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ABSTRACT

Background: Cardiovascular disease burden is decreasing, but these reductions have not been distributed equally
amongst socioeconomic groups.

Objectives: The aim of this study was to define the relationships between different domains of socioeconomic
health, traditional cardiovascular risk factors and cardiovascular events.

Methods: This was a cross-sectional study of local government areas (LGAs) in Victoria, Australia. We used data
from a population health survey combined with cardiovascular event data derived from hospital and government
data. Four socioeconomic domains: educational attainment, financial wellbeing, remoteness, and psychosocial
health, were generated from 22 variables. The primary outcome was a composite of non-STEMI, STEMI, heart
failure and cardiovascular deaths per 10,000 persons. Linear regression and cluster analysis were used to assess
the relationships between risk factors and events.

Results: Across 79 LGAs there were 33,654 interviews conducted. All socioeconomic domains were associated
with burden of traditional risk factors, including hypertension, smoking, poor diet, diabetes, and obesity.
Financial wellbeing, educational attainment and remoteness were all correlated with cardiovascular events on
univariate analysis. After multivariate adjustment for age and sex, financial wellbeing, psychosocial wellbeing,
and remoteness were associated with cardiovascular events, while educational attainment was not. After
including traditional risk factors only financial wellbeing and remoteness remained correlated with cardiovas-
cular events.

Conclusions: Financial wellbeing and remoteness independently be associated with cardiovascular events, while
educational attainment and psychosocial wellbeing are attenuated by traditional cardiovascular risk factors. Poor
socioeconomic health is clustered in certain areas, which have high cardiovascular event rates.

1. Introduction

Much of this disparity relates to the varying prevalence and control
of traditional risk factors (such as diabetes, hypertension and dyslipi-

The burden of cardiovascular disease has decreased significantly in
Australia over the past half century. Cardiovascular disease was
responsible for 55% of all Australian deaths in the 1960s. That propor-
tion has decreased to 29% of deaths in 2015 [1]. However, the popu-
lation level improvements in cardiovascular disease have not been
distributed equally amongst economic and cultural groups [2,3]. Dis-
parities in outcomes are evident across income, education, and
geographic groups [4].

daemia) which are, in large part, governed by structural and social de-
terminants of health [5,6]. These effects are even witnessed at a
neighbourhood level, with studies demonstrating an association be-
tween living in a disadvantaged area and an increasing likelihood of
coronary disease after accounting for individual-specific factors [7].
However, even after adjusting for the prevalence of traditional risk
factors, residual risk persists across a socioeconomic gradient suggesting
more research is required to understand the construct and determinants
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of these complex biopsychosocial relationships. Such factors may be
both biological (such as physiological responses to chronic stress) and
societal (such as structural barriers to healthcare) [8,9].

There is a paucity of data evaluating the impact and relationships
between different categories of socioeconomic risk factors (e.g. educa-
tion, income, employment) and cardiovascular risk. The 2015 American
Heart Association Scientific Statement on the Social Determinants of
Risk and Outcomes for Cardiovascular Disease highlighted the need for
studies examining the interactions between different socioeconomic
factors and cardiovascular disease [10]. Thus, our aims were to a)
determine whether varying degrees of socioeconomic inequality are
associated with adverse cardiovascular outcomes within local govern-
ment areas, b) understand whether these associations were confounded
by traditional risk factors and c) to understand the correlation and dis-
tribution of socioeconomic risk factors to identify areas of high need and
thus inform policy levers and programs.

2. Methods
2.1. Study design and setting

We performed a cross-sectional study at the level of local government
areas (LGAs) in the state of Victoria, Australia during 2015. We used
data collected by the government via a population health survey in
addition to outcome data derived from coding of all hospital admissions
in Victoria. Using this data, we examined the relationship between so-
cioeconomic risk factor domains and cardiovascular events at an LGA
level. LGAs are an administrative subdivision of the state similar to a
municipality. The state of Victoria has 79 LGAs which vary in population
and geographic size. The function of LGA administration includes
management of infrastructure, community facilities (such as parks and
libraries), child-care and community health services. The study was
approved by the Victorian Department of Health and Human Services
ethical review panel. The protocol complies with the declaration of
Helsinki. Participant consent was sought during survey collection.

2.2. Participants and data sources

Risk factor data was gathered in a state-wide survey from all adults
(>18 years old) living in Victoria, Australia using a modified random
digit dialling process, which included both landline and mobile phone
numbers. Trained interviewers conducted computer-assisted telephone
interviews, with the ability to conduct interviews in any of the nine most
popular languages in Victoria. A single respondent was randomly
selected from within a household and each respondent was treated as
representing the whole household. The overall response rate (number of
households contacted that completed an interview) was 69.6%. A total
of 33,654 interviews (with 426 respondents per LGA) were completed
including 940 interviews in non-English languages.

2.3. Public and patient involvement

The study was designed in consultation with the Victorian Depart-
ment of Health and Human Services as representative of the public. No
individual participant was involved in the design or assessment of the
study. Findings will be disseminated to the Victorian public via publi-
cation in scientific journals and updates through the Victorian Depart-
ment of Health and Human Services newsletters.

2.4. Variables

Traditional cardiovascular risk factor data for the proportion of
adults with hypertension, obesity, insufficient physical activity, insuf-
ficient fruit and vegetable intake, smoking habits and diabetes mellitus
was gathered through questions in the survey.

Cardiovascular events were based on hospital admissions in Victoria
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in 2017. The Victorian Department of Health and Human Services col-
lects coded admission data for all hospital admissions in Victoria. Mul-
tiple codes relating to the outcome variables of heart failure, ST-
elevation myocardial infarction (STEMI) and non-STEMI were
included to define admissions during 2017. Additionally, cardiovascular
mortality was ascertained using data from the government’s death
registry.

2.5. Socioeconomic score creation

All socioeconomic data was gathered through the government pop-
ulation health survey. Additionally, ‘remoteness’ a variable describing
relative access to goods and services, was defined for each LGA using the
Australian government classification. This classification provides 5
different classes: major cities, inner regional, outer regional, remote and
very remote. Further information on the derivation of remoteness
category is available on the Australian Bureau of Statistics website [11].
All Victorian LGAs fall into one of the three categories of major city,
inner regional and outer regional.

We established four socioeconomic domains: educational attain-
ment, financial wellbeing, remoteness (as a marker of access to health-
care) and psychosocial health. The variables comprised within these
domains are found in Table 1. To summarise each domain for the LGAs,
we ranked LGAs from 1 to 79 for each variable where lower ranks were
associated with undesirable qualities (eg, rank 1 has the highest family
violence rate). We averaged the LGA ranks for each variable and thus,
numerically higher domain scores were associated with preferable
characteristics in that socioeconomic domain. LGAs were then separated
into tertiles based on their socioeconomic domain score.

2.6. Outcomes

The primary outcome was a composite of myocardial infarction
admission, heart failure admission and cardiovascular death per 10,000
people.

2.7. Statistical analysis

Socioeconomic domain score tertiles were ordinal variables. Tradi-
tional cardiovascular risk factor proportions for each LGA were
continuous variables. Remoteness was treated as a categorical variable.
Cardiovascular outcome rates were analysed as a continuous variable

Table 1
Socioeconomic domain definitions.
Educational Financial Wellbeing Psychosocial Remoteness
Attainment Wellbeing
Completion of Index of relative Recreational Major Cities of
Year 12 socioeconomic drug use Australia
disadvantage
Higher education  Food insecurity Family violence Inner Regional
attainment rate Australia
Mortgage stress Gambling losses ~ Outer Regional
Australia
Median house price Soft drink
consumption
Proportion living in Good work-life
social housing balance

Homelessness
Disability support
pension rate

Aged pension rate
Private health
insurance

Missed consults due to
finances

Missed medications due
to finances
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measured as a rate per 10,000 persons per year. We performed univar-
iate linear regression to assess the association of socioeconomic do-
mains, traditional cardiovascular risk factors and remoteness. We then
performed multiple linear regression with a progressive modelling
technique to evaluate the significance of each socioeconomic domain
after adjustment for other variables. The first models adjusted for de-
mographic differences by including LGA median age and the proportion
of males in the LGA in order to understand the relationship of socio-
economic domains after accounting for the effect of age and sex on
cardiovascular events. The second model adjusted for demographics as
well as traditional cardiovascular risk factors by including LGA median
age, proportion of males and the individual prevalence of diabetes,
hypertension, obesity, insufficient fruit and vegetable intake and insuf-
ficient physical exercise. The second model allows for assessment of
confounding by traditional risk factors when considering the relation-
ship between socioeconomic domains and cardiovascular events. To
assess the distribution and relationships of different socioeconomic risk
factor domains, we undertook a k-means cluster analysis using the
continuous variables of financial wellbeing score, education score and
psychosocial health score. These clusters were displayed on a heatmap.
Significance was defined as a p < 0.05. All analysis was undertaken in R
version 4.1.3 (R Foundation, Vienna, Austria).

3. Results

A total of 33,654 interviews were conducted across 79 LGAs in
Victoria (426 respondents per LGA). Nine-hundred and forty interviews
(2.8%) were conducted in non-English languages. The aggregate base-
line characteristics for the LGAs by tertile of socioeconomic risk domain
are shown in Table 2. The median age across LGAs was 41 years (IQR:
9.5) with a mean of 49.3 + 1.1% males. Thirty-two percent (n = 25) of
the LGAs were classified as ‘Major Cities of Australia’, while 43% (n =
34) were classified ‘Inner Regional Australia’ and 25% (n = 20) were
‘Outer Regional Australia’.

3.1. Socioeconomic domains and traditional cardiovascular risk factors

There were stepwise increases in the prevalence of most traditional
cardiovascular risk factors with each worsening tertile of socioeconomic
risk domain as demonstrated in Table 2. Particularly robust gradients
were observed for hypertension, obesity, cigarette smoking and insuf-
ficient fruit and vegetable intake across each of the socioeconomic risk
domain tertiles. In contrast, overall rates of insufficient physical activity
were similar across financial well-being and remoteness strata while a
monotonic relationship persisted across tertiles of educational attain-
ment and psychosocial wellbeing. Of note, while diabetes was more
common among those LGAs with overall lower psychosocial, financial
wellbeing and educational attainment, there was no difference in
prevalence by remoteness.

3.2. Traditional cardiovascular risk factors and cardiovascular events

All traditional cardiovascular risk factors apart from insufficient
physical activity were associated with more cardiovascular events as
demonstrated in Table 3. The strongest relationships were observed
between cardiovascular events and male sex, median age and diabetes.
Specifically, each percentage increase of males in an LGA was associated
with an additional 6.4 cardiovascular events per 10,000 persons (95%CI
2.31 to 10.45, p = 0.003), an LGA median age increase of 1 year was
associated with an additional 2.5 cardiovascular events per 10,000
persons (95%CI 2.05 to 3.03, p < 0.0001) and with each percentage
increase in LGA diabetes prevalence there was an additional 3.6 car-
diovascular events per 10,000 persons (95%CI 0.33 to 6.91, p = 0.03).

Table 2
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Table 3
Univariate linear regression of risk factors and cardiovascular event rate per
10,000.

Risk Factor Regression Coefficient for Cardiovascular p-value
Events per 10,000 persons (95% CI)

LGA Population (per —0.17 (-0.22 to —0.11) <0.0001
1000 increase)

Traditional Risk Factor Prevalence

Percentage of Males (per 6.4 (2.31-10.45) 0.003
1% increase)

Median Age (per 1 year 2.5 (2.05-3.03) <0.0001
increase)

Diabetes Mellitus (per 3.6 (0.33-6.91) 0.03
1% increase)

Hypertension (per 1% 1.6 (0.55-2.58) 0.003
increase)

Obesity (per 1% 1.5 (0.77-2.25) 0.0001
increase)

Current Smoking (per 1.2 (0.41-2.16) 0.005
1% increase)

Insufficient Fruit and 1.2 (0.39-1.99) 0.004
Vegetable Intake

Insufficient Physical 0.6 (—0.42 to 1.54) 0.3
Activity

3.3. Socioeconomic domains and cardiovascular outcomes

On univariate analysis there were monotonic relationships between
worsening socioeconomic risk score and rate of cardiovascular events as
shown in Fig. 1. For education, LGAs in the worst tertile had a cardio-
vascular event rate of 70.2 per 10,000 people (95%CI 63.8 to 76.6)
compared to 44.4 per 10,000 people (95%CI 39.5 to 49.4) in the best
tertile (p < 0.0001). For financial wellbeing, a similar magnitude of
difference was seen (68.8 (95%CI 61.7 to 75.7) per 10,000 people in the
worst tertile compared to 41.3 (95%CI 36.6 to 46.1) per 10,000 people
in the best tertile, p < 0.0001) as demonstrated in Fig. 1. In contrast,
LGA psychosocial wellbeing was not associated with adverse cardio-
vascular events (p = 0.13).

Remoteness was also highly associated with cardiovascular events.
Cardiovascular event rates were worse in regional areas as compared to
major city areas (an excess of 10.9 events per 10,000 people per year
(95%CI 2.87 to 18.77) for inner regional areas and an excess of 33.5
events per 10,000 people per year (95%CI 24.55 to 42.55), p < 0.0001
for outer regional areas). A comparative heat map of socioeconomic risk
factors and cardiovascular events across the LGAs is shown in Fig. 2.

3.4. Multivariate modelling
After adjusting for LGA demographic differences (age and proportion
of males), financial wellbeing (p < 0001), psychosocial wellbeing (p =

0.001) and remoteness (p = 0.002) remained associated with

LGA Remoteness and Cardiovascular Outcomes
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cardiovascular event rates as shown in Table 4..

After including traditional cardiovascular risk factors in addition to
demographic differences, only financial wellbeing (p = 0.04) and
remoteness (p < 0.0001) remained significantly associated with car-
diovascular event rates.

3.5. Cluster analysis of financial wellbeing, education and psychosocial
wellbeing across LGAs

Cluster analysis including financial wellbeing, education and psy-
chosocial wellbeing defined three separate LGA groups (between sum of
squares/within sum of squares = 70%) with poor, average and good
socioeconomic scores as demonstrated in Table 5. There was a strong
association between worsening socioeconomic cluster and worsening
cardiovascular event rates, with the worst cluster having an excess of
26.4 cardiovascular events per 10,000 people in comparison to the best
cluster (p < 0.0001). A geographic heatmap of these clusters is
demonstrated in Fig. 3.

4. Discussion

This study demonstrates a strong association between cardiovascular
event rates and worsening characteristics of financial wellbeing,
educational attainment and remoteness at an LGA level. After adjust-
ment for differences in LGA demographics (sex and age) educational
attainment was no longer significantly associated with cardiovascular
events, which suggests that the univariate effect of education may be
attenuated by lower educational attainment in higher cardiovascular
risk age groups and/or males. After further adjustment for traditional
cardiovascular risk factors and demographic characteristics, only
financial wellbeing and remoteness remained significantly associated
with cardiovascular event rates. Poor psychosocial wellbeing was not
associated with cardiovascular events on univariate analysis but became
statistically significant after adjusting for age and proportion of male
sex. After further adjustment for traditional cardiovascular risk factors
psychosocial wellbeing was no longer statistically significant. These
findings suggest that poor psychosocial wellbeing may be more common
in lower risk age and sex groups, but that this relationship is attenuated
by a poorer traditional cardiovascular risk profile. In contrast, it appears
that independent of traditional risk factors, there remains a residual
cardiovascular risk conferred by financial hardship and remoteness.

Furthermore, our findings suggest that socioeconomic risk factors are
concentrated within certain ‘high-risk’ areas as demonstrated in the
cluster analysis and geospatial mapping. Remoteness category is an
Australian Bureau of Statistics defined marker of relative access to goods
and services. Remoteness was found to be a significant predictor of LGA
cardiovascular events after adjusting for both demographic differences
and traditional cardiovascular risk factors. Increasing remoteness was
associated with worse cardiovascular outcomes, with inner regional

LGA Socioeconomic Risk Factor Tertiles and Cardiovascular Outcomes

Cardiovascular Outcomes per 10,000 people

Cardiovascular Outcomes per 10,000 people

Tertile

B vors

B emesiae
. Best

8

Major Cities of Australia Inner Regional Australia

Remoteness Category

Outer Regional Australia

Economic

Psychosocial

Fig. 1. —Bar graphs of socioeconomic variables and cardiovascular outcomes.
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Victorian Cardiovascular Outcomes Heatmap by LGA
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Fig. 2. Heatmaps of cardiovascular outcomes, financial wellbeing, education levels and psychosocial wellbeing by LGA.

Table 4
Multivariate modelling for LGA characteristics and cardiovascular events.

Model 1: Sex and Model 2: Sex and age +

Age Traditional Risk Factors
Financial T1 vs —16.7 (—23.8 to —-10(-18.7to —-1.3),p =
Wellbeing Ref —9.7), p < 0.0001 0.02
T2 vs —-29(-9.1t03.4), -0.8(-7.2t05.8),p=
Ref p=04 0.7
Educational T1 vs —-9.7 (-18.1 to —0.4 (-10.0t09.1),p =
Attainment Ref -1.2), p=0.03 0.3
T2 vs —4.8(-12.1to -3.3(-10.0t09.1), p =
Ref 2.5),p=10.2 0.8
Psychosocial T1 vs —-12.6 (—19.2 to —-6(-10.0t09.1),p=0.8
Wellbeing Ref —6.0), p = 0.001
T2 vs —4.4(-11.0to —0.4(-10.0t09.1), p =
Ref 2.2),p=0.2 0.08
Remoteness IR vs —22.6 (—31.0 to —15.2 (-21.6to —8.7), p
Major —14.2),p<0.0001 =0.05
OR vs. —33.5(—42.5to -8 (-17.0to 1), p = 0.08
Major —24.6), p < 0.0001

(+9.87 cases per 10,000 people, p = 0.004) and outer regional LGAs
(+12.62 cases per 10,000 people, p < 0.0001) suffering poorer cardio-
vascular events than their major city counterparts. The relationship
between remoteness and worse cardiovascular events likely occurs
through multiple mechanisms. Previous work has demonstrated a lower
likelihood of health seeking behaviour in rural communities compared

to those in urban areas [12]. Additionally, remoteness correlates with
lower measures of health literacy, which may add to this disparity [13,
14]. By its very definition, increasing remoteness presents structural
barriers to healthcare access. Importantly, our work suggests that the
observed differences between metropolitan and remote communities are
not simply a consequence of a higher traditional risk factor burden.

Our work is consistent with previous findings of poor health amongst
socially disadvantaged populations observed in many countries. Diez
Roux et al. utilised the Atherosclerosis Risk in Community data to
demonstrate an association between disadvantaged neighbourhoods in
the United States and an increased incidence of coronary heart disease
[7]. They utilised a summary score composed of wealth, income and
occupation variables to represent the socioeconomic status of neigh-
bourhoods. Individuals from disadvantaged neighbourhoods suffered a
higher incidence of coronary disease, even after adjusting for an in-
dividual’s own risk factors. This work demonstrates the impact of the
broader socioeconomic environment in accounting for inequalities in
cardiovascular outcomes.

Many previous studies have examined single markers of socioeco-
nomic disadvantage and their relation to cardiovascular disease. An
Asia-Pacific collaboration of cohort studies, which included Australian
participants, demonstrated that primary education alone was associated
with a hazard ratio of 2.47 for cardiovascular disease mortality
compared to tertiary education [15]. This relationship persisted despite
adjustment for traditional cardiovascular risk factors including body
mass index, smoking, hypertension, and cholesterol. However, this
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Table 5
Characteristics of socioeconomic clusters.

International Journal of Cardiology Cardiovascular Risk and Prevention 17 (2023) 200184

Financial Wellbeing Score

Education Score

Psychosocial Score Cardiovascular Event Rate (per 10,000 people)

Good Socioeconomic Cluster 59.3 66.9
Average Socioeconomic Cluster 39.3% 39.4%
Poor Socioeconomic Cluster 25.7% 20.1°
p-value <0.0001 <0.0001

52 41.3 (95% CI 36.0 to 46.8)

43.8° 59.7 (95% CI 53.2 to 63.4)"
25.6" 67.7 (95% CI 61.0 to 74.3)"
<0.0001 <0.0001

Table 5 — Cardiovascular event rates by socioeconomic cluster identified using K-means cluster analysis.
? Indicates that the individual mean is different from the reference group which is good socioeconomic cluster.

Socioeconomic Clusters Across Victorian LGAs

34°S -

35°S -

36°S -

37°S -

38°S-

39°S -

142°E 144°E

146°E 148°E 150°E

Socioeconomic Health . Good . Average . Poor

Fig. 3. Geographical distribution of clusters of socioeconomic health.

study did not adjust for other socioeconomic confounders such as in-
come and psychosocial factors. Similarly, Gerber et al. [16] demon-
strated that, in an American population, each $10,000 increase in
median neighbourhood annual income was associated with a 10%
reduction in mortality risk. This study also found a similar relationship
between education and cardiovascular outcomes. Both education and
income were independent predictors in a multivariate model. However,
this work offered only a limited assessment of the comparative rela-
tionship between education and annual income.

Given the complex causal chain of socioeconomic factors and car-
diovascular disease it is unlikely that a single marker is sufficient in
explaining the observed patterns. The interdependence of social de-
terminants and traditional cardiovascular risk factors is apparent in our
work given that the strength of effect was diminished in multivariate
modelling. Indeed, only financial wellbeing and remoteness remained
significantly associated with poor cardiovascular event rates after
adjusting for demographics and the prevalence of traditional cardio-
vascular risk factors. While it is understandable that poor access to
healthcare and other services may independently mediate poor cardio-
vascular event rates, the mechanism of financial wellbeing is less
apparent. It seems likely that the relationship between LGA financial
wellbeing and cardiovascular outcomes is complex and multifactorial.
Possible explanations include structural barriers to accessing healthcare
such as missed medications and missed healthcare consults in addition
to the psychological stressors imposed by poverty which may result in

chronic stress responses and poor health behaviours.

Our work suggests that socioeconomic factors are clustered densely
in ‘high socioeconomic risk’ areas. This was demonstrated through an
unsupervised cluster analysis that identified three separate groups with
correlated scores across the three socioeconomic domains of financial
wellbeing, education and psychosocial health. Furthermore, member-
ship of one of these groups was strongly associated with cardiovascular
events. These findings demonstrate the potential to guide interventions
towards areas that have lower socioeconomic status across all domains
by utilising such a clustered model approach.

These findings also highlight the potency of addressing social welfare
as a means to improving cardiovascular outcomes at a state-wide level.
Policy targeted at improving cardiovascular outcomes should consider
how interventions will address socioeconomic factors — addressing risk
factors without mitigating their upstream determinants is likely to be
incomplete. Pragmatic modelling which uses areas bounded by a gov-
ernment body, such as in this study, may help identify a locus of control
which can be used to effect change. Additionally, larger government
units — such as states — may be too big to offer optimal local solutions
based on community knowledge that allows acceptable and appropriate
strategies to improve socioeconomic measures.

Our study has several limitations. Firstly, analysis was performed at
an LGA rather than individual level. While this is useful in describing an
area that is subject to a specific governing body, and ultimately for
impacting policy, it also precludes a granular understanding of social
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determinants of health as they relate to the individual. Secondly, our
study relies on self-reporting of many variables through computer
assisted telephone interviews. This may result in bias in reporting,
particularly around sensitive issues of psychosocial wellbeing and in-
come. Our study also analysed hospital admissions at an LGA level
which does not adjust for one individual having multiple hospital ad-
missions. Additionally, we did not have detailed information on
ethnicity in this study. Ethnicity could be an important factor in the
determination of CV events and thus, the model may be incomplete.
Lastly, the nature of our study design makes it difficult to infer causality
based on our findings. Risk factors take many years to causally affect
outcomes and thus a cross-sectional assessment such as this is unable to
truly identify whether these socioeconomic domains will impact on
future cardiovascular events.

Future work should focus on identifying the modifiable components
of socioeconomic factors and effective strategies to improve these fac-
tors at a population level. Additionally, non-traditional social de-
terminants such as privilege and institutionalized racism would likely
add to the understanding of socioeconomic disadvantage and health.
Lastly, ongoing work understanding the biological link between socio-
economic risk and cardiovascular disease is required.

5. Conclusion

In summary, our study demonstrates a strong association between
the socioeconomic determinants of financial wellbeing, education
levels, psychosocial wellbeing and remoteness and cardiovascular event
rates at a local government area level. Additionally, we identified
clustering of poor socioeconomic health factors amongst local govern-
ment areas suggestive of ‘high-risk’ areas which may provide a blueprint
for implementing interdisciplinary, policy interventions.
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