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Objectives: An intersectional multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA) is a novel
method for exploring the interaction between sociodemographic characteristics that affect health outcomes. This study
explores the interaction between geographic remoteness and socioeconomic status on health outcomes in Australia from an
intersectional perspective.

Methods: Data from a cross-sectional survey were matched with data from the Australian Bureau of Statistics and the
Australian Institute of Health and Welfare. To explore the effect of health-related quality of life on life expectancy, quality-
adjusted life expectancy (QALE) was estimated through applying utility values derived from the EQ-5D-5L to life table
data from the Australian Bureau of Statistics. The effect of geographic remoteness on QALE was quantified using
multivariable linear regression. An intersectional MAIHDA was performed to explore differences in mean QALE across
strata formed by intersections of age, sex, and Socioeconomic Indexes for Areas score.

Results: Based on multivariable linear modeling, QALE declined significantly with increasing remoteness (inner regional, —1.0
years [undiscounted]; remote/very remote, —3.3 years [undiscounted]) (P < .001). In contrast, life expectancy was only
significantly different between participants in remote/very remote areas and major cities (f-coefficient, —2.4; 95% Cl —4.4
to —0.4; P = .016). No intersectional interaction effects between strata on QALE were found in the MAIHDA.

Conclusions: QALE has considerable value as a metric for exploring disparities in health outcomes. Given that no intersectional
interactions were identified, our findings support broad interventions that target the underlying social determinants of
health appropriately reduce disparities versus interventions targeting intersectional interactions.
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disadvantage interact to affect health outcomes is poorly
understood.5’

The impact of socioeconomic characteristics on behaviors that
affect health outcomes is well established. Socioeconomic disad-
vantage is associated with a greater prevalence of risk factors for
disease, including tobacco and alcohol use and overweight or
obesity.!> The relationship between disparate health outcomes
and increasing geographic remoteness is well established in
Australia. However, geographic remoteness alone does not
adequately reflect the disparity in health outcomes observed
among individuals residing in regional or remote areas, given that
socioeconomic characteristics also vary with geographic remote-
ness.* For example, “neo-materialistic” determinants of health,
including financial disadvantage, and psychosocial behaviors such
as access to social support and cohesion may not be adequately
captured using measures of geographic remoteness.” Finally, the
extent to which geographic remoteness and socioeconomic

Intersectional analysis has emerged as a novel method for
understanding health disparities and has been recognized as a
framework for facilitating health policy for improving health eq-
uity in Australia.®° Intersectionality, in the context of social sci-
ences, is a theoretical framework that explores the extent to which
sociodemographic characteristics interact and overlap to drive
health outcomes.®® Under an intersectional approach, the effect of
interactions between social strata may be considered additive or
multiplicative. Additive effects suggest that interactions between
sociodemographic characteristics and outcomes are uniform and
layered, whereas multiplicative effects suggest that interactions
may have amplifying or attenuating effects on outcomes.®!%!!
For example, if the interaction between sex and socioeconomic
status was determined to be additive, the impact of sex on mor-
tality would be homogenous regardless of socioeconomic status.
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In contrast, if multiplicative effects were identified, the effect of
sex on mortality may be greater for participants with lower so-
cioeconomic status.

Health-related quality of life (HRQoL) is a measure of a person’s
health status and captures physical and mental health domains.
Generic multiattribute utility instruments (MAUIs) are used to
derive utility values that reflect a person’s health state. These lie
on a scale anchored at 0 (representing dead) to 1 (representing full
health), with values <0 representing states considered to be
worse than death. A quality-adjusted life-year (QALY) incorporates
quality of life and survival into a single measure; that is, a QALY
reflects individual survival, adjusted for HRQoL, and is estimated
through multiplying the duration of time spent in a particular
health state by the utility score.'” The EQ-5D is the most widely
applied MAUI and is the instrument most often recommended by
health technology assessment methods guides.”* It measures
HRQoL in terms of 5 dimensions, with either 3 (EQ-5D-3L) or 5
(EQ-5D-5L) response options, and is accompanied by value sets
that allow for the estimation of a person’s HRQoL through the
application of a population-specific scoring algorithm to all health
states described by the questionnaire.'*'* In addition to informing
HRQoL, the EQ-5D has been used to estimate quality-adjusted life
expectancy (QALE).'®'® Studies have highlighted the potential
benefit of QALE (as distinguished from QALYSs) in exploring the
impact of disparities in health outcomes, as QALE incorporates
HRQoL with life expectancy (LE) estimates and captures both fatal
and nonfatal outcomes in a single measure of overall disease
burden.'”!°

In Australia, considerable disparities in health outcomes exist
between individuals living in metropolitan and regional or remote
areas.” Disparities in health outcomes for population groups in-
crease with greater levels of geographic remoteness and socio-
economic disadvantage.” However, few studies have explored the
disease burden attributed to disparities in the Australian context,
and to date, no studies have examined the impact of social
disadvantage, as measured by socioeconomic status, on QALE us-
ing an intersectional approach. This is despite equity being
recognized as a key domain for assessing health systems perfor-
mance based on the Australian Health Performance Framework,
which was developed by the Australian government in collabo-
ration with state and territorial governments to facilitate health
systems improvement and policy development.®?° Therefore, this
study aimed to (1) quantify the difference in QALE in Australia
across different areas of geographic remoteness and (2) examine
intersectionality and QALE along dimensions of age, sex, and so-
cioeconomic disadvantage using cross-sectional survey data.

A cross-sectional study was undertaken over a 2-month period
(April 2022-June 2022) to collect EQ-5D-5L data within the
community-dwelling Australian population setting.

A survey company (Stable Research) was engaged in recruit-
ing study participants for an online survey conducted across
Australia.’’ In determining the sample size, a total sample of
2000 participants achieved 80% power in detecting differences
among mean utility values versus the alternative of equal means
using an F-test with a 0.05 significance level. The sample was
obtained through a quota process from the survey company’s
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panel database using a nonprobability stratified proportional
sampling opt-in approach. Participants were eligible to partici-
pate if they (1) were aged = 18 years, (2) had sufficient English
skills to complete the survey, and (3) had adequate access to the
Internet. The survey was delivered via email and distributed
through the Confirmlt platform (Forsta, Oslo, Norway), with
participants completing the survey online. Upon completion of
the survey, the participant is notified of survey completion and
reimbursed based on their specific panel agreements.”’ In
particular, participants were reimbursed 250 points from panel
survey completion. Points can be accumulated until they have
earned 1000 (equivalent to Australian dollars [A$] 10), which
may be redeemed for an e-gift voucher.

Key parameters collected as part of the online survey include
participant age, gender, postcode, educational attainment, income,
and self-reported health conditions. Standardized health mea-
sures were also collected, including HRQoL as measured using the
EQ-5D-5L.'%??

Participant health status was measured using the EQ-5D-
5L.!4?2 This was converted into utility scores by applying a
recently-published value set for Australia to participants’ EQ-5D-
5L responses.”® Participant LE by age and sex for general Austra-
lians was informed by life tables obtained from the Australian
Bureau of Statistics (ABS). Given that LE varies by geographic
remoteness, hazard ratios for mortality were sourced from the
Australian Institute of Health and Welfare (AIHW)* to construct 4
life tables across 4 levels of geographic remoteness for Australians.
Participant geographic status was informed through matching
participant postcode data to geographic remoteness areas based
on the Australian Statistical Geography Standard Remoteness
Structure,*?* which is derived from the Accessibility/Remoteness
Index of Australia Plus (ARIA+). Areas of geographic remoteness
can be divided into 5 classes (“major cities,” “inner regional,”
“outer regional,” “remote,” and “very remote”) based on relative
geographic access to “service centers,” which are towns or local-
ities with populations =1000 that deliver at least some basic level
of health, education, or retail services.>* For the purposes of our
study, participants were classified as residing in “major cities,”
“inner regional,” “outer regional,” or “remote,” with the number of
participants residing in “very remote” areas collapsed into the
“remote/very remote” group given that the remotest groups rep-
resents a small proportion (0.8%) of the Australian population.***

LE was then adjusted for HRQoL using the predicted utility
scores for each of the age, sex, and remoteness level groups to
estimate QALE through the Sullivan method.”>*> QALE were
estimated by assigning the respective utility weights to the years
lived in each age interval using the life tables. In addition to
undiscounted QALE estimates, annual discount rates of 3% and 5%
were applied to estimate QALE as discounted values, in accordance
with guidelines for the discounting of outcomes in health eco-
nomic analyses across a variety of jurisdictions.'8°

In the primary intersectional analysis, participant age group,
sex, and Socioeconomic Indexes for Areas (SEIFA) scores were used
to define intersectional strata. An intersectional multilevel anal-
ysis of individual heterogeneity and discriminatory accuracy
(MAIHDA) was performed to explore the strata-specific average
QALE and the degree of clustering of QALE within each
stratum.?”?®



In the primary intersectional analysis, 3 dimensions of social
identity (age, sex, and SEIFA scores) were used to construct 18
intersectional strata for MAIHDA (Table 1).

Studies using a MAIHDA approach to explore intersectionality
partition age into broad strata to allow for distinguishing out-
comes across socially meaningful age categories while ensuring
equal distribution of sufficient participants across strata for
analysis.®!® As such, participant age was partitioned into 3
groups (18-34, 35-54, and =55 years) to capture early, middle,
and late adulthood with a fair distribution and sufficient par-
ticipants across each stratum.®'° Although response options
allowed for the capture of nonbinary or other-gendered cate-
gories, gender was recoded to a binary variable (“male” or “fe-
male”) to allow for the estimation of sex-specific LE and,
subsequently, sex-specific QALE. Henceforth, “sex” refers to self-
reported male or female gender.

SEIFA scores are a composite index of relative social advantage
and capture education, income, and geographic remoteness.”’
SEIFA is a product developed by ABS that ranks areas in
Australia according to relative socioeconomic advantage and
disadvantage.?® Participant postcode data were matched to SEIFA
scores based on the Index of Relative Socioeconomic Disadvan-
tage.*?° SEIFA scores were divided into 3 groups for the purposes
of the analyses. The first group comprised participants residing in
the most disadvantaged areas (SEIFA quintiles 1-2), the second
group comprised participants residing in midadvantaged areas
(SEIFA quintile 3), and the third group comprised participants
residing in the least disadvantaged areas (SEIFA quintiles 4-5).°

A secondary MAIHDA was performed using 5 dimensions of
social identity (age, sex, education, income, and remoteness area)
to explore potential effects that might not be captured through
broad categorizations of social dimensions.®® However, QALE was
only estimable for 178 of 216 strata and the precision in the sec-
ondary analysis was reduced because of the small number of
participants in each stratum.”®!! As such, the results of this sec-
ondary MAIHDA are presented in Appendix Tables A1 and A2 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
023.08.013.

Social dimensions used in the MAIHDA.

Male 18-34
35-54

55+

Female 18-34

35-54

55+
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Multivariable linear regression was performed to explore dif-
ferences in participants’ QALE and LE across remoteness areas.
First, univariable linear regression models were constructed across
the following variables to identify potential confounders: age (18-
34,35-54, and = 55 years), sex (male or female), level of education
(“high school or below,” “certificate/diploma,” and “tertiary edu-
cation”), household income levels (“< A$60 000 per year,” “A$60
000-A$89 000 per year,” or “= A$90 000 per year”), and the
presence or absence of any ongoing medical conditions (“any” vs
“no chronic health issues”). Variables found to have a significant
impact (P < .05) on QALE through univariable linear regression
were included in the final multivariable model to explore the
impact of geographic remoteness on QALE.

An intersectional MAIHDA models 2-level hierarchical data,
with individuals at level 1 nested within dimensions of social
strata at level 2. The advantages of an intersectional MAIHDA as
opposed to conventional fixed-effects (single-level) models to
explore intersectionality between social strata have been
described elsewhere.>®'>!" In brief, these include model parsi-
mony, simplicity in the interpretation of intersectional effects, and
the automatic adjustment of estimated effects based on the
observed stratum size that allows for a greater model precision.®
8,10,11

For the intersectional MAIHDA, null multilevel models were
constructed to estimate the total variance in an outcome attrib-
uted to differences between intersectional strata. The null model
comprised an intercept and the random effects component (the
intersectional strata) of a multilevel model.”'"° The magnitude of
the variance partition coefficient (VPC) estimated using the null
model is proportional to the extent to which the variance around
an outcome may be attributed to differences across intersections.
That is, a high VPC indicates that there are considerable differ-
ences in outcomes between intersectional strata, and similar
outcomes within strata. Conversely, a low VPC estimated in the

1-2 (most disadvantaged) 1
3 2
4-5 (most advantaged) 3
1-2 (most disadvantaged) 4
3 5
4-5 (most advantaged) 6
1-2 (most disadvantaged) 7
3 8
4-5 (most advantaged) 9
1-2 (most disadvantaged) 10
3 1
4-5 (most advantaged) 12
1-2 (most disadvantaged) 13
3 14
4-5 (most advantaged) 15
1-2 (most disadvantaged) 16
3 17
4-5 (most advantaged) 18

MAIHDA indicates multilevel analysis of individual heterogeneity and discriminatory accuracy; SEIFA, Socioeconomic Indexes for Areas.
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Sociodemographic characteristics of the study
participants.
Age, mean (SD) 48.4 (17.39)
Age group, n (%)
18-29 338 (16.9)
30-39 403 (20.1)
40-49 306 (15.3)
50-59 324 (16.2)
60-69 348 (17.4)
70-79 241 (12.0)
80+ 42 (2.1)
Sex, n (%)*
Male 813 (40.6)
Female 1171 (58.5)
Remoteness level, n (%)
Major cities 1248 (62.3)
Inner regional 505 (25.2)
Outer regional 198 (9.9)
Remote/very remote 34 (1.7)
Missing 17 (0.9)
Any chronic health issues’ 1554 (77.6)
Education, n (%)
High school or below 599 (29.9)
Certificate or diploma 638 (31.9)
Tertiary education 765 (38.2)
Income, n (%)
<$60 000 719 (35.9)
$60 000-$89 000 328 (16.4)
$90 000 790 (39.5)
Other? 165 (8.2)
SEIFA quintile, n (%)°
1 (most disadvantaged) 363 (18.3)
2 373 (18.8)
3 390 (19.6)
4 346 (17.4)
5 (most advantaged) 514 (25.9)
Missing 16 (0.8)

SEIFA indicates Socioeconomic Indexes for Areas.

*18 participants identified as having nonbinary or other gender.

"Based on participant self-reported medical history.

165 participants preferred not to answer/did not know.

SSEIFA quintiles range from 1 (areas scoring in the lowest 20%) to 5 (areas scoring
in the highest 20%).

null model suggests that health outcomes are similar between
intersectional strata but are considerably different within each
intersectional group.

Subsequently, each individual social dimension was added to
the fixed-effects component of each multilevel model to construct
a main effects MAIHDA model, allowing for the differentiation of
additive effects from intersectional interaction effects. The
magnitude of the VPC estimated from the main effects model (as
opposed to the VPC estimated in the null model) is proportional to
the degree of interaction between the variables used to define
intersectional strata. A lower VPC indicates that intersectional
differences are adequately explained by main effects, rather than
the random effects of the multilevel model. For example, a VPC of
0% estimated in the main effects MAIHDA model suggests that any
intersectional differences are additive and there are no intersec-
tional multiplicative interaction effects.

All statistical analyses were conducted using Stata 17.0 soft-
ware (StataCorp LP, College Station, TX). All MAIHDA models were
estimated using the Bayesian Markov chain Monte Carlo method
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with noninformative priors and Gibbs sampling.”®° The burn-in
length was 2500 iterations, and a total length of 10 000 was used.

The study was approved by Deakin University Human Research
Ethics Committee (reference number HEAG-H 100_2021).

The survey was distributed to 105 000 Australians on the
survey company panel database via email. A total of 4583 partic-
ipants commenced the survey, and of these, a total of 2002 par-
ticipants completed the survey. The sociodemographic
characteristics of surveyed participants are presented in Table 2. A
comparison of the characteristics of surveyed participants with
the adult (aged =18 years) Australian population is presented in
Appendix Table B1 in Supplemental Materials found at https://doi.
org/10.1016/j,jval.2023.08.013.431-34

The surveyed cohort was largely female (59%), aged < 65 years,
and residing in major cities or inner regional areas of Australia
(87%). Overall, educational attainment was high with almost 70%
of participants having at least a certificate- or diploma-level
qualification and more than half of participants had reported an
annual income of >$60 000. Participant SEIFA scores, which were
matched to postcode data collected in the survey, were largely
reflective of participant-reported educational attainment and in-
come. Most participants had reported some form of ongoing
medical condition (78%). Ultimately, with the exception of the
presence of ongoing medical conditions, the characteristics of the
surveyed sample are broadly representative of the sociodemo-
graphic profile of the Australian population based on data from
the ABS and AIHW.?'*°

Participant utility scores, by age, sex, geographic remoteness,
and SEIFA quintile are presented in Appendix Table C1 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2023.
08.013. In brief, participant utility scores were used in conjunction
with life tables from the ABS to estimate QALE and LE from birth
through the Sullivan method, stratified by sex and geographic
remoteness (Appendix Table C2 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2023.08.013).136

The results of univariable and multivariable linear regression
modeling for QALE (undiscounted) are presented in Table 3.
Additional results of linear regression modeling for QALE (dis-
counted) are presented in Appendix Tables D1 and D2 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
023.08.013.

Based on the results of univariable linear regression modeling,
QALE was 2.7 years lower for participants living in inner regional
areas (p-coefficient, —2.7; 95% CI —4.1 to —1.2; P < .001) than
participants in major cities, but not significantly lower for par-
ticipants in outer regional, remote, or very remote areas (P > .05
for both). QALE also declined significantly with increasing age,
whereas significant increases in QALE were observed for female
participants, participants reporting greater income levels or ter-
tiary education, and participants without chronic health issues.
After adjustment for key confounding variables in the multivari-
able analysis, QALE was significantly lower with increasing levels
of remoteness, ranging from a reduction in QALE of 1.0 (inner
regional) to 3.3 (remote/very remote) years.


https://doi.org/10.1016/j.jval.2023.08.013
https://doi.org/10.1016/j.jval.2023.08.013
https://doi.org/10.1016/j.jval.2023.08.013
https://doi.org/10.1016/j.jval.2023.08.013
https://doi.org/10.1016/j.jval.2023.08.013
https://doi.org/10.1016/j.jval.2023.08.013
https://doi.org/10.1016/j.jval.2023.08.013

As with QALE, participant remoteness (metropolitan vs inner
regional), sex (female vs male), education (tertiary vs high school
or below), income (= A$60 000 vs < A$60 000), and medical
history (no current health issues vs any chronic health issues)
were associated with greater LE in univariable modeling. In the
multivariable regression model exploring the impact of
geographic remoteness on LE, the only significant difference in LE
was observed between participants in major cities and remote/
very remote areas (p-coefficient, —2.4 95% CI —4.4 to —0.4; P =
.016).

The results of the intersectional MAIHDA, including the VPCs
(expressed as percentage) estimated for the null model and main
effects models and regression coefficients (expressed as [p-co-
efficients), are presented in Table 4.

Based on the VPC estimated for the null multilevel model for
QALE, 88.8% of the total variance in QALE was attributed to
between-stratum differences, with minimal within-stratum dif-
ferences occurring. Similarly, a considerable proportion of the
total variance in LE was attributed to between-stratum differences
(null model VPC, 89.3%). The VPC estimated in the main effects
interaction models were low (2.2% for QALE and 0.7% for LE) and
declined considerably (88.8%-2.2% for QALE, 89.3%-0.7% for LE)
from the null model to the multilevel main effects model.

Results of regression analyses on LE and QALE.

Remoteness area
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Therefore, most of between-stratum variance was attributed to
the additive main effects of participant age group, sex, and SEIFA.
There was minimal evidence of multiplicative intersectional ef-
fects on QALE.

The predicted results of participant QALE by the intersectional
group are presented in Table 5.

Mean predicted QALE was considerably different between age
and sex strata. For example, mean QALE was 46.8 years (95% Cl
455-48.1) (undiscounted) for males aged 18 to 34 years and
residing in areas of high disadvantage (SEIFA quintiles 1-2). In
comparison, mean QALE was 49.3 years (95% Cl 48.5-50.2)
(undiscounted) for females in the same age and SEIFA strata and
34.8 (95% CI 33.3-36.3) (undiscounted) for older males (aged 35-
54 years) in the same SEIFA strata. The mean predicted QALE did
not vary considerably among different SEIFA strata.

To the best of our knowledge, our study is the first to apply an
intersectional MAIHDA approach to explore the impact of socio-
economic disparities and geographic remoteness on health out-
comes in Australia. We found that increasing geographic
remoteness is associated with decreasing QALE, whereas LE only
decreased significantly for participants in remote/very remote
regions. Although this may be attributed to limitations in sample

Major cities REF REF REF REF

Inner regional —-25(-4.1to -0.8) .005 —0.6 (—1.2to 0.0) .058 —2.7(-4.1to —-1.2) <.001 -1.0(-1.5t0 —0.4) <.001

Outer regional 0.1 (2.2 to 2.6) 902 —-0.4(—1.3to0 0.4) 345 -0.8(-2.7t0 1.2) 437 -1.1(-1.8to —-0.3) .001

Remote/very remote 2.4 (3.2 to 8.0) 419 -24(-44to -04) .016 0.7 (—4.1to 5.6) .770 —-33(-5.2to —1.4) <.001
Age group

18-34 REF REF REF REF

35-54 -16.3 (=17.0 <.001 —-15.9 (-16.5 <.001 -13.9(-14.4 <.001 —13.6 (=141 <.001

to —15.7) to —15.2) to —13.4) to —13.1)
55+ —36.7 (—-37.3 <.001 —-35.1(-35.8 <.001 -31.4 (=319 <.001 -30.1 (-30.7 <.001
to —36.1) to —34.5) to —30.8) to —29.6)

Sex

Male REF REF REF REF

Female 8.1 (6.7-9.5) <.001 4.3(3.8-4.9) <.001 6.0 (4.8-7.2) <.001 2.8 (2.4-3.3) <.001
Level of education

High school or below REF REF REF REF

Certificate/diploma 0.8 (—1.0to 2.7) .395 0.1 (0.6 to 0.8) .806 0.8 (—0.8 to 2.4) .336 0.1 (—0.5t0 0.7) .707

Tertiary 4.6 (2.8-6.4) <.001 —-0.4 (—=1.1to 0.3) 244 4.4 (2.8-5.9) <.001 -0.2(-0.8 to 0.5) .621
Income levels*

<$60 000 REF REF REF REF

$60 0000-$89 000 4.3 (2.2-6.5) <.001 0.3 (-0.5to 1.1) 426 3.8 (1.9-5.6) <.001 0.2 (—0.5to0 0.9) .592

=$90 000 9.5 (7.9-11.1) <.001 2.0(1.3-2.6) <.001 8.4(7.1-9.7) <.001 1.7 (1.1-2.2) .001
Medical history

Any chronic health REF REF REF REF

issues
No chronic health 8.5 (6.8-10.2) <.001 1.0 (0.4-1.7) <.001 7.5(6.1-8.8) <.001 0.9 (0.4-1.5) .001
issues

LE indicates life expectancy; QALE, quality-adjusted life expectancy; REF, reference.

*Income presented as 2022 A$.
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size, in line with data from the AIHW,* participants were older in
inner regional cities and younger in remote/very remote regions
relative to participants in major cities. Given that age is a key
determining factor of LE, the lack of statistically significant re-
ductions to LE for participants in inner or outer regional areas may
be due to the inherent limitation of LE in capturing health out-
comes beyond mortality. Despite participants being younger, the
greater risk of mortality (1.3 times higher vs major cities) likely
contributed to the significant reduction in LE for participants
residing in remote/very remote regions.® Notably, there was a
more pronounced decline in QALE (—3.3 years for remote/very
remote vs major cities) than LE (—2.4 years for remote/very
remote vs major cities). As such, QALE is more sensitive to changes
in HRQoL due to disparities in healthcare access for individuals
residing in remote/very remote regions relative to health-adjusted
LE or LE alone. Participant socioeconomic characteristics,
including education and income levels, also significantly affected
QALE and LE.

No evidence of multiplicative intersectional effects was iden-
tified in the MAIHDA intersectional analysis, with most of
between-stratum variance being explained through additive ef-
fects of age, sex, and SEIFA score. This was broadly consistent with
other MAIHDA, which found that most of the observed variance
between strata was attributed to additive effects.”®!" That is,
based on our MAIHDA, the social dimensions (age, sex, and SEIFA)
did not interact to amplify the predicted QALE. Hence, our findings
suggest that interventions for improving QALE in disadvantaged
areas would be most effectively implemented by addressing the
broad, underlying socioeconomic determinants of health, as
opposed to targeting any potential intersectional impacts attrib-
uted to age or sex.® In the context of health policy in Australia,
such interventions may include the reform of funding structures
for primary healthcare clinicians to ensure the adequate distri-
bution of health services across areas of geographic remoteness.>”
Other broad public health interventions include improving access

Results of MAIHDA modeling.
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to educational attainment, targeting of modifiable risk factors
such as tobacco consumption, and improving structural access to
primary healthcare.! However, despite the lack of evidence for
multiplicative effects in our analysis, it is important to acknowl-
edge that a combined approach using both universal and targeted
policies is warranted to better improve health equity.*’ Finally, it is
worth noting that the intersections exhibited suboptimal
discriminatory accuracy from the MAIHDA compared with the
conventional main effects regression models. Most of the het-
erogeneity in QALE outcomes exist within rather than between
intersectional strata, which is consistent with the overall findings
emerging from MAIHDA of other outcomes,®'>>4-*° and as noted
earlier, the intersections constructed for the MAIHDA model do
not differentiate participant QALE.

A study conducted in the UK*! found that health disparities
may be substantially greater when measured using QALE relative
to LE or health-adjusted LE alone. As the EQ-5D-5L captures
morbidity across physical and mental domains of health, health
disparities may better be reflected in QALE; hence, the difference
in QALE across the social strata is greater than that observed for
LE. Therefore, our analyses may better quantify discrepancies in
outcomes over time to provide an understanding of how health
outcomes evolve with evolving socioeconomic characteristics.
Notably, the gap in LE was wider than for QALE for females (vs
males) and across age strata based on our regression analyses
(Table 3). Other studies have identified instances of the difference
in LE being greater than the difference QALE across strata (such as
when comparing women and men in the UK and The
Netherlands), which initiates discussion around the trade-off be-
tween longevity with and without morbidity.>®** Based on our
findings, although the mortality burden (LE) among Australian
females is lower relative to males, the smaller gain in QALE
highlights the unmet need to address sex-specific contributors to
morbidity. This is in line with studies conducted abroad; notably,
financial hardship and inadequate management of chronic pain or

Sex

Male REF REF REF REF

Female 4.1 (3.4-4.8) 2.5(1.6-3.4) 0.9 (0.3-1.4) 0.5 (0.1-0.9)
Age group

Young (18-34 years) REF REF REF REF

Middle (35-54 years)
Old (55+)

SEIFA quintiles
1-2
3
4-5

Null model
Between-stratum variance
Within-stratum variance

VPC (%)
Between-stratum variance
Within-stratum variance

VPC (%)

—16.0 (—16.8 to —15.1)
—36.1 (—36.8 to —35.2)

REF
—0.0 (—0.9 to 0.8)
0.1 (-0.6 t0 0.9)

255.2
30.6

89.30
0.2
30.6

0.7

—13.6 (—14.6 to —12.6)
—31.0 (—32.1 to —30.0)

REF
0.1 (-0.91to0 1.2)
0.6 (—0.4to 1.6)

184.5
234

88.75
0.5
234

2.2

—12.1 (=128 to —11.4)
—19.3 (—20.0 to —18.7)

REF
—0.0 (0.7 to 0.7)
—0.1 (=0.7 to 0.6)

76.6
10.1

88.39
0.2
10.1

2.2

—8.9(-9.4to —8.4)
—12.5(—=13.0 to —12.0)

REF
—0.1(-0.6 to 0.5)
—0.2(-0.7 to 0.4)

31.7
5.9

84.4
0.2
5.9

2.7

Note. VPC = Between-stratum variance / (between-stratum variance + within-stratum variance) X 100%.
LE indicates life expectancy; MAIHDA, multilevel analysis of individual heterogeneity and discriminatory accuracy; QALE, quality-adjusted life expectancy; REF, reference;

SEIFA, Socioeconomic Indexes for Areas; VPC, variance partition coefficient.



Results of participant QALE by intersectional group.

1 YM1
2 YM2
3 YM3
4 MM1
5 MM2
6 MM3
7 oM1
8 oMm2
9 OoM3
10 YF1
11 YF2
12 YF3
13 MF1
14 MF2
15 MF3
16 OF1
17 OF2
18 OF3

46.8 (45.5-48.1)
46.5 (44.8-48.1)
47.0 (45.9-48.0)
33.3(32.3-34.3)
34.8 (33.3-36.3)
34.6 (33.7-35.5)
15.0 (14.1-15.8)
15.2 (14.1-16.3)
16.3 (15.5-17.0)
49.3 (48.5-50.2)
49.1 (48.0-50.2)
50.1 (49.3-50.9)
35.0 (34.2-35.7)
35.2 (34.2-36.2)
35.5 (34.7-36.3)
19.6 (18.9-20.4)
18.9 (17.9-19.9)
18.7 (17.9-19.4)

PREFERENCE-BASED ASSESSMENTS

21.6 (20.8-22.4)
21.0 (19.9-22.1)
20.2 (19.5-20.9)
9.5 (8.8-10.2)
10.3 (9.3-11.3)
9.7 (9.2-10.3)
2.2 (1.7-2.7)
2.2 (1.5-2.9)
2.4 (1.9-2.9)
22.9 (22.3-23.4)
22,4 (21.7-23.2)
22.9 (22.4-23.4)
9.8 (9.3-10.3)
9.9 (9.2-10.5)
9.9 (9.4-10.4)
3.1 (2.6-3.6)
2.9 (2.2-3.6)
2.9 (2.4-3.4)

13.2(12.6-13.9)
12.7 (11.8-13.4)
11.8 (11.3-12.3)
4.3 (3.8-4.8)
4.7 (4.0-5.5)
4.3 (3.9-4.8)
0.6 (0.2-1.0)
0.6 (0.1-1.2)
0.7 (0.4-1.1)
14.0 (13.6-14.4)
13.6 (13.0-14.2)
14.0 (13.6-14.3)
4.4 (4.0-4.7)
4.4 (3.9-4.9)
4.4 (4.0-4.8)
1.0 (0.6-1.3)
0.9 (0.4-1.4)
0.9 (0.5-1.3)
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MF1 indicates female, aged 35-54, SEIFA quintiles 1-2; MF2, female, aged 35-54, SEIFA quintile 3; MF3, female, aged 35-54, SEIFA quintiles 4-5; MM1, male, aged 35-54,
SEIFA quintiles 1-2; MM2, male, aged 35-54, SEIFA quintile 3; MM3, male, aged 35-54, SEIFA quintiles 4-5; OF1, female, aged = 55 years, SEIFA quintiles 1-2; OF2, female,
aged = 55 years, SEIFA quintile 3; OF3, female, aged = 55 years, SEIFA quintiles 4-5; OM1, male, aged = 55 years, SEIFA quintiles 1-2; OM2, male, aged = 55 years, SEIFA
quintile 3; OM3, male, aged = 55 years, SEIFA quintiles 4-5; QALE, quality-adjusted life expectancy; SEIFA, Socioeconomic Indexes for Areas; YF1, female, aged 18-34,
SEIFA quintiles 1-2; YF2, female, aged 18-34, SEIFA quintile 3; YF3, female, aged 18-34, SEIFA quintiles 4-5; YM1, male, aged 18-34, SEIFA quintiles 1-2; YM2, male,

aged 18-34, SEIFA quintile 3; YM3, male, aged 18-34, SEIFA quintiles 4-5.

discomfort and anxiety or depressive symptoms have been iden-
tified as key factors for a lower gap in QALE between males and
females.!”®*3 Conversely, the greater reduction in LE with
increasing age, relative to QALE, may highlight the need to address
disparities in access to services to treat or prevent acute health
events among aging populations.'”*®#® Finally, the QALE gap by
remoteness level was also wider than that for LE from the
multivariable regression analysis, which suggested that disparities
exist in LE and HRQoL. This finding is in accordance with previous
studies conducted in the UK."*? Ultimately, our study highlights
the value of using both LE in conjunction with QALE as metrics for
facilitating decision making and health policy that better ad-
dresses disparities in health outcomes.

Although there is no established willingness to pay threshold
in Australia, a threshold of A$50 000 per QALY is used in deter-
mining the cost-effectiveness of new health technologies in
Australia.?® From our QALE data, the required number of QALYs
gained to raise QALE in the most remote areas relative to metro-
politan areas may be estimated through taking the overall popu-
lation size in remote/very remote areas (493 386 persons in 2019)
into account; that is, a total increase of 1.6 million QALYs would be
required in 2019 (3.3 QALYs x 493 386) to reduce the gap in
QALE.** Therefore, the QALE gap in Australia is worth A$165 000
per person (1.6 million QALYs X A$50 000 per QALY divided by
493 386) in the most remote areas. As such, our findings highlight
the considerable cost consequences associated with ongoing dis-
parities in health because of a combination of socioeconomic
disadvantage and geographic remoteness in Australia.

Our study was based on survey data collected from a nationally
representative cohort of participants to allow for the capture of
differences in outcomes based on geographic remoteness. How-
ever, it was not without its limitations. First, the surveyed cohort
was relatively small (N = 2002) despite being purposely drawn
from regions across Australia. Hence, it is likely that our regression
analyses were underpowered to detect differences in LE or QALE
for participants residing in outer regional or remote/very remote
areas. However, the proportional distribution of the Australian
population residing in outer regional or remote/very remote areas
is small (~ 10% of the Australian population), and the under-
representativeness of participants residing in these areas (and
subsequent impacts on statistical analyses) is a limitation across
cross-sectional studies which use Australian survey data.*>*®
Furthermore, to ensure adequate data in each stratum, the num-
ber of social dimensions in the primary MAIHDA were restricted to
age, sex, and SEIFA quintiles with other characteristics, including
race and nonbinary gender being omitted. Importantly, there are
considerable disparities in health outcomes between indigenous
and nonindigenous Australians that are attributed to socioeco-
nomic disadvantage.”” Furthermore, the geographic distribution of
indigenous Australians varies, with the proportion of indigenous
Australians increasing with increasing geographic remoteness.’
However, it was not possible to explore the interaction between
race and geographic remoteness on QALE using MAIHDA because
of limitations in sample size and, correspondingly, the number of
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possible strata. Furthermore, the proportion of surveyed partici-
pants who were indigenous Australian was small (4.0%); as such,
the inclusion of race in the MAIHDA model would not have been
informative.®'° Additional justification for limiting our primary
MAIHDA analysis to 18 strata was provided in our secondary
analysis, which found a considerable number of missing strata (38
of 216 potential strata) and reduced statistical power (see
Appendix Tables A1 and A2 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2023.08.013). Ultimately, a future
study using a larger data set would allow for a more robust
analysis of the impact of geographic remoteness on outcomes, as
well as more granular analyses of intersectionality across more
sociodemographic factors, including race and gender.

Second, our analyses were based on self-reported, cross-
sectional data collected across Australia during the COVID-19
pandemic. As such, there is likely reporting bias in the use of
self-reported income and educational and health status for our
analyses. It was also not possible to explore the impact associated
with transitioning between intersectional strata on QALE because
of the cross-sectional nature of our data. Furthermore, a recently
published Australian study found that HRQoL was significantly
lower during the COVID-19 pandemic than prepandemic data.*®
Similarly, participant quality of life as estimated using the EQ-5D
and therefore QALE would likely be considerably different in the
period after the relaxation of public health measures for COVID-
19, which limits the generalizability of our findings.**>° Howev-
er, given that implementation of public health measures such as
lockdowns varied across jurisdictions, it was not possible to
discern the impact of such measures on HRQoL across socioeco-
nomic or geographic strata with our data.”'

Finally, negative utility values reflecting a health state worse
than death may be elicited through MAUIs.">>? Hence, using QALE
as a population health indicator could present a mathematical
challenge because individuals with negative utility scores would
have negative QALE and consequently have their LE subtracted
from the population LE. This is the potential issue in using EQ-5D
utility scores to measure QALE given that this may be methodo-
logically controversial.

We found that increasing geographic remoteness had detri-
mental effects on QALE and, to a lesser extent, LE. Furthermore,
disparities in socioeconomic status are more likely to be captured
through QALE relative to LE or health-adjusted LE alone. Only
additive effects were identified in our primary analysis, high-
lighting the need to address underlying social determinants of
health as opposed to policies that target interactions between
socioeconomic and geographic characteristics.
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