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Abstract

INTRODUCTION: Social determinants of health (SDH) are recognized as contributing
factors to cognitive disorders, but their collective influence on dementia risk remains
unclear.
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30.6% women), most disadvantaged (Class 2: 20.2% men; 19.4% women), high social
support with Class 1 features (Class 3: 22.2% men; 24.1% women), and high social sup-
port with Class 2 features (Class 4: 26.1% men; 25.7% women). Compared to Class 1,
men (HR: 1.49, 95% Cl: 1.12-1.98) and women (HR: 1.56, 95% Cl: 1.17-2.07) in Class
2,and women in Class 4 (HR: 1.66, 95% Cl: 1.28-2.16) had a higher dementia risk.
DISCUSSION: Socioeconomic disadvantage was associated with incident demen-
tia. Despite stronger social support, women’s cognitive capacity appeared to be
disproportionately impacted by adverse SDH.
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1 | BACKGROUND

Dementia poses a significant and growing public health challenge
amidst global demographic shifts toward aging populations. The World
Population Prospects 2024 report highlights a rapid increase in the
number of older adults, particularly those aged 65 and above, both
globally and in Australia.! Concurrently, the prevalence of dementia
is projected to surge, with an estimated 153 million people worldwide
expected to be living with dementia by 2050, and women remain at a
greater risk than men.? 2 Projections based on Australian data suggest
that delaying dementia onset by 5 years through preventive efforts
could reduce its prevalence by 44% in 2050.4

Numerous systematic reviews provide evidence that socioeco-
nomic and psychosocial conditions throughout the life course influence

5-10 including less education, low

the risk of developing dementia,
income, neighborhood disadvantages, social isolation, loneliness, and
psychosocial stresses, among others. Collectively known as “social
determinants of health” (SDH), the World Health Organization (WHO)
describes them as non-medical factors that influence health outcomes
and constitute the conditions in which people are born, grow, work, live,
and age.!!

The concept of “social gradient” in health explains how individuals
positioned lower on the socioeconomic scale tend to experience worse
health outcomes compared to those higher up the social hierarchy,
thereby contributing to health inequities, with older people being espe-
cially vulnerable.? The United Nations (UN) has formulated an action
plan known as the UN Decade of Healthy Ageing 2021-2030, which
aims to reduce inequities related to healthy aging, with particular
emphasis on older women who often experience greater socioeco-
nomic disadvantages.!® Therefore, gaining an in-depth understanding
of SDH is necessary to design interventions that will reduce inequities

and population burden.

aged, cluster analysis, cognition, dementia, gender differences, health inequities, healthy aging,
latent class analysis, leisure activities, risk factors, social deprivation, social determinants of
health, social isolation, social support, socioeconomic disparities in health, structural determi-

e Four distinct multidimensional clusters were identified from a wide range of 72
social determinants of health.

* These clusters were associated with dementia risk differently in men and women.

* In both men and women, the most socioeconomically disadvantaged group had a
higher risk of dementia.

» Despite stronger interpersonal social support, women had a greater risk of demen-

* The addition of known dementia risk factors in cluster analysis did not change
the findings, suggesting that social determinants of health independently predict

To further contextualize and frame our research, we draw on
Manfred Max-Neef's Human Scale Development as the underpinning
theory.* Unlike hierarchical theories that focus on sequential needs,
Max-Neef's theory discusses needs that are complementary, with each
being necessary to achieve satisfaction. It argues that fundamental
human needs - such as subsistence, protection, affection, under-
standing, participation, leisure, creation, identity, and freedom - must
be viewed as interrelated and interactive components of a broader
system. Building on this perspective, SDH are recognized for their
systemic, population-based, cyclical, and intergenerational nature.’”
They are interconnected; for example, educational opportunities
and achievements influence occupational and employment prospects,
which subsequently affect income levels. Income then shapes other
SDH conditions, such as access to advantageous neighborhoods, hous-
ing, and healthcare. As aresult, people often face multiple adverse SDH
simultaneously rather than in isolation.

In our prior research,'® we examined the relationship between clus-
ters of social connections and dementia risk, showing that men with
weak social connections and women with social connection pattern
characterized by a larger network of friends and relatives had greater
dementia risks. Similar to our work, much of the existing literature
predominantly focuses on specific subsets of SDH, such as education,
income, and social (dis)connectedness, when investigating their associ-
ation with dementia.’®-21 Another approach involves using composite
indices such as the Social Deprivation Index,22 which is calculated
from a set of SDH measures that might oversimplify the intercon-
nected nature of adverse SDH. These approaches, with their focus
on limited variables or a single domain of SDH, potentially overlook
the co-occurrence or clustering of multidomain adverse SDH within
individuals.

Hence, we aimed to fill existing gaps in knowledge with two pri-

mary objectives: (1) identifying co-occurring clusters of SDH, and
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(2) examining their associations with the risk of dementia in a cohort
of relatively healthy community-dwelling adults aged 70+ years. Addi-
tionally, we hypothesized that other known risk factors for dementia
may cluster with adverse SDH. Therefore, our secondary objectives
were: (1) identifying clusters from SDH and other dementia risk fac-
tors, and (2) investigating their influence on dementia risk. Given the
gender-based disparities in both social determinants and dementia
incidence, analyses were gender-disaggregated.

2 | METHODS
21 | Study population

In this prospective cohort study, we conducted a secondary data
analysis involving Australian participants from the ASPirin in Reduc-
ing Events in the Elderly (ASPREE) trial,2® its substudy the ASPREE
Longitudinal Study of Older Persons (ALSOP),%* and its extension
(ASPREE-XT) observational study.2> ASPREE was a double-blind, ran-
domized, placebo-controlled trial that examined the effects of daily
100 mg aspirin on various health outcomes. Between March 2010
and December 2014, the trial enrolled 19114 participants, including
16703 (87%) from Australia, through their usual primary healthcare
providers. Participants were relatively healthy at baseline, as the
inclusion criteria required individuals without major cognitive impair-
ment (defined by a Modified Mini-Mental State Examination [SMS]
score < 78/100), clinical diagnosis of dementia, cardiovascular dis-
eases, or independence-limiting physical disability. The intervention
phase of the trial concluded in June 2017, and participants were fol-
lowed prospectively until January 2018, with analysis revealing no
evidence supporting the efficacy of aspirin in reducing dementia risk
over a median 4.7-year follow-up.2¢ Therefore, the present study did
not adjust for the intervention arm assignment.

Australian participants from the ASPREE trial were sent the ALSOP
medical and social questionnaires, typically within the first year of
their ASPREE study participation, hence referred to as the baseline
questionnaires.?* These questionnaires gathered information on a
broad range of general medical, lifestyle, behavioral, psychosocial, eco-
nomic, and environmental factors. Between June 2017 and January
2018, ASPREE participants were invited to participate in the ongoing
ASPREE-XT observational follow-up study, continuing the annual in-
person visits, telephone contact, and/or medical record reviews that
were part of the clinical trial visits.2> The present study comprised
12896 Australian ASPREE participants aged 70+ years who com-
pleted the ALSOP baseline social questionnaire. The study design and

participant flow are illustrated in Figure 1A and B.

2.2 | Measures

The measures used as latent class indicators, assessed at enrollment
in the ASPREE and ALSOP studies, were classified into two main

groups: social determinants of health, and other modifiable non-social
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RESEARCH IN CONTEXT

1. Systematic review: A literature search was conducted
using MEDLINE and Google Scholar databases to identify
observational studies examining various social determi-
nants of health (SDH) and their association with the risk
of dementia in older adults. While existing research pro-
vides insights into the relationship between selective
individual and neighborhood-level SDH and dementia
risk, there is insufficient investigation into the cluster-
ing of multidomain SDH and their collective influence
on dementia, especially considering their interconnected
nature. This gap is particularly notable in the context
of gender-disaggregated analysis. Addressing this area
of research is important for understanding how com-
plex and multidimensional factors contribute to dementia
risk, which is essential for developing targeted, equitable
interventions, and policies to reduce the disease burden.

2. Interpretation: Through assessing the interconnected
and co-occurring nature of SDH that older Australians
experience, we identified four distinct clusters. Our anal-
ysis showed how these SDH clusters influence dementia
risk differently in men and women.

3. Future directions: Interventions and strategies target-
ing the reduction of multidimensional social deprivation,
with particular attention to gender-specific needs, have
the potential to mitigate the high prevalence of dementia.
Policymakers must prioritize comprehensive strategies
that address the root causes of social and economic
disadvantages to reduce health inequities and improve
cognitive health outcomes. Future research should con-
tinue to expand on understanding the link and pathway
between multiple adverse SDH and incident dementia

across diverse populations.

risk factors of dementia. Incident dementia, the study outcome, was

longitudinally assessed during follow-ups.

221 | SDH

The selection of SDH was guided by the conceptual framework devel-
oped by the WHO’s Commission on Social Determinants of Health.1!
This framework categorizes SDH as follows:

1. Structural determinants, which involve an interplay between socioe-
conomic and political contexts, structural mechanisms generating
social stratification, and resulting socioeconomic positions of indi-
viduals. Examples of key structural determinants include education,

income, race, and gender.
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‘ ' ' (according to DSM-V criteria,

adjudicated by an expert panel)
assessed at enroliment follow-up for 12 (median: 8.4) years
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19,114 eligible participants underwent randomization for ASPREE trial
(16,703 from Australia; 2,411 from the US)

v

16,439 participants from Australia were invited to participate in
ALSOP ~36 months following ASPREE recruitment

)

)
v

)

)

(B) [
[ 14,892 Australian participants completed the ALSOP baseline medical
©) [

questionnaire (90% response rate)

v

12,896 Australian participants completed the ALSOP baseline social
questionnaire (90% response rate) 5,884 men; 7,012 women]

73 social determinants of health (SDH) and
11 non-social risk factors of dementia were selected

Imputed missing values using missForest method
Excluded strongly correlated variables

72 social determinants of health (SDH) and
10 non-social risk factors of dementia remained

Latent class analysis (LCA) stratified by gender:
1. Primary LCA: included only SDH
2. Secondary LCA: included SDH & other risk factors

FIGURE 1 Anoverview of the study illustrating (A) study design,
(B) flow diagram of study participants, and (C) analytic strategy.

2. Intermediary determinants, which are downstream factors specific
to individuals’ positions within social hierarchies based on their
respective social status. These include material circumstances
(e.g., housing characteristics), behaviors and biological factors,
and socioenvironmental or psychosocial circumstances (e.g., social

connections, adverse life events).

In this study, we initially identified 73 self-reported SDH (the final
analysis included 72 SDH; see Subsection 2.3.1 for more details),
mostly at the individual level, except for residence remoteness and
the Socio-Economic Indexes for Areas - Index of Relative Socio-
Economic Advantage and Disadvantage (SEIFA-IRSAD), which were
neighborhood-level measures (see Table S1).

2.2.2 | Other modifiable non-social risk factors for
dementia

In addition to SDH, we selected potentially modifiable non-social risk
factors for dementia outlined in major reviews on dementia prevention,
such as the 2020 Lancet Commission report?” and WHO guidelines

on risk reduction of cognitive decline and dementia.?® From the avail-

able data, we extracted 11 variables (with the final analysis including
10 variables; see Subsection 2.3.1 for details) representing nine risk
factors: hearing impairment, hypertension, excessive alcohol consump-
tion, obesity, smoking, depression, physical inactivity, diabetes, and
dyslipidemia. Further details, including measurements and categoriza-
tions, are provided in Table S2 and its accompanying footnotes.

2.2.3 | Dementia ascertainment

All participants underwent regular cognitive testing, assessing global
cognition, verbal fluency, episodic memory, and psychomotor speed
at baseline, years 1, 3, 5, with a final visit in 2017 as part of the
ASPREE trial. Annual cognitive assessments have continued during the
ASPREE-XT phase, which is ongoing. Although only the global assess-
ment was administered in the first XT-year, the full battery of tests
was reinstated thereafter. Individuals suspected of having demen-
tia (based on predefined triggers: a 3MS score < 78/100, a drop in
age-education adjusted predicted 3MS score of > 10.15 points from
baseline, self-reported cognitive issues, a clinician diagnosis of demen-
tia, or prescription of cholinesterase inhibitors) were referred for
further cognitive and functional assessments.2¢ An adjudication com-
mittee, consisting of neurologists and geriatricians, reviewed these
results and diagnosed dementia based on criteria specified in the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-1V).
Time-to-event was defined as the time from enrollment to the demen-
tia trigger that resulted in a confirmed dementia diagnosis by the

adjudication committee.2%

2.3 | Statistical analysis

Data from the most recently released dataset, collected up to the
fourth annual visit of ASPREE-XT (which began on February 1, 2018),
were analyzed. Statistical analyses were conducted on a binary gender-
disaggregated basis (men vs. women) using Stata/MP v.17 (StataCorp
LLC, College Station, Texas, USA) and R v.4.2.0 (R Foundation for Sta-
tistical Computing, Vienna, Austria). While a two-tailed p < 0.05 was
considered the threshold for statistical significance, the quantitative
interpretation adheres to the recommendations by the American Sta-

tistical Association.?? The analytic strategy is summarized in Figure 1C.

2.3.1 | Data preprocessing

We evaluated missing data and found it to be low (mostly < 5% in each
latent class indicator) (Table S3). To determine whether data were miss-
ing completely at random (MCAR), we conducted Little’s MCAR test,3°
which showed that the assumption was not met. Therefore, to avoid
introducing selection bias from a complete-case analysis, we imputed

t.31 a non-parametric random forest

the missing values using missFores
iterative imputation, before clustering analysis.
We then examined the correlation between these variables using

Spearman’s rank correlation test. Two pairs showed a very strong
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correlation (Spearman’s p < -0.8 or > 0.8)%2 in both men and women.
One pair from the initial 73 SDH was “living alone” and “currently
married/partnered.” We retained “living alone” to reflect a more con-
temporary perspective of an individual’s social context, resulting in 72
SDH for further analysis. The second correlated pair among non-social
risk factors was “smoking” and “pack-year smoking history.” To align
with the majority of risk factor studies, we retained “smoking,” leaving
atotal of 10 variables under non-social risk factors.

2.3.2 | Latent class analysis

Latent class analysis (LCA) is an unsupervised learning model-based
clustering algorithm that enables the identification of relatively
homogenous groups within a heterogeneous population based on
shared characteristics. We implemented LCA using Marbac and Sedki’s
approach in the R package VarSelLCM.33-34 This method allows for the
detection of relevant variables for clustering by assuming that only
a subset of variables explains the partition. Variable selection was
achieved through finite mixture models, facilitating interpretation of
results and improving the accuracy of estimators. The relevance of a
variable for clustering is determined by its discriminative power, with a
higher index indicating greater influence on cluster formation.34 3°

Two types of gender-specific latent class analyses were performed.
In the primary analysis, 72 SDH served as latent class indicators,
while in the secondary analysis, 10 risk factors were added along-
side the 72 SDH. Models with one to seven clusters were fitted, with
each model undergoing estimation for a maximum of 1000 iterations
to achieve stability. The number of clusters was selected based on
Bayesian Information Criterion (BIC) values, with lower BIC indicating
abetter model.2¢ Although the 7-class model had the lowest BIC value,
it was not optimal for interpretation, public health recommendations,
or clinical utility due to the excessive number of classes. Therefore, we
applied the elbow method to balance simplicity of interpretation and
statistical precision.®” Graphing BIC values (y-axis) against the num-
ber of clusters (x-axis) revealed a marked flattening at four clusters,
prompting the choice of the four-class model (Figure S1). Additional
details are given in the Supplementary Methods.

2.3.3 | Summary statistics and regression models

Data were summarized using frequencies and percentages, mean with
standard deviation (SD), or median with interquartile range (IQR), as
appropriate. Bivariate analyses were performed using Pearson’s y2
test for categorical variables, and either one-way analysis of vari-
ance (ANOVA) or Kruskal-Wallis test for continuous variables. A
non-parametric Nelson-Aalen cumulative hazard was estimated and
presented graphically to observe differences in event rates over time
between the classes.

The association between clusters and dementia risk was examined
using Cox proportional hazards models, with estimates presented as
hazard ratios (HRs) and 95% confidence intervals (Cls). In the pri-

mary analysis, where the classes were derived solely from SDH, two

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

multivariable models were developed. The minimally adjusted model
controlled for age, while the full model further controlled for other
dementia risk factors, including hearing impairment, hypertension,
alcohol consumption, body mass index, waist circumference, smoking,
depressive symptoms, physical activity, diabetes, and dyslipidemia. In
the secondary analysis, where the classes were derived from both SDH
and risk factors, we adjusted only for age, since the risk factors were
already accounted for as latent class indicators.

The proportional hazards assumption was checked with a statistical
test using scaled Schoenfeld residuals,®® and no violations were found.
Participants were censored at the time of death, withdrawal/loss
to follow-up, or upon reaching the data cutoff date if they did not

experience the event.

2.3.4 | Sensitivity analysis

We performed two sensitivity analyses by re-running the fully adjusted
models. First, we used the Fine-Gray subdistribution hazards models3?
forincident dementia, allowing all-cause death as a competing risk. Sec-
ond, we excluded individuals diagnosed with dementia during the initial
3 years of follow-up to reduce the potential influence of early subtle
dementia symptoms on cognitive scores and SDH such as behaviors

and psychosocial factors (i.e., reverse causality).

3 | RESULTS
3.1 | Population characteristics

The study included 12896 Australian participants aged between 70
and 95 years at baseline, comprising 45.6% men (n = 5884) and 54.4%
women (n = 7012) (Figure 1). Figure S2 provides a comparison of
SDH between men and women at enrollment. Women, compared to
men, had more disadvantageous SDH in structural factors such as
lower levels of education, income, and employment, as well as less
health insurance coverage and more unfavorable housing character-
istics. In terms of socioenvironmental and psychosocial factors, fewer
women were currently married/partnered, more women lived alone,
felt lonely, and reported experiencing more adverse life events. Men,
in contrast, reported less involvement in life enrichment activities,
informal caregiving, and volunteering. Regarding other health risk fac-
tors (Figure S3), men had a higher prevalence of hearing impairment,
smoking, excessive alcohol consumption, and diabetes at enrollment.
In contrast, there was a higher prevalence of general obesity (increased
body mass index), abdominal obesity (increased waist circumference),

dyslipidemia, and depression in women.

3.2 | Class structure

The optimal number of classes was determined to be four for both

men and women (see Subsection 2.3.2). Of 72 latent class indicators
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Class 1 (n = 1852)

Least Disadvantaged
0 20 40 60 80
Relatives feel close to and call for help! }—‘—
Friends feel close to and call for help’
Relatives feel at ease with and talk about private matters'
Friends feel at ease with and talk about private matters'
Relatives see or hear from’
Friends see or hear from'
Compose a letter, journal or other written work?
Use a computer?
Education®
Museums, galleries or exhibitions?
Household gross annual income*
Cinema, theatre or other social/sporting entertainment?
Attend an educational class?
Source of income*
Restaurant or café?
Library?
Health insurance*
SEIFA-IRSAD"
Babysitting or childminding*
Club, local organisation or other small group*
Play games such as card or chess play?
Do puzzles or crosswords?
Volunteer work*
Number of children'
Residence remoteness™"
Living alone'
Church, temple or other place of worship?
Paint or draw?
Number of siblings'
Cook?
Sew, knit, do woodwork, metalwork or other craftwork?
Difficulty in participating in community activities'
Australia origin and residency duration'*
Read books, newspapers or magazines?
Home ownership®
Feeling lonely'*
Listen to the radio or music?
Caring for a person with illness or disability*
Difficulty in taking care of family member'®
Pain that stops from doing recreational activities'
Close friend/family member die or have a serious illness'?
Major problems with money'?
Cost-conscious home temperature control’”
Transport access satisfaction'*
Currently in paid employment”
Type of home living currently’”
Major conflicts with children or grandchildren'?
Divorce or breakup with a spouse or partner'
Currently enrolled in formal education programme*
Spouse o partner die'
Pet ownership*
English as first language’
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Class 2 (n = 1188)
Most Disadvantaged

Class 3 (n = 1306)
High Support, Least Disadvantaged
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Class 4 (n = 1538)
High Support, Most Disadvantaged
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|

Legend T Y Y I A
1 none 1 2 3-4 5-8 29
I Structural SDH 2 never <1 time/mo 1-3 times/mo zonce a wk most days
3 <12yr 12-15yr 216 yr
4 no answer <$20K $20K-$49K $50K-$99K 2$100K
5 no answer pension pension & others others, no pension
6 none concession/DVA private
Intermediary SDH: material 7 Q1 (most disadvantaged) Q2 Q3 Q4 Q5 (most advantaged)
circumstances 8 never <1 time/wk >1 time/wk most days
9 no yes
10 none 1 2 3 24
11 outer regional/remote AU inner regional AU major cities of AU
I Intermediary SDH: behaviours and 12 yes no
biological factors 13 don't know didn't do difficult no difficulty

14 notbornin AU, stayed <40yr  not born in AU, stayed 41-50 yr not born in AU, stayed >50yr  born in AU

15 5-7 days 3-4days 1-2days <1day
16 most days >once awk 1-3 times/mo <1 time/mo never not in pain
17 don't know always usually sometimes never

Intermediary SDH: socioenvironmental

- 18 very dissatisfied somewhat dissatisfied
and psychosocial factors

19 others townhouse/apartment

neither satisfied nor dissatified moderately satisfied

very satisfied

FIGURE 2 Distribution of relevant social determinants of health for clustering in each class among men. Notes. The four-class model selected
52 out of 72 latent class indicators. The variables are arranged in order of discriminative power, from highest to lowest (see Figure S4). In general,
lighter colors on the graph represent more disadvantaged social determinants of health. Superscript numbers for each variable and color labels are

explained in the legend at the bottom of the graph.

in the primary analysis, 52 for men and 56 for women were selected
as relevant for cluster formation. Notably, determinants related to
support from relatives and friends, socially and mentally stimulating
life enrichment activities, education, and income emerged as the most
discriminatory (with a discriminating power of at least 2%) for both
genders (Figure S4). In the secondary analysis, which included an addi-
tional 10 indicators of dementia risk factors in the model (7 selected
for men and 8 for women, all had low discriminating power), the SDH
with the highest discriminating power remained relatively consistent
(Figure S4). Indicators that were not selected can be discerned by

comparing Tables S1 and S2 with Figure S4.

We interpreted the class features by visualizing the probabilities
(Figures S5 and S6) and distribution (Figures 2 and 3) of relevant
indicators within each cluster. On the surface, the patterns of Class
1 and Class 2 were markedly different, representing the least and
most socially disadvantaged groups along the socioeconomic spec-
trum, respectively. In contrast, Class 3 and Class 4 showed higher levels
of social support (i.e., relationships with friends and relatives) which
were identified as the key discriminating variables overall (Figure S4).
Specifically, most individuals in Class 3 and Class 4 reported having
5+ friends and relatives, which was notably higher compared to both

Class 1 and Class 2 (with Class 2 reporting the lowest number of
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Relatives feel close to and call for help
Relatives feel at ease with and talk about private matters’
Relatives see or hear from'
Friends feel close to and call for help’
Friends feel at ease with and talk about private matters'
Museums, galleries or exhibitions?
Friends see or hear from'
Attend an educational class*
Compose a letter, journal or other written work?
Source of income?
Education*
Use a computer
Cinema, theatre or other social/sporting entertainment?
Household gross annual income*
Library?
Health insurance*
Restaurant or café*
Number of children” |
Babysitting or childminding® |
Club, local organisation or other small group?
SEIFA-RSAD® |
Play games such as card or chess play*
Volunteer work'®
Church, temple or other place of worship?
Number of siblings™
Residence remoteness'!
Paint or draw?
Primary carer for a child/children™
Read books, newspapers or magazines?
Difficulty in participating in community activities'?
Living alone'
Listen to the radio or music? :
or other k
Transport access satisfaction'* |
Pain that stops from doing recreational activities'
Do puzzles or crosswords? |
Caring for a person withillness or disability* |
Cost-conscious home temperature control'
Australia origin and residency duration'”
Difficulty in taking care of family member'? 1
Home ownership™
Physical/emotional problems interfering social activities™ i
Feeling lonely™
Currently in paid employment'®
Lifetime employment status®
Currently enrolled in formal education programme'®
Difficulty in visiting with relatives or friends'®
Type of home living currently?'
Paid employment at any time in life®
Accomodation is part of a retirement village™
Maijor conflicts with children or grandchildren'®
Pet ownership'
Close friend/family member lose their job or retire'®
Major problems with money™
Close friend/family member die or have a serious illness' |

|

Sew, knit, do

I

] English as first language™ }
Legend
1 none 1
Structural SDH 2 never <1 time/mo
3 no answer pension
4 <12yr 12-15yr
5 no answer <$20K
6 none concession/DVA
7 none 1
Iqtermediary SDH: material 8 never <1 time/wk
cireumstances 9 Q1 (most disadvantaged) Q2
10 no yes

11 outer regional/remote AU inner regional AU

12 don't know didn't do

13 yes no

14 very dissatisfied somewhat dissatisfied

15 most days zonce a wk

16 don't know always

17 not born in AU, stayed <40yr  not born in AU, stayed 41-50 yr
18 all of the time most of the time

Intermediary SDH: behaviours and
biological factors

19 5-7 days 3-4days
Intermediary SDH: socioenvironmental 20 casual part time
and psychosocial factors 21 others townhouse/apartment

Class 2 (n = 1362)
Most Disadvantaged
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Class 3 (n = 1692) Class 4 (n = 1802)
High Support, Least Disadvantaged High Support, Most Disadvantaged
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2 3-4 5-8 =9
1-3 times/mo zonce awk most days

pension & others others, no pension

216 yr

$20K-$49K $50K-$99K 28100K

private

2 3 24

>1 time/wk most days

Q3 Q4 Q5 (most advantaged)

major cities of AU

difficult no difficulty

neither satisfied nor dissatified moderately satisfied

very satisfied
not in pain

1-3 times/mo <1 time/mo never

usually sometimes never

not born in AU, stayed >50yr  born in AU

some of the time alittle of the time none of the time
1-2days <1day

full time

FIGURE 3 Distribution of relevant social determinants of health for clustering in each class among women. Notes. The four-class model
selected 56 out of 72 latent class indicators. The variables are arranged in order of discriminative power, from highest to lowest (see Figure S4). In
general, lighter colors on the graph represent more disadvantaged social determinants of health. Superscript numbers for each variable and color

labels are explained in the legend at the bottom of the graph.

friends/relatives for support). When examining other SDH, there was
a mix of characteristics, with Class 3 sharing similarities with Class 1,
and Class 4 resembling Class 2. Hence, we labeled them as “Class 1:
Least Disadvantaged,” “Class 2: Most Disadvantaged,” “Class 3: High
Support and Least Disadvantaged,” and “Class 4: High Support and
Most Disadvantaged.” The labeling of the clusters is intended to facil-
itate discussion and interpretation, but may oversimplify the cluster
patterns and be subject to individual perspectives. For detailed com-
parison, selected variables with at least 2% discriminative power, as

shown in Figures 2 and 3, are again presented in Tables S4 and S5.

Most participants were grouped in Class 1 (31.5% men and 30.6%
women), while Class 2 had the lowest representation (20.2% men
and 19.4% women). Baseline sociodemographic characteristics and
health risk factors are presented in Table 1. When further incor-
porating dementia risk factors in secondary LCA, the class features
remained similar (Figures S7 and S8). Figure 4 shows group com-
position and changes between the two analyses, demonstrating high
agreement (Gwet’'s AC: men = 0.940, women = 0.927). Figure S9
illustrates a low to negligible probability of misclassification in each

cluster.
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(A) Men

HTUNET AL.

(B) Women

SDH SDH +RF SDH SDH +RF

Class 11852 1846 Class 1 2115 Class 1

Class21188 1143 Class 2 1405 Class 2

Class 3 1306 H // J 1358 Class 3

Class 4 1538 —‘ 1537 Class 4 Class 4 1802

1652 Class 3

1840 Class 4

FIGURE 4 Changes in group composition between two types of
latent class analyses in (A) men and (B) women. Notes. “SDH” denotes
latent class analysis using social determinants of health as indicators.
“SDH + RF” denotes latent class analysis incorporating both social
determinants of health and other risk factors for dementia. Each band
of the alluvial plot represents the number of participants classified
using either SDH or SDH with RF. High agreement was observed
between the two analyses (Men: 95.5% agreement, Gwet’s

AC =0.940; Women: 94.5% agreement, Gwet's AC = 0.927).

3.3 | Risk of dementia

Over a median follow-up of 8.4 years (IQR: 7.3-9.5; range: 0.2-11.9),
dementia was diagnosed in 6.4% (n = 374) of men with an incidence
rate of 7.9 per 1000 person-years (95% Cl: 7.1-8.7), and in 6.1%
(n=426) of women with an incidence rate of 7.3 per 1000 person-years
(95% Cl: 6.7-8.0). The cumulative hazard of dementia was highest in
Class 2 for men and in both Class 2 and Class 4 for women, whereas
Class 1 and Class 3 were similar in both genders (Figures 5 and S10).

In multivariable analysis (Figure 6), after adjusting for potential
confounders and using Class 1 as the reference, in men, Class 2 was
associated with a higher dementia risk (HR: 1.49, 95% Cl: 1.12-1.98),
whereas Class 3 showed no significant association (HR: 0.90, 95% ClI:
0.66-1.23). Class 4 was modestly associated with dementia (HR: 1.20,
95% Cl:0.91-1.59), although the data were statistically consistent with
parameter values ranging from little or no effect to a considerable
increase in risk. In women, both Class 2 (HR: 1.56, 95% Cl: 1.17-2.07)
and Class 4 (HR: 1.66, 95% Cl: 1.28-2.16) were associated with a
greater risk of dementia.

The secondary analysis, in which classes were determined through
SDH and other risk factors (Figure S11), and the sensitivity analyses
using the Fine-Gray hazards model for competing risk (Figure S12) and
excluding dementia cases diagnosed in the first 3 years of follow-up
(Figure S13), aligned with the main findings.

4 | DISCUSSION
4.1 | Key results and interpretation

Our study is among the first to provide gender-disaggregated evi-
dence of the association between SDH clusters and dementia risk
over a median 8.4-year follow-up in a cohort of community-dwelling
Australians aged 70+. Using an unsupervised latent class modeling,
we identified four classes from 72 SDH indicators. In our sample,

(A) Men 0
24
k=]
ERS)
g =2
®© o
=
£ 8]
8 o
g p <0.001
o T T T T T T
0 2 4 6 8 10
Number at risk Time since enrolment (years)
—— Class1 1852 1830 1759 1619 1173 401
—— Class2 1188 1149 1056 930 626 184
—— Class3 1306 1295 1245 177 838 318
~— Class4 1538 1507 1414 1287 926 310
(B) Women 2
o
=4 o
o <4
g o
c
2
=
R s
8 (=]
g p <0.001
Che T T T T T
2 4 6 8 10
Number at risk Time since enrolment (years)
= Class1 2156 2147 2074 1937 1418 503
—— Class2 1362 1334 1245 1110 799 261
—— Class 3 1692 1681 1647 1569 1158 407
~—— Class4 1802 1782 1692 1542 1191 414

FIGURE 5 Cumulative hazard plots for dementia, estimated using
the Nelson-Aalen estimator, across four classes in (A) men and (B)
women. Notes. These classes were identified through latent class
analysis, using social determinants of health as indicators. p-values
were calculated from the Tarone-Ware test for equality of survival
distributions. Class 1: Least Disadvantaged, Class 2: Most
Disadvantaged, Class 3: High Support and Least Disadvantaged, and
Class 4: High Support and Most Disadvantaged.

“least disadvantaged” was the most prevalent (~1 in 3), whereas the
“most disadvantaged” was the least frequent (~1 in 5). The remaining
two classes, distinguished by their notably higher interpersonal social
support, are referred to as the “least disadvantaged with high social
support” (~1 in 4) and “most disadvantaged with high social support”
(~1 in 4). Compared to the “least disadvantaged,” we found that the
“most disadvantaged” class was associated with a49% higher dementia
risk in men and a 56% higher risk in women. Additionally, the “most dis-
advantaged with high social support” had a 66% higher risk in women.
In contrast, the “least disadvantaged with high social support” showed
no significant association with dementia for either gender.

This study advances the literature by highlighting co-occurring life-
course SDH and their collective influence on dementia risk. Using
extensive SDH data, it builds upon our previous research,'® which
focused solely on social connection, offering in-depth understand-
ing. While prior research has explored the clustering of behavioral
and metabolic risk factors for dementia risk,*°-42 SDH clustering
remains underexplored, often relying on a limited set of socioeco-
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Dementia Total person-
(events n/ years Incidence rate Unadjusted HR Adjusted HR Adjusted HR
(A)Men  total N [%]) follow-up with 95% Cl 2 with 95% CI p-value  with 95% CI® p-value  with 95% Cl ¢ p-value
Class1 | 103/1852[5.6] 15305 6.7 [5.5-8.2] Reference * - Reference * - Reference * -
Class2 | 104/1188[8.8] 9000 11.6[9.5-14.0]  1.79[1.36-2.35] —@—— <.001 1.49[1.13-1.97] —— .005 1.49[1.12-1.98] —— .006
Class 3 64/1306 [4.9] 10919 5.9[4.6-7.5] 0.86[0.63-1.19] —@-+— 352 0.88[0.64-1.20] —@i— 420 0.90[0.66-1.23] +—4p— 499
Class 4 = 103/1538[6.7] 12292 8.4[6.9-10.1]  1.26[0.96-1.66]  H—@—i 092 1.17[0.89-1.54]  +-— 263 1.20[0.91-1.59] H— 188
—t ——— ——t——
05 10 15 20 25 05 10 15 20 25 05 10 15 20 25
Dementia Total person-
(events n/ years Incidence rate Unadjusted HR Adjusted HR Adjusted HR
(B) Women total N [%]) follow-up with 95% Cl with 95% CI p-value  with 95% CI p-value  with 95% Cl ¢ p-value
Class 1 | 103/2156 [4.8] 18132 5.7 [4.7-6.9] Reference ¢ - Reference * - Reference * -
Class2 | 104/1362 [7.6] 10748 9.7[8.0-11.7]  1.76[1.34-2.31] —@—— <.001 1.53[1.17-2.02] —— .002 1.56 [1.17-2.07] ——— 002
Class 3 78/1692 [4.6] 14455 54[43-6.7]  0.94[0.70-1.27] '—Q—' 702 1.06[0.79-1.42] +—#— 717 1.06 [0.79-1.43] —— 699
Class 4 = 141/1802[7.8] 14878 9.5[8.0-11.1]  1.68[1.30-2.16] | —e— <001 1.60[1.24-2.06] —@— <001 1.66[1.28-2.16] —— <.001
——t —t—T— ——t—
05 10 15 20 25 05 10 15 20 25 05 10 15 20 25

FIGURE 6 Association between class membership and risk of dementia in (A) men and (B) women. Notes. These classes were identified
through latent class analysis, using social determinants of health as indicators. Class 1: Least Disadvantaged, Class 2: Most Disadvantaged, Class 3:
High Support and Least Disadvantaged, and Class 4: High Support and Most Disadvantaged. Cl, confidence interval; HR, hazard ratio. @ Incidence
rates per 1000 person-years. ® Adjusted for age (continuous). ¢ Adjusted for age (continuous), hearing impairment (don’t know, not impaired,
impaired), hypertension (no, yes), alcohol consumption (never, former, current-low risk, current-high risk), body mass index (< 18.5 kg/m?,
18.5-24.9 kg/m?, 25.0-29.9 kg/m2, > 30 kg/m2), waist circumference (men: < 94 cm, 94-101 cm, > 102 cm; women: < 80 cm, 80-87 cm, > 88 cm),
smoking (never, former, current), depressive symptoms (10-Item Center for Epidemiologic Studies Depression Scale [CES-D-10] score: < 8, > 8),
physical activity (never/rarely, no more than light, no more than moderate, regular vigorous), diabetes (no, yes), and dyslipidemia (no, yes).

nomic variables.*3-4> For example, a UK study identified three classes
based on selected SDH (income, education, employment).*® Compared
to low socioeconomic status (SES) group, both medium and high-SES
groups showed a lower risk of dementia over 8-year follow-up.*3 Our
findings align, showing a 33%-40% lower dementia risk in the least
disadvantaged groups compared to the most disadvantaged. How-
ever, our study goes further by incorporating a broader range of SDH,
demonstrating that later-life social connections and engagement in
socially and mentally stimulating life enrichment activities are stronger
discriminators of cluster formation than conventional socioeconomic
factors. These results reinforce the importance of support and social-
izing in later life alongside other socioeconomic factors in delaying
dementia onset.

Furthermore, the most disadvantaged cluster had a higher preva-
lence of modifiable dementia risk factors, aligning with previous
reports.2’-4¢ This may reflect the adverse effects of unfavorable SDH
already affecting this group. In the general Australian population, the
estimated population attributable fraction (PAF) for dementia from
12 modifiable risk factors was 40.6%.*” The PAF could be higher
in more disadvantaged groups, such as lower-income individuals, as
noted in the Argentinian population,*® indicating that interventions
would benefit socioeconomically disadvantaged groups most.

Interestingly, the cluster characterized by the most socioeconomi-
cally disadvantaged group with stronger social support had a higher
dementia risk in women, but not in men. We have two possible expla-
nations for this gender disparity. First, the disproportionate impact
of adverse SDH on women may contribute to this difference. In our
sample, women faced more disadvantageous SDH across structural

factors, including lower education, income, and employment, as well as

a greater variety of socioenvironmental and psychosocial challenges.
This cumulative burden of various socioeconomic and psychosocial
disadvantages may exacerbate the risk. These challenges also con-
tribute to chronic stress and social isolation, both well-documented
dementia risk factors.1? 4?30 Therefore, the stress of managing mul-
tiple co-existing adverse SDH may outweigh the protective effects of
social support. Second, gender differences in support-seeking behav-
jor and quality of support may play a role.>1~>> Women tend to seek
out more emotional support, while men typically are more receptive
to instrumental support. However, our study lacks specific data to
substantiate this. It is plausible that men’s greater receipt of instru-
mental support may partially mitigate the impact of adverse SDH.
Conversely, women, despite potentially receiving more emotional sup-
port, may also contend with greater emotional demands and frequent
negative interactions with their network members, consistent with
the “social complexity hypothesis.”>¢ This could result in chronic psy-

51,52

chological distress, potentially negating the protective effects of

social support against dementia.

4.2 | Implications

Our findings reveal significant social gradient and health inequity in
dementia risk, even among relatively healthy, economically advan-
taged older individuals with access to primary healthcare. Consis-

12 our results indicate that dementia-

tent with the Marmot review,
related health disparities stem from socioeconomic conditions. Reduc-
ing health inequity requires multifaceted interventions addressing

adverse SDH at individual, community and national levels. While
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individual-level interventions are effective, systemic approaches are
essential to address root causes. System-level changes, such as
developing community-based supports, peer networks, and improving
access to preventive resources, can empower individuals, particularly
those with adverse SDH, to adopt lasting lifestyle changes. Tailoring
multidomain interventions to local socioeconomic contexts increases
their relevance and effectiveness in achieving equitable health out-
comes. Recently, social prescribing has emerged as a promising strat-
egy, °7~>? linking individuals with non-medical community resources by
providing holistic support across social, emotional, and material needs.
These strategies are especially advantageous as they minimize the risks
associated with hospital environments while supporting wellbeing in
non-clinical settings.0-64

Furthermore, policymakers must recognize the importance of early
and continuous intervention to attenuate long-term health disparities.
Improving socioeconomic conditions from an early age can promote
more equitable health opportunities and reduce the likelihood of
adverse health outcomes later in life by minimizing exposure to risk
factors over the life course.®®> Our study’s gender-specific findings
also suggest that socioeconomic adversity disproportionately affects
women'’s cognitive capacity. This information is particularly valuable
for policy developers as a foundational resource. For example, in 2024,
the Australian Government mandated gender analysis in all Cabinet
Submissions and New Policy Proposals, using gender-disaggregated
evidence to design policies that advance gender equality and achieve
intended outcomes.®®

We advocate for applying the principle of “proportionate
universalism,”12  which suggests delivering universal interven-
tions/actions at a scale and intensity proportionate to the level of
disadvantage, ensuring that those who need more support receive
it. Implementing such interventions can lower socioeconomic disad-
vantages, flatten the social gradient, narrow health inequities, and
improve overall population health.”

4.3 | Strengths and limitations

One strength is the prospective follow-up of a large cohort of older
adults without major cognitive impairment at baseline, with standard-
ized measurements by trained staff. Dementia events were adjudicated
by an expert panel, reducing misclassification and information biases.
Our analytic approach examines the clustering of multidimensional
SDH, recognizing their interconnected nature, which goes beyond
the limited SDH typically studied. We also conducted a gender-
disaggregated analysis to identify gender-based differences, discussed
further in Section 4.2.

There are several limitations. First, the sample comprised relatively
healthy, predominantly White, and economically advantaged older
Australians recruited through primary healthcare providers, which
may limit generalizability. We acknowledge that certain SDH may
have already influenced the health and survival of some individuals in
the community, affecting their eligibility to participate in this study.

However, given the observed social gradient in health inequities, our

findings are likely conservative and could be more pronounced in a
more diverse population. Second, transitioning from a clinical trial
to an observational study might introduce self-selection bias and a
healthy cohort effect, potentially explaining the low discriminative
power of behavioral and medical risk factors in cluster formation.
Third, the LCA results depend on the population characteristics and
selected indicators, which may affect generalizability. To support com-
parison in future studies, we provided the probability of each item
response. Fourth, excluding participants diagnosed with dementia in
the initial 3 years would not completely eliminate reverse causality,
as the preclinical stage may precede disease manifestation by over a
decade.® Fifth, while extensive individual-level SDH data were used,
data on structural/neighborhood-level SDH and commercial deter-
minants, were limited. Lastly, latent classes were constructed using
baseline data. Some individuals might experience social mobility dur-
ing follow-up, such as changes in income or housing, warranting further

investigations.

4.4 | Future research directions

Individuals from socially disadvantaged backgrounds are often under-
represented in longitudinal research due to barriers such as limited
healthcare access and financial constraints. Therefore, strategies that
prioritize the recruitment and retention of these groups are essential.
Australia’s demographic shift toward greater ethnic diversity, with an
increase in Asia-born and a decline in the Europe-born older adults
since the dismantling of the discriminatory White Australia Policy in
the 1970s,%7 presents an opportunity to include more culturally and
linguistically diverse participants in future research. At this stage, com-
plementing our findings with qualitative methods, such as in-depth
interviews and focus groups, could provide insights into the needs of
these populations and address recruitment challenges. Participatory
action research, engaging people with lived experience of social dis-
advantage, could facilitate co-design of studies and interventions to
better address health inequities.

5 | CONCLUSIONS

This study identified four distinct groups among community-dwelling
older Australians using a wide range of (nearly all) individual-level SDH.
Dementia risk was higher in the most socioeconomically disadvantaged
group, regardless of gender. The most disadvantaged socioeconomic
group but with stronger interpersonal social support was also associ-
ated with an elevated risk of dementia specifically in women. These
findings carry significant public health and policy implications, reveal-
ing the significant role of multiple coexisting adverse SDH in the
onset of dementia, with a disproportionate impact on older women.
Addressing multidimensional deprivation at individual, community, and
national levels throughout the life course should be a central focus of
both new and existing interventions and policies as we strive toward

achieving health equity.
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