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Abstract: This study investigated mortality discrepancies in Korea, 2000-2020, with a focus on age, 
gender, and preventable causes of death, and their impact on life expectancy at birth. The study 
utilized data from Korean Standard Classification of Diseases and OECD/Eurostat lists of 
preventable and treatable causes of death and applied Arriaga's method. Noteworthy findings 
revealed gender disparities in life expectancy increases, with male gaining an advantage over 
females from 2000-2020 (8.142 years for males versus 6.806 years for females). The most significant 
increase in life expectancy was found to be in males aged 70-74 and females aged 75-79. The gender 
gap in LEB is narrowing and that the main age group contributing to the gender gap are getting 
older. Reduced gains in life expectancy at birth resulted from avoidable mortality, contributing 
57.3% to the increase. Cerebrovascular disease and transport accidents were positive contributors, 
whereas suicide and certain cancers were negative contributors. The changes in mortality for 
individuals aged 65 and over had an impact of 45.44% (males) and 71.01% (females) on life 
expectancy gains. This study offers a novel approach in evaluating avoidable mortality and life 
expectancy, having the potential to improve international health indicators and inform health 
policy. 
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1. Introduction

In health at a glance 2021, the Organization for Economic Cooperation and Development 
(OECD) lists life expectancy at birth(LEB) and avoidable mortality as part of the population health 
system performance indicators for health status [1]. 

LEB is a key measure of population health and is often used to evaluate health system 
performance [2]. Globally, LEB is continuously increasing, including in Korea. Although LEB 
indicates the average length of length, it fails to provide any insight into the range of life expectancies. 
In practice, it has the limitation of not reflecting the differences in LEB between subgroups of the 
population. Therefore, to fully understand the health of a population, it is important to understand 
the contribution of subgroups of the population to LEB [3].   

The main goal of a healthcare system is to improve overall health and ensure an equitable 
distribution of health outcomes across different subgroups. In this regard, gender health inequalities 
are of considerable importance as they reflect distinctions in social framework, including political 
and economic establishments and health and social policies [4]. According to WHO statistics, the gap 
in LEB between males and females is significant, with females living an average of 5.1 years longer 
than males globally in 2019 [5]. The gender gap in LEB may be explainable by biological, behavioral, 
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and social-economic factors [6,7]. Given that health systems can enhance the longevity and 
population health by ensuring timely access to affordable and high-quality healthcare [9] it is also 
possible that public health policies and access to quality health care have contributed to the gender 
gap in LEB because it has been differentially distributed to males and females [10]. It is therefore 
important to examine the extent to which health policies and quality of healthcare contribute to the 
distribution of health outcomes across sociodemographic groups, including males and females.  

Avoidable mortality refers to an unnecessary premature death that could be preventable by 
timely and suitable interventions and effective healthcare policy. It has long been recognized as an 
indicator of healthcare system performance [11]. Avoidable mortality can be divided into two distinct 
categories: preventable and treatable. Preventable mortality is the deaths that can be preventable 
through appropriate primary healthcare interventions or public health programs. Treatable mortality 
is defined as deaths that can be avoided through timely and effective medical interventions at the 
secondary and tertiary healthcare levels [11]. In South Korea, avoidable mortality continues to decline 
due to efficient healthcare policies [12]. South Korea's avoidable mortality rate in 2018 was 144.0 
deaths per 100,000 population, which is lower than the OECD average (199.7) and has decreased 
significantly over 18 years compared to 2000 (344) [12]. Currently, various health policies are being 
identified and tried to further reduce avoidable mortality. To do so, it is necessary to understand the 
impact of different potentially avoidable causes of death on LEB.  

Several studies have examined the impact of avoidable mortality on LEB. Avoidable mortality 
was first applied to population-level studies by Charlton, J et al [13]. They selected 14 disease groups 
to identify regional variation in avoidable mortality in England and Wales and found that regional 
variation in avoidable mortality resulted in significant variation in the quality of healthcare [13]. The 
first study to examine trends in avoidable mortality in Korea found that avoidable mortality declined 
significantly between 1982-1991 (37.4% in 1982 and 24.9% in 1991), especially among males, and cited 
acute respiratory diseases, malnutrition, pneumonia, and influenza as the leading causes. A follow-
up to that study suggested that the reduction in avoidable mortality resulted in improved LEB [14]. 
Bahk, J et al. used the UK Office for National Statistics' cause of death list to assess the impact of 
avoidable mortality on LEB growth from 1998-2017 [15]. They found that changes in avoidable causes 
of death contributed more than 50% to the increase in LEB, and that avoidable causes of death such 
as cerebrovascular disease and traffic accidents were the main causes of the increase in LEB [15]. 

This study aims to identify the contribution of age and gender to the change in LEB in Korea 
over the past two decades and to analyze the impact of avoidable mortality on LEB. The results would 
provide insights into the causes of the increase in LEB in Korea.  

2. Materials and Methods 

2.1. Data Source 

The statistical data used in this study were life table (1970 to 2020) and annual mortality data 
(2000 to 2020) from the Korea National Statistical Office. Annual LEB for both gender was calculated 
with standard demographic techniques [16]. Mortality data contained the number of deaths by 5-year 
age group, gender and cause for every year from 2000 to 2020. Causes of death were classified by 
Korean Standard Classification of Diseases and OECD/Eurostat lists of preventable and treatable 
causes of death (Table S1) [17]. 11 disease category-specific causes of death and several significant 
single diseases within the disease groups.  

2.2. Analytical Method 

Arriaga's decomposition method was applied to discern the roles of age, gender disparities, and 
causes of death in the increase in LEB [18]. This method assesses the impact of mortality changes 
across age groups and causes of death on the overall LEB shift within a defined period. As LEB 
reflects age-specific mortality rates, alterations in mortality rates across various age brackets dictate 
the overall change in LEB over time [18]. Therefore, the total shift in LEB results from the 
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accumulation of years either added (positive contribution) or subtracted (negative contribution) to 
the LEB due to changes in mortality rates across different age segments within the specified period. 

Furthermore, the cumulative years contributed by specific age groups to changes in LEB can also 
be parsed by causes of death [18]. Analogous to the age-based decomposition, reductions in mortality 
associated with specific causes within particular age groups lead to positive contributions to the 
overall change in LEB, while causes with increased mortality have negative contributions. Hence, the 
sum of cause-specific contributions aligns with the comprehensive contribution for each age group, 
ultimately culminating in the combined influence of age- and cause-related factors on LEB. 

To summarize the method for measuring the years of life attributed to the increase in LEB due 
to changes in the sinusoidal structure, the process is as follows: The change in LEB arises from 
changes in mortality at each specific age, reflecting an increase or decrease in years of life gained or 
lost due to changes in the central mortality rate. 

The number of years contributed to the increase in LEB by the change in mortality within a 
specific age group from the baseline year (0 year) to the comparison year (1 year), denoted as the 
change in mortality in the specific age group (𝑆𝐴𝐶௝(௜𝑒௫)), can be expressed using equation (1). 𝑆𝐴𝐶௝(௜𝑒௫) = 𝐹(𝑚௝ଵ −  𝑚௝଴) (1)

If the change in total mortality in age group j is denoted as 𝐶௝  = 𝑚௝ଵ − 𝑚௝଴  the change in 
mortality for each cause of death (C) can be represented as 𝐶௖ ௝ = 𝑚௖ ௝ଵ − 𝑚௖ ௝଴. 

The change in mortality within a particular age group, represented as 𝐶௝ = ∑ 𝐶௖ ௝  ௦௖ୀଵ  (where s 
is the group of causes of death), is the sum of changes in mortality from each cause within the same 
age group. The contribution of each cause's change in a particular age group to the increase in LEB 
(equation 2) can be expressed as a ratio of total life expectancy. 𝑆𝐴𝐶௖ ௝(௜𝑒௫) = 𝑆𝐴𝐶௝(௜𝑒௫) 𝐶௝௖𝐶௝  (2)

3. Results 

3.1. Life Expectancy at Birth in Korea, 1970-2020 

Figure 1 presents the trends of LEB by gender in Korea from 1970 to 2020. LEB had continued to 
increase for both males and females, although the rate of increase is gradually slowing down. From 
1970 to 2020, The LEB increased at an average annual rate of 0.42 years (0.43 years for males and 0.41 
years for females). The difference in LEB between males and females shows that female's LEB had 
always been higher than male's (Table S2). 
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Figure 1. Trends of life expectancy at birth by gender in Korea, 1970-2020. 

3.2. Age-Specific Contribution to Life Expectancy at Birth 

The age-specific contribution to the increase in LEB from 2000 to 2020 was examined separately 
for males and females. The period of the study was also divided into two sub-periods, 2000-2010 and 
2010-2020.  

From 2000 to 2020, LEB increased by 8.142years for males and 6.806 years for females. In both 
2000-2010 and 2010-2020, LEB increased more for males than for females. In 2000-2010, the increase 
in LEB was 4.494 years for males and 3.967 years for females, and in 2010-2020, the increase in LEB 
was 3.648 years for males and 2.839 years for females. Comparing the gains in LEB between the two 
periods, both males and females experienced more gains in LEB in 2000-2010 than in 2010-2020 (Table 
S3 and Figure 2). 

Looking at the age groups that contributed most to LEB gains for both genders, over the 20-year 
period LEB increased by more than 0.2 years for males after the age of 35 and for females after the 
age of 55. When broken down by decade, LEB gains of more than 0.1 years for males were observed 
in the 35-39 age group in the period 2000-2010 and in the 40-44 age group in the period 2010-2020 
(Table S3 and Figure 2a), while LEB gains of more than 0.1 years for females were observed in the 50-
54 age group in the period 2000-2010 and in the 60-64 age group in the period 2010-2020 (Table S3 
and Figure 2b). Thus, the age-specific contributions to LEB gains were found to be made by females 
around 20 years older than males. 

Over the 20-year period, the age groups with the largest increases in LEB were 70-74 years (1.105 
years, 13.57%) and 65-69 years (0.996 years, 12.23%) for males, and 75-79 years (1.189 years, 17.47%) 
and 70-74 years (1.032 years, 15.16%) for females. At the decade level, it was 65-69 years (0.590 years, 
13.13%) for males in 2000-2010 (Table S3 and Figure 2a) and 70-74 years (0.572 years, 15.68%) in 2010-
2020, and 75-79 years (0.659 years, 16.61% and 0.530 years, 18.67%, respectively) for females in both 
periods (Table S3 and Figure 2b). Thus, the gains in LEB were largely driven by those aged 65 and 
over. 

Taken together, these results suggest that the main contribution to the increase in LEB in Korea 
since 2000 has been made by those aged 65 and over, with relatively large contributions from those 
aged 70-74 for males and 75-79 for females. 

50

55

60

65

70

75

80

85

90

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

Lif
e 

of
 e

xp
ec

ta
nc

y a
t b

irt
h 

(y
ea

rs
)

Year

Total Male Female

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 August 2023                   doi:10.20944/preprints202308.2020.v1

https://doi.org/10.20944/preprints202308.2020.v1


 5 

 

 
(a) 

 
(b) 

Figure 2. Age-specific contributions to life expectancy at birth in Korea, 2000-2020. (a) Males; (b) 
Females. 

3.3. Gender Gap in Life Expectancy at Birth  

The difference in LEB between males and females was determined in three years: 2000, 2010 and 
2020. In 2000, male LEB was 72.3 years and female LEB was 79.7 years, a difference of 7.4 years. In 
2010, male LEB was 76.8 years and female LEB was 83.6 years, a difference of 6.8 years, and in 2020, 
male LEB was 80.5 years and female LEB was 86.5 years, a difference of 6.0 years. In all three years, 
female LEB was about six to seven years higher than male LEB.  

When the difference in LEB between males and females is broken down by age, the age group 
0-44 does not have a significant impact on the gender gap in LEB, as the difference between male and 
female LEB is less than 0.5 years in all three years and contributes less than 20% to the difference in 
LEB between males and females (Table S4 and Figure 3). In contrast, the gender gap in LEB was 
greater than 0.5 years in 2000 for those aged 45-79, in 2010 for those aged 50-84 and in 2020 for those 
aged 60-85 and over. The age groups with the highest gender gaps were 60-64 years (0.959 years, 
13.10%) in 2000, 70-74 years (0.952 years, 14.01%) in 2010 and 75-79 years (0.862 years, 14.40%) in 2020.  

It shows that the gender gap in LEB is narrowing and that the main age group contributing to 
the gender gap in LEB are getting older. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0

1-
4

5-
9

10
-1

4

15
-1

9

20
-2

4

25
-2

9

30
-3

4

35
-3

9

40
-4

4

45
-4

9

50
-5

4

55
-5

9

60
-6

4

65
-6

9

70
-7

4

75
-7

9

80
-8

4

85
+

Ye
ar

s c
on

tr
ib

ut
ed

 to
 LE

B
(y

ea
rs

)

Age group 

2000-2010 2010-2020

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0

1-
4

5-
9

10
-1

4

15
-1

9

20
-2

4

25
-2

9

30
-3

4

35
-3

9

40
-4

4

45
-4

9

50
-5

4

55
-5

9

60
-6

4

65
-6

9

70
-7

4

75
-7

9

80
-8

4

85
+

Ye
ar

s c
on

tr
ib

ut
ed

 b
y 

ag
e 

gr
ou

p
(y

ea
rs

)

Age group 

2000-2010 2010-2020

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 August 2023                   doi:10.20944/preprints202308.2020.v1

https://doi.org/10.20944/preprints202308.2020.v1


 6 

 

 

Figure 3. Gender gap in life expectancy at birth in Korea. 

3.4. Contribution of Avoidable Mortalities to Life Expectancy at Birth 

To determine the contribution of changes in causes of death due to avoidable mortality to LEB, 
cause of death data and life tables from Korea National Statistics Office as the main data.  

Changes in mortality can be attributed to changes in the age-specific cause of death structure. 
The change in age-specific cause of death can be evaluated as a positive or negative contribution to 
the increase in LEB. A positive contribution is an increase in LEB due to a decrease in mortality, while 
a negative contribution is a decrease in LEB due to an increase in mortality. Some conditions that do 
not appear in the OECD/Eurostat list of avoidable causes of death (236 items) are included in the list 
of co-morbidities. Among the 13 major categories, Adverse effects of medical and surgical care were 
excluded as the category was not found in Korean mortality data. Hepatitis, cirrhosis, and fibrosis 
causes of death were classified as digestive system diseases according to Korean Standard 
Classification of Diseases. 

3.4.1. Contribution of Avoidable Mortalities to Life Expectancy at Birth, 2000-2010 

Using the Office for National Statistics data on causes of death from 2000 to 2010 and the life 
tables from 2000 and 2010, we calculated the contribution of avoidable mortalities to LEB in each age 
group over the 10-year period (Tables S5). 

For males, the increase in LEB due to avoidable mortalities was 3.118 years. Of these, 0.856 years 
(27.5%) were due to treatable mortality and 2.262 years (72.5%) to avoidable mortalities, with 
avoidable mortality being more than 2.5 times greater than treatable mortality. The highest 
contribution to LEB gains was in the 65-69 age group (0.509 years), and the lowest in the 10-14 age 
group (0.019 years). Cerebrovascular diseases (0.672 years), transport accidents (0.472 years) and 
fibrosis and cirrhosis of the liver (0.472 years) make positive contributions to LEB gains (Table S5). 
For cerebrovascular disease, the gain in LEB begins to increase by more than 0.1 year after the age of 
60, while for transport accidents the effect is more widespread across all age groups than for specific 
age groups. For fibrosis and cirrhosis of liver, LEB increases by 0.05 to 0.08 years between the ages of 
40 and 69, while liver disease seems to affect middle-aged people. Negative contributors to LEB were 
intentional self-harm (0.307 years), colorectal cancer (0.027 years) and viral hepatitis (0.021 years). 

For females, the contribution of avoidable mortalities to LEB was lower than for males, at 1.702 
years. Of these, 0.723 years (42.5%) were due to treatable mortality and 0.979 years (57.5%) to 
avoidable mortalities (Table S5). The highest contribution to LEB gains was in the 70-74 age group 
(0.458 years), and the lowest in the 25-29 age group (-0.009 years). Cerebrovascular disease (0.612 
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years), diabetes mellitus (0.194 years) and transport accidents (0.186 years) made a positive 
contribution to LEB. For cerebrovascular disease, the contribution to LEB starts to increase after the 
age of 60, with a gain of more than 0.1 years, and for transport accidents, the contribution to LEB is 
similar for all age groups (0.09 to 0.018 years) except for age 0. For diabetes mellitus, the contribution 
was higher in the 55+ age group at 0.176 years (89.3%). The negative contributors to LEB were 
intentional self-harm (0.189 years), breast cancer (0.022 years) and viral hepatitis (0.017 years), with 
intentional self-harm and viral hepatitis being the same for males.  

When the avoidable mortalities of males and females were divided into treatable and 
preventable mortalities, preventable mortality contributed more than treatable mortality, except at 
age 0 (Table S6 and Figure 4). Only at age 0 is the treatable mortality rate high, suggesting that medical 
interventions are important in reducing infant mortality. 

 
(a) 

 
(b) 

Figure 4. Contribution of preventable and treatable causes to life expectancy, 2000-2010. (a) Males; (b) 
Females. 

Comparing avoidable mortalities in 11 broad categories, the gains in LEB for males and females 
were higher for diseases of the circulatory system (0.863 years for males and 0.776 years for females), 
cancer (0.733 years for males and 0.292 years for females) and diseases of the digestive system (0.501 
years for males and 0.108 years for females) (Table S7 and Figure 5). 
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In summary, the contribution of diseases of the circulatory system and cancer to the change in 
LEB between 2000 and 2010 was higher for males than for females, for diseases than for conditions, 
and for older age groups than for younger age groups for both genders. 

 

Figure 5. Contribution of life expectancy by avoidable cause group, 2000-2010. IFD : Infectious 
disease, CA : Cancer, EMD : Endocrine and metabolic disease. DNS : Disease of nervous system, DCS 
: Disease of circulatory system. DRS : Disease of respiratory system, DDS : Disease of digestive system. 
DGU : Disease of genitourinary system,. PPN : Pregnancy, childbirth and perinatal period. CM : 
Congenital malformation, INJ : Injuries. 

3.4.2. Contribution of Avoidable Mortalities to Life Expectancy at Birth, 2010-2020 

Using the Office for National Statistics data on causes of death from 2010 to 2020 and the life 
tables from 2010 and 2020, we calculated the contribution of avoidable mortalities to LEB in each age 
group over the 10-year period (Tables S8). 

For males, the gain in LEB due to avoidable mortalities was 2.220 years (0.425 years for treatable 
mortality and 1.796 years for preventable mortality), with the contribution of preventable mortality 
being about four times greater than that of treatable mortality (Table 10). The highest contribution to 
LEB gains was in the 70-74 age group (0.489 years) and the lowest in the 10-14 age group (0.008 years) 
(Table S8). Positive contributions to LEB gains were made by cerebrovascular diseases (0.270 years), 
transport accidents (0.257 years) and liver cancer (0.251 years). Compared with 2000-2010, viral 
hepatitis, which was a negative cause, may have become a positive cause in 2010-2020 due to 
advances in medical technology or improvements in services over time.  The contribution to the 
increase in LEB was higher in the post-60 age group for cerebrovascular diseases and in the post-45 
age group for liver cancer. Pneumonia (0.052 years) and sepsis (0.016 years) made a negative 
contribution to LEB.  

For females, the contribution of avoidable mortalities to LEB was 1.131 years, of which 0.349 
years (31%) were due to treatable mortality and 0.783 years (69%) to avoidable mortalities. 

The highest contribution to LEB gains was in the 70-74 age group (0.345 years), and the lowest 
in the 15-19 age group (0.003 years) (Table S8). The positive contributors to LEB are cerebrovascular 
disease (0.211 years), diabetes mellitus (0.108 years) and transport accidents (0.104 years), with both 
cerebrovascular disease and diabetes mellitus contributing more to LEB in the post-60 age group than 
in other age groups. Breast cancer (0.016 years) and pneumonia (0.016 years) contribute negatively to 
the reduction in LEB. 

Avoidable mortalities for males and females were split into treatable and preventable mortalities 
to see the difference in their contributions, with preventable mortality contributing more than 
treatable mortality, except at age 0 (Table S9 and Figure 6). Comparing preventable mortality across 
the 11 broad categories, cancer (0.782 years), injuries (0.634 years) and disease of circulatory system 
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(0.388 years) contributed most to LEB in males, followed by disease of circulatory system (0.316 
years), cancer (0.285 years) and injuries (0.265 years) in females (Table S10 and Figure 7). In the period 
2010-2020, the contribution of avoidable mortalities to LEB gains was lower for both males and 
females than in the period 2000-2010. In terms of gender, males were higher than females, in terms of 
age, males and females were higher in the 70-74 age group, and in terms of disease category, males 
were higher for cancer and females were higher for disease of circulatory system. 

 
(a) 

 
(b) 

Figure 6. Contribution of preventable and treatable causes to life expectancy, 2010-2020. (a) Males; (b) 
Females. 
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Figure 7. Contribution of life expectancy by avoidable cause group, 2010-2020. IFD : Infectious 
disease, CA : Cancer, EMD : Endocrine and metabolic disease. DNS : Disease of nervous system, DCS 
: Disease of circulatory system. DRS : Disease of respiratory system, DDS : Disease of digestive system. 
DGU : Disease of genitourinary system, PPN : Pregnancy, childbirth and perinatal period. CM : 
Congenital malformation, INJ : Injuries. 

4. Discussion 

This study analyzed the contribution of differences and changes in mortality by age, gender, and 
avoidable causes to LEB over the period 2000-2020.  

From 2000 to 2020, LEB increased more for males (8.142 years) than for females (6.806 years). 
The contribution of those aged 65 and older was 45.44% (3.70 years) for males and 71.01% (4.83 years) 
for females, indicating that a large proportion of the increase in LEB was due to changes in mortality 
in the 65 and older age group. From this, it can be concluded that the 65+ age group contributed the 
most to the increase in LEB in Korea since 2000, especially in the 70-74 age group for males and 75-79 
age group for females.  

In recent years, the contribution of the younger age groups to the increase in LEB has been 
declining, while the contribution of the middle-aged and older age groups has been increasing. This 
is consistent with a study that found that changes in mortality at age 65 and older had the largest 
impact on LEB between 2000-2013 [19], and the previous study that found that the most significant 
contribution to LEB gains over the 30-year period from 1985-2015 was at ages 55-64 for males and 65-
74 for females [19]. It is also consistent with findings in Germany that the largest contribution to LEB 
over 40 years was made by those aged 65 and older (2.9 years for males and 4.0 years for females) 
[20] and in Sweden that the largest contribution was made by those aged 65 and older (2.3 years for 
males and 1.37 years for females) between 1997-2014 [21].  

The gender gap in LEB at each period was highest for those aged 60-64 in 2000 (0.959 years), 70-
74 in 2010 (0.952 years), and 75-79 in 2020 (0.862 years). In 2000 and 2010, the gender gap in LEB was 
highest at ages 65-74 and decreased thereafter, while in 2020, the gender gap in LEB increased until 
ages 75-84. The gender gap in LEB shifts to older age group, which is consistent with previous studies 
[19]. 

The contribution of avoidable mortality to LEB from 2000 to 2020 is 57.3% (4.285 years), which 
is not directly comparable to other studies due to the different list of avoidable causes of death and 
study period. The increase in LEB due to avoidable mortality is higher for males (5.338 years) 
compared to females (2.833 years), which can be explained by the increase in LEB being higher for 
males (8.142 years) compared to females (6.806 years). The age-specific contribution of avoidable 
mortality is higher in the 65+ age group, which is likely due to the higher contribution of LEB gains 
in the 65+ age group.  
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In this study, the contribution to LEB gains was higher for avoidable mortality than for treatable 
mortality for both males and females, which is consistent with previous studies [14]. This suggests 
that preventable mortality needs to be further reduced. There was also a higher contribution from 
preventable mortality in males compared to females, which was likely due to liver disease (cirrhosis 
and fibrosis), stomach cancer and lung cancer. These causes of death are associated with higher 
mortality rates in males than in females and are thought to be caused by alcohol consumption and 
smoking habits, which contribute to liver disease (cirrhosis and fibrosis). It has also been argued that 
the lower rate of change in preventable mortality in females compared to males may be due to an 
increase in breast cancer mortality [14]. 

Alcohol consumption in Korea has not decreased over the past two decades and the downward 
trend in hepatitis B virus infection may have contributed to the decrease in mortality from alcohol-
related diseases and malignant neoplasms of the liver [22]. Although the prevalence of smoking 
among men in Korea has decreased significantly from 60.9% in 2001 to 34% in 2020, the prevalence 
among women is very low (6.6% in 2020) and has increased slightly compared to 2001 (5.2%). Since 
the 2000s, the prevalence of smoking has decreased significantly due to the impact of government 
anti-smoking policies and changes in social awareness and is almost comparable to the average 
prevalence in OECD countries. Gender disparities in lifestyle behaviors, including smoking and 
alcohol consumption, are likely to be an important factor in the difference in LEB between males and 
females [23]. 

The present study could suggest the factors that influenced the decline in preventable mortality 
in two aspects. 

First, a significant contributor to preventable mortality is vaccination. Vaccines are one of the 
greatest achievements of biomedical science and public health, contributing to the reduction of acute 
and chronic infectious diseases. Studies in the United States have shown that vaccination has reduced 
deaths by more than 99% for diphtheria, mumps, pertussis, and tetanus [24]. Polio, measles, and 
rubella viruses have been eliminated, and smallpox has been eradicated globally. Reductions in cases 
and deaths of most vaccine-preventable diseases, including hepatitis A, acute hepatitis B, Hib, and 
chickenpox, have been shown to be greater than 80%. In Korea, immunization rates are estimated to 
be high due to state support for essential immunizations for children. According to data from 
Statistics Korea in 2020 (National Childhood Immunization Rate Status), the immunization rate of 
nine vaccines surveyed was over 90%. The vaccination target is also gradually expanding, and in the 
case of HPV vaccination, state support is expanding from the current 12-year-olds to female 
adolescents aged 13-17 and low-income women aged 18-26. Immunization against human 
papillomavirus infection aims to prevent cervical, oropharyngeal, and anal and genital cancers. It can 
be said that infection prevention policies and immunizations have led to a decrease in infectious 
diseases and a decrease in avoidable mortality. 

Second, Korea has implemented the National Health Promotion Act of 1995, which aims to 
improve the health of the people by creating conditions for practicing healthy living, and has 
implemented health promotion projects through health education, disease prevention, nutrition 
improvement, and healthy living practices. Changes in lifestyle appear to have contributed to the 
decline in preventable mortality. The development of non-communicable diseases, the world's 
leading cause of death, is influenced by lifestyle. Smoking, physical inactivity, unhealthy diet, 
obesity, and other lifestyle behaviors (such as alcohol consumption) are associated with the 
development of diseases such as cancer, heart disease, stroke, and diabetes [25], and are factors in 
reducing preventable mortality. 

The higher the number of healthy lifestyle factors among the above five lifestyle factors, the 
lower the mortality rate, especially when four healthy lifestyle factors are practiced [25,26], and when 
at least three are practiced, it can be considered to have a healthy lifestyle [27]. Therefore, it is thought 
that time and motivation are needed to continuously promote health promotion projects for lifestyle 
improvement to the entire population so that it can become a habit. 

In present study, cerebrovascular disease and transport accidents were the factors that 
influenced the increase in LEB from avoidable mortality in both males and females. Cerebrovascular 
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disease contributed 0.942 years of LEB for males and 0.823 years of LEB for females. This is consistent 
with studies in Europe[28], Korea [15] and elsewhere that show that changes in the mortality of 
circulatory diseases are a major factor affecting LEB.  

The age-standardized mortality rate for cerebrovascular disease in Korea decreased from 89.8 
per 100,000 in 2000 to 20.1 in 2020, which is lower than the average for OECD countries (63.5 in 2018) 
[12]. The global rate of cerebrovascular disease deaths in Korea is also decreasing, which may have 
contributed to the decrease in avoidable mortality. The decline in stroke mortality, a type of 
cerebrovascular disease, can be attributed to quality improvement efforts. The Acute Stroke 
Adequacy Evaluation System was launched by the Korea Health Insurance Review and Assessment 
Service in 2006, and the Ministry of Health and Welfare has been operating regional cardiovascular 
disease centers since 2008. In addition, the Cardiovascular Disease Act was enacted in 2016, which 
comprehensively establishes and implements policies for the prevention, treatment, rehabilitation, 
and research of cardiovascular diseases. In addition, the decrease in the prevalence of hypertension, 
the increase in the treatment rate for hypertension, and the expansion of medical access through the 
National Health Insurance Program have contributed to the decrease in cerebrovascular disease 
mortality [22]. 

Among avoidable causes, the decrease in transportation accidents contributed to the 
improvement in LEB for both males and females. It increased LEB by 0.768 years for males and 0.324 
years for females. Korea's transport accident rate decreased from 21.8 deaths per 100,000 people in 
2000 to 5.9 deaths per 100,000 people in 2020, which is still the highest among major OECD countries. 
This decrease in traffic accident fatality rate can be attributed to seat belt use, walking environment 
improvement projects, expansion of traffic surveillance cameras, increased fines, stricter penalties for 
drunk driving, and road safety education programs. 

In this study, suicide (intentional self-harm) was found to be the leading cause of decreased LEB 
in both men and women. Korea's suicide rate (per 100,000 population) was 23.0 ('17), the highest 
among OECD countries and 2.1 times higher than the OECD average (11.2). Over the 20-year period 
2000-2020, the increase in mortality from suicide was the largest contributor to the decline in LEB. 
Suicide mortality has now surpassed deaths from diabetes, hypertensive disease, and liver disease, 
and the need to address rising suicide mortality cannot be overemphasized. Since 2000, suicide rates 
have continued to increase, reaching a peak in 2011, and have been declining since then. This can be 
explained by the fact that in this study, suicide was analyzed as a negative contributor to LEB in the 
period 2000-2010, whereas in the period 2010-2020 it was analyzed as a positive contributor. 

In 2020, the suicide rate was three times higher for men than for women and increased with age, 
peaking in the 80+ age group. Suicide rates have been reported to increase during economic crises in 
different countries[29,30,31], and the impact of changes in the economy, employment, and other 
socioeconomic factors on suicide rates may have been greater in men in recent decades [32].  

Pneumonia was the cause of death that contributed to the decrease in LEB among males. 
Infectious disease mortality rates for pneumonia and influenza are known to fluctuate from year to 
year, but in any given year, pneumonia mortality accounts for 30% of all respiratory causes of death 
in the OECD [33]. Pneumonia is a common cause of death in the elderly [34], and the resurgence of 
pneumonia is likely since Korea is the fastest aging country in the world [35]. In the future, 
pneumococcal and influenza immunization rates should be increased, and the prescription of 
antibiotics should be used more wisely [36]. Strategies to reduce the volume and pathogenicity of 
aspirated material are needed, especially in the elderly, because swallowing disorders and cough 
reflex disorders in the presence of cerebrovascular disease increase the risk of pneumonia [34]. 

Breast cancer was found to be the cause of decreased LEB among females. Breast cancer is the 
most common malignancy among Korean women and is a multifactorial complex disease in which 
many factors are involved in the development of the disease, including family history and genetic 
predisposition, internal environmental factors such as hormonal and reproductive factors, drugs, 
personal illness and lifestyle, and external environmental factors such as diet, occupational exposure, 
and environmental hormones. A woman's age can be seen as a major factor contributing to the 
increased risk of breast cancer because many risk factors for breast cancer can accumulate and 
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increase with age, and exposure to female sex hormones also accumulates with age [37]. However, 
while the frequency of breast cancer increases with age in Western women, it increases until the early 
50s in Korea and then gradually decreases after that. According to OECD statistics, the five-year 
survival rate for breast cancer in Korea from 2010-2014 was 86.6%, which is slightly higher than the 
OECD average of 84.5%. Primary prevention of breast cancer can be considered as reducing exposure 
to female hormones and improving lifestyle. Secondary prevention is early detection, and women 
aged 40 and older are encouraged to have a mammogram every two years. Early detection and 
treatment of breast cancer can reduce mortality, and higher national cancer screening rates have been 
shown to reduce curable mortality [38]. It has also been reported that breast cancers detected by 
screening often have a better prognosis and tend to have lower mortality rates than cancers diagnosed 
after symptoms have developed, emphasizing the effectiveness and importance of breast cancer 
screening.  

The present study suggests that the causes of death that contributed to the decline in LEB during 
the period 2000-2020 were suicide (both genders), pneumonia (males), and breast cancer (females), 
and that improving avoidable causes of death, especially preventable causes, can contribute to 
increasing LEB. 

Korea is one of the OECD countries with the highest projected LEB at age 65 [35], and reductions 
in avoidable mortality have contributed significantly to the increase in LEB among the elderly. There 
is still room for improvement in avoidable mortality, and health policies to reduce treatable and 
preventable mortality should continue. 

5. Conclusions 

Gender-based disparities in life expectancy increases, with male gaining an advantage over 
females from 2000-2020 (8.142 years for males versus 6.806 years for females). The most significant 
increase in life expectancy at birth was found to be in males aged 70-74 by 1.088 years and females 
aged 75-79 by 1.206 years. The gender gap in LEB is narrowing and that the main age group 
contributing to the gender gap are getting older. Avoidable causes of death have a significant impact 
on LEB, with cerebrovascular disease and transport accidents contributing to increases in LEB for 
both males and females, and suicide, pneumonia, and breast cancer contributing to decreases, 
particularly for males and those aged 65 and older. Preventable causes of death contribute more to 
LEB than treatable causes of death. Given that avoidable mortality can be reduced by immunization 
and lifestyle changes, aggressive improvement in avoidable mortality is important for improving 
LEB. 
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