Socio-economic position and the prevalence of
ten chronic diseases in Australia, 2021; a whole of
population census data analysis
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The known: Socio-economic position is a major risk factor for
chronic disease.

The new: The magnitude and consistency of the influence of
socio-economic position on disease prevalence varies by disease,
measure of socio-economic position, age, and sex. The Index of
Relative Socio-economic Disadvantage (IRSD) and income level more
effectively predict risk than occupational grade or education level.
The influence of socio-economic position is less marked for people
over 80 years of age and is often stronger for women than men.

The implications: Knowing whose health is most affected by
socio-economic disadvantage is integral to developing effective,
ktargeted health policies and interventions. Y,

development of chronic disease. Lower socio-economic

position is associated with the higher prevalence of many
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diseases, but exceptions include breast and prostate cancer.
Establishing which chronic diseases are associated with socio-
economic position is integral to developing more effective
health interventions. However, many studies investigating links
between socio-economic position and health have been subject
to selection bias.

Measures of socio-economic position include income,
education, occupational grade, and composite indices, each
with its own strengths and limitations.* These measures can
be area- or individual-based. Reported associations of specific
measures with specific chronic diseases have been inconsistent,
and many studies have not had sufficient statistical power
for assessing associations. For example, those included in a
2007 meta-analysis of the association between breast cancer
and education were heterogeneous and yielded inconsistent
findings; all were cohort studies that evaluated a subgroup of a
national population.

The response rate for the 2021 Australian National Census
of Population and Housing was high (96%).° Compulsory
participation renders the very large census dataset uniquely
representative of the entire Australian population. Some health
care and administrative datasets in Europe and Asia capture
data for entire nations, but often do not include detailed socio-
economic position information and are restricted to people who
have received health care.

We therefore investigated differences in the prevalence of
specific chronic diseases in Australia by selected measures
of socio-economic position, and by age group and sex, using
representative national census population data. Our aim was to
determine whether ten chronic diseases for which census data
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Abstract

Objectives: To investigate differences in the prevalence of specific
chronic diseases in Australia by selected measures of socio-
economic position, and by age group and sex, using representative
national census population data.

Study design: Cross-sectional, whole of population study; analysis
of 2021 Australian census data.

Participants, setting: People aged 40 years or older for whom
2021 Australian census health status and socio-economic position-
related data were available.

Main outcome measures: Age-standardised prevalence of ten
chronic diseases (arthritis, asthma, cancer, dementia, diabetes, heart
disease, kidney disease, lung disease, mental health conditions,

and stroke), by socio-economic position (Index of Relative Socio-
economic Disadvantage [IRSD], income category, educational level,
occupational grade), age group, and sex; mean change in prevalence
across socio-economic position categories.

Results: Health status responses and data that allowed IRSD
categorisation were available for 11.3 million people aged 40 years
or older (92% of all adults aged 40 years or older). The proportions
of people who reported nine chronic diseases (exception: cancer)
increased with increasing socio-economic disadvantage as
measured by IRSD decile and income. The increases were less
marked for people aged 80 years or older than for those aged
40-79 years, and more marked for women than men. For people
aged 40-59 or 60-79 years, the increase in age-standardised
chronic disease prevalence per one decile decrease in IRSD was
greatest for lung disease in both women (40-59 years, 18.4% per
decile; 60-79 years, 10.6% per decile) and men (40-59 years, 16.9%
per decile; 60-79 years, 11.0% per decile). In people aged 80 years
or older, the increase in prevalence per one decile decrease in IRSD
was greatest for kidney disease in women (6.0% per decile) and
for mental health conditions in men (7.1% per decile). The age-
standardised prevalence of cancer decreased by 0.4-11% per one
decile decrease in IRSD for all age groups and both sexes, except
for men aged 40-59 years (increased by 0.1% per IRSD decile).
Consistent relationships with educational level or occupational
grade were not found.

Conclusions: The prevalence of chronic disease differs by socio-
economic position, but the direction, magnitude, and consistency
of the effect differs by disease, socio-economic position measure,
age, and sex. Understanding the relationship between different
socio-economic position measures and chronic diseases facilitates

the formulation of directed interventions.

were available differed by area- and individual-level measures
of socio-economic position.

Methods

For our retrospective, cross-sectional, whole of population
study, we analysed data from the 2021 Australian national
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census, a quinquennial questionnaire distributed to all people
in Australia for completion on a specific date (in this case,
10 August 2021). It collects self-reported demographic and
socio-economic data, but some variables included in the census
dataset, such as income, are also derived from administrative
databases. In 2021, census information about chronic diseases
was collected for the first time. We report our study according
to the STROBE guidelines.®

We obtained the data for our analysis using the Australian
Bureau of Statistics TableBuilder.” In TableBuilder, investigators
select the variables they wish to cross-tabulate, and export data
tables as Excel (Microsoft) files. To protect the confidentiality
of individuals, the numbers in each spreadsheet cell undergo
perturbation;® as the summative degree of perturbation increases
with the number of variables included, we restricted the number
of variables included in the analysis.

We examined the age-standardised prevalence of ten chronic
diseases — arthritis, asthma, cancer, dementia, diabetes
(excluding gestational diabetes), heart disease, kidney disease,
lung disease, mental health conditions, and stroke — by the
following categorical variables:

* socio-economic position measure: Index of Relative Socio-
economic Disadvantage (IRSD),9 weekly income, education,
and occupational grade

* age group: 40-59, 60-79, 80 years or older; and

* sex: based on responses to the census question about sex.

Data were standardised to a reference population comprising
all census respondents aged 40 years or older (one-year
intervals); this age group was selected because the prevalence
of many chronic diseases is generally low in the younger age
groups.

The IRSD is a composite, area-based measure that summarises
the economic and social conditions of people residing
in a geographic area, based on their residential address.
We used the finest iteration of IRSD, which was based on
Statistical Areas level 1 (areas including 200 to 800 people).®
For income, respondent data were linked to Australian Tax
Office and Department of Social Services databases. Income

included wages, other income (including superannuation and
investments), and government benefits. Income (weekly) was
categorised as less than $500, $500-$999, $1000-$1499, $1500—
$1999, $2000-$2999, $3000-$3999, $4000-%$4999, $5000-$5999,
$6000-$7999, or $8000 or more.

Education was defined as the highest reported educational
attainment: no educational attainment, secondary education
(year 9 or below), certificate I or II, secondary education (year 10
and above), certificate III or IV, diploma, and bachelor degree
or postgraduate studies.' Occupational grade was classified
according to the Australian and New Zealand Standard
Classification of Occupations (labourers, machinery operators
or drivers, sales workers, clerical and administrative workers,
community and personal service workers, technicians and trade
workers, professionals, and managers).!! People not in the labour
force were excluded from occupational grade analyses as we
could not distinguish between people who were unemployed or
retired.

Proportional changes in disease prevalence by socio-economic
position category were calculated using the Poisson regression
B coefficient in the formula (e®—1) x 100. This was undertaken
for IRSD and income only as we found consistent changes for
these measures, but not for education or occupational grade.

Data management and statistical analyses were undertaken
in R 4.4.0. Circular bar plots were generated using the circlize
package."?

Ethics approval

This study was approved by the University of Melbourne Human
Ethics Committee, Melbourne, Victoria, Australia (reference
number 2024-29189-51684-2).

Results

Of the 25.4 million people for whom 2021 Australian census data
were available, 12.3 million were aged 40 years or older, of whom
6.4 million (52%) were women. Residential and socio-economic
position data that allowed IRSD categorisation and health status
responses were available for 11.3 million people in this age
group (92%) (Box 1).

chronic diseases, based on data from the 2021 Australian census

1 Selection of people for inclusion in analyses of associations between measures of socio-economic position and the prevalence of ten

Census respondents:
25.4 million people

}

Respondents aged 40 years old or older:
12.3 million people

| !

IRSD data available:
12.2 million people

Income data available:
10.8 million people

Chronic disease
information available:
10.7 million people

Chronic disease
information available:
11.3 million people

! )

Occupational grade
data available:
12.2 million people

Education data available:
10.8 million people

Chronic disease
information available:
11.2 million people

Chronic disease
information available:
10.5 million people

IRSD = Index of Relative Socioeconomic Disadvantage. 4




The proportions of people who reported nine chronic diseases
(exception: cancer) increased with increasing socio-economic
disadvantage as measured by IRSD decile and income. The
increases were less marked for people aged 80 years or older
than for those aged 4079 years, and they were more marked for
women than for men (Box 2, Box 3).

For people aged 40-59 or 60-79 years, the increase in age-
standardised chronic disease prevalence per IRSD decile
decrease was greatest for lung disease in both women (40-59
years, 18.4% per decile; 60-79 years, 10.6% per decile) and men
(40-59 years, 16.9% per decile; 60-79 years, 11.0% per decile). For
people aged 80 years or older, the increase in disease prevalence
per IRSD decile decrease was greatest for kidney disease in
women (6.0% per decile) and for mental health conditions in men
(71% per decile) (Box 2, Box 3).

For people aged 40-59 or 60-79 years, the increase in age-
standardised chronic disease prevalence by lower income
category was greatest for dementia in both women (40-59 years,
48.7% per category; 60-79 years, 20.8%) and men (40-59 years,
46.0% per category; 60-79 years, 17.7%). For people aged 80 years
or older, the increase in prevalence by income was greatest for
kidney disease in women (20.9% per category) and for mental
health conditions in men (16.0% per category) (Box 2, Box 3).

The age-standardised prevalence of cancer decreased by 0.4-
1.1% per IRSD decile decrease for all age groups and both sexes,
except for men aged 40-59 years (increased by 0.1% per decile);
the prevalence increased by 0.4-3.3% per lower income category
for all age groups and both sexes, except women aged 40-59
years (decreased by 0.3% per category) (Box 2, Box 3).

Changes in chronic disease prevalence with IRSD were more
consistent than those with income across diseases, age groups,
and sex; income explained a greater degree of variation in
prevalence for certain sex—age groups. IRSD explained between
15% (men aged 80 years or more) and 61% (women aged 40-59
years) of variation in the prevalence of having at least one
chronic disease. Income explained between 9% (men aged
80 years or more) and 83% (men aged 60-79 years). Income
explained a greater proportion of variation in prevalence than
IRSD for women aged 60-79 years and men aged 40-59 or 60-79
years; IRSD explained more variation in women aged 40-59
years and women and men aged 80 years or older (Supporting
Information, figure 1).

The age-standardised prevalence of chronic diseases was also
influenced by education (Supporting Information, figure 2)
and occupation level (Supporting Information, figure 3) but
the associations were less consistent than the associations of
prevalence with IRSD decile or income category.

Discussion

Using a national dataset of 11.3 million (IRSD) or 10.7 million
adults (income), we found that the prevalence of chronic disease
differed markedly by socio-economic position; in contrast, the
influence of education level and occupational grade was less
consistent. The prevalence of nine of ten included diseases
increased with socio-economic disadvantage (IRSD and income);
the exception was cancer, the prevalence of which decreased with
increasing socio-economic disadvantage in most sex-specific age
groups. Further, the increases in disease prevalence by IRSD or
income level were more marked among people aged 40-78 years
than in older people aged 80 years or older, and were often also
more marked for women than for men.

Numerous factors could contribute to the socio-economic
position-disease gradients we report, including health
behaviours, access to health care, nutritional status, health
literacy, housing conditions, workload (including shift work),
and psychological stress. Smoking rates are much higher among
people in lower socio-economic positions, and they are less likely
to successfully quit.® Smoking could mediate the influence of
socio-economic position on the prevalence of several chronic
diseases, including lung disease, for which the increase in
prevalence with decreasing IRSD decile was particularly large.

For people aged 40-79 years, changes in the prevalence of lung
disease (IRSD) and dementia (income) with socio-economic
position were the most marked. People of lower socio-economic
position are more likely to have lung disease.'*'® In addition
to smoking, air pollution and occupational exposure to lung
toxins can be more frequent in more deprived areas than in
affluent areas, contributing to the lung disease—socio-economic
position gradient.”"® Dementia is also associated with lower
socio-economic position."” This could be related to greater
cognitive reserve in people of higher socio-economic position,
which is associated with reduced risk of dementia and earlier
diagnosis.?>?! Given this propensity for earlier diagnosis, the
socio-economic position—disease gradient for dementia we
report could overestimate the difference in the dementia burden
between people of lower and higher socio-economic position.

For people aged 80 years or older, increasing prevalence with
lower IRSD and income levels was greatest for kidney disease in
women and for mental health conditions in men. Lower socio-
economic position, as assessed by individual- and area-based
measures, has been associated with increasing burden of kidney
disease.” Negative health and social circumstances often coexist,
have a cumulative effect on mental health and perpetuate each
other, leading to greater social isolation, distress, and impaired
quality of life.?

We found that the prevalence of other chronic diseases,
including diabetes, also generally increased with lower
socio-economic position (IRSD or income level). Lower
socio-economic position has been associated with increased
prevalence of diabetes and its complications.#*

Our findings regarding cancer were different; the prevalence
of cancer either declined or slightly increased with increasing
socio-economic disadvantage. In people of higher socio-
economic position, greater health care access can result in
more frequent cancer screening and consequently detection.?®
The lower prevalence of cancer among people of lower socio-
economic position could also reflect the types of cancers that
are most frequently diagnosed in Australia: breast and prostate
cancer. Breast cancer is associated with higher socio-economic
position."” This association could be mediated by higher alcohol
consumption, greater use of hormonal therapy, higher frequency
of cancer screening, and later age of menopause among women
of higher socio-economic position.2’27 However, as we assessed
the prevalence, not the incidence, of disease, the association
of higher socio-economic position with better survival®® may
have influenced our findings. Prostate cancer risk is reported
to be unrelated to or to increase with higher socio-economic
posi’cion.3 However, lower socio-economic position is associated
with higher prostate cancer mortality.”” When designing public
health interventions, mortality risk should be considered in
conjunction with disease prevalence. Lower cancer prevalence
could partly reflect higher case fatality, and therefore does not
reduce the need for better health interventions for people of |
lower socio-economic position.
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2 Age-standardised prevalence of ten chronic diseases by Index of Relative Socioeconomic Disadvantage (IRSD) decile (outer circle),
and mean proportional change in prevalence per one decile decrease in IRSD (inner circle), by sex and age group*
A. 40-59 years: women B. 40-59 years: men
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3 Age-standardised prevalence of ten chronic diseases by weekly income category (outer circle), and mean proportional change in
prevalence per one category decrease in income (inner circle), by sex and age group*
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We found that changes in chronic disease prevalence with
IRSD were more consistent than those with income. Income
explained a greater proportion of variation in prevalence by
socio-economic position, but this may have been because of the
income categories we used.

IRSD was the socio-economic position measure most consistently
related to chronic disease prevalence in our study and its effect
varied by age group and sex. IRSD, a composite, area-based
measure that is updated after each Australian census, captures
a range of socio-economic position factors and can be used to
monitor socio-demographic changes in geographic regions over
time. Many studies have found reasonable agreement between
area- and individual-level socio-economic position r11easures,3’0'31
but not all.**® Area-based measures can be correlated with
disease prevalence because important health factors, such as
health care access, are inherently area-based. However, area-
based measures underestimate inter-individual variation in
socio-economic position. Further, different area-based measures
perform differently according to their composition and the time
period during which they are measured.

The lesser effect of socio-economic position and disease we
report for people aged 80 years or older could reflect the
survivor effect; more unwell disadvantaged people are likely to
die younger. Other studies have found that the socio-economic
position—disease gradient diverges with age, converges, or a
mixture of both.*" In older age groups, age itself could be the
predominant risk factor, rendering socio-economic position less
important. IRSD is based on residential address and younger
people may be more mobile and choose to live in specific areas;
this could lead to stronger socio-economic position clustering
in younger age groups than older age groups. Socio-economic
position can also change across the lifespan.

We found that changes in disease prevalence by IRSD and
income level were often more marked for women than for men;
this finding was more consistent for IRSD than for income. The
association of greater excess risk of coronary heart disease with
lower levels of education has been reported to be stronger for
women than men;” women with lower education may be less
likely to seek medical attention for heart disease, including
acute myocardial infarction, than men.*® Another study found
that the reduced risk of depressive symptoms associated with
higher income was greater in women than less educated men.”
However, this effect was only found using the multiplicative, not
the additive scale, and biological susceptibility is better assessed
using the additive scale.

We did not find that education level or occupational grade
consistently influenced the prevalence of chronic disease. A
higher level of education generally, but not always, corresponds
to a higher IRSD decile and income level. However, the 2021
census was undertaken during the coronavirus disease 2019
(COVID-19) pandemic, during which income was disrupted for
some people. Further, in contemporary workforces it is difficult
to clearly rank occupational grades by socio-economic position.
This might explain why the socio-economic position gradients
in chronic disease prevalence based on occupational grade were
less consistent than those for IRSD and income.

We unexpectedly found that the burden of chronic disease
was not greatest for people without formal educational
qualifications. This finding might be explained by lower health
literacy and health care-seeking behaviour, leading to lower
| rates of disease detection. Conversely, the people in this group
could be healthier than those with secondary schooling to

year nine or below. For example, shift-and-persist strategies in
some people of lower socio-economic position can contribute to
better physical health,* suggesting that more resilience protects
the health of some people of lower socio-economic position.
However, this effect was not reflected in our findings regarding
the relationship between IRSD and chronic disease.

Strengths of our analysis include the very large sample size
and census response rate, providing new, whole of population
prevalence data for ten key health conditions and four socio-
economic position measures. Biases associated with typical
volunteer epidemiological studies were virtually eliminated.
Further, self-reported disease status appeared to be reliable; for
example, the sex and age patterns of diabetes based on census
responses were similar to known distributions, including those
determined by studies that defined diabetes using biochemical
definitions or clinical documentation.”** Disease status could
be reported in the census by other household members, which
may have captured the prevalence of diseases such as dementia
more accurately than people reporting their own diseases.
Income data were derived from administrative data, removing
the problems of potential bias and incomplete data inherent to
the self-reporting of income.

Limitations

As our study was cross-sectional, causality cannot be inferred
from our findings. Health status was self-reported, the census
asked only about diagnosed chronic diseases, and census data
were perturbed to preserve privacy. People of lower socio-
economic position may have less access to health care and
therefore be more likely to live with undetected disease. We may
therefore have underestimated the influence of socio-economic
position on disease prevalence for cases in which greater social
disadvantage was associated with higher prevalence. Only
limited covariate data were available for adjusting our analyses.

Conclusion

We found marked socio-economic gradients in the prevalence of
chronic disease in Australia. However, the direction, magnitude,
and consistency of the effect differed by disease, socio-economic
measure, age, and sex. The influence of socio-economic position
was more marked for women than men; despite some specific
health interventions for women, further strategies are needed.
Differences in the prevalence of some diseases by socio-
economic position were especially marked, with some variation
across age groups. Groups at particular risk of these chronic
diseases should be targeted by health interventions for reducing
socio-economic inequalities in health. Health interventions that
measure socio-economic position using IRSD or income, directed
to groups at higher risk, should be investigated and evaluated.
IRSD (composite area-based measure) and income (individual-
level measure) were the socio-economic position measures for
which differences in disease prevalence were most consistent.
Differences by the area-based IRSD suggest that area-based
features, such as health care access, are important for reducing
disease risk and narrowing health inequities.
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