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Summary

Background—Intersectionality has rarely been considered in research studies of cognitive
ageing. We investigated whether life-course financial mobility is differentially associated with
later-life memory function and decline across intersectional identities defined by gender, and race
and ethnicity.

Methods—Data were from two harmonised multiethnic cohorts (the Kaiser Healthy Aging and
Diverse Life Experiences cohort and the Study of Healthy Aging in African Americans cohort) in
northern California, USA (n=2340). Life-course financial mobility, measured using a combination
of self-reported financial capital measures in childhood (from birth to age 16 years) and later
adulthood (at the cohort baseline) was defined as consistently high, upwardly mobile, downwardly
mobile, or consistently low. We clustered individuals into 32 strata representing intersectional
identities defined by life-course financial mobility combined with gender, and race and ethnicity.
Verbal episodic memory was assessed using the Spanish and English Neuropsychological
Assessment Scales over four waves from 2017 to 2023. Adjusted mixed-effects linear regression
models were estimated with and without fixed effects of gender, race and ethnicity, and financial
mobility, to evaluate whether the random effects of the intersectional identity strata contributed
variance to memory beyond individual fixed effects.

Findings—Mean age was 73.6 years (SD 8:1). Of 2340 individuals, 1460 (62-4%) were women,
880 (37:6%) were men, 388 (16-6%) were Asian, 1136 (48-5%) were Black, 334 (14-3%) were
Latinx, and 482 (20-6%) were White. Consistently low and downwardly mobile financial capital
were strongly negatively associated with later-life memory at baseline (-0-162 SD units [95% ClI
-0-273 to —0:051] for consistently low and —0:171 [-0-250 to —0-092] for downwardly mobile),
but not rate of change over time. Intersectional identities contributed 0-2% of memory variance
after accounting for the fixed effects of gender, race and ethnicity, and financial mobility.

Interpretation—Consistently low and downward life-course financial mobility are associated
with lower later-life memory function. Intersectional identities defined by financial mobility in
addition to gender, and race and ethnicity, contribute negligible additional variance to later-life
memory in this study setting.

Funding—US National Institute on Aging, US National Institutes of Health.
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Introduction

Positive socioeconomic trajectories across the life course, as indicated using markers

of education, occupation, and income, are associated with better later-life cognitive
outcomes.1~8 Improved socioeconomic standing could protect cognitive health through
increased access to health care, opportunities for social engagement, and positive influence
on lifestyle behaviours that are risk factors for dementia (eg, smoking, physical inactivity,
and heavy alcohol use®19), Improved financial standing could also allow individuals to
improve their housing and nutrition, avoid exposure to environmental risks, and reduce the
psychological stress associated with financial insecurity, all of which might be associated
with later-life cognitive function and dementia risk.10-13 Despite the plausibility of these
mechanisms, there is a paucity of research on financial mobility across the life course

in relation to later-life cognitive outcomes, particularly in racially and ethnically diverse
populations.

Evidence from more than 3000 Black and White adults in the Coronary Artery Risk
Development in Young Adults Study in four cities in the USA shows that sustained

poverty and income volatility over 20 years in midlife are associated with lower

subsequent cognitive function.12 Evidence from the Kaiser Healthy Aging and Diverse

Life Experiences Study(KHANDLE) in northern California, USA, shows that upward
financial mobility and consistently high financial capital across the life course are positively
associated with later-life cognitive function.14 These analyses assessed cognitive function

at a single timepoint, and it is unknown whether life course financial mobility could bring
differential returns to cognitive ageing trajectories across diverse social identities. Social
identities can be classified using intersectionality, a theoretical framework that captures

the multidimensional aspects of social identity that are used to advantage or disadvantage
individuals in society.1518 Intersectionality proposes that the health effects of sexism,
racism, and other forms of so-called isms cannot be studied in isolation because they are not
experienced in isolation.16

Resource substitution theory suggests that the association between life-course financial
mobility and later-life cognitive health could vary by intersectional identities. According

to resource substitution theory, health-promoting resources such as financial capital have
greater influence for individuals with fewer alternative resources than for more advantaged
individuals who have a greater number of alternative resources to draw upon.1”:18 Applying
resource substitution to intersectionality theory would suggest that women (who experience
sexism) and minoritised racial and ethnic groups (who experience racism) could experience
disproportionate later-life cognitive health risks with consistently low or downward life-
course financial mobility compared with men and people racialized as White, because they
might have fewer alternative resources to draw upon to protect their cognitive health as they
age.

We thus aimed to investigate how life-course financial mobility might differentially be
associated with later-life memory across population subgroups defined by gender and
race and ethnicity, using data from two harmonised, multiethnic cohort studies. According
to intersectionality and resource substitution theories, we hypothesised that older adults
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belonging to multiply disadvantaged groups (eg, women belonging to non-White racial
or ethnic groups) could experience disproportionately greater later-life memory returns
to upward financial mobility and disproportionately worse later-life memory returns to
downward financial mobility than those belonging to less multiply disadvantaged groups.

Study design and participants

In this intersectional analysis, data were pooled from two harmonised longitudinal cohort
studies of ageing: the KHANDLE cohort and the Study of Healthy Aging in African
Americans (STAR) cohort. The KHANDLE and STAR studies were approved by the
institutional review board at Kaiser Permanente Northern California (KPNC), CA, USA.
All participants provided written informed consent.

The KHANDLE cohort includes community-dwelling older adults residing in the San
Francisco Bay and Sacramento areas of California, USA. Individuals eligible for
KHANDLE were long-term members of KPNC, an integrated health-care delivery system;
were 65 years or older on Jan 1, 2017; spoke English or Spanish; and participated in at

least one Kaiser Permanente multiphasic health check-up exam between 1964 and 1985.
Stratified random sampling by race, ethnicity, and education was used with the goal of
recruiting approximately equal proportions of Asian, Black, Latinx, and White participants
and achieving diversity in educational attainment. Exclusion criteria included electronic
medical record diagnosis of dementia or other neurodegenerative disease (frontotemporal
dementia, Lewy body disease, Pick’s disease, Parkinson’s disease with dementia, and
Huntington’s disease), or presence of health conditions that would impede participation in
study interviews, including hospice activity in the past 12 months, history of severe chronic
obstructive pulmonary disease in the past 6 months, congestive heart failure hospitalisations
in the past 6 months, and history of end-stage renal disease or dialysis in the past 12 months.
Wave one (baseline) KHANDLE study interviews occurred from April, 2017, to December,
2018. Follow-up study interviews occurred for three additional waves, approximately every
16-18 months since baseline: wave two interviews occurred from November, 2018, to

May, 2020; wave three interviews occurred from June, 2020, to June, 2021; and wave four
interviews occurred from February, 2022, to April, 2023. Study interviews were conducted
in-person, with a shift to telephone interviewing during the COVID-19 pandemic.

The STAR cohort includes community-dwelling older Black adults residing in the San
Francisco Bay area of California, USA. Individuals eligible for STAR were long-term
members of KPNC; were 50 years or older on Jan 1, 2018; identified as Black or African
American; and participated in at least one Kaiser Permanente multiphasic health checkup
exam between 1964 and 1985. Sampling was randomly stratified by age and educational
attainment to recruit approximately equal proportions of participants aged 50-64 years and
participants 65 years and older. Exclusion criteria were the same as for the KHANDLE
cohort. Wave one (baseline) STAR interviews occurred from November, 2017, to March,
2020. Follow-up study interviews occurred for two additional waves, approximately every
13-14 months since baseline: wave two interviews occurred from March, 2019, to August,
2020, and wave three interviews occurred from August, 2020, to November, 2021. As with
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the KHANDLE cohort, study interviews were conducted in-person, with a shift to telephone
interviewing during the COVID-19 pandemic.

The exposure variable was the combined intersectional strata of gender (female or male),
race and ethnicity (White, Black, Latinx, or Asian), both self-reported at the baseline study
interview, and life-course financial mobility. Gender responses were supplemented with
electronic medical record data (ie, recorded by physicians) when self-reported data were
unavailable. We refer to gender throughout, recognising that this variable captures both the
biological aspects of sex and sociological aspects of gender.1® Life-course financial mobility
was defined according to Peterson and colleagues,14 as four categories representing the
combination of self-reported financial capital measures in childhood (from birth to age 16
years) and later adulthood (at the cohort baseline) as consistently high (high in childhood
and later adulthood), upwardly mobile (low in childhood and high in later adulthood),
downwardly mobile (high in childhood and low in later adulthood), and consistently low
(low in childhood and later adulthood). Childhood financial capital was considered as low

if the participant reported either criteria: (1) ever having to go hungry in childhood due to
financial circumstances or (2) having family finances in childhood that were poor relative to
others and having parents who did not own their childhood home. Later adulthood financial
capital was considered as low if the participant reported any of the following criteria at the
study baseline: received supplemental security income or state or county welfare; received
financial assistance from friends or family; had an annual household income of US$55000
or less; or was often worried about having enough money to pay for living expenses and had
an annual household income of $75000 or less. The combination of all possible categories of
these three variables resulted in 32 strata representing intersectional identities of gender, race
and ethnicity, and life-course financial mobility.

Verbal episodic memory was selected as the outcome due to its clinical relevance with a
high sensitivity to ageing-related change and as a hallmark early cognitive symptom of
dementia.20 Verbal episodic memory was assessed at all waves of both the KHANDLE

and STAR cohorts using the Spanish and English Neuropsychological Assessment Scales.2!
Participants were assessed in their preferred language of Spanish or English. The verbal
episodic memory scores were derived from a multitrial word-list learning test and
standardised to the baseline distribution of the pooled cohort, which was standardised to
have a mean of zero and an SD of one.

Potential common causes of life-course financial mobility and later-life memory ageing were
selected as model covariates:baseline age (continuous and mean-centred), country of birth
(USA or outside USA), maternal education (high school or less, some college or Associate’s
degree, Bachelor’s degree or higher, or missing or not applicable), and paternal education
(high school or less, some college or Associate’s degree, Bachelor’s degree or higher,

or missing or not applicable). Educational attainment (grade school; some high school;
technical or trade school; some college; college degree; graduate school; high school or
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general educational development) was included to describe the sample and in a sensitivity
analysis to evaluate the role of education in the link between financial mobility and later-life
memory.

Statistical analysis

Characteristics of the sample were described using univariate statistics, overall and by
cohort. This analysis uses the technique of multilevel analysis of individual heterogeneity
and discriminatory accuracy (MAIHDAZ2:23). MAIHDA incorporates intersectionality
theory into statistical modelling through multilevel models with random effects representing
intersectional identity group strata. In this MAIHDA analysis, individuals were grouped

into 32 strata defined by all possible combinations of the gender, race and ethnicity, and
life-course financial mobility variables. Three-level linear multilevel regression models with
random intercepts and slopes and time since baseline as the timescale (in calendar years)
were estimated using restricted maximum likelihood estimation. Verbal episodic memory
observations at level 1 were clustered within persons at level 2 and intersectional identity
strata at level 3. We first estimated a null model including random effects for individuals and
for intersectional identity strata alongside fixed covariate effects of age at baseline, mother’s
education, father’s education, and country of birth. We assessed statistical interactions
between these fixed covariate effects and time since baseline, in addition to a quadratic

term for time, retaining only the age at baseline by time interaction because the rest of

the interactions were not statistically significant. Next, we estimated a main-effects model,
with the additional inclusion of fixed effects for gender, race and ethnicity, and life-course
financial mobility. We evaluated each of their interactions with time since baseline, which
were not statistically significant and thus not included in the model. This main-effects model
allows for the estimation of the extent to which the observed memory intercepts and slopes
differ from expected based on the fixed effects of each individual component comprising

the intersectional strata.22 Hence, the stratum-level random intercept and slope and the
proportion of variance in memory that they explain, indicated by the variance partition
coefficient, are the model parameters of interest in the MAIHDA approach.23 The full model
specifications are presented in the appendix (p 2).

All models were additionally adjusted for mode of study interview (in-person vs telephone)
to account for the shift from in-person to telephone interviewing during the COVID-19
pandemic. We accounted for practice effects in memory testing in the KHANDLE cohort
using a previously described approach.24 Practice effects are a phenomenon that occurs in
cognitive testing when test scores improve after repeated cognitive test administration due
to practice taking the tests, rather than real cognitive change.24 All analyses were conducted
using Stata/SE, version 18.0, with p<0-05 indicating statistical significance.

We conducted three sensitivity analyses to evaluate the robustness of our results. In the first,
we restricted the sample to individuals born in the USA only. In the second, we evaluated the
effect of adjusting for educational attainment on our results. In the third, we re-ran our main
effects model stratified by cohort, but without the random effects for intersectional identity
strata, to evaluate whether the fixed effect of life-course financial mobility varied by cohort.

Lancet Healthy Longev. Author manuscript; available in PMC 2024 October 14.
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Role of the funding source

Results

The funder of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

At baseline, 1712 individuals were enrolled in KHANDLE and 764 were enrolled in STAR.
At of the time of data analysis in November, 2023, data collection for KHANDLE wave
four was ongoing, with 493 observations collected through April, 2023, being available.
STAR has completed three data collection waves. A total of 2340 individuals (95% of those
who were eligible for the current analysis) with a total of 6616 memory observations across
waves were included in the analysis (appendix pp 3-4).

Mean age of the sample at baseline was 73-6 years (SD 8-1). Of the 2340 individuals

in the sample, 1460 (62:4%) were women and 880 (37-6%) were men. 388 (16-6%)
individuals identified as Asian, 1136 (48:5%) as Black, 334 (14-3%) as Latinx, and

482 (20-6%) as White (table 1). Age distribution by race and ethnicity is shown in

the appendix (p 5). Of 2340 individuals, 1094 (46-8%) experienced consistently high
financial capital from childhood to late adulthood, whereas 330 (14-1%) experienced upward
financial mobility, 654 (27-9%) experienced downward financial mobility, and 262 (11-2%)
experienced consistently low financial capital from childhood to late adulthood (table 1).
When combined into intersectional identity strata, the most frequent stratum was Black
women with consistently high financial capital(n=303) and the least frequent stratum was
White men with consistently low financial capital (h=11; appendix p 6).

In the null model, with repeated outcomes of verbal episodic memory (level 1) clustered
within individuals (level 2) and within intersectional identity strata defined by gender, race
and ethnicity, and life-course financial mobility (level3), the random intercept estimate for
the intersectional identity clusters was 0-105 (95% CI 0-060-0-186), corresponding to 12%
of the total variance in verbal episodic memory (table 2). The random intercept estimate for
individuals was 0-451 (0-407-0-499), corresponding to 63% of the total variance in verbal
episodic memory (table 2). Differences between intersectional identity strata and between
persons contributed little variance to the random slopes (table 2).

In the main effects model, which additionally includes fixed effects for gender, race

and ethnicity, and life-course financial mobility, the random intercept estimate for the
intersectional identity clusters decreased to 0-001 (95% CI 0-000-0-060), corresponding
to 0-2% of the total variance in verbal episodic memory (table 2). The random intercept
estimate for individuals was similar to the estimate from the null model, at 0-450 (0-407-
0-497), corresponding to 58% of the total variance in verbal episodic memory (table 2).
As in the null model, differences between intersectional identity strata and individuals
contributed little variance to the random slopes (table 2).

Visualising the decomposition in memory variance, shows that the majority of variance in
memory was attributable to differences across waves and between individuals, rather than
differences between intersectional identity strata (figure 1).
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Individuals with consistently low or downwardly mobile financial capital had lower mean
verbal episodic memory scores at baseline than those with consistently high life-course
financial capital (-0-162 SD units [95% CI —-0-273 to —0-051] for consistently low financial
capital and -0-171[-0-250 to —0-092] for downwardly mobile financial capital; table 2).
These were strong magnitudes of association, equivalent to 4-1 times and 4-3 times the
estimate for one year of chronological ageing (—0:040 SD units), respectively, for low and
downwardly mobile financial capital. The person-specific memory intercepts and slopes
according to each of the 32 intersectional identity strata illustrate heterogeneity in memory
scores across individuals within each strata (figure 2).

Results from the sensitivity analyses were consistent with the main analysis when restricted
to individuals born in the USA only (appendix p 7). When educational attainment was added
to the models, the random effects estimates were consistent with the original analysis. The
associations between downwardly and upwardly mobile financial capital and memory were
also consistent with the main analysis, although the association between consistently low
life-course financial capital and memory was attenuated (appendix p 8). Individuals with
consistently high or upwardly mobile financial capital were more likely to hold a college

or graduate degree than those with downwardly mobile or consistently low financial capital
(appendix p 8). Results for the fixed effect of financial mobility were consistent with the
main analysis when models were stratified by cohort (appendix p 9).

Discussion

In this intersectional analysis of two multiethnic longitudinal cohort studies, we found that
consistently low financial capital and downward financial mobility across the life course
were negatively associated with memory function, but not rate of memory change over
time. The magnitudes of these associations were strong, equivalent to approximately 4-1
to 4-3 years of ageing, and they were consistent across intersectional identities defined by
gender, and by race and ethnicity. Although inconsistent with intersectionality and resource
substitution theories, this finding indicates that the intersection of gender with race and
ethnicity in this study setting did not confer differential associations between life-course
financial mobility and later-life memory. These results should be confirmed in other study
settings and populations, and according to other socioeconomic measures and aspects of
social identity.

Our results are consistent with literature indicating that disadvantaged socioeconomic
conditions across the life course are associated with worse cognitive ageing outcomes.1~
814 Our estimate for downwardly mobile financial capital was strong and in the negative
direction, consistent with findings in similar studies.126:8 This finding was independent of
education, whereas education appeared to explain the association between consistently low
financial capital and worse later-life memory. Thus, education could be a partial mechanism
for the link between life-course financial mobility and later-life memory. Our observed
lack of association between financial mobility and rate of memory change over time is
consistent with studies that also observe a range of socioeconomic exposures to be related
to memory at baseline, but not over time.25-27 Socioeconomic exposures across the life
course may play a larger role in shaping initial memory status in mid-to-later life than rate
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of decline over time. Our analysis should be replicated within the KHANDLE and STAR
cohorts in the future to evaluate if our findings hold with a longer follow-up time. Our
results are inconsistent with previous MAIHDA studies that have identified inequities in

the outcomes of BMI and birthweight according to intersections of gender with race and
ethnicity and other sociodemographic factors such as age and nativity among US adults,22:28
but consistent with MAIHDA analyses identifying no intersectional inequities in the risk

of chronic obstructive pulmonary disease among middle-aged and older Swedish adults2®
and depression among adolescents and young adults in the USA.30 Our study is the first, to
our knowledge, to apply an intersectionality approach to investigate inequities in a cognitive
ageing outcome. Intersectional health inequities could vary by health outcome and according
to contextual differences across populations, such as levels of structural discrimination,
social policies, and access to health care. Cross-population research might help to elucidate
contextual factors that can modify intersectional health inequities.

An important methodological consideration in this study is that it consisted of long-term
members of an integrated health-care delivery system in northern California, USA. This

is a segment of the population that had consistent access to high-quality health insurance,
most often through their own employment or a spouse’s employment. The experiences

of this sample might not reflect those of the broader general population, in California or
elsewhere. We might not have observed an intersectional effect in this sample, despite its
racial and ethnic diversity, due to the relative socioeconomic advantages experienced by
much of the sample regardless of race and ethnicity, including long-term access to health
care. Additionally, given the heterogeneity with the Asian and Latinx groups in our sample,
it is possible that our clustering of these groups masked additional differences within these
groups.

Other limitations include that our measures of financial capital were retrospective and
self-reported and could be subject to non-differential measurement error or differential
recall bias if the accuracy of recall systematically varied by baseline memory status.
Excluded individuals had lower baseline memory scores than those included in the study.
Our results could therefore underestimate the true magnitudes of associations, if excluded
individuals were also more likely to have consistently low or downwardly mobile financial
mobility. In addition, the precision of the estimated memory slopes might be lower for
STAR participants than KHANDLE participants, because the STAR cohort had three waves
of memory observations whereas the KHANDLE cohort had four. Finally, although we
accounted for early-life confounders as best possible, there can still be residual confounding
by unmeasured early-life determinants of life course financial mobility and later-life
memory.

Strengths of this study include its longitudinal design, large sample size, representation
of older adults from multiple racial and ethnic groups, validated measures of verbal
episodic memory in English and Spanish, robust accounting for practice effects in
cognitive testing, and a theoretically informed approach to testing intersectionality theory
as applied to memory ageing. The theoretical rationale supporting intersectionality theory
is strong and has been shown to apply to other health outcomes. Future studies should
apply an intersectionality approach to understanding how socioeconomic conditions
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could be associated with cognitive outcomes in other populations and settings. Future
intersectionality studies should also incorporate direct measures of discrimination, which
we did not include here.

In conclusion, low financial capital and downward financial mobilities across the life course
were associated with lower baseline memory function, but not rate of memory decline over
time, in this longitudinal multiethnic cohort of older adults. There was no unique effect

of the intersections of gender, race and ethnicity, and life-course financial mobility on
later-life memory in this study. Future studies should investigate these associations in other
populations and settings, and according to other aspects of socioeconomic conditions and
social identities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

Before undertaking this study, we systematically searched PubMed and Google
Scholar databases to identify scientific articles reporting on socioeconomic trajectories
across the life course in relation to later-life cognitive outcomes, including cognitive
function, cognitive decline, and dementia. This search was initially conducted in May,
2022, and updated in February, 2024. Eligible articles reported on cross-sectional

or longitudinal population-based studies of adults with neuropsychological cognitive
assessments. Search terms for the exposure included “economic”, “socioeconomic”,
“income”, “financial”, and “wealth”, and each of these terms combined with each

of “status”, “mobility”, and “trajectories”. Search terms for the outcome included
“cognition”, “cognitive”, “memory”, and each of the latter two terms combined with
“status”, “outcomes”, “function”, “performance”, “decline”, and “aging”. Exposure and
outcome search terms were linked with the “AND” operator. Relevant evidence finds
that positive socioeconomic trajectories across the life course in addition to higher
socioeconomic position measured at single points in time are associated with better later-
life cognitive outcomes. Few studies examined financial mobility as the socioeconomic
marker of interest, and none examined whether socioeconomic trajectories across the

life course were differentially associated with later-life cognitive outcomes according to

intersectional identities defined by gender, and race and ethnicity.
Added value of this study

To our knowledge, this study is the first to apply an intersectionality approach

to investigate inequities in memory ageing in a multiethnic cohort study. We use

a longitudinal approach to the multilevel analysis of individual heterogeneity and
discriminatory accuracy (MAIHDA), which has not previously been applied to the
study of cognitive ageing. MAIHDA formally incorporates intersectionality theory into
statistical modelling, with many potential future applications beyond the present study.
We found consistently low and downward life-course financial mobility are associated
with lower later-life memory function. These associations were strong in magnitude,
equivalent to approximately 4-1 to 4.3 years of chronological ageing, and they were
consistent across intersectional identities defined by gender, and race and ethnicity.

Implications of all the available evidence

Our findings align with literature indicating that disadvantaged socioeconomic conditions
across the life course are associated with worse cognitive ageing outcomes. Intersectional
inequities in cognitive ageing in other populations and settings should be investigated
further in future studies.
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Empirical Bayes predictions

14

L

Wave Person Intersectional identity

Figure 1: Decomposition in memory variance
Box plots of empirical Bayes predictions for random intercepts at the wave-level (level

1), person-level (level 2), and intersectional identity-level (level 3), after accounting for
early-life confounders (age at baseline, mother’s education, father’s education, and country
of birth) and the individual fixed effects comprising the intersectional identity strata (gender,
race and ethnicity, and life-course financial mobility).
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Figure 2: Predicted per son-specific longitudinal trajectories of verbal episodic memory scores by
inter sectional identities defined according to strata of gender, race and ethnicity, and life-course
financial mobility

The model predictions represent a hypothetical person aged 73-6 years with mother’s

education of high school or less, father’s education of high school or less, and who was
born in the USA (ie, the reference values of model covariates). The density of trajectories
within each subplot corresponds to the sample size within each stratum (range 33-839;

appendix p 6).
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