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Aim: This study analyzed the trend of gender gaps in life expectancy (GGLE) in Japan between 1947 and 2010, and
explored the correlations of GGLE with gender mortality ratio and social development indices.

Methods: Using GGLE and social indices data collected from the official websites, we carried out trends analysis of
GGLE by calculating segmented average growth rates for different periods. We explored the association between
GGLE and all-cause mortality; and between GGLE and Human Development Index (HDI) while controlling for time
trend, by computing the generalized additive models based on the software R (version 2.15).

Results: Japan’s GGLE increased in a fluctuating fashion. Across 53 years, the average growth rates varied widely:
0.14% (1947–1956), 1.43% (1956–1974), 1.06% (1974–2004) and -0.60% (2004–2010) (overall average 0.87%). The
value of GGLE peaked to 7.00 years in 2004, and then has slowly declined (6.75 years in 2010). Age-adjusted all-cause
gender mortality ratio had a statistically positive association with GGLE (P < 0.01), whereas HDI was found to have
no such association.

Conclusion: The increased trend of GGLE in Japan could be partly explained by increased disease-specific mortality
ratios (male/female), especially those involving chronic bronchitis and emphysema, diseases of the liver, suicide and
cancer. The recent decline of GGLE might imply that Japanese women have been catching up with the lifestyle of
men, resulting in similar mortality patterns. This calls for gender-sensitive approaches to developing policies and
programs that will help sustain healthy lifestyles to combat smoking and alcohol intake, and social support to prevent
suicide. Geriatr Gerontol Int 2013; 13: 792–797.
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Introduction

Life expectancy (LE) increased apace in the 20th
century due to rapid mortality decline as a result of
better hygiene, improved nutrition and medical prac-
tices.1 The change in mortality pattern also impacted on
gender gaps in life expectancy (GGLE),2 and on the gaps
that vary across countries and time. The magnitude of
GGLE ranges from 5 to 9 years in most countries,3

where women live longer than men.4

Gender gaps in mortality and LE have been attributed
to one’s exposure to biological risks; risks acquired
through social roles, lifestyle and health behaviors (such
as smoking, drinking and violence); and occupational
hazards.5–12 Some studies have even focused on sex dif-
ferences and sex ratio in mortality.13–16 For example, in
explaining the decrease of GGLE in high-income coun-
tries, Glei and Horiuchi highlighted the role of sex dif-
ferences in the age patterns in mortality rather than the
declining sex ratios in mortality.2

Although GGLE is a population-based term, it has
implications for couples. The different life expectancies
mean widowhood for the surviving spouse. The widow-
hood effect (i.e. mortality increase for a recently
widowed person) occurs regardless of gender, age and
cause of death of the spouse.17,18 A meta-analysis has
shown a positive association between widowhood and
mortality in which men were found to suffer from more
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risks than women.19 On one hand, because of the fall in
pension income and social security, most widows expe-
rience a decline in living standards.20 On the other hand,
men tend to retire later and die earlier than women,
which means that they would spend five fewer years on
a pension than women on average.21 Therefore, life
expectancy and gender gaps in life expectancy should be
taken into consideration in the pension system reform.22

Because of the aforementioned effects on public health,
we focused our interest on GGLE.

In our previous study,23 we found that most OECD
member countries showed an inverted U-curve pattern
in GGLE whose peak values, between 1960 and 2008,
were found in the 1970s or 1980s. However, Japan had
a divergent trend (i.e. its GGLE rose gradually rather
than peaking during the same period) and constituted a
special case. In the same study, we also showed that
increases in Happiness, Human Development Index
(HDI) and Gender Empowerment Measure (GEM) were
negatively associated with decreases in GGLE among
OECD countries based on association analyses. The
present study specifically explores Japan’s GGLE.

The gain in life expectancy for women over men is not
purely a result of biological difference. Social changes
are also relevant.4 The social gradient thesis links life
expectancy to social rank: people and populations of
higher status and hierarchical positions tend to have
lower mortality and longer life expectancies.24 Japan is
an illustrative example for this thesis. Since 1985, Japan
has had the highest life expectancy, especially among
females, in the world.25 Japan’s overall mortality level
has been the lowest26,27 since the 1980s as a result of
innovative health research and efforts to improve pro-
tection against coronary heart disease and cancer.28,29

However, the actual increase in GGLE in Japan implies
that the social changes have had varying impacts on
mortality by gender. Could Happiness, HDI and GEM
explain the pattern of GGLE in Japan? The present
study seeks to analyze the trend of GGLE in Japan from

1947 to 2010 and to explore its associations with social
development indices, such as HDI, GEM and Happi-
ness. We also focus on the impact of age-adjusted
all-cause mortality difference (AMD; male-female) and
age-adjusted all-cause mortality ratio (AMR; male :
female). However, because of the lack of longitudinal
data on Happiness and GME, their relationships with
GGLE were not ascertained in the present study.

Methods

Data sources

We collected published data of GGLE, age-adjusted
all-cause mortality and disease-specific mortality cover-
ing the period 1947–2010 from Japanese official web-
sites. We also collected HDI (1970–2010) from the
United Nations Development Programme (UNDP)
website. Table 1 shows the sources of variables.

Statistical analysis

First, to describe the proportional growth of GGLE, we
chose the geometric mean rather than the arithmetic
mean because of numerical fluctuations. We made the
trend analysis of GGLE by calculating segmented
average growth rates for different periods using the fol-
lowing formulas:30,31
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Second, we showed the trends of GGLE and other study
variables using Excel 2003 (Microsoft, Sacramento, CA,
USA). After that, we carried out the generalized additive
models (GAM) analysis by the software of R (version

Table 1 Research variables and their sources

Variables Sources

Gender gaps in life expectancy at birth (years) http://www.mhlw.go.jp/toukei/saikin/hw/life/life09/sankou02.html
Age-adjusted all-cause mortality
Age-adjusted all-cause mortality difference

(male-female)
Age-adjusted all-cause mortality ratio

(male/female)

http://www.e-stat.go.jp/SG1/estat/ListE.do?lid=000001066473
(5-2 Trends in crude death rates and age-adjusted death rates
(per 1,000 population) by sex: Japan)

Human Development Index http://hdr.undp.org/en/media/2010_Hybrid-HDI-data.xls
Disease-specific mortality ratio
(the names of the causes of deaths are based

on the classification in the 10th edition of
the causes of deaths)

http://www.e-stat.go.jp/SG1/estat/GL08020103.do?_toGL
08020103_& listID = 000001082327&requestSender = dsearch
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2.15) to eliminate the time trend between GGLE and
AMR, and GGLE and HDI, respectively, which showed
the same change direction as the trend of GGLE (sig-
nificant level all at a = 0.05). The GAM formulas are:

GGLE AMR smooth year= + + ( )β β0 1 ;

GGLE HDI smooth year= + + ( )β β0 1 .

Finally, we explored the trends of disease-specific mor-
tality ratios using Excel 2003.

Results

Trends analysis

Figure 1 shows that GGLE made a fluctuated rise
during 1947–2010. GGLE increased from 3.90 in 1947
to 5.10 in 1974. It varied from 5.10 years in 1974 to the
peak value of 7.00 years in 2004, and decreased slowly
until 2010 with 6.75 years. GGLE underwent a slight,
but long-term, increase during 1974–2004. It also
showed the average growth rate in different periods.
The four average growth rates were 0.14% (1947–1956),
1.43% (1956–1974), 1.06% (1974–2004) and -0.60%
(2004–2010), respectively. The overall average growth
rate was 0.87%.

Figure 2 shows the original and moving trends of
GGLE, the trends of AMD, AMR and HDI. All study
variables are shown in rising trends, except the AMD,
over time. The decreasing trend of all-cause mortality
difference could not explain the increasing of GGLE.

Figure 1 Trend of gender gaps in life expectancy in Japan
with calculated segmented average growth rate during four
different periods.

Figure 2 Original and moving trends of gender gaps in
(a) life expectancy, (b) age-adjusted all-cause mortality
difference and (c) age-adjusted all-cause mortality ratio
(1947–2010), and (d) Human Development Index
(1970–2010) in Japan.
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Figure 3 highlights the trends of disease-specific
mortality ratio (male : female). Accidents mortality
ratio increased from 2.32 to 3.54 during 1947–1964.
From 1947 to 1969, cerebrovascular disease mortality
increased for both genders, but the increase was faster
in men than in women, as shown in Figure 3. The
increase in GGLE during this period could be explained
partly by the fact that the accidents mortality ratio and
cerebrovascular disease mortality ratio quickly increased
from 1947 to the early 1960s. During 1964–1974, the
accidents mortality ratio, and gastric ulcer and duodenal
ulcer mortality ratio decreased dramatically. However,
the mortality ratio of diseases of the liver and chronic
bronchitis and emphysema, cancer and cerebrovascular
diseases rose very quickly during the same period.
During 1974–2004, the mortality ratios of the accident,
gastric ulcer and duodenal ulcer continued to maintain
the downward trend, whereas the ratios of chronic
bronchitis and emphysema and suicide underwent a

notable increase along with the rising ratios of cancer
and pneumonia. Suicide gender mortality ratio has con-
tinuously increased since the middle of the 1990s. In the
late 1990s, suicide mortality increased for both genders.
However, it surged faster in men than in women, which
led to the increase of gender mortality ratio (a peak ratio
of 2.80 in 2005). After 2004, the mortality ratio of
suicide, gastric ulcer and duodenal ulcer, accidents, and
cancer decreased with the ratio of chronic bronchitis
and emphysema rising, which might explain the small
decrease of GGLE during 2004–2010.

GAM analysis

Table 2 shows the results of GAM analysis. All-cause
mortality ratio has a positive association with GGLE
(P = 0.001), with the elimination of the time trend. HDI
has no significant association with GGLE.

Figure 3 Trends of disease-specific gender mortality ratio in Japan, 1947–2010.

Table 2 Parametric coefficients estimation results by Generalized Additive Models with controlling for the time
trend

Variable Model Estimated
coefficient

Standard
error

t-value P-value

All-cause mortality ratio Intercept 0.366 1.498 0.244 0.808
AMR 3.154 0.918 3.435 0.001

Human Development Index Intercept 8.200 5.844 1.403 0.170
HDI -2.534 6.952 -0.365 0.718

AMR, all-cause mortality ratio; HDI, Human Development Index.
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Discussion

This was an exploratory analysis aimed at examining the
correlations between GGLE, on the one hand, and
gender mortality ratio and social index (HDI), on the
other hand, in Japan. Based on evidence, we found that
GGLE has a statistically significant positive association
with age-adjusted all-cause mortality ratio. However, it
has no association with HDI, a finding that differs from
the negative correlation we found from our cross-
sectional study among OECD countries.23

We should note that LE was calculated with mortal-
ity, but GGLE can be a reflection of the change in
mortality. However, we found that AMD could not
explain the upward trend of GGLE in Japan. AMR
rather than AMD might be useful for explaining the
change of GGLE, which was partly concordant with the
results of Glei and Horiuchi’s study.2 The increases in
mortality ratios of diseases (i.e. accidents during 1947–
1956; chronic bronchitis and emphysema, diseases of
the liver, cancer, and cerebrovascular diseases during
1956–1974; suicide, chronic bronchitis and emphy-
sema, diseases of the liver, and cancer during 1974–
2004) could explain the mounting trend of GGLE in
Japan over these three periods. Furthermore, the
decreases of mortality ratios of suicide, gastric ulcer and
duodenal ulcer, accidents, and cancer during 2004–
2010 could explain the downward trend of GGLE
recently. The analysis of the disease-specific mortality
ratio provided us with important clues for priority dis-
eases in terms of reduction of GGLE in Japan: chronic
bronchitis and emphysema, suicide, diseases of the
liver, and cancer. The future studies on gender differ-
ences in interventions for these priority diseases would
contribute to narrowing GGLE in Japan. However, dis-
eases of the liver and cancer were a collection of mul-
tiple diseases, which warrant further examinations of
subsets.

The trend of the suicide mortality ratio was very
intriguing. Suicide has been a health risk in Japan, espe-
cially since the 1990s when Japan faced the grave con-
sequences of the economic slump with different effects
on gender (especially in men).32,33 This prompted us to
pay more attention to the gender gap in suicide and to
carry out further studies.

The changes in environmental factors (e.g. lifestyle,
smoking) in either or both genders are likely to have
impacted on the changes in the gender mortality
ratio.16,24,34 Lawlor et al. reported that the mortality sex
ratio is associated with mean per capita fat and alcohol
consumption.15 In Italy, unhealthy lifestyles of women
with healthier behavior of young men seemed to reduce
the GGLE since 1980.35 Marugame et al. showed that
smoking had been widely expanded among Japanese
young women with the increase of women’s social
position and participation in the labor force market.36

The study of Cockerham and Yamori showed that
healthy lifestyles, especially diet, and the social support
of family and friends are more important than social
class for longevity in Okinawa.24 These previous studies
provide a clue that gender gaps in lifestyles and social
support might have led to the rise of disease mortality
ratio expressed as the increase of GGLE in Japan.

We can infer that the outstanding increases of gender
mortality ratios in chronic bronchitis and emphysema,
diseases of the liver, cancer, and suicide might be caused
by the gender differences in environmental factors (e.g.
smoking, alcohol consumption, diets, psychological
and social support) leading to the mainly increased
changes of GGLE in Japan. The recent decrease of
GGLE might be the result of an increase in unhealthy
lifestyle among women. It also implies that Japanese
women are catching up with the lifestyle of men, which
has put them at more risk than before.

Watahiki and Nishida’s study showed that the gender
gap in age-specific mortality in the 0–4 year age group
(particularly age 0) explained most of the difference in
GGLE at birth before 1947.37 After 1950, the 60–79 age
group played a major role in GGLE at birth.37 We did
not obtain enough data to make the age-specific analysis
for GGLE, which constitutes a limitation of the present
study.

It is difficult to predict whether GGLE in Japan would
continue to decline in the coming years. However, if
Japanese women’s health practices remain on the safe
side, we could make some efforts to lower the male
mortality, which might at least stop the upward trend of
GGLE. These also called for a gender sensitive approach
to policy formulation and program development (such
as smoking and drinking interventions, social support
from family and friends, and prevention against suicide).
There are urgent development needs for the diseases of
chronic bronchitis and emphysema, suicide, diseases of
the liver, and cancer.
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