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Abstract

Background Socioeconomic status has an important effect on cardiovascular disease (CVD). Data on the economic implica-
tions of CVD by socioeconomic status are needed to inform healthcare planning.

Objectives The aim of this study was to project new-onset CVD and related health economic outcomes in Australia by
socioeconomic status from 2021 to 2030.

Methods A dynamic population model was built to project annual new-onset CVD by socioeconomic quintile in Austral-
ians aged 40-79 years from 2021 to 2030. Cardiovascular risk was estimated using the Pooled Cohort Equation (PCE) from
Australian-specific data, stratified for each socioeconomic quintile. The model projected years of life lived, quality- adjusted
life-years (QALYSs), acute healthcare medical costs, and productivity losses due to new-onset CVD. All outcomes were
discounted by 5% annually.

Results PCE estimates showed that 8.4% of people in the most disadvantaged quintile were at high risk of CVD, compared
with 3.7% in the least disadvantaged quintile (p < 0.001). From 2021 to 2030, the model projected 32% more cardiovascu-
lar events in the most disadvantaged quintile compared with the least disadvantaged (127,070 in SE 1 vs. 96,222 in SE 5).
Acute healthcare costs in the most disadvantaged quintile were Australian dollars (AU$) 183 million higher than the least
disadvantaged, and the difference in productivity costs was AU$959 million. Removing the equity gap (by applying the
cardiovascular risk from the least disadvantaged quintile to the whole population) would prevent 114,822 cardiovascular
events and save AU$704 million of healthcare costs and AU$3844 million of lost earnings over the next 10 years.
Conclusion Our results highlight the pressing need to implement primary prevention interventions to reduce cardiovascular
health inequity. This model provides a platform to incorporate socioeconomic status into health economic models by esti-
mating which interventions are likely to yield more benefits in each socioeconomic quintile.

1 Introduction the underlying cause for 26% of all deaths in 2018, and 11%
of all hospitalisations listed CVD as the principal diagno-

Cardiovascular disease (CVD) remains the leading cause of sis or as an additional diagnosis [2]. The economic burden

death and disability worldwide [1]. In Australia, CVD was  ©f CVD in Australia is also substantial, accounting for 9%
of total government healthcare expenditure in 2015-2016,

which translated to AU$10.4 billion [3].
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risk factors such as smoking, blood pressure, and cholesterol
levels [7-9]. The persistence of health inequities is perva-
sive, even in countries with universal healthcare coverage. In
Australia, despite the theoretical universality of the health-
care system [10] and the success of some population-level
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Key Points for Decision Makers

Cardiovascular disease risk and prevalence is influenced
by social determinants of health, including socioeco-
nomic status.

In this study, we estimated the health and economics
impact of new-onset cardiovascular disease in Australia
by socioeconomic disadvantage for the next 10 years.

Over the next 10 years, the most socioeconomically
disadvantaged group would have 30,848 extra cardiovas-
cular events compared with the group with the least dis-
advantage, which will translate to AU$183 million extra
healthcare costs. The excess of productivity losses will
surpass AU$959 million. Immediate policies are needed
to reduce the burden of health inequity in Australia.

interventions targeting individual risk factors (e.g. smoking)
[11], the equity gap remains [12]. In 2017-2018, the Aus-
tralian National Health Survey (NHS) reported that CVD
prevalence, morbidity, and mortality increased substantially
with increasing socioeconomic disadvantage [13].

Addressing the impact of socioeconomic status on CVD
calls for innovative, structural policies supported by health
and economic arguments [14, 15]. Data on the economic
implications of CVD by socioeconomic status are needed to
inform preventive investments and can drive the agenda for
future health financing. In the present study, we quantify the
health and economic impact of new-onset CVD in Australia
by socioeconomic disadvantage for 2021-2030, which can
inform health inequality distribution for cost-effective analy-
ses [16]. Furthermore, we projected the health and economic
impacts of a hypothetical targeted intervention that removes
the equity gap, highlighting the utility of the model.

2 Methods
2.1 Model Overview and Structure

We estimated new-onset CVD (comprising myocardial
infarction [MI] or stroke) by socioeconomic quintile among
Australians aged 40—79 years over a 10-year period, from
2021 to 2030. The model projected new-onset cardiovas-
cular events, years of life lived, quality-adjusted life-years
(QALYS5), direct healthcare medical costs for acute events,
and productivity losses due to new-onset CVD. The analy-
sis considered both a healthcare and a societal perspective
(comprised of direct healthcare costs and indirect costs
including productivity losses).
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The dynamic population model comprised two health
states: ‘Alive, with no CVD’, and ‘Dead’. All individu-
als entered the model in the ‘Alive, with no CVD’ state,
and, during each yearly cycle, were at risk of experiencing
a non-fatal CVD event (including MI or stroke) or dying
from cardiovascular or non-cardiovascular causes (electronic
supplementary material [ESM] Appendix 1). After having
a non-fatal cardiovascular event, individuals were excluded
from the model population from the next cycle. The model
captured the number of new-onset cardiovascular events
(fatal and non-fatal), as well as quality of life and acute med-
ical costs (due to hospitalisations), in the year of occurrence.
The dynamic nature of the model meant that any Australian
turning 40 years of age within the period 2021-2030 entered
the model, while those turning 80 years exited. Immigration
rates were also considered. All outcomes were discounted by
5% annually, as per Australian guidelines [17].

Socioeconomic status was measured using the Socio-Eco-
nomic Indexes for Areas (SEIFA), an indicator of relative
socioeconomic disadvantage based on the area of residency
[18]. Lower scores indicate more socioeconomic disadvan-
tage, while higher scores indicate less disadvantage. SEIFA
is based on a number of variables from the Australian cen-
sus, such as the highest level of education achieved, the
average income levels, and employment rates [18]. For this
study, SEIFA deciles were grouped in quintiles, defining five
socioeconomic levels (SE 1-SE 5).

2.2 Model Population

The model population was profiled on the latest available
demographic data for the Australian population in 2020 [19]
(ESM Appendix 2) divided into five quintiles, each repre-
senting a socioeconomic quintile, with SE 1 being the low-
est socioeconomic quintile (most disadvantaged) and SE 5
being the highest quintile (least disadvantaged). To capture
the dynamic nature of the population, projected numbers
of Australians turning 40 years of age (including migrants)
were added at the commencement of each cycle. Similarly,
projected numbers of Australians turning 80 years of age
and emigrants were subtracted from the model population
with each cycle. The projected population (2021-2030)
was estimated from the Australian Bureau of Statistics data
[20]. Prevalent CVD rates (defined as a history of MI or
stroke) were extracted from the most recent Australian NHS
2017-2018 [13], and individuals with prevalent CVD were
excluded from the model baseline population.

2.3 Risk of New-Onset Cardiovascular Disease
by Socioeconomic Quintile

Data to estimate cardiovascular risk and to assign socio-
economic quintile were extracted from the Australian NHS
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Table 1 Demographic, clinical and socioeconomic characteristics of the National Health Survey population stratified by socioeconomic quintile

SE1(n=546) SE2(n=627) SE3(n=684) SE4(n=697) SES5(n=745) p-Value
Demographic and clinical variables included in the Pooled Cohort Equation®
Men
Age, years (mean + SD) 57+ 11 57 + 10 56 + 10 56 +10 56 + 10 0.15
Total cholesterol, mg/dL (mean + SD) 205 + 36 205 + 33 209 + 35 210 + 35 208 + 34 0.24
HDL-C, mg/dL (mean + SD) 49+ 13 49 + 14 50 + 12 50 + 13 51+ 14 < 0.001
SBP, mmHg (mean + SD) 133 + 21 132 + 20 129 + 18 129 + 17 129 + 17 0.03
Smokers, % 22 14 11 11 10 < 0.001
T2DM, % 3 3 2 2 2 0.33
Baseline survival rate, men 0.951 0.956 0.961 0.965 0.969 -
Women
Age, years (mean + SD) 57 + 10 55+9 56 + 10 56 +9 55+ 10 0.04
Total cholesterol, mg/dL. (mean = SD) 210 + 35 215+ 35 211 + 34 211 + 32 213 + 34 0.23
HDL-C, mg/dL (mean + SD) 60 + 15 61 + 15 61 + 14 63 + 14 66 + 14 < 0.001
SBP, mmHg (mean + SD) 129 + 21 127 + 20 125 + 20 126 + 19 123 + 19 < 0.001
Smokers, % 20 16 14 11 9 < 0.001
T2DM, % 2 1 1 1 1 0.34
Baseline survival rate, women 0.976 0.978 0.981 0.982 0.983 -

SE 1 represents the quintile with the most socioeconomic disadvantage and SE 5 represents the quintile with the least socioeconomic disadvan-
tage. Data are further stratified by sex since the estimation of cardiovascular risk is sex-specific

SE socioeconomic quintile, SD standard deviation, HDL-C high-density lipoprotein cholesterol, SBP systolic blood pressure, 72DM type 2 dia-

betes mellitus

p values were calculated using linear and logistic regression analyses, adjusted for age and sex-specific (Appendix 6)

2011-2012, the latest NHS with information on biomarkers
[21]. Descriptive statistics were used to summarise general
demographic and clinical characteristics for the 2011-2012
NHS population (n = 3,299 with available SEIFA and bio-
marker data without a history of CVD) (Table 1). Data for
age and cholesterol were supplied as categorical variables
and recoded into continuous variables using the mid-point
of each category.

To estimate cardiovascular risk by socioeconomic
quintile, participants from the NHS 2011-2012 were first
stratified by their socioeconomic quintile. Following strati-
fication, the cardiovascular risk for each participant was esti-
mated using the Pooled Cohort Equation (PCE) [22]. The
algorithm underpinning the PCE is based on age, sex, total
cholesterol, high-density lipoprotein cholesterol (HDL-C),
systolic blood pressure, smoking status and diabetes status
[22]. The PCE algorithm also includes the population base-
line survival [22], which was specific for each socioeco-
nomic quintile [23] (ESM Appendix 3).

The PCE has been validated for the Australian popula-
tion and has shown superior performance over other car-
diovascular risk algorithms [24]. Cardiovascular risk as
estimated from the PCE was categorised as either low
(estimated 10-year risk of CVD < 7.5%), moderate (risk
> 7.5% and < 15%) or high (risk > 15%), and within each
socioeconomic quintile, the proportion of people in each

risk category was estimated. To obtain sex-specific cardio-
vascular risk, individuals were further stratified by sex (ESM
Appendix 4). To determine the probability of CVD for each
single year of age, the average cardiovascular risk was calcu-
lated for 10-year age groups (i.e. 40-50 years, 50-60 years,
etc.) and cubic polynomial equations were fitted on these
data (ESM Appendix 5).

Since the PCE only estimates absolute CVD risk in terms
of total major adverse cardiovascular events (MACE), in
order to estimate specific events Australian hospitalisation
data for 2017 were used to determine the relative propor-
tions of non-fatal MI, non-fatal stroke and CVD death. To
calculate mortality rates due to non-cardiovascular causes,
cardiovascular mortality rates were subtracted from all-
cause mortality rates in Australia in 2018 [23]. Age and
sex-specific non-cardiovascular mortality data were drawn
from the Australian Institute of Health and Welfare General
Record of Incidence of Mortality [23] and were not specific
by socioeconomic quintile. The resultant transition prob-
abilities are shown in Appendix 6 of the ESM.

2.4 Costs
From a healthcare perspective, the model captured direct

acute medical costs due to hospitalisation. The acute costs of
non-fatal stroke, non-fatal MI and death from cardiovascular
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causes were derived from the Australian Refined Diagnosis
Related Groups (DRGs; version 8, round 21) for 2017-2018
Australian hospital admissions [25]. Conservatively, we
assumed that half of the deaths occurred at home and half
in hospital. Although the model projected deaths due to non-
CVD causes, these were not included in the costs. All costs
were adjusted to 2021 Australian dollars (AU$) using the
health price index [26].

From a societal perspective, the model curated productiv-
ity losses using the human capital approach [27]. Productiv-
ity losses included the cost of absenteeism after a non-fatal
event (for the year of the event), but the cost due to work-
force dropouts were not incorporated since individuals with
prevalent CVD were excluded from the simulation. Pres-
enteeism was not included in the model due to a paucity of
available data specific to acute events.

To calculate the cost of absenteeism after an acute non-
fatal event, the average number of days of work missed after
suffering an event [28, 29] was multiplied by the average
daily earnings in Australia [30]. This cost was only applied
in the year that the event occurred. Although average daily
earnings will vary by socioeconomic disadvantage, this was
not considered because average income by socioeconomic
quintile is not published. Average salaries in Australia were
adjusted for age, sex, and unemployment rates as per the
latest 2020 published data [31]. Productivity losses also
included the impact of CVD mortality by projecting the
cost of premature deaths. The loss of future earnings due to
premature CVD mortality was determined using the human
capital approach [27] and was adjusted for the model time
horizon or until retirement age, whichever came first. For
example, if a person had 20 years of productivity remaining
but died in 2021, only the first nine years contributed to the
estimated loss of future earnings as the model time horizon
was until 2030. Retirement age was set at 67 years of age
[31].

2.5 Utilities

For the population in the ‘Alive, no CVD’ health state, age-
and sex-specific utility scores were derived from a 2016
Australian cross-sectional study, which included more than
2000 participants from the general population [32]. The
acute utility score for an MI was 0.70, and 0.63 for stroke
[33, 34]. Chronic utilities were 0.80 for MI and 0.72 for
stroke [33, 35]. The utility scores were applied to the year
in which an acute non-fatal event occurred, as follows: gen-
eral population utility scores were applied for 6 months,
acute utility scores were applied for 3 months, and for the
remaining 3 months, a chronic utility score was applied. The
method applied to generate utilities has been previously pub-
lished [36].
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2.6 Statistical Analyses

To evaluate the association between socioeconomic quin-
tile and cardiovascular risk factors, linear (for continuous
variables) or logistic (for categorical variables) regression
analyses were performed (adjusted for age and sex) (ESM
Appendix 7). Differences in the proportion of other demo-
graphic characteristics (area of residence, income, and edu-
cation) in each socioeconomic quintile were assessed using
Chi-square tests. All analyses were conducted in R software
version 4.0.3 (The R Foundation for Statistical Computing,
Vienna, Austria) and the model was built using Microsoft
Excel (Microsoft Corporation, Redmond, WA, USA). All
model inputs are presented in Appendix 8 of the ESM.

2.7 Sensitivity Analyses

To quantify uncertainty, probabilistic sensitivity analyses
were performed by running 10,000 iterations of a Monte
Carlo simulation. The respective candidate distributions
for costs, effects and utilities were selected as per Briggs
et al. [37] For each key output, 95% uncertainty intervals
were estimated (ESM Appendix 8). In addition, we under-
took scenario analyses to estimate the effect of theoretical
interventions on health and economic outcomes. In the first
scenario, the baseline cardiovascular risk in each socioeco-
nomic quintile was reduced (separately) by 10% (mimick-
ing an untargeted intervention). In the second scenario, the
estimated cardiovascular risk obtained for the least disadvan-
taged quintile was applied to all other socioeconomic quin-
tiles, which would mimic an intervention designed to remove
the equity gap. In the last scenario analysis, we modelled the
effect of the ‘Walk your Heart Health’ intervention [38], a
community-based intervention in marginalised communi-
ties in the US. For this scenario, we applied the effect of the
intervention on total cholesterol levels and blood pressure
to the population in SE 1 and SE 2. Successful participation
in the intervention was significantly associated with an odds
ratio of 0.9 for hypertension as well as a mean reduction of
0.10 mmol/L of total cholesterol.

3 Results

3.1 Baseline Risk Profiling in the National Health
Survey

Age, sex, total cholesterol, and prevalence of type 2 diabe-
tes did not significantly differ by socioeconomic quintile.
Systolic blood pressure and smoking rates increased (men
and women) and HDL-C decreased (only in women), with
increasing socioeconomic disadvantage (Table 1).
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Table2 Proportion of the SE 1 SE2 SE3 SE 4 SE 5 p-Value
population at different levels
of cardiovascular risk for each Overall
socioeconomic group High risk 8.4 73 6.3 43 3.7 <0.001
Moderate risk 18.1 15.6 15.6 13.2 11.3 < 0.001
Low risk 73.4 77.0 78.1 82.5 85.0 < 0.001
Men
High risk 13.2 9.9 9.4 55 3.1 < 0.001
Moderate risk 25.2 21.3 20.8 19.7 16.0 < 0.001
Low risk 61.5 68.8 69.8 74.8 80.9 < 0.001
Women
High risk 4.8 5.4 39 34 3.1 < 0.001
Moderate risk 12.8 11.3 11.7 8.0 16.0 < 0.001
Low risk 82.4 83.4 84.5 88.7 80.9 < 0.001

Data are expressed as percentages

SE socioeconomic quintile

Results from cardiovascular risk profiling using the PCE
showed that the proportion of people classified as high and
moderate risk increased with increasing socioeconomic
disadvantage (proportion at high risk from SE 1 to SE 5:
8.4%, 71.3%, 6.3%, 4.3% and 3.7%, respectively; p < 0.001)
(Table 2); while the proportion of individuals at low risk
decreased with increasing disadvantage (p < 0.001). When
the population was stratified by sex, cardiovascular risk in
men followed the socioeconomic gradient (i.e. lower risk in
higher socioeconomic quintiles), while in women the quin-
tile with the highest proportion at high cardiovascular risk
was SE 2, not SE 1.

The estimated annual cardiovascular risk in men, by age,
followed the social gradient for men 40-70 years of age;
however, for the age quintile 70-79 years, SE 3 had the high-
est estimated rates of CVD. In women, SE 2 had the highest
estimated rates of annual CVD for all age groups (Fig. 1 and
ESM Appendix 4).

3.2 Health Outcomes

From 2021 to 2030, the model projected that 595,714
(456,401 non-fatal and 139,313 fatal) cardiovascular events
would occur in Australians aged 40-79 years with no prior
history of CVD (Table 3). When stratified by socioeconomic
disadvantage, SE 2 was projected to accrue the largest health
burden, with 133,776 cardiovascular events, followed by
SE 1, with 127,070 cardiovascular events (Table 3). Despite
quintile SE 1 having a larger proportion of the overall popu-
lation at high CVD risk, SE 2 was estimated to have the
largest burden of new-onset CVD, driven by the higher CVD
rates obtained for women in this quintile. The least disadvan-
taged quintile (SE 5) accrued the lowest number of events,
with 96,222 total cardiovascular events (Table 3). This dif-
ference translates to 30,848 fewer cardiovascular events in

the highest quintile compared with the lowest during the
10-year period, representing a relative difference of 32.4%.
When stratified by sex, men in SE 3 would have the high-
est number of new-onset CVDs (79,329 fatal and non-fatal
cardiovascular events), followed by SE 1 (79,025 events).
In women, the quintile with the largest burden was SE 2
(59,752 events).

3.3 Years of Life Lived and Quality-Adjusted
Life-Years

Over the 10-year period, the model projected 132,588,290
total years of life lived among Australians with no preva-
lent CVD aged 40-79 years (Table 3). Following the same
trend as cardiovascular events, the quintile SE 2 was esti-
mated to accumulate the least number of years of life lived
(26,498,033) and SE 5 was estimated to accrue the most
years of life lived (26,550,257). Similarly, SE 2 was pro-
jected to accrue the least number of QALYSs (23,447,375),
while SE 5 was projected to accumulate the most
(23,495,376). Through the modelled period, individuals in
the highest quintile (SE 5) were estimated to accrue 39,026
more QALY than individuals in the lowest quintile (SE 1).

3.4 Economic Outcomes

From a healthcare perspective, the total healthcare costs
from acute cardiovascular events during the 10-year period
were projected to be AU$3728 million. Again, the quin-
tile SE 2 incurred the highest healthcare costs, surpassing
AU$854 million, while the quintile SE 5 incurred the lowest
healthcare costs at AU$605 million. The highest productivity
losses due to acute morbidity and mortality were observed
in quintile SE 2 (AU$3235 million), while the lowest were
observed in quintile SE 5 (AU$2122 million) (Table 3).
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Fig.1 Annual cardiovascular events derived from the PCE and
extrapolated for every single year of age, stratified by SE quintile and
by sex. SE 1 represents the quintile with the most socioeconomic dis-

3.5 Sensitivity Analyses

Uncertainty intervals resulting from Monte Carlo simula-
tions for key outcomes are presented in Table 3 and Figure 2
as well as Appendix 9 of the ESM. In scenario analyses,
reducing the baseline risk of CVD by 10% in each socioeco-
nomic quintile separately showed that, as expected, larger
benefits would be obtained in the socioeconomic quintiles
with the highest baseline risk. For example, if a 10% reduc-
tion in baseline cardiovascular risk was applied to SE 2,
13,265 cardiovascular events would be prevented, with
healthcare savings of AU$85 million. In contrast, apply-
ing a 10% CVD risk reduction to SE 5 resulted in 9,488
events prevented and healthcare savings of AU$60 million
(Table 4).

Applying the CVD risk levels obtained for SE 5 to all
remaining SE quintiles (i.e. removing the equity gap) would
result in 114,822 less cardiovascular events, 144,688 QALY
gained, and healthcare savings of AU$704 million over the
next 10 years (Table 4). In addition, removing the equity
gap would save AU$3,844 million to the overall Australian
economy in terms of productivity gains. Applying the effect
of the targeted intervention “Walk your Heart Health’ [38] to
SE 1 and SE 2 would prevent 17,919 cardiovascular events
and a gain of 22,403 QALY over the 10-year period, saving
more than AU$87 million to the healthcare system and more
than AU$541 million to the Australian society in productiv-
ity gains (Table 4).
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advantage, while SE 5 represents the quintile with the least socioeco-
nomic disadvantage. SE socioeconomic quintile, PCE Pooled Cohort
Equation

4 Discussion

In this study, we projected new-onset CVD, quality of life,
and consequent direct healthcare and productivity costs,
stratified by socioeconomic group in Australia. The model
showed that over the next 10 years, the most socioeconomi-
cally disadvantaged quintile would suffer 30,848 extra car-
diovascular events compared with the quintile with the least
disadvantage. Individuals in the most disadvantaged quintile
will accrue 42,328 fewer years of life lived and 39,026 fewer
QALYs than individuals in the least disadvantaged quintile.
Similarly, direct healthcare costs in the most disadvantaged
quintile will exceed those in the least disadvantaged by
AUS$183 million, and the excess cost of productivity losses
will be AU$959 million. These findings highlight the soci-
etal burden of inequity in healthcare outcomes.

Individuals in the most disadvantaged quintile had
lower levels of HDL-C, higher systolic blood pressure, and
increased rates of smoking, consistent with prior studies in
Australia and other high-income countries [39-41]. CVD
risk profiling using the PCE showed an increasing trend in
the proportion of individuals classified as high risk with
increasing socioeconomic disadvantage, which was par-
ticularly obvious in men compared with women. Among
women, SE 2 had the largest proportion of women classified
as high risk, instead of SE 1.

This gender difference in the social gradient has been
previously reported by the Australian Institute of Health
and Welfare. One potential explanation is that while rates of
CVD have decreased overall in the last 10 years, the reduc-
tion has been more pronounced in males of higher socio-
economic groups, widening the equity gap and making the
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Difference

SE2 SE 3 SE 4 SE5 Total

SE 1

Table 3 (continued)

>
>
(="
=
»

between SE 1

and 5

Costs (AU$, in millions)

183.6

788.5 (132.9-2,196.0)  853.9 (146.1-2,345.1)  742.9 (125.9-2,073.5) 738.0 (126.1-2,039.3)  604.8 (102.9-1,666.7)  3,728.3 (634.0—

Healthcare costs
(95% UI)

10,029.8)
13,751.5

959.6

3234.7 2637.2 2,675.1 21223

3082.0

Productivity costs

4088.7 3380.2 3,413.2 2727.2 17,479.9 1143.3

3870.5

Total costs

SE 1 represents the quintile with the most socioeconomic disadvantage and SE 5 represents the quintile with the least socioeconomic disadvantage All costs are expressed in 2021 AU$ SE

socioeconomic quintile, CVD cardiovascular disease, UI uncertainty interval, QALYs quality-adjusted life-years, AU$ Australian dollars

differences more pronounced [42]. In our model, men in
SE 5 had a pronounced decrease in CVD risk relative to the
other quintiles, suggesting that in Australia, the protective
effect of socioeconomic status on CVD is largely specific to
the least disadvantaged group in men. However, the results
of our projections estimating SE 2 as the quintile with the
largest burden are mainly explained by the increased risk in
women from SE 2, especially in those aged over 60 years.
Several other factors could explain why SE 2 had worst out-
comes, including potential socioeconomic misclassification.
Since SEIFA is an area-level score, it does not take into
account individual circumstances. The availability of bio-
marker data in the NHS was limited to 3,299 individuals
from a sample of more than 20,000, which could have intro-
duced potential for selection bias. Finally, a recent Austral-
ian study analysing consumption of ultra-processed foods
reported that the second lowest household income quintile
had the higher rates of ultra-processed food consumption in
Australia, which could have an impact on CVD risk [43].

Although addressing health inequities requires broader
policies outside of healthcare [44], health inequities related
to social determinants of health can also be partly addressed
through actionable public health policies [45]. The model
used in this study allowed us to estimate the potential effects
on CVD and economic benefits of preventive healthcare pol-
icies tailored to specific socioeconomic groups. For exam-
ple, we estimated that if the equity gap was removed (i.e.
applying the estimated cardiovascular risk obtained for SE 5
to all the quintiles), 114,822 events could be prevented and
144,688 QALY could be gained. These health gains would
translate to AU$704 million in savings for the healthcare
system and AU$3,844 million for the Australian economy.
While this example represents an incredibly optimistic situ-
ation, it is important to contrast these results to that of a
non-targeted approach, especially as the feasibility and costs
of each strategy are likely to differ.

Previous publications have suggested that policies to
improve health outcomes should employ evidence-based and
cost-effective interventions to address community-level fac-
tors affecting the most disadvantaged socioeconomic groups,
rather than targeting behavioural or lifestyle factors that are
likely to mostly benefit socioeconomic groups with the
least disadvantage [46]. In addition, structural interventions
aimed at addressing common risk factors could potentially
provide more health and economic gains in the most disad-
vantaged groups since several risk factors, including smok-
ing, dyslipidaemia, and alcohol consumption, are highest in
these groups. Our results also highlight the importance of
modelling the distribution of health benefits and including
distributional cost-effective analyses in every health technol-
ogy assessment [47].

The effect of disadvantage on productivity losses is con-
sistent with a previous Australian study, which estimated
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Fig. 2 Distribution of the 95%
uncertainty intervals of total
cardiovascular events estimated
for the period 2021-2030, strati-
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Table 4 Results from risk reduction scenario analyses presented as comparison with base-case analysis

Risk reduction scenarios Events prevented QALYs gained Healthcare cost savings Productivity
(AUS) costs savings
(AU$)
10% reduction in CV risk in SE 1 12,593 15,444 78,162,524 306,869,818
10% reduction in CV risk in SE 2 13,265 16,344 84,698,255 322,413,852
10% reduction in CV risk in SE 3 12,006 14,640 73,544,159 269,215,869
10% reduction in CV risk in SE 4 11,613 14,448 73,037,421 265,503,970
10% reduction in CV risk in SE 5 9,488 11,503 59,685,149 207,117,256
Applying SE 5 CV risk to all quintiles 114,822 144,688 704,302,229 3,844,180,799
Applying ‘Walk Your Heart to Health’ interven- 17,919 22,403 87,144,866 541,681,964

tion [38] results to SE 1 and SE 2

All costs are expressed in 2021 AU$ SE socioeconomic quintile, CV cardiovascular, QALYs quality-adjusted life-years, AU$ Australian dollars

that the most disadvantaged quintile accounted for 27% of
lifetime income loss from CVD, while the least disadvan-
taged accounted for only 8%, despite an almost threefold
difference in median income [48]. These results demonstrate
that there is substantial inequity in premature death in Aus-
tralia [48]. Moreover, Australia’s large size highlights the
impact of distance from services (remoteness) on health-
care outcomes, as area of residence was strongly associated
with socioeconomic disadvantage, and remoteness has been
shown to be associated with both decreased access to health-
care and increased CVD risk, independent of socioeconomic
disadvantage [49, 50].

4.1 Strengths and Limitations

Our study has several strengths. This is the first study to
project new-onset CVD and health and economic outcomes
by socioeconomic status in Australia. The transition prob-
abilities informing the model were derived from a repre-
sentative primary prevention population in Australia, with
costs and utilities also being specific to an Australian setting.
Our modelling approach allowed for testing of interventions
aimed at different socioeconomic groups and has the poten-
tial to serve as a tool for evaluating healthcare policies prior
to implementation. The inclusion of health equity into rou-
tine health economic evaluations is necessary.

Several limitations also warrant mention. First, we used
the 2011-2012 NHS data to derive cardiovascular risk esti-
mates, as this was the latest available NHS that included
biomarkers, which may not accurately represent the current
distribution of cardiovascular risk in the population. Moreo-
ver, the NHS sample of 3299 individuals represents < 1%
of the Australian population aged 40-79 years with no his-
tory of CVD in 2020, and the number of NHS participants
who had available data on biomarkers was lower for groups
with higher socioeconomic disadvantage, which could have
introduced selection bias. Second, SEIFA is an area-based
measure of socioeconomic status and it does not consider
discrepancies between the socioeconomic status of individu-
als and the average for their location, making misclassifica-
tion a potential concern [21]. As we did not have data on the
proportion of the population in each socioeconomic quin-
tile, we assumed equal quintiles across the groups. However,
SEIFA measures are widely used as a form of measuring
socioeconomic status in social and epidemiological studies
and have been validated against other indices. Similarly, the
PCE restricts the ability to estimate the effect of important
parameters for CVD, such as body mass index and low-den-
sity lipoprotein cholesterol. Furthermore, the applicability
of PCE to non-White Australians is limited and may not
provide an adequate estimate of cardiovascular risk for other
population groups. Recent work on the applicability of the
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PCE has shown less accuracy for non-White populations in
the US [51]. Nevertheless, the PCE was shown to have a
better prediction performance for the Australian population
when compared with other risk algorithms [24]. Third, our
model was limited to acute events in a primary prevention
population and it did not consider the chronic cost of CVD
management or pharmacological treatment, or the poten-
tial differences in health service use between the different
socioeconomic groups [52]. Given the high costs associated
with chronic management of CVD, interventions aimed at
the primary prevention population are likely to yield the
largest benefits. However, the effect of including chronic
disease, rehabilitation services, and other health services use
would likely amplify the differences reported in this study
and warrants further research. Conversely, not accounting
for income differences by socioeconomic quintile and the
exclusion of individuals over 79 years of age may have led
to underestimation of the cost differences by socioeconomic
disadvantage. Finally, this model could not consider changes
in projections (immigration, mortality) or cardiovascu-
lar risk due to the coronavirus disease 2019 (COVID-19)
pandemic.

5 Conclusion

This study projected new-onset CVD, related direct health-
care and productivity costs in Australia, stratified by soci-
oeconomic disadvantage. The magnitude of difference
between socioeconomic groups highlights the urgent need
to implement structural prevention strategies targeted at
disadvantaged groups that will provide net economic ben-
efit. This model provides a platform to incorporate socio-
economic status in cost-effectiveness analyses and to assess
which interventions are likely to yield more benefits in each
socioeconomic group at the population level.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40273-021-01127-1.
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