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Abstract

Background: Socioeconomic inequalities in mortality are evident in all high-income

countries, and ongoing monitoring is recommended using linked census-mortality data.

Using such data, we provide the first estimates of education-related inequalities in

cause-specific mortality in Australia, suitable for international comparisons.

Methods: We used Australian Census (2016) linked to 13 months of Death Registrations

(2016–17). We estimated relative rates (RR) and rate differences (RD, per 100 000 person-

years), comparing rates in low (no qualifications) and intermediate (secondary school)

with high (tertiary) education for individual causes of death (among those aged 25–

84 years) and grouped according to preventability (25–74 years), separately by sex and

age group, adjusting for age, using negative binomial regression.

Results: Among 13.9 M people contributing 14 452 732 person-years, 84 743 deaths oc-

curred. All-cause mortality rates among men and women aged 25–84 years with low edu-

cation were 2.76 [95% confidence interval (CI): 2.61–2.91] and 2.13 (2.01–2.26) times the

rates of those with high education, respectively. We observed inequalities in most causes

of death in each age-sex group. Among men aged 25–44 years, relative and absolute

inequalities were largest for injuries, e.g. transport accidents [RR¼ 10.1 (5.4–18.7),

RD¼21.2 (14.5–27.9)]). Among those aged 45–64 years, inequalities were greatest for

chronic diseases, e.g. lung cancer [men RR¼ 6.6 (4.9–8.9), RD¼ 57.7 (49.7–65.8)] and

ischaemic heart disease [women RR¼ 5.8 (3.7–9.1), RD¼ 20.2 (15.8–24.6)], with similar
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patterns for people aged 65–84 years. When grouped according to preventability,

inequalities were large for causes amenable to behaviour change and medical interven-

tion for all ages and causes amenable to injury prevention among young men.

Conclusions: Australian education-related inequalities in mortality are substantial, gener-

ally higher than international estimates, and related to preventability. Findings highlight

opportunities to reduce them and the potential to improve the health of the population.

Key words: Australia, health inequalities, socioeconomic position, education, mortality, cause-specific mortality,

linked data

Background

Death rates in high-income countries, including Australia, have

decreased substantially over recent decades,1 but clear inverse

socioeconomic gradients in mortality persist.2–5 Understanding

the reasons for these inequalities, including identifying causes of

death with the largest contribution to these differences, is crucial

for informing strategies to reduce health inequalities and im-

proving the overall health of the population. This requires accu-

rate measurement and ongoing monitoring of inequalities in

cause-specific mortality, including the ability to compare

inequalities across countries and over time.

The Organisation for Economic Cooperation and

Development (OECD) recommends measuring inequalities

using longitudinal, census-linked-to-mortality data, with

education as the socioeconomic indicator.6 Many high-in-

come countries, including most European countries, moni-

tor inequalities using this approach and have shown that

inequalities vary substantially by cause of death.

Consistent with the notion that inequalities reflect unequal

distribution of resources required to protect and promote

good health, inequalities are larger for causes of death

amenable to prevention, including injury, causes linked to

smoking and excessive alcohol consumption and causes

amenable to medical care, compared with other causes of

death.7,8

In Australia, routine estimates of inequalities in cause-

specific mortality are based on area-level measures of so-

cioeconomic position (SEP). This approach, most com-

monly using Socio-Economic Indexes for Areas (SEIFA)

Index of Relative Socio-Economic Disadvantage (IRSD)

quintiles,9–12 makes it difficult to compare inequality esti-

mates with other countries. Further, this method misclassi-

fies people in regard to their individual-level SEP because

of the heterogeneity within statistical areas on which these

measures are based (in Australia, inequality estimates are

based on areas containing an average of approximately

10 000 people).9–12 This typically results in lower estimates

of inequalities compared with those based on individual-

level measures.13 Whereas individual-level SEP measures

are not collected in mortality data in Australia, recent

developments in linkage of national data has led to the

availability of these data through linkage with census data.

Key Messages

• Using linked Australian Census (2016) and Death Registrations (2016-17), we provide the first estimates of education-

related inequalities in cause-specific mortality for Australia, broadly suitable for international comparisons.

• Among men aged 25-44 years, inequalities were largest for injuries, with mortality rates among those with low

education six to ten times the rates of those with high education. Among the middle and older age groups,

inequalities were largest for chronic diseases, where mortality rates among those with low education were between

two and seven times the rates of those with high education.

• In 2016-17, around half of all deaths for men and one-third of deaths for women aged 25-84 years were associated

with less than tertiary education. The majority of these excess deaths were attributable to leading causes.

• The substantial inequalities seen in preventable deaths highlight ongoing opportunities to reduce inequalities in

mortality and to improve the overall health of the Australian population.

• Australian inequality estimates are generally higher than those for comparable countries and earlier time periods, but

further standardization of methods and reporting would enhance the validity of such comparisons.
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Thus, in line with international standards, education-re-

lated inequalities in mortality can be quantified.

The aim of this study was to quantify, for the first time,

relative and absolute education-related inequalities in

cause-specific mortality, including the leading causes of

death and causes categorized according to preventability,

for Australia, using census-linked-to-death data.

Methods

We used linked 2016 Census of Population and Housing

and 2016–17 Death Registrations to create a cohort study

of the resident population of Australia, followed up for 13

months for cause-specific mortality.

Data sources and sample

Data came from the Multi-Agency Data Integration Project

(MADIP), a partnership among Australian Government

agencies to link administrative and survey data, including

data relating to demographic characteristics and health.

Underpinning MADIP data is a Person Linkage Spine, used

to create a person-level identification key by linking data

from three administrative databases, together resulting in

virtually complete coverage of the resident population4: the

Medicare Enrolments Database (records for those covered

by Medicare, Australia’s universal health insurer); the Social

Security and Related Information database (records for

those receiving government benefits); and the Personal

Income Tax database (records for those who lodge a tax re-

turn). The Spine is the dataset to which all other data sour-

ces are linked and contains basic demographic information

only. In this study, the 2016 Census was linked with Death

Registrations via the Spine. Linkage was performed using

deterministic and probabilistic methods, using name, full

date of birth, address and sex, with linkage rates of 92% for

the Census and 97% for deaths.14

The scope of the 2016 Census was usual residents of

Australia on the night of 9 August 2016, living in private and

non-private dwellings.15 It had an estimated person response

rate of 94.8%, with some variation in response by ethnicity

and location.16 We included all usual residents aged 25-

84years whose census record was linked to the Spine. Death

Registrations data available through the MADIP contained in-

formation on month and year of death occurrence, and under-

lying cause of death for all deaths registered in Australia in the

2016 and 2017 calendar years.17 Death Registrations data

were complete until August 2017, allowing for an almost 13-

month follow-up period.

Variables

Education

We derived highest level of education from two census varia-

bles: highest year of school completed (from �Year 8 to Year

12 or equivalent) and highest non-school qualification (from

no non-school qualification, to postgraduate degree). We cre-

ated three education categories, corresponding to International

Standard Classification of Education (ISCED) categories18:

low education (no secondary school graduation or other quali-

fication, ISCED levels 0-2); intermediate education (secondary

graduation with/without other non-tertiary qualifications,

ISCED levels 3-5); and high education (tertiary qualification,

irrespective of secondary school level, ISCED levels 6-8).

Missing data on education (5.3%) were imputed using single

imputation with ordered logistic regression (Supplementary

File 1, available as Supplementary data at IJE online).

Cause of death

Underlying cause of death was coded according to the

International Classification of Diseases and Related Health

Problems, Tenth Revision (ICD-10) and grouped using the

Australian Bureau of Statistics method of identifying lead-

ing causes of death19 (Supplementary File 2, Table S2.1

contains ICD-10 codes, available as Supplementary data at

IJE online). We obtained leading causes directly from com-

plete Death Registrations using deaths occurring in the

study time period (i.e. August 2016-August 2017). We fur-

ther grouped causes by broad cause (circulatory diseases,

cancers, external causes, infectious diseases and other

causes, Supplementary File 2, Table S2.2, available as

Supplementary data at IJE online) and preventability,

based on established methods, which included amenable

causes (three groups: amenable to behaviour change, to

medical intervention, to injury prevention) and non-

preventable causes (Supplementary File 2, Table S2.3,

available as Supplementary data at IJE online).7 As only

month and year of death were available in the Death

Registrations data in MADIP, all deaths were assumed to

have occurred on the 15th day of the month.

Covariates

Age at census, in years, and sex were obtained from the

Census.

Analysis

Preceding our main analysis, we performed data validation

analyses to assess potential selection bias from excluding

people without a census record and incomplete linkage

(Supplementary File 3, available as Supplementary data at

IJE online). First, we compared all-cause and cause-specific
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mortality rates, produced using the analysis file with offi-

cial national estimates, and estimates produced using com-

plete Death Registrations (numerator) and the 2016 mid-

year estimated resident population (denominator). Second,

we estimated socioeconomic inequalities using SEIFA

IRSD (the area-based measure of SEP), comparing esti-

mates produced using the analysis file with those produced

using complete Death Registrations and the 2016 mid-year

estimated resident population.

In our main analysis, we estimated relative and absolute

education-related inequalities for the 10 leading causes of

death for each sex-age group, and for causes grouped

according to preventability. All analyses were performed

separately for men and women and by broad age group.

To quantify relative inequalities in death rates (deaths/

person-years), we used negative binomial regression, due

to over-dispersion in the data, to estimate relative rates

(RR) with 95% confidence intervals (CIs) for low and for

intermediate compared with high education, focusing on

estimates of low vs high education. For each person, per-

son-years-at-risk was the time from the date of the Census

(9 August 2016) to the date of death or end of the study pe-

riod (31 August 2017), whichever occurred first. Analyses

were age-adjusted, using 5-year age groups.

To estimate absolute inequalities in death rates, we esti-

mated rate differences (RD) per 100 000 person-years, us-

ing high education as the reference group. Given that

absolute death rates were underestimated in our study

(Supplementary File 3, Tables S3.3-S3.4, available as

Supplementary data at IJE online), we maximized external

validity of the RDs by estimating the education-specific

mortality rates by applying the relevant RRs (described

above) to age-sex specific mortality rates for Australia, cal-

culated using data from complete 2016 Death

Registrations and the 2016 mid-year estimated resident

population.20 We also estimated the number of annual ex-

cess deaths associated with less than tertiary education, by

multiplying the RDs by the age-sex-specific usual resident

population in 2016 with low and intermediate education

and summing them.

We also report the relative index of inequality (RII).

The RII converts a categorical measure to a continuous

measure based on the proportion of people in each educa-

tion category, and can be interpreted as the ratio of the

mortality rates predicted for those on the hypothetical low-

est and highest points on the continuous measure.21

In supplementary analyses, we quantified inequalities in

broad causes of death, and ranked individual causes by

magnitude of relative inequalities, including all leading

causes of death and other causes with at least 50 deaths

recorded in the analysis file within the relevant age-sex

group.

Analyses were conducted through the Australian

Bureau of Statistics (ABS) virtual DataLab using Stata

15.22 Ethics approval for this study was granted by the

Australian National University Human Research Ethics

Committee (reference 2016/666). We notified ABS of this

ethics approval as part of a formal application to access

the linked dataset in the ABS Virtual Datalab.

Results

There were 15 562 042 census records for usual residents

of Australia aged 25-84 years23 (Figure 1). After excluding

Figure 1 Study flow diagram
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records which did not link to the Person Linkage Spine

(n¼ 1 700 777, 11%) and records linked in error (n¼ 603,

<0.01%), our final sample included 13 860 662 residents

aged 25-84 years (87% of the in-scope population, see

Supplementary File 3, Table S3.1, available as

Supplementary data at IJE online20) among whom there

were 84 743 deaths (85% of deaths in this age group; 98%

of deaths occurring between ages 25-86 years linked to the

Spine, Supplementary File 3, Table S3.2, available as

Supplementary data at IJE online). After imputation,

26.8% of the sample had low, 47.9% had intermediate

and 25.3% had high levels of education (Supplementary

File 1, Table S1.3, available as Supplementary data at IJE

online).

In general, validation analyses provided support for use

of the analysis file to quantify education-related inequal-

ities in mortality, as area-level estimates produced using

the analysis file were comparable to estimates produced us-

ing complete Death Registrations. The exception to this

was among younger women where inequality estimates

were underestimated in the analysis file (Supplementary

File 3, available as Supplementary data at IJE online).

Inequalities in all-cause mortality

All-cause mortality rates were higher in those with lower

levels of education: the age-adjusted all-cause mortality

RR (low versus high education) was 2.76 (95% CI: 2.61,

2.91) among men aged 25-84 [RD¼ 697 per 100 000 per-

son-years (655-739)], and 2.13 (2.01, 2.26) among women

of the same age [RD¼ 350 per 100 000 person-years (322-

378) (Supplementary File 4, Tables S4.1-S4.2, available as

Supplementary data at IJE online)], see Tables 1 and 2 for

age-stratified results.

Inequalities in leading causes of death

With few exceptions, those with lower levels of education

had higher mortality rates for leading causes of death

(Tables 1 and 2). The magnitude of relative and absolute

inequalities varied substantially by cause and by age and

sex.

For men aged 25–44 years, relative and absolute

inequalities were largest for external causes of death, al-

though there was considerable uncertainty in the estimates

due to small numbers of deaths (total deaths¼2499,

Table 1). This included deaths from land transport acci-

dents, accidental poisoning and suicide (RRs ranged from

6.10 to 10.1, RDs from 21.2 to 42.7 per 100 000 person-

years, Table 1). Relative inequalities among younger men

were also large for ischaemic heart disease and cirrhosis of

the liver (RRs were between 5 and 6), although absolute

inequalities were small (i.e. <12 per 100 000 person-

years). There was little evidence of inequalities for brain

cancer and colorectal cancer among young men. Due to

concerns regarding internal validity, inequality estimates

for women aged 25-44 are presented as Supplementary

material only and should be interpreted with caution

(Supplementary File 3, Table S3.6, available as

Supplementary data at IJE online).

For men and women aged 45-64 years, relative and ab-

solute inequalities were largest for cancer of the trachea,

bronchus and lung, ischaemic heart disease, cerebrovascu-

lar disease, cirrhosis and other liver diseases, and chronic

lower respiratory disease (RRs for these causes ranged

from 3.00 to 33.4; RDs from 11.0 to 68.0 per 100 000 per-

son-years) (Tables 1 and 2). Relative inequalities were also

substantial for colorectal cancer, cancer of the pancreas

and, lymphoma and leukaemias for men and breast cancer

for women, although absolute differences were smaller rel-

ative to other causes.

In the 65-84 year old age group also, the largest relative

and absolute inequalities were observed in chronic diseases

(Tables 1 and 2). This included chronic lower respiratory

disease, cancer of the trachea, bronchus and lung, ischae-

mic heart disease, cerebrovascular disease and diabetes

(RRs ranged from 1.85 to 6.82, RDs from 39.2 to 240 per

100 000 person-years). Among people of this age, absolute

and relative inequalities in dementia and Alzheimer’s dis-

ease were also considerable.

Among men, the estimated number of excess deaths as-

sociated with less than tertiary education from all causes in

the 1-year period (2016–17) was 2121 for those aged 25-

44, 6344 for those 45-64 and 13 943 among those aged

65-84, equivalent to 62%, 50% and 37% of all deaths in

each age group, respectively (Table 1). The estimated num-

ber of excess deaths from the 10 leading causes accounted

for 71%, 57% and 66% of all excess deaths for those aged

25-44 years, 45-64 years and 65-84 years, respectively.

Among women, the number of excess deaths from all

causes was 3129 for those aged 45-64 and 8710 for those

aged 65-84, equivalent to 39% and 32% of all deaths

among the two age groups, respectively (Table 2). The esti-

mated number of excess deaths from the 10 leading causes

was 1646 (53% of the total number of excess deaths from

all causes) for women aged 45-64 and 5724 (66%) among

women aged 65-84.

Inequalities in causes according to preventability

For men and women in each age group, relative inequal-

ities were largest for causes of death amenable to

behaviour change (Figure 2, Supplementary File 4, Tables

S4.3-S4.4, available as Supplementary data at IJE online);
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absolute inequalities were also generally largest for deaths

amenable to behaviour change, with the exception of

younger men, where absolute inequalities were largest for

causes amenable to injury prevention. That inequalities

were generally larger for preventable causes was also evi-

dent when all causes of death were ranked by the magni-

tude of relative inequalities (Supplementary File 4, Tables

S4.5-S4.6, available as Supplementary data at IJE online).

However, small numbers of deaths limited the precision of

estimates for some causes.

Discussion

We observed substantial education-related inequalities in

mortality among the resident population of Australia aged

25–84 years. For men and women, mortality rates for peo-

ple with low education were more than twice those of peo-

ple with high education. Among younger men, absolute

and relative inequalities were largest for injuries, where

mortality rates among those with no educational qualifica-

tions were between 6-fold (suicide) and 10-fold (land

transport accidents) those of people with a tertiary educa-

tion. Among middle and older age men and women, rela-

tive and absolute inequalities were largest for chronic

diseases, particularly for smoking-related causes, where

mortality rates among those with the lowest education

were between 2-fold and 7-fold those with the highest edu-

cation, and 2-fold to 4-fold for cardiovascular diseases. As

expected, relative and absolute inequalities were generally

larger for preventable compared with non-preventable

causes, and were large for causes amenable to behaviour

change and medical intervention across all age groups, and

for causes amenable to injury prevention among young

men.

This study is the first to comprehensively report on

cause-specific education-related inequalities in Australia.

Compared with the most recent national estimates of

inequalities (for the period 2009-11) using area-level meas-

ures of SEP, our education-based inequality estimates are

substantially larger for all-cause and cause-specific mortal-

ity.10 Our estimates are also higher than previous estimates

of education-related inequalities reported for all-cause5

and selected causes of death24 in Australia for 2011-12.

These differences likely reflect, at least in part, methodo-

logical differences as well as changes in the composition of

educational groups over time (Supplementary File 5, avail-

able as Supplementary data at IJE online).

Our inequality findings for Australia are broadly consis-

tent with those reported for other countries, in that

inequalities are larger for preventable than non-prevent-

able deaths.7,8,25–27 Notably, however, our RR estimates

are generally larger in magnitude than those reported for

other high-income countries,7,8,25–27 although estimates of

similar magnitude have been reported in other advanced

welfare states.5,25,26 Many studies do not report RIIs, de-

spite this being the recommended method for international

comparisons.6 However, our RIIs were generally higher

than those reported for those aged 35-79 years in European

countries covering the period from 1990s to the early

2000s and for New Zealand in the period 2006-11,4,28

although direct comparisons remain difficult given that

previously reported RIIs are generally not age stratified.

The fact that the relative inequality estimates observed in

this study are generally larger than observed in comparable

Figure 2 Absolute (per 100 000 person-years) and relative inequality estimates based on education (low versus high) for causes of death according to

preventability among men aged 25-74 years and women aged 45-74 years by age group, Australia 2016–17. Rate ratio is plotted. Number of deaths,

excess deaths and relative index of inequality for all age-sex groups are available in Supplementary 4, Tables S4.3-S4.4, available as Supplementary

data at IJE online. Results are not presented here for women aged 25-44 years due to concerns about the internal validity of the data for this group.

They are in Supplementary File 3, Table S3.6, available as Supplementary data at IJE online, but should be interpreted with caution
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countries may reflect, at least in part, a greater concentra-

tion of disadvantage among those with lower levels of edu-

cation in Australia29,30 and/or larger socioeconomic

differences in risk factors in Australia compared with other

countries (e.g. in Australia, the absolute difference in the

prevalence of current daily smoking between those with

high versus low education is 17%31 compared with the

OECD average of 7%32) They may also reflect, in part,

methodological and reporting differences. Although it

would be an immense undertaking, recommendations for

standardized reporting of inequalities, including sex-age-

stratified RIIs, may aid international comparisons and on-

going monitoring of inequalities over time, and Australia

now has the data to be able to contribute to these compari-

sons. Nevertheless, differences in linkage methodologies

and data quality may continue to limit comparisons.

Understanding the mechanisms by which education-re-

lated inequalities in mortality occur is critical to ensure

that policies are implemented to mitigate them. It was not

possible with the data used in this paper to examine spe-

cific mechanisms or solutions to reduce inequalities in

Australia, but our findings provide insights on areas to tar-

get. Among the younger age group, inequalities were larg-

est for external causes of deaths and causes amenable to

injury prevention. Although the number of deaths in the

younger age group was low, the considerable absolute

inequalities in injury-related deaths highlights the potential

for further reductions. Among the older age groups,

inequalities were greatest for chronic diseases, particularly

for causes associated with smoking and alcohol/substance

use. Virtually all behaviour-related risk factors are more

prevalent among those of lower compared with higher SEP

in Australia.31 Our findings further underscore the need

for interventions to reduce the disproportionately high

prevalence of risk factors among those of lower SEP, in-

cluding strategies which recognize and address the up-

stream determinants of these risk factors. We also

observed substantial inequalities in cause-specific mortality

amenable to medical intervention. This included cancers

amenable to screening and diseases amenable to acute

medical care, such as cardiovascular diseases.33 While not

all deaths in this group of causes could have been avoided

with better health care, inequalities in health care are well

documented in Australia,5,34,35 and addressing them is

likely part of the solution.

Using linked Census and Death Registrations we had in-

formation on 87% of the population of interest, with virtu-

ally complete (98%) ascertainment of deaths among those

in the sample. Given this, we did not apply a weighting

strategy. This is likely to be a valid approach for the middle

and older age groups, where our mortality rates compared

favourably with estimates from the complete population.

However, weights may have improved absolute estimates

for younger age groups, where rates in the sample were up

to 60% lower for some causes relative to the full popula-

tion. We addressed this issue by generating absolute in-

equality estimates by applying RRs to external population-

based mortality rates estimated using complete Death

Registrations , but this method relies on the strong assump-

tion that the RRs are internally valid. The key threat to in-

ternal validity is the potential for selection bias; 13% of

the population were excluded from the analysis (due to not

completing the Census or not linking to the Spine) and se-

lection bias will occur if exclusion is related to both expo-

sure (education) and the outcome (risk of dying). There

was evidence of this in younger women, where the valida-

tion analysis showed women in low area-level SEP groups

who went on to die in the following year were more likely

to be excluded from the study compared with other women

in this age group, resulting in underestimates of inequality.

Such bias was not evident for other age-sex groups; how-

ever, given that our validation relied on an area-level mea-

sure of SEP, not education, we cannot exclude the

possibility. We measured mortality occurring over a 13-

month follow-up period, resulting in small numbers of

deaths, particularly for younger age groups and for less

common causes of death, limiting the precision of some of

our estimates. Longer follow-up periods may be needed for

more reliable estimates. Furthermore, delays in death regis-

trations may have contributed to lower mortality rates

among younger age groups, which may be improved with

updated data. Finally, we did not account for migration or

deaths occurring outside of Australia. Given our relatively

short follow-up period, it is unlikely that this had a mate-

rial effect on our estimates.

Conclusions

Using linked census mortality data enabled valid estimates

of education-related inequalities in mortality in Australia,

broadly suitable for international comparisons.

Standardizing the reporting of census-mortality analyses

would further enhance the ability to compare estimates

across time and countries, although differences in linkage

methods and data quality may continue to impede

comparisons.

Education-related inequalities are substantial in

Australia and evident for most causes of death. The abso-

lute and relative inequalities are largest for preventable

deaths, in particular deaths due to injury in younger adults

and deaths from preventable cancers and cardiovascular

diseases among middle and older age adults. These findings

highlight opportunities to reduce health inequalities in
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Australia and the marked potential to improve the overall

health of the population.
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