and pneumonia and was stroke,
influenza and pneumonia, diabetes mellitus, and lung
cancer according to the WHO list [9]. A recent study
indicated that COVID-19 was the third leading COD in
the United States in 2020 according to the NCHS rank-
ing list and was the second leading COD according to the
WHO ranking list (the number of death for COVID-19
was 345,323 instead of 435,323 in that study, a typo error)
[6].

A recent US study compared the top 10 leading CODs
between 2011 and 2018 noted that accidents ranked the
fifth followed by cancer, heart disease, chronic lower
respiratory diseases, stroke in 2011 and increased to the
third followed by cancer and heart disease in 2018. The
increase of ranking of accidents highlights the emergent
public health problem and mainly due to the increase
of drug overdose [12]. That study also indicated that
number of deaths in each leading COD increased from
2011 to 2018; nevertheless, the age-adjusted death rates
decreased in seven CODs due to the aging of population
and increased in three CODs (accidents, Alzheimer’s dis-
ease, and suicide) [12].

The need of using specific categories for ranking

One key feature of the WHO and IHME lists was the
division of the broad cancer category into subcatego-
ries based on cancer sites. One important evidence to
support the division is that not all cancer sites are
avoidable CODs. According to the November 2019 ver-
sion of OECD/Eurostat lists of preventable and treat-
able causes of death, only sixteen cancers are included
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in the avoidable mortality indicators. Nine cancers (oral,
esophageal, stomach, liver, lung, mesothelioma, skin
[melanomal], bladder, and cervical cancer) are classified
as preventable through the implementation of effective
public health and primary prevention interventions and
eight cancers (cervical, colorectal, female breast, uterus,
testicular, thyroid cancer, Hodgkin disease, and lym-
phoid leukemia) are classified as treatable (or amenable)
through timely and effective health care interventions
[13].

Through this division, we could identify which cancer
sites were ranked higher as CODs in the countries. For
example, according to the WHO list, stomach cancer
and liver cancer were ranked relatively high in Japan and
Taiwan, respectively. Furthermore, through compari-
sons of the rankings of CODs across different countries
across years, we could identify which cancer site was
an emergent health concern in a given country, such as
with colon cancer in Japan and Taiwan. Through the use
of the WHO list, we could get more specific and action-
able information with regard to the relative importance
of cancers of various sites.

The second broad category—heart disease—has been
divided into 9 categories in the WHO list and 10 cat-
egories in the IHME level 3 list. Nevertheless, many of
the subcategories for heart disease in the WHO list are
mechanisms of death (been referred to “garbage codes”
by GBD Study group) such as cardiac arrest, cardiac
arrhythmias, and heart failure, which could not provide
specific information for disease prevention and control.
Heart failure ranked high in Japan (fifth in 2003 and 2008
and increased to the third in 2013 and 2018) than those
in Korea (not within 10 leading CODs) and Taiwan (tenth
in 2008, ninth in 2013, and eighth in 2018). This is pos-
sibly associated with the different death certification
behaviors across countries.

The third broad category—accidents—has been divided
into 6 categories in the WHO list and 13 categories in the
IHME level 3 list. The government ranking list in Korea
has divided accidents into specific unintentional injury
subcategories. According to government list in Japan,
accidents ranked the fifth in 1998, 2003, and 2008 and the
sixth in 2013 and 2018; in Taiwan, accidents ranked the
fourth in 1998, the fifth in 2003, the sixth in 2008, 2013,
and 2018. However, based on the WHO list, no unin-
tentional injury subcategory was within the 10 leading
COD:s in Japan and only transportation injury ranked the
fifth in 1998 and the eighth in 2003 in Taiwan.

Differences between the WHO and IHME lists

We noted sizable differences in the rankings and per-
centages of deaths for some CODs between the WHO
and IHME lists. The first explanation is the differences in
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ICD-10 codes included in ranking categories. For exam-
ple, the ICD-10 codes for dementia and Alzheimer’s dis-
ease are FO1, F03, and G30 in the WHO list (Table 1) and
F00-F02.0, F02.8-F03.91, F06.2, G30-G31.1, and G31.8-
G32.89 in the IHME list (Table 1). Another example is
the inclusion of 6 three-character ICD-10 codes (I10-
I15) for hypertensive diseases in the WHO list; yet, only
one three-character /ICD-10 codes (I11) for hypertensive
heart disease in the IHME list.

A second explanation is the reallocation of “garbage
codes” to relevant specific codes in the GBD Study,
which was used in the IHME lists [14—16]. In 2015,
the top three “garbage codes” were heart failure (4.6%),
senility (4.4%), and pneumonitis (1.7%) in Japan; senil-
ity (4.5%), ill-defined (3.2%), and heart failure (1.7%) in
Korea; and unspecified primary or secondary liver cancer
without specified (4.3%), sepsis (2.1%), and heart failure
(2.1%) in Taiwan. The number of deaths from demen-
tia and Alzheimer’s disease in Japan in 2015 before and
after allocation of garbage codes was 25,109 and 141,017,
respectively, which is a 5.6-fold difference mainly due to a
high proportion of deaths from senility being reallocated
as dementia and Alzheimer’s disease deaths. Similarly, in
Taiwan, many of the deaths due to liver cancer reported
by the WHO list have been reallocated as secondary liver
cancer, which decreased the number of deaths on the
IHME list [16].

Limitations

Regarding the limitations of this study, caution should be
applied when interpreting rankings of the leading CODs.
First, physicians in different countries might have differ-
ent preferences in using different diagnoses for the same
disease. For example, Japanese physicians were more
likely to use “heart failure” and “senility” diagnoses than
physicians in Korea and Taiwan. Furthermore, Korean
physicians were more likely to use “Alzheimer disease”
than their counterpart physicians in Japan and Taiwan,
who prefer to use “dementia” Second, because of too
many stratifications (by 3 years and by three ranking
lists and by three countries), we did not further calcu-
late rankings of CODs by age and sex in this study. Third,
the details of reallocation of “garbage codes” into specific
CODs by IHME were not available. Further studies on
some CODs with large differences (dementia and Alzhei-
mer’s disease in Japan and liver cancer in Taiwan) were
needed.

Conclusions

This study examined changes in the rankings of 10 lead-
ing CODs from 1998 to 2018 in Japan, Korea, and Tai-
wan by using three ranking lists (government, WHO,
and IHME lists). Dividing the broad categories in
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government lists into more specific COD categories, as
the WHO and IHME lists have done, can provide more
specific and actionable information for health policy
decision makers. Furthermore, harmonization and
clarification to improve the comparability of different
ranking lists is required to facilitate interpretation of
rankings of CODs between countries and across years.
Finally, as emphasized by Becker et al., an analysis of
the rankings of leading CODs is only a starting point
for overall analysis of the mortality profile of a coun-
try, and in most cases, further supplemental analyses
should be performed [7].

Abbreviations

Ca: Cancer; Cirrhosis: Liver cirrhosis; CLRD: Chronic Lower Respiratory Disease;
Demen & AD: Dementia & Alzheimer Disease; Diabetes: Diabetes Mellitus; Dis:
Disease; ICD-10: International Classification of Disease Tenth Revision; IHD:
Ischemic Heart Disease; IHME: Institute of Health Metrics and Evaluation; Influ
& Pneu: Influenza & Pneumonia; Inj: Injuries; NCHS: National Center for Health
Statistics; WHO: World Health Organization.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-022-13278-7.

Additional file 1. Table S1. List for ranking leading causes of death by
government of Japan

Additional file 2. Table S2. List for ranking leading causes of death by
government of Korea

Additional file 3. Table S3. List for ranking leading causes of death by
government of Taiwan

Additional file 4. Table S4. List for ranking leading causes of death by
government of the United States

Additional file 5. Table S5. List for ranking leading causes of death by the
World Health Organization

Additional file 6. Table S6. List for ranking leading causes of death by the
Institute of Health Metrics and Evaluation

Acknowledgements
We thank Miss Bai-Huang Lin for data preparation.

Authors’ contributions

ST and TL designed the study. ST, SC, YY, and TL collected data. ST, YWC, and
TL analyzed the data. ST and TL interpreted the data and wrote the first draft
of the manuscript. ST, SC, YY, YWC, and TL revised the preliminary draft. TL
supervised the study. All authors contributed to and approved the final ver-
sion of the manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study used open public data and was approved by the Institute of Review
Board of the National Cheng Kung University Hospital (B-EX-110-018).


https://doi.org/10.1186/s12889-022-13278-7
https://doi.org/10.1186/s12889-022-13278-7

Tai et al. BMC Public Health (2022) 22:926

Consent for publication
Not applicable, secondary analysis of published data.

Competing interests
The authors declare that they have no competing interest.

Author details

'Department of Family Medicine, School of Medicine, College of Medicine,
Kaohsiung Municipal Ta-Tung Hospital and Kaohsiung Medical University
Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan. 2Department

of Public Health, College of Medicine, National Cheng Kung University, Tainan,
Taiwan. *Department of Global Health Promotion, Tokyo Medical and Dental
University, Tokyo, Japan.

Received: 16 February 2022 Accepted: 22 April 2022
Published online: 10 May 2022

References

1. Ministry of Health, Labour and Welfare. Population Dynamic Statistics.
Table 5. Number of Deaths and Percentage of Ten Leading Causes of
Death by Sex. Accessed at https://www.mhlw.go.jp/toukei/saikin/hw/
jinkou/kakutei20/dl/10_hé.pdf, 21 Nov 2021.

2. Statistic Korea. Cause of Death Statistics in 2019. Accessed at http://
kostat.go.kr/portal/eng/pressReleases/8/10/index.board?bmode=read&
bSeq=&aSeq=385629&pageNo=1&rowNum=10&navCount=10&
currPg=&searchinfo=&sTarget=title&sTxt, 21 Nov 2021.

3. Ministry of Health and Welfare. 2020 Cause of Death Statistics. Accessed
at https://www.mohw.gov.tw/cp-5256-63399-2.html, 21 Nov 2021.

4. Heron M. Deaths: Leading causes for 2019. National Vital Statistics
Reports; vol 70 no 9. Hyattsville, MD: National Center for Health Statistics.
2021. https://doi.org/10.15620/cdc:107021.

5. Office for National Statistics. Leading causes of death in England and
Wales (revised 2016). Accessed at https://www.ons.gov.uk/peoplepopu
lationandcommunity/birthsdeathsandmarriages/deaths/methodologies/
userguidetomortalitystatistics/leadingcausesofdeathinenglandandwal
esrevised2016

6. TaiSY,LuTH. Why was COVID-19 not the leading cause of death in the
United States in 20007 Rethinking the ranking list. Am J Public Health.
2021;111:2096-9.

7. BeckerR, Silvi J, Ma Fat D, U'Hours A, Laurenti R. A method for deriving
leading causes of death. Bull World Health Org. 2006;84:297-304.

8. Griffiths C, Rooney C, Brock A. Leading causes of death in England and
Wales: how should we group causes? Health Stat Q. 2005;28:6-17.

9. Hsiao AJ, Chen LH, LuTH. Ten leading causes of death in Taiwan: a com-
parison of two grouping lists. J Formos Med Assoc. 2015;114:679-80.

10. Ministry of Health and Welfare, Taiwan. Cause of Death Statistics Datasets.
Accessed at https://dep.mohw.gov.tw/dos/cp-2519-3480-113.html, 21
Nov 2021.

11. Institute for Health Metrics and Evaluation (IHME). GBD Results Tool. Seat-
tle, WA: IHME, University of Washington, 2020. Accessed at http://ghdx.
healthdata.org/gbd-results-tool, 21 Nov 2021.

12. Rana JS, Khan SS, Lloyd-Jones DM, Sidney S. Changes in mortality in top
10 causes of death from 2011 to 2018.J Gen Intern Med. 2021;36:2517-8.

13. OECD/Eurostat. Avoidable mortality: OECD/Eurostat lists of preventable
and treatable causes of death (November 2019 version). Accessed at
https://www.oecd.org/health/health-systems/Avoidable-mortality-2019-
Joint-OECD-Eurostat-List-preventable-treatable-causes-of-death.pdf

14. Naghavi M, Makela S, Foreman K, O'Brien J, Pourmalek F, Lozano R. Algo-
rithms for enhancing public health utility of national causes-of-death
data. Popul Health Metr. 2010;8:1-4.

15. Naghavi M, Richards N, Chowdhury H, Eynstone-Hinkins J, Franca E,
Hegnauer M, Khosravi A, Moran L, Mikkelsen L, Lopez AD. Improving the
quality of cause of death data for public health policy: are all‘garbage’
codes equally problematic? BMC Med. 2020;18:1-3.

16. Johnson SC, Cunningham M, Dippenaar IN, Sharara F, Wool EE, Agesa KM,
Han C, Miller-Petrie MK, Wilson S, Fuller JE, Balassyano S. Public health util-
ity of cause of death data: applying empirical algorithms to improve data
quality. BMC Med Inform Decis Mak. 2021;21:1-20.

Page 8 of 8

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei20/dl/10_h6.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei20/dl/10_h6.pdf
http://kostat.go.kr/portal/eng/pressReleases/8/10/index.board?bmode=read&bSeq=&aSeq=385629&pageNo=1&rowNum=10&navCount=10&currPg=&searchInfo=&sTarget=title&sTxt
http://kostat.go.kr/portal/eng/pressReleases/8/10/index.board?bmode=read&bSeq=&aSeq=385629&pageNo=1&rowNum=10&navCount=10&currPg=&searchInfo=&sTarget=title&sTxt
http://kostat.go.kr/portal/eng/pressReleases/8/10/index.board?bmode=read&bSeq=&aSeq=385629&pageNo=1&rowNum=10&navCount=10&currPg=&searchInfo=&sTarget=title&sTxt
http://kostat.go.kr/portal/eng/pressReleases/8/10/index.board?bmode=read&bSeq=&aSeq=385629&pageNo=1&rowNum=10&navCount=10&currPg=&searchInfo=&sTarget=title&sTxt
https://www.mohw.gov.tw/cp-5256-63399-2.html
https://doi.org/10.15620/cdc:107021
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/methodologies/userguidetomortalitystatistics/leadingcausesofdeathinenglandandwalesrevised2016
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/methodologies/userguidetomortalitystatistics/leadingcausesofdeathinenglandandwalesrevised2016
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/methodologies/userguidetomortalitystatistics/leadingcausesofdeathinenglandandwalesrevised2016
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/methodologies/userguidetomortalitystatistics/leadingcausesofdeathinenglandandwalesrevised2016
https://dep.mohw.gov.tw/dos/cp-2519-3480-113.html
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://www.oecd.org/health/health-systems/Avoidable-mortality-2019-Joint-OECD-Eurostat-List-preventable-treatable-causes-of-death.pdf
https://www.oecd.org/health/health-systems/Avoidable-mortality-2019-Joint-OECD-Eurostat-List-preventable-treatable-causes-of-death.pdf

	Changes in the rankings of leading causes of death in Japan, Korea, and Taiwan from 1998 to 2018: a comparison of three ranking lists
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Main findings
	In relation to previous studies
	The need of using specific categories for ranking
	Differences between the WHO and IHME lists
	Limitations

	Conclusions
	Acknowledgements
	References


