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Abstract

Background In all high-income countries, including Australia, females have a longer life expectancy than males.
The sex gap in life expectancy has been shown to vary according to highest level of education, a measure of
socioeconomic position, with a smaller gap among those with higher education. However, the cause contributions
to education-related differences in the sex gap in life expectancy remain unclear but may provide insights into the
underlying drivers of these inequalities.

Methods Using Australian data from the 2016 Census of Population and Housing linked to Death Regjistrations
(2016-2019), we quantified the age- and cause-specific contributions to the sex gap in life expectancy in relation to
highest attained level of education: university, secondary/post-secondary, and lower than secondary. Date and cause
of death information were obtained from Death Registrations using underlying cause and grouped into broad causes
of death.

Results At age 25, the sex gap in life expectancy was 3.79 (3.69, 3.88) years in the total population, and ranged from
2.28(1.99, 2.56) years among those with a university degree to 4.67 (4.46, 4.89) years among those with lower than
secondary education. Across all education groups, the largest contributors to the sex gap in life expectancy were
cardiovascular diseases, cancers, and external causes, together accounting for 70-80% of the gap. Although absolute
cause of death contributions among those with a university education were smaller when compared to those with
lower levels of education, relative contributions from cardiovascular diseases and non-lung cancers were larger
among the university educated population. Age-specific contributions were concentrated at older ages for those
with a university degree compared to those with lower levels of education (assessed with the interquartile range).

Conclusion Our study reveals that deaths from cardiovascular diseases, cancers and external causes of death make
the largest contributions to the sex gap in life expectancy in Australia. Public health actions targeting these causes,
particularly if directed towards preventing deaths among men with lower levels of education, are likely to reduce the
sex gap in life expectancy, with potential for larger absolute gains in life expectancy among men with lower levels of
education.
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Introduction

Since 2006, female life expectancy has consistently
exceeded male life expectancy globally [1]. For most
countries with long and reliable mortality series, sex gaps
in life expectancy have consistently decreased since the
1990s. In recent decades, sex gaps in life expectancy have
ranged from 3 years (the Netherlands) [2] to as large as
10 years (e.g. Russia, Ukraine, Belarus, etc.) [3]. Similar
to other Western countries, the sex gap in life expectancy
in Australia has decreased [2], and was 3.8 years in 2019.
Decomposing and quantifying the cause-contributions to
these gaps provides insights into underlying health dif-
ferences between females and males and can be used to
support policy and planning decisions [4]. Several stud-
ies have decomposed the female advantage in life expec-
tancy, including by age and causes of death. These studies
have demonstrated higher mortality rates among males
compared to females from external causes (e.g. accidents,
and suicides), particularly at younger ages, and non-com-
municable diseases at older ages (particularly cardiovas-
cular diseases and cancers) [5-8].

Underlying drivers of these mortality differences are
theorised to reflect a combination of biological [4, 9] and
social factors, including gender norms [10-12]. Females
are less susceptible to a number of diseases with an
underlying genetic basis because they carry two copies
of the X chromosome [13]. They also have a more robust
immune system and have lower rates of cardiovascular
disease than men at certain ages [14]. Studies have also
theorised that the magnitude and historical change in
mortality sex differentials are closely linked to sex-spe-
cific cigarette smoking patterns [15, 16]. For example,
higher smoking prevalence among males compared to
females led to excess male mortality during the mid- to
late-20th century, particularly from cardiovascular dis-
eases, respiratory diseases, and lung cancers [5, 8]. Addi-
tional gender norms are known to shape the exposure
to mortality risks [17]. Examples of this include higher
risk-taking, a lower tendency to seek preventive care and
utilise healthcare resources among males compared to
women [18].

Many factors that contribute to socioeconomic
inequalities in mortality also shape mortality differences
between females and males. Socioeconomic position,
such as education levels, operates as a “fundamental
cause” that shapes access to resources that reduce the
risks and consequences of disease, including in preven-
tion, timely diagnosis, and effective treatment of diseases.
Additionally, populations experience different occupa-
tional, environmental, and behavioural hazards based on

their socioeconomic positions [19]. For instance, those
with lower socioeconomic positions, such as lower edu-
cation levels, may have higher mortality risks compared
to their more advantaged counterparts [20]. Socioeco-
nomic inequalities in mortality further exacerbate the dif-
ferentials in mortality between females and males at the
national level [21]. Substantial socioeconomic inequali-
ties in mortality have been demonstrated in high-income
countries for both females and males [20, 22]. In Austra-
lia, between 2016 and 2017, the gap in life expectancy for
those with the lowest compared to the highest levels of
education (one measure of socioeconomic position) was
6 years for females and 9 years for males [23]. Previous
research has demonstrated subnational differences in the
sex gap in life expectancy between those with the high-
est and lowest education in Australia, with a smaller gap
observed among those with the highest (2.6 years) com-
pared to the lowest (6.1 years) level of education [21].

For Australia, the causes of death contributions to
these gaps have not been quantified but could provide
important insights into the underlying drivers of sex-
related disparities in mortality. Such results could pro-
vide evidence on how sex- and socioeconomic factors
shape exposure to health and mortality risks. The aim
of this study was to quantify the cause-contributions to
the sex gaps in life expectancy in Australia according to
education level using Census data linked to Death Regis-
trations to inform public health interventions that reduce
the sex gap in life expectancy.

Methods

Data

We conducted analysis of secondary data from the Per-
son Level Integrated Data Asset (hereafter PLIDA), man-
aged by the Australian Bureau of Statistics [24]. The data
preparation process followed the methods of Welsh et
al. [23, 25]. Briefly, we used individual-level data from
the 2016 Census of Population and Housing (hereaf-
ter, Census) and Death Registration, linked via the Per-
son Linkage Spine. The Person Linkage Spine is created
by combining administrative records from the Medi-
care Consumer Directory (Australia’s universal health
insurer), Data Over Multiple Individual Occurrences
(DOMINO, which provides social security information),
and Personal Income Tax records, which together result
in virtually complete coverage of residents of Australia
[26]. The 2016 Census occurred on the night of the 9th
of August and had an estimated person response rate of
95.8% [27], and 93% of these records could be linked to
the PLIDA Spine. Death Registrations contain a record
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of all deaths that occurred in Australia and include infor-
mation on date and underlying cause of death, coded
according to the International Classification of Diseases,
10th revision (ICD-10). Among all Death Registration
records, 97% were linked to the PLIDA Spine [23, 25].
For this study, we included all deaths occurring among
those with a linked Census record from Census night to
31 December 2019. We excluded Census records for tem-
porary visitors and those that did not link to the PLIDA
spine. Previous research has shown that Census-Spine
linkage does not vary materially by education level [25],
and is thus expected to have only a minor impact on the
analyses and results. A more detailed account of the data
preparation process can be found in Sect. 1 in Supple-
mentary Material.

We used the PLIDA combined demographics data to
obtain information on sex (female, male) and derived a
measure of highest level of education, measured with the
Census, grouped into three mutually exclusive catego-
ries: university education (bachelor’s degree or higher),
secondary/post-secondary (completed secondary school
and/ or a post-secondary qualification) and lower than
secondary (did not complete secondary school, nor
other qualifications). These three education groups cor-
responded to the 27%, 47% and 26% of the total popula-
tion, respectively. The equivalence between the education
grouping in our analysis and the International Standard
Classification of Education can be found in Sect. 1 of
Supplementary Material.

We measured seven broad causes of death: cardio-
vascular diseases (CVD), lung cancers, other (non-lung
related) cancers, mental (psychiatric) conditions, respi-
ratory diseases, and external causes of death (see Table
Al in Supplementary Material). These reflect major
cause of death groupings (i.e. CVD, cancers, mental con-
ditions, and external causes), with the addition of lung
cancers and respiratory diseases as separate categories.
Our decision to include the additional two categories was
informed by previous research which found that smoking
was a major contributor to sex differences in mortality
[5, 8]. Together, the causes of death included in the seven
categories account for approximately 90% of all deaths for
our data during the period 2016-2019.

Analysis

For each cause of death, we estimated sex- and educa-
tion-specific mortality rates by 5-year age group, from
age 25-29 to 95 years and older. Mortality rates esti-
mated using the linked Census-Death Registrations data
have been shown to be different from official mortal-
ity statistics [25], i.e. rates in the linked data were lower
at younger ages and slightly higher at older ages com-
pared to those estimated using the unlinked, complete
Death Registrations data. If left unadjusted, this would
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overestimate life expectancy (see supplementary file in
[25]). Therefore, we applied mortality rate ratios esti-
mated using linked Census-Death Registrations to mor-
tality rates derived from complete Death Registrations
data using estimated resident population counts as the
denominator. Further details on the data treatment can
be found in Sect. 1 of the Supplementary Material. We
subsequently smoothed the population and cause of
death data into 1-year age intervals using the Penalized-
Composite Link Model (PCLM) developed by Rizzi et al.
[28].

We constructed life tables with all-cause age-specific
death rates by sex and education level using standard life
table methods [29]. We generated 95% confidence inter-
vals for female and male life expectancy, as well as for the
sex gap in life expectancy, using the life table bootstrap
method sampling from binomial distributions [30, 31].

We used demographic decomposition analysis to dis-
aggregate age- and cause-specific contributions to the
all-cause sex gap in life expectancy (hereafter referred
to as the sex gap in life expectancy) for the total popu-
lation and according to education level. Demographic
decomposition analysis quantifies absolute contributions
in terms of years of life attributable to different causes of
death across every age, with their sum equalling the all-
cause sex gap in life expectancy [32]. The method also
quantifies relative contributions as the proportion of con-
tributions from groups of causes with respect to the cor-
responding all-cause sex gap. 95% confidence intervals
for age- and cause-specific contributions are generated
using the life table bootstrap method sampling from mul-
tinomial distributions [33] (see Sect. 2 in Supplementary
Material).

We also estimated the modal age contribution, as a
measure of central tendency [34, 35], by estimating the
age with the highest contribution towards the sex gap in
life expectancy, as well as the interquartile range (IQR).

When reporting the cause contributions by age, we
partitioned age- and cause-specific contributions into
three broad age groups (25-59, 60—84, and 85+) based on
noticeable age-patterns (see Fig. 2).

All analyses were performed in R (version 4.4.3) with
programming code available online [36].

Results

For the total Australian population between 2016 and
2019, life expectancy at age 25 years was 60.71 (95% CL:
60.65, 60.78) years for females and 56.92 (56.86, 56.99) for
males, representing an all-cause sex gap in life expectancy
of 3.79 (3.69, 3.88) years. The largest broad cause contrib-
utors to this gap were cardiovascular diseases (1.11 (1.06,
1.15) years, accounting for 30% of the difference), other
cancers (0.98 (0.93, 1.02) years, 26%) and external causes
(0.77 (0.74, 0.80) years, 21%) (Table 1). Deaths from lung
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Table 1 Cause of death contributions to the sex gap in life expectancy at age 25 years for the total Australian population and

according to highest level of education level, 2016-2019.

Causes Total University Secondary/post-secondary Lower than secondary

Contributions Absolute Relative Absolute Relative Absolute Relative con- Absolute Relative
contribution contribu-  contribution contribu-  contribution tribution (% contribution contribu-
(years) tion (% of  (years) tion (% of  (years) of all-cause) (years) tion (% of

all-cause) all-cause) all-cause)

All-cause 3.79(3.69,3.88) 100% 2.28(1.99,2.56) 100% 442 (4.26,4.56) 100% 4.67 (446,489  100%

Cardiovascular 1.11(1.06,1.15)  30% 0.82(0.70,095) 37% 1.28(1.22,134)  30% 1.28(1.20,1.37) 28%

diseases

Other cancers 0.98(0.93,1.02) 26% 0.59(046,0.71) 27% 8(1.10,1.24) 27% 097(0.89,1.06) 21%

External causes 0.77 (0.74, 0. 80) 21% 0.35(0.28,042) 16% 0.84(0.80,0.89) 20% 1.19(1.17,1 28) 26%

Lung cancer 0.29(0.26,0.31) 8% 0.08(0.02,0.13) 4% 0.31(0.27,0.35) 8% 039(0.34,044) 9%

Respiratory diseases  0.29 (0.26,0.32) 8% 0.12(0.04,0.19) 6% 0.35(031,039) 8% 0.38(0.33,044) 9%

Mental conditions ~ -0.01 (-0.03,0.01) -1% -0.07 (-0.14,0.00) -4% 0.05(0.02,0.09 2% 0.05(0.02,008) 2%

Other causes 0.35(0.32,0.38) 10% 0.37(0.28,045) 17% 0.38(0.33,042) 9% 0.39(0.33,045) 9%

Causes of death in the table are arranged by the mean size of the cause-contributions for the total Australian population, from highest to lowest. Values in brackets

indicate the 95% confidence interval

cancer, respiratory disease and other causes made smaller
contributions, and deaths from mental conditions were
neutral to the sex gap by -0.01 (-0.03, 0.01) years (-1%).

The all-cause sex gap in life expectancy was smaller for
those with higher levels of education. The gap was 2.28
years (1.99, 2.56) among those with a university educa-
tion (female life expectancy: 62.85 (62.65, 63.06), male
life expectancy 60.57 (60.39, 60.76)). Compared to those
with a university education, the all-cause sex gap was
larger for those with a secondary/post-secondary level of
education (4.42 years (4.26, 4.56), with female life expec-
tancy: 61.16 (61.03, 61.28), male life expectancy: 56.74
(56.64, 56.84)) and was largest for those with a lower than
secondary school education with 4.67 (4.46, 4.89) years
(female life expectancy: 59.27 (59.13, 59.40), male life
expectancy: 54.60 (54.45, 54.74)), see (Fig. 1).

While the rank order of the cause contributions to the
sex gap was broadly similar across education levels, the
absolute and relative contributions of each cause varied.
Cardiovascular diseases and other (non-lung related)
cancers made smaller absolute contributions among
those with a university education compared to those with
a lower than secondary school education (cardiovascu-
lar diseases: 0.82 (0.70, 0.95) vs. 1.28 (1.20, 1.37) years;
other cancers 0.59 (0.46, 0.71) vs. 0.97 (0.89, 1.06) years,
respectively). However, the relative contribution of these
causes was similar or larger among those with a uni-
versity compared to those with a lower than secondary
school education (37% vs. 28%, and 27% vs. 21%, respec-
tively). Contributions from external causes of death were
lower in absolute and relative terms among those with a
university education compared to those with lower than
secondary education (0.35 (0.28, 0.42) vs. 1.19 (1.11, 1.28)
years, 16% vs. 26%). The combined contribution from
these three causes was similar across levels of education

(university 78.4%, secondary/post-secondary 75.1%,
lower than secondary 73.9%).

Those with a university education, compared to those
with a lower than secondary education, had smaller
absolute contributions to the sex gaps from lung cancer
(0.08 (0.02, 0.13) vs. 0.39 (0.34, 0.44) years) and respira-
tory disease (0.12 (0.04, 0.19) vs. 0.38 (0.33, 0.44) years).
Relative contributions from these causes of death were
also smaller for those with a university education (4%
and 6%, respectively) compared to those with a lower
than secondary education (9% for both causes). Those
with university education had a negative mean absolute
contribution from mental conditions (—0.07 (-0.14, 0.00)
years), while the other two education levels had positive
absolute contributions from this cause (0.05 (0.02, 0.09)
years each).

For other causes of death, there were similar absolute
contributions to the sex gap in life expectancy for each
education level (around 0.38 years). However, the relative
contribution was higher for those with a university edu-
cation compared to lower levels of education (17% com-
pared to 9%).

Age-contributions to the sex gap in life expectancy
(Fig. 2) varied in relation to education level: the modal
age contribution was 83 years (IQR:14.9 years) among
those with university education and was 81 years for
those with secondary/post-secondary education (IQR:
20.3 years). Age-pattern of absolute contributions to the
sex gap was bimodal among those with lower than sec-
ondary education, with a modal age contribution of 64
years, and a slightly lower second peak at age 78 (IQR:
24.2 years) (see Figure A2 in Supplementary Material).
For cardiovascular diseases, cancers, and other causes,
the modal age contribution was higher, and the IQR
smaller, for the population with university education
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Fig. 1 Life expectancy and the all-cause sex gap in life expectancy (in years) at age 25 for the Australian population in total and by highest level of educa-

tion, 2016-2019

Note: The coloured dot represents life expectancy at age 25 for either females (salmon red) or males (aquamarine). The coloured bar next to the dots
represents the 95% confidence interval for life expectancy. The number corresponds to the sex gap in life expectancy (females minus males)

compared to those with lower education levels (see Table
A2 in Sect. 3 of Supplementary Material).

At younger and working ages (ages 25-59), cardio-
vascular diseases and external causes made the largest
contributions to the sex gap in life expectancy for each
education level (Panel A in Fig. 3). The absolute contribu-
tions from these two causes were smaller for those with
higher levels of education (0.37 (0.33, 0.41) years, com-
pared to 1.01 (0.98, 1.05) years for those with secondary/
post-secondary, and 1.46 (1.37, 1.54) years for lower than
secondary). The relative contributions showed a similar
gradient to the absolute contributions (university 16.5%,
secondary/post-secondary 23.0%, lower than secondary
31.2%, see Panel B in Fig. 3).

Other (non-lung related) cancers contributed nega-
tively (i.e. mortality rates from these causes were higher
for females compared to males) from ages 25-59 for all
education levels, particularly among those with univer-
sity education (absolute contribution of -0.10 (-0.13,

-0.05) years, compared to 0.01 (-0.02, 0.03) for the total
Australian population).

Deaths among those aged 60—84 years accounted for
the largest proportion of the sex gap in life expectancy
across all education levels, but with variation in their
relative contributions (university 60.5%, secondary/
post-secondary 57.0%, lower than secondary 51.6%). For
those with a university education, absolute contributions
from this age group were smaller than those with a lower
education.

Above the age of 85 years, absolute contributions were
similar across different education levels. The negative
contributions from mental conditions, that resulted in a
male advantage in life expectancy, were largely concen-
trated within this age group (university —0.06 (-0.12,
-0.01), secondary/post-secondary -0.01 (-0.03, 0.01),
lower than secondary - 0.04 (-0.05, - 0.02) years).
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Fig. 2 Age- and cause-specific contributions to the sex gap in life expectancy (in years) for the Australian population in total and according to highest

level of education, 2016-2019

Note: The dark line represents the age-contribution towards sex gap in life expectancy for each education level and for the total Australian population.
Different colours represent different causes of death categories. The cause categories are CVD: cardiovascular diseases, External: external causes, Lung
cancer: lung cancer, Mental: mental (psychiatric) conditions, Other cancers: other (non-lung related) cancers, Other causes: other causes, Respiratory:
respiratory diseases. We chose to report the cause-specific contributions in age groups (25-59, 60-84, 85+) in the main text for easier interpretability. The
first age cut-off (at age 60) is before the first peak age of cardiovascular contribution to the sex gap for those with lower than secondary education, and
before mortality from external causes decreases, while the second age cut-off (at age 85) is after the peak in mortality from cardiovascular diseases and
other cancers among those with a university education. Results by this age groupings incorporating the confidence intervals can be found in Figure A1

in section 3 of Supplementary Material

Discussion

Our study quantified the age- and cause-specific contri-
butions to the sex gap in life expectancy at age 25 by edu-
cation level in Australia during the period 2016-2019.
Our findings revealed that for each education level, three
broad causes of death — cardiovascular diseases, cancers,
and external causes — accounted for the majority (70%—
80%) of the gap. Although absolute contributions from
these causes were smaller among those with higher com-
pared to lower levels of education, the relative contribu-
tions were similar or larger for the university educated
population. Across all levels of education, the majority
of the sex gap in life expectancy reflected deaths at ages
60—84 years. While those with higher levels of education

demonstrated age-specific contributions that were com-
pressed at older ages, those with low levels of education
had much more variation in the age contributions to the
gap, and greater contributions from deaths occurring at
younger ages.

All-cause sex gaps in life expectancy were similar
between those with a secondary/post-secondary educa-
tion and a lower than secondary education; gaps for both
of these groups were larger than for those with a univer-
sity education. This similarity reflected comparable con-
tributions among deaths from cardiovascular diseases,
cancers and external causes, which is likely related to the
fact that these two education groups share similar behav-
iour-related chronic disease risk factor profiles (e.g.,
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Fig. 3 Age- and cause-specific contributions to the life expectancy sex gap according to the highest level of education, Australia 2016-2019

Note: Panel A and Panel B present respectively the absolute and relative contributions towards sex gaps in life expectancy for each level of education.
Absolute contributions are measured in years, while relative contributions are measured as the percentage of contribution to the all-cause sex gap in
life expectancy. Different sub-panels within each panel represent different cause categories. The panels are arranged by the scale of average absolute
contributions from highest (left) to lowest (right). The cause categories are CVD: cardiovascular diseases, Other cancers: other (non-lung related) cancers,
External: external causes, Other causes: other causes, Respiratory: respiratory diseases, Lung cancer: lung cancer, Mental: mental (psychiatric) conditions.
Figure A3 and A4 in the Supplementary Material include age- and cause-specific contributions to the life expectancy sex gap with 95% confidence inter-

vals for the absolute and relative contributions, respectively

smoking) and exposures to environmental and occupa-
tional hazards [37].

We observed a smaller absolute contribution from
cardiovascular diseases to the sex gap for those with a
university education compared to those with lower edu-
cation levels, particularly for deaths occurring before the
age of 80 years. Further, the unique bimodal distribu-
tion of contributions to the sex gap for those with lower
than secondary education was, to a degree, a result of
higher cardiovascular mortality rates among younger
males compared with females. This finding likely reflects
a complex interplay between biological differences in
cardiovascular disease risk between males and females,
and sex- and education-related differences in behaviour-
related cardiovascular disease risk factors [5, 38]. Smok-
ing, overweight and obesity, high alcohol intake, physical

inactivity and low consumption of fruit and vegetables
are more common among males compared to females
[39]. While greater proportions of males than females
receive guideline recommended treatment following
acute cardiovascular events [40], public health strategies
that lower the prevalence of chronic disease risk factors
may be key to reducing the sex gap in cardiovascular dis-
ease mortality (and life expectancy), with larger absolute
benefits for those with lower levels of education.
Sex-related inequities in cancer mortality also contrib-
ute to the disparity in the sex gap in life expectancy. In
addition to sex-related differences in chronic disease risk
factors, earlier detection in females, potentially reflect-
ing higher participation in screening programs among
females compared to males, is likely to contribute to a
female advantage in cancer mortality [41]. Moreover,
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those with higher education tend to access screening
services at a higher rate than those with lower educa-
tion levels [42]. Promoting males’ participation in can-
cer screening programs may help to reduce sex-related
disparities in cancer mortality, particularly if efforts are
directed towards males with lower levels of education.

We observed that deaths from external causes made
large contributions to the sex gap in life expectancy, par-
ticularly at younger ages, and the sex differences were
larger among those with lower levels of education. This
is likely a reflection of a combination of factors, including
differences in exposure to occupational hazards (manual
labour jobs) [43], self-harm [44], and excess risk-taking
behaviour [45]. These causes of death are largely consid-
ered preventable, highlighting the substantial opportu-
nities to improve life expectancy for males, with larger
potential gains among males with lower levels of edu-
cation [46]. Previous research has noted the potential
to reduce injury-related mortality, particularly among
males, with strategies such as lowering high-speed limits,
raising awareness about dangers of driving while fatigued,
and enforcing laws against driving under the influence
[47]. Other measures likely to be successful include men-
tal health strategies to reduce suicide rates [48], and poli-
cies that promote safe use of alcohol and prescription
drugs use to prevent poisoning-related deaths [49].

Lung cancers and respiratory diseases also accounted
for a moderate proportion of the sex gap in life expec-
tancy across education levels. Differences in female-male
mortality from these causes are likely to reflect, at least in
part, higher prevalence of smoking in males than females
[50]. In recent years, similar to other high-income coun-
tries, the prevalence of smoking has decreased substan-
tially in Australia, but remains higher for males (12.6%)
than females (8.7%) overall [39], and for those with
lower (15.6%) compared to higher education (5.8%) [51,
52], with larger absolute differences between males and
females with lower education levels (31.8% compared to
24.5% among those with lower than secondary education
(53)).

Our decomposition results suggest a complex interplay
of factors that contribute to sex differences in mortality
and socioeconomic inequality. Females and males with
higher education levels have greater access to material
and non-material resources, which reduce disease risks
and improve survival [19]. Consequently, those with
higher levels of education have more compressed mor-
tality sex differences at older ages relative to those with
lower levels of education. At older ages, larger absolute
contributions to the sex gap in life expectancy from car-
diovascular diseases, lung cancers, respiratory diseases,
and external causes were observed among those with
higher compared to lower levels of education. This pat-
tern suggests that education-related gradients in smoking

Page 8 of 10

and other behaviour-related risk factors, as well as occu-
pational and environmental exposures, amplify disadvan-
tage for males with lower education levels [15, 16].

Males had lower mortality from non-lung cancer
related cancers compared to females, particularly at
ages 25—59 years. This pattern has been identified at the
national level previously, and reflects relatively high mor-
tality rates from female-specific cancers (e.g. gynaeco-
logical, breast) in this age group [54]. Females also had
higher mortality rates from mental conditions (which
included dementia) at older ages, likely attributable to
females living longer on average than males [55, 56].

Other studies have quantified cause of death contribu-
tion towards disparities in sex differences in mortality at
the subnational level. For example, Sauerberg et al. [18]
showed a gradient in sex differences in standardised mor-
tality rates across locations within Europe, with western
European regions having smaller sex differences in mor-
tality than regions in eastern Europe. Previous research
from the Netherlands and Canada has also found that
deaths from cardiovascular disease, lung cancer, and
external causes of death make the largest contribution
to the sex gap in life expectancy [18, 57, 58]. Our results,
using whole-of-population data from Australia, are
consistent with these findings from other high-income
countries.

Although further narrowing of the sex gap in life
expectancy in absolute terms is anticipated in high-
income countries, including Australia [35, 59], disparities
are expected to persist. At older ages, where most deaths
occur, a greater proportion of males have higher levels of
education compared to females, and consequently, older
males are exposed to lower mortality risks. However,
the proportion of females among younger generations
obtaining high levels of education has increased substan-
tially in recent years and now exceeds that of males [60]
(see Figure A5 in Supplementary Material). As a result
of this shift, when holding other factors associated con-
stant, these compositional changes in education level
between females and males may exacerbate and maintain
the disparities in sex gaps in life expectancy in the future
[21]. Compositional changes in other factors (morbid-
ity, income, etc.) are also likely to influence this dynamic.
Nonetheless, ongoing sex differences in the prevalence of
chronic disease risk factors will be a major determinant
of sex gap in life expectancy [61] and are amenable to
change with public health action.

There are limitations to our study. We used self-
reported information on highest level of education
collected with the Census. While education level is gen-
erally well reported using self-report collection methods
[62], a small amount of misclassification is likely. How-
ever, given the degree of misclassification is unlikely
to differ between females and males, the impact on our
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conclusions is likely to be minimal [62, 63]. We reported
contributions to the sex gaps in life expectancy by cat-
egories of causes to understand the broad drivers of sex
differences in life expectancy. Further disaggregation of
causes may improve our understanding of the dynam-
ics of sex difference in mortality. Such work could also
examine the time trends of cause of death contributions
to provide further information for targeted public health
interventions.

Conclusion

Overall, our decomposition analyses reveal that the
female advantage in life expectancy persisted across all
education groups but was consistently smaller at higher
levels of education. Sex gaps in life expectancy for each
education group were largely driven by cardiovascu-
lar diseases, cancers (lung and non-lung related), and
external causes, although these causes made larger abso-
lute contributions to the sex gap among lower-educated
populations. These findings collectively underscore the
importance of addressing sex and education-related
inequalities in preventable risks throughout life. This
includes tobacco control, injury prevention, and cardio-
vascular risk reduction, alongside efforts to ensure equi-
table access to disease prevention, early detection, and
effective treatment.

Supplementary Information
The online version contains supplementary material available at https://doi.or
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ment of the main text.
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