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1. Supplementary Information on Data  

1.1 Data Preparation 

We used linked data from Death Registrations and the Census of Population and Housing 

2016 (hereafter Census) available via the Person Level Integrated Data Asset (PLIDA) [1], and 

population statistics relating to the estimated resident population (ERP) [2]. The PLIDA 

contains individual-level data, linked indirectly via the Person Linkage Spine, which has 

virtually complete coverage of all Australian residents from 2006 onwards. Death Registrations 

contain a record of all deaths registered in Australia, including age at death and underlying 

cause of death, coded according to the International Classification of Diseases, 10th Revision 

(ICD-10). For this study, final Death Registration files were available for the period 2016-2019. 

All Australian residents and visitors to Australia on the Census night were in scope for Census 

2016, which had an estimated response rate of 95.8% [3]. Death Registrations and Census data 

were linked to the Person Linkage Spine using deterministic linkage methods, with 97% and 

92% linkage rates respectively. Our outcome was cause-specific mortality, ascertained from 

Death Registrations using underlying cause of death. We grouped causes of death using the 

ICD-10 codes detailed in Table A1.  

Our primary variables of interest were sex (male and female, derived from the combined 

demographics file within PLIDA) and highest level of education, measured in the Census, and 

grouped into three mutually exclusive categories: 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, no other 

qualifications). We also measured age, derived from the combined demographics file and based 

on month and year of birth. 

We included people with a Census record aged 25 years and older, and excluded fully 

imputed Census records, temporary visitors and those whose Census record did not link to the 



PLIDA Spine. In our Census study population, there were 1,260 people (<0.001%) without 

valid information on sex [4], who were excluded from our analysis. 

Previous research has demonstrated that mortality rates derived from the linked Census-

Death Registrations are different from those in the Australian population (underestimated 

among young adults, slightly overestimated among older adults [5]). For this reason, we 

estimated age-, sex- and education-specific mortality rates by applying age group-, sex- and 

education-specific rate ratios to mortality rates derived from unlinked Death Registrations data 

(using mid-year estimates of the estimated resident population as the denominator).  

We estimated education- and cause-specific mortality rate ratios for each sex and broad age 

groups (25-44, 45-54, 55-64, 65-74, 75-84, 85+) using negative binomial regression with 

person-years as the offset. Previous studies by Welsh et al. [5, 6] have demonstrated the validity 

of using rate ratios to estimate mortality rates with linked Census and Death Registrations data. 

For each person, person-years were the time between 9 August 2016 (Census night) and date of 

death or 31 December 2019 (whichever came first).  

For each sex and 5-year age group (from 25-29 to 95+), we estimated the average mortality 

rate for the period 2016-2019 using death counts from the complete (unlinked) Death 

Registrations data divided by mid-year estimated resident population. Age-, sex-, cause-, and 

education-specific mortality rates were then derived by applying the mortality rate ratios by 

broad age group, sex, cause, and education level to the population mortality rates derived for 

each 5-year age group. A Lexis surface illustration can be found below.  

We then fit a Penalized Composite Link Model (PCLM) [see 7] to smooth the data into the 

shortest age interval possible (1 year) to suit our continuous-time decomposition. The PCLM 

smoothing assumes the data observed in the coarse age group (in our case the 5-year age group) 

is an indirect estimate of a latent and finer distribution of data. The PCLM makes modest 



assumptions of the underlying data and performs well compared to other smoothing techniques 

proposed in the past [8].  

Our estimates closely resemble comparable estimates derived using the Human Mortality 

Database (HMD) [9] at the national level for Australia. The difference between our estimates 

of life expectancy at age 25 and the HMD was around 0.2 years for the Australian national 

population.  

We used a bootstrap method to calculate the 95% confidence interval for the values of life 

expectancy [10, 11]. We resampled the number of deaths from all-causes 1000 times using a 

binomial distribution at each age and sex, resulting in 1000 life tables. We then based our 

calculations of the mean value of the life expectancy and the 95% confidence intervals for life 

expectancy, as well as those values for the sex gap in life expectancy on these resampled data. 

Confidence intervals constructed for cause-specific results are mentioned in the following 

section.   



Lexis surface illustration of data coverage 

 

Notes: The bold dark blue line represents the Census study population from which we obtained 

information on education. The coral pink area represents the period of follow up for population 

from Census 2016. We calculated an average number of deaths for each age of the Australian 

population and the age-, sex-, and education-specific mortality rate ratio within this period. 

The age-specific population mortality rates are calculated by dividing the average number of 

deaths by the mid-year estimated resident population for each year, estimated by the Australian 

Bureau of Statistics.  

  



1.2 Education levels 

We derived education level from information collected in the Census [1, 6] and grouped 

them based on International Standard Classification of Education [12] (noting that we used 

shorter labels throughout the manuscript).  

Australian Census 2016 categorizations 

International Standard 

Classification of Education 

(ISCED) 

Shorter Labels 

Bachelor’s degree or higher (Highest) ISCED 5–8 University education 

Other post-secondary education & finished 

year 12; Other post-secondary education & 

didn’t finish year 12; No post-secondary 

education & finished year 12 

ISCED 3–4 Secondary/post-secondary 

No post-secondary education & didn’t finish 

year 12 (Lowest) 

ISCED 0–2 Lower than secondary 

 

  



1.3 Detailed ICD-10 Cause of Death 

Table A1. Causes of death used and their respective International Classification of Diseases codes, 10th Revision 

(ICD-10).  

Cause Groups Short Name ICD-10 Codes 

Lung (and trachea, bronchus) 

cancers 

Lung cancer C33, C34 

Other cancers Other cancers C00-25; C43-C97 

Mental (psychiatric) conditions Mental F01-F99 

Cardiovascular Diseases CVD I00-I99 

Respiratory Diseases Respiratory J30-J98 

All External Causes External V01–Y89 

Other Causes Other causes 

Communicable, maternal, perinatal and nutritional 

conditions (A00-B99, D50-D53, D64.9, E00-E02, 

E40-E46, E50-E64, G00-G04, G14, H65-H66, J00-

J22, N70-N73, O00-O99, P00-P96, U04, U07.1, 

U07.2, U09.9, U10.9); Other neoplasms (D00-D48); 

Diabetes mellitus and endocrine disorders (E10-E14, 

D55-D64 (minus D64.9), D65-D89, E03-E07, E15-

E16, E20-E34, E65-E88); Neuro conditions (G06-

G98 (minus G14), U07.0, X41, X42, X44, X45); 

Sense organ diseases (H00-H61, H68-H93); 

Digestive diseases (K20-K92); Genitourinary 

diseases (N00-N64, N75-N98). Skin diseases (L00-

L98). Musculoskeletal diseases (M00-M99). 

Congenital anomalies (Q00-Q99). Oral conditions 

(K00-K14). Sudden infant death syndrome (R95). Ill-

defined diseases (R00-R94, R96-R99) 

Source: https://platform.who.int/mortality. We separated lung cancer from other cancers as it is believed that 

lung cancer has a direct link to smoking behaviours.  

  

https://platform.who.int/mortality/about/list-of-causes-and-corresponding-icd-10-codes


2. Decomposition Methods Explained 

This decomposition method follows that of Vaupel and Canudas-Romo [13]. We denote life 

expectancy at age 25 for a specific education level i, or Australian total population, during a 

given period as 𝑒(25, 𝑠, 𝑖), with the notation 𝑠 representing sex, either the female or male 

population. Let a dot • on top of a variable denote the derivative of the variable with respect to 

sex, i.e. when comparing females to males. The sex gap in life expectancy (female to male) 

𝑒

(25, 𝑖) for a given education level 𝑖 is given by:  

𝑒

(25, 𝑖) = −∫ ℓ(𝑥, 𝑠̅, 𝑖)𝑒(𝑥, 𝑠̅, 𝑖) ∑ 𝑚


(𝑥, 𝑖, 𝑗)𝑗 𝑑𝑥

𝜔

25
,   (A1) 

where the notation 𝜔 denotes the highest possible age-group, ℓ(𝑥, 𝑠̅, 𝑖) and 𝑒(𝑥, 𝑠̅, 𝑖) denote the 

survival function and remaining life expectancy at age 𝑥, respectively, for average values 

between females and males denoted 𝑠̅. The s is omitted from the variables that denote change, 

in this case 𝑒

(25, 𝑖) and 𝑚


(𝑥, 𝑖, 𝑗), with the latter representing the age- and cause-specific death 

rate for age 𝑥, the education level 𝑖, and the cause of death  𝑗.  

Let the notation 𝑣 denote the variable of interest (e.g. 𝑒(𝑥, 𝑠, 𝑖) or 𝑚(𝑥, 𝑠, 𝑖, 𝑗)). To 

approximate the derivative with respect to sex for a specific cause 𝑖 under the continuous change 

assumption, we use the equations developed in Vaupel and Canudas-Romo [13]: 

𝑣

(𝑥, 𝑖, 𝑗) = log [

𝑣(𝑥, 𝑓𝑒𝑚𝑎𝑙𝑒, 𝑖, 𝑗)

𝑣(𝑥,𝑚𝑎𝑙𝑒, 𝑖, 𝑗)
] (𝑣(𝑥, 𝑓𝑒𝑚𝑎𝑙𝑒, 𝑖, 𝑗)𝑣(𝑥,𝑚𝑎𝑙𝑒, 𝑖, 𝑗))

1
2. 

 (A2) 

The Vaupel & Canudas-Romo method assumes a constant rate of change in the force of 

mortality. As a result, it produces smooth age-pattern results, especially when analysing single-

year age intervals. The Vaupel & Canudas-Romo method and the traditional Arriaga [14] 

methods only differ in the assumptions made about changes in the force of mortality. Therefore, 



the two methods’ results are almost identical, but the Vaupel & Canudas-Romo method is more 

succinct, since it is in continuous terms.  

The confidence intervals for the cause-specific results from the decomposition method are 

calculated using the life table bootstrap method mentioned in the main text [15]. For each 

iteration, we sampled the number of deaths from different causes under a multinomial 

distribution for each age and sex. We then proceed to calculate the corresponding life table and 

decomposition based on the resampled death counts. We repeat this process 1000 times. In this 

way, for every iteration we have a complete set of cause-specific decompositions towards the 

sex gap in life expectancy, preserving the constraints of adding to the total difference. 

  



3. Supplementary Tables & Figures 

Table A2. Age with the highest contribution towards sex gap in life expectancy at age 25 and 

the interquartile range (IQR) of the contributions for the total Australian population and 

according to highest level of education, 2016–2019 

Causes Australia University Secondary/post-

secondary 

Lower than Secondary 

CVD 76 (IQR: 19.75) 82 (IQR: 15.95) 77 (IQR: 19.66) 63 (IQR: 20.42) 

Other Cancers 81 (IQR: 14.08) 83 (IQR: 8.84) 82 (IQR: 14.08) 79 (IQR: 17.11) 

External 41 (IQR: 19.06) 51 (IQR: 27.86) 39 (IQR: 17.92) 41 (IQR: 16.2) 

Other Causes 77 (IQR: 17.97) 81 (IQR: 16.49) 77 (IQR: 18.29) 76 (IQR: 19.08) 

Lung Cancer 78 (IQR: 15.28) 79 (IQR: 12.32) 76 (IQR: 14.8) 65 (IQR: 16.94) 

Respiratory 86 (IQR: 12.99) 86 (IQR: 9.26) 85 (IQR: 14.45) 85 (IQR: 15.27) 

Mental 76 (IQR: 2.71) 70 (IQR: 6.24) 81 (IQR: 11.52) 78 (IQR: 12.61) 

 

Notes: Inter-quantile range is calculated as the shortest age range where 50% of the 

contributions towards sex gap in life expectancy at age 25 lie. This was also defined in 

Kannisto [16] as the “C50” index.  

  



Figure A1. Age-group and cause-specific contributions (in years) to the sex gap in life 

expectancy for the total Australian population and according to education level, 2016–2019.  

 

Notes: The component outlined by solid dark lines indicates that the lower bound of the 

confidence interval for the age group- and cause-specific contributions to the sex gap in life 

expectancy did not cross zero (statistically significant), while the dotted lines indicate that the 

lower bound of the confidence interval did cross zero (statistically not significant).  

  



Figure A2. Age-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. 

 

Notes: The first line of text in the caption represents the mean value of the sex gap in life 

expectancy at age 25 years. The second line represents the modal contribution age, which is 

the age with the highest contributions towards the gap. The third line represents the 

interquartile range, i.e. shortest age-interval accounting for 50% of the contribution to the sex 

gap in life expectancy, which is also indicated with dotted lines on the figures.   

  



Figure A3. Age- and cause-specific contributions (in years) to the sex gap in life expectancy for 

the total Australian population and for each education level, 2016–2019. 

 

Notes: Each panel includes the mean age- and cause- specific contributions (coloured lines) 

and 95% confidence intervals of those contributions (coloured bands) to the sex gap in life 

expectancy for each education level. Different panels represent different cause of death 

categories.  

  



Figure A4. Relative age- and cause-specific contributions to the sex gap in life expectancy for 

the total Australian population for each education level, 2016–2019. 

 

Notes: Each panel includes the mean proportion of each age- and cause-specific contributions 

(coloured lines), as well as the 95% confidence intervals of those contributions (coloured 

bands). Different panels represent different cause categories. 

  



Figure A5. Comparison of the distribution of education levels between the Census of 2016 and 

2021 for the total Australian population. 

 

Notes: Each age group sums to 100%. Education composition for males is on the left-hand side 

of the panel while composition for females is on the right-hand side.  
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