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Abstract

Social determinants of health, including neighborhood factors, play a key role in the health of
diverse older adults. However, few longitudinal studies have examined the role of neighborhood
racial/ethnic segregation on cognitive decline in diverse samples. We examined older non-Hispanic
White (NHW), Black, and Latino participants evaluated at an Alzheimer’s Disease Research
Center. Neighborhood racial/ethnic segregation was measured using the Getis-Ord Gi* statistic, a
spatial measure of clustering that was created for Latino and Black clustering separately. Cognitive
outcomes included episodic memory, semantic memaory, and executive function. We used mixed
effects multivariable regression models to evaluate associations between segregation and cognitive
function and decline. We had 452 individuals: 46% NHW, 26% Black, and 21% Latino in 309
census tracts with an average of 5.2 years of follow-up data (range 0.6-15.0). In analyses that
adjusted for a variety of covariates (including neighborhood SES), individuals in neighborhoods
with a higher clustering of Latino residents (higher Gi* statistic) had slower declines over time

on semantic memory and those in neighborhoods with a higher clustering of Black residents had
slower declines over time on episodic memory. In race-stratified adjusted analyses: for Black
participants, the association between clustering and cognition was present for episodic memory
and executive function, showing lower baseline scores in highly clustered Black and Latino
neighborhoods, respectively. There was no association with cognitive change. Among Latino
participants, highly clustered Latino neighborhoods were associated with lower baseline scores

in semantic memory, but slower declines in episodic memory; Latinos living in neighborhoods
with a greater clustering of Black residents also had slower declines in episodic memory. Among
NHWs, residing in neighborhoods with a higher clustering of Latino residents was associated with
slower declines over time on semantic memory. Segregated neighborhoods may be differentially
associated with cognitive outcomes depending on individual race/ethnicity.
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INTRODUCTION

The increase of both ethnically diverse and older adult populations is predicted to be
significant over the coming years. Moreover, the Hispanic/Latino and Black/African
American populations (henceforth Latino and Black) have been projected to grow
significantly (114.8% and 63.6% respectively, between 2014-2060).1 Given this growth

in the older adult population in general, and Black and Latino adults specifically, it is
imperative that we understand the risks for cognitive impairment in these populations

given their higher prevalence of Alzheimer’s disease (AD).2 Many studies have denoted the
individual characteristics associated with cognitive impairment related to dementia including
age, education, genetics, and medical conditions such as cardiovascular disease.3# However,
a growing body of research has demonstrated the important role of social determinants

of health, including neighborhood racial/ethnic characteristics on older adults’ general
health,® depression,® mortality,” and more recently- cognition.8:2 Contextual factors play

an important role in health disparities but up until only recently, have been understudied in
cognition. Given that some contextual factors may be modified by public health policy and
intervention, it is important that their role be elucidated in AD research.

Williams and Collins (2001)10 posited that racial segregation, or the spatial separation of
groups, is a fundamental cause of health disparities among Black populations. Segregation,
one form of structural racism that existed prior to the 1960’s, was pervasive and enforced
by social and public policies such as the Jim Crow laws and the historical act of redlining,
which directly played a role in the segregation of neighborhoods by race and socioeconomic
status (SES) through involvement of the national mortgage market.11:12 Neighborhoods that
are segregated and thus disenfranchised experience higher levels of poverty and policing/
crime. When certain groups of people are systematically placed into environments that are
exposed to higher levels of policing/crime, individuals tend to socially isolate from each
other which limits their interactions. 13 The limitation on diverse social interactions, in

turn, inhibits potential for cognitive growth and stimulation. Segregation has created distinct
social environments in that most poor Black adults reside in neighborhoods of concentrated
poverty.10 Similarly, Latinos are disproportionately exposed to neighborhood disadvantage,
which may have detrimental consequences for their health.1415 Oftentimes, concentrated
poverty is linked to poor cognitive functioning due to the lack of resources like higher
quality education, access to health care, better job opportunities, healthy grocery stores
(including fresh produce), and safe recreational and greenspace areas, all of which can
impact health and cognition.16

On the other hand, residential segregation may lead to ethnically clustered neighborhoods,
or ethnic enclaves, characterized by high social capital or cohesion.17:18 This theoretical
perspective assumes a positive effect of living within a neighborhood characterized by a
high concentration of individuals from similar backgrounds through the creation of social
networks and the diffusion of positive cultural practices.1®-22 At the neighborhood level,
social capital is composed of collective resources accessible to groups of people within a
social structure that allows for achieving common goals.23 Ethnically homogeneous Latino
neighborhoods are associated with higher self-rated health,22 lower risk of mortality,24-26
fewer depressive symptoms, 1720 and healthier dietary habits.2” In Philadelphia, Black
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mortality was lower among residents of predominantly Black neighborhoods with high
neighborhood social capital in comparison to Black residents living in predominantly White
neighborhoods.28 It may be that residents in ethnically homogeneous neighborhoods benefit
from shared psychosocial resources, social organization and control, preservation of culture,
common language, and healthful traditional behavioral norms,17:22.24.27 a5 well as high
rates of labor force participation, intact family structures, home ownership, and residential
stability.29 Latino and Black residents living in homogeneous neighborhoods were more
likely to use health care services than those living in heterogeneous communities.3° This
collective capital may contribute to better cognitive health.3!

These two theoretical perspectives and subsequent predicted outcomes may vary because

of the different ways that segregation has been measured. There are formal measures of
segregation, namely evenness, exposure, concentration, centralization, and clustering.32
Evenness captures the level of differential spatial distribution of groups: racial/ethnic
minorities are overrepresented in some areas and underrepresented in others. Exposure refers
to the probability of interacting with other groups. Concentration measures the physical
space inhabited by certain groups. Centralization indicates the degree to which a group is
located at the center of an area. Finally, clustering refers to the level that groups might form
one large contiguous enclave, or be scattered widely around the urban area. Then, there are
proxies of segregation, such as racial/ethnic composition of neighborhoods. Segregation and
composition are conceptually different.33 The former relates to how two or more groups
distribute spatially across neighborhoods within a large area (e.g., a metropolitan area),
whereas the latter refers to the relative size of racial/ethnic groups in an area (i.e., racial
composition). It is important to distinguish these categorizations in empirical studies of
residential segregation. We highlight the different ways that segregation has been assessed to
provide a context for understanding studies on segregation and health outcomes.

Using data from the Health and Retirement Study (HRS), Aneshensel and colleagues
(2011)34 showed that late middle-aged adults living in highly segregated Black communities
had poor cognitive function at baseline; however, this was the case only if they had

low education. In contrast, the highest level of cognitive functioning was among highly
educated persons who lived in predominantly Black neighborhoods. In that study, racial/
ethnic segregation was operationalized as the proportion of residents who were Black

and proportion of residents who were Latino. Kovalchik and colleagues (2015)? expanded
on this work by using multiple waves of HRS data and by examining both informal
(census tract racial/ethnic composition) and formal (county-level isolation index) measures
of segregation. They found that both Latino composition and segregation were positively
correlated with cognitive function (cognition at baseline) and negatively correlated with
cognitive decline (cognition over time) for all older adults- NHW, Black, and Latino.

The cross-sectional finding suggested that there may be higher levels of social integration
and cultural resources that protect people, regardless of their race/ethnicity, in Latino
communities.3® The longitudinal finding, however, showed a steeper rate of decline (over
time) in these neighborhoods. Recently, Caunca and colleagues (2020)8 examined life-
course or long-term residential segregation of Black participants in CARDIA. They found
that the longer Black participants were segregated in young adulthood, the worse their
processing speed was in midlife.
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Given the paucity of longitudinal studies on cognition, it is unclear how residential
segregation is associated with cognitive trajectories of its diverse residents. The goal of

this study is to examine the association of neighborhood segregation on cognitive function
(cross-sectionally as measured at study baseline) and cognitive decline over time in a diverse
cohort of older NHWs, Latinos, and Blacks. We add to the literature on neighborhood and
cognition by considering the impact of racial/ethnic segregation and contrasting the potential
effects of segregation and ethnic enclaves. Moreover, the cognitive outcomes of living

in distinct neighborhoods may impact residents differently, as posited by the ecological
framework principle- that the same environment has systematically different effects on
people depending upon their personal characteristics.3¢ Given these unique individual-
environment interactions, we additionally stratify our analyses based on individual race/
ethnicity. Thus, we hypothesized that greater neighborhood segregation would be associated
with baseline cognition and change in cognition over time and that the associations would
vary by race/ethnicity. However, relevant prior studies and theoretical underpinnings are
currently insufficient to hypothesize specific directions for the associations.

METHODS

Sample

The sample comprised 452 participants in an ongoing longitudinal study with complete
address data at the University of California, Davis (UCD) Alzheimer’s Disease Center
(ADC). All participants were followed approximately annually (Mean: 1.35 years; SD=0.57)
and had at least two evaluations with a mean of 5.4 visits (SD: 2.9) and a range of 2-10
visits. Participants were recruited into the UCD ADRC through two routes: 1) memory
clinic referrals and 2) community outreach. Approximately 81% of participants were
recruited through community-based recruitment protocols designed to enhance racial/ethnic
diversity as well as the spectrum of cognitive dysfunction (normal cognition, mild cognitive
impairment: MCI, and dementia). Recruiters utilized various outreach methods such as
soliciting in a community hospital lobby, a community survey, health fairs or word of mouth.
The other 19% of the sample initially sought a clinical evaluation at the UCD ADC and
subsequently were recruited for this study; these individuals predominantly had a clinical
diagnosis of MCI. Further details regarding our recruitment methods have been articulated
by Hinton et al. (2010).37

Inclusion criterion was ability to speak English or Spanish. Exclusion criteria included
unstable major medical illness, such as severe heart disease, major psychiatric disorders
(history of schizophrenia, bipolar disorder, or recurrent major depression), active cancer
with chemotherapy, and active substance abuse and dependence disorders, all assessed in a
clinical exam by a physician. This study was approved by the institutional review board at
UCD and all participants provided informed consent.

Clinical evaluations.—All participants received multidisciplinary diagnostic evaluations
at baseline and at approximately annual intervals. All evaluations followed the same
protocol and included a detailed medical history and a physical and neurological exam.

A bilingual physician examined participants who only spoke Spanish. Family members or
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other close informants were interviewed to obtain information about levels of independent
functioning for the participants. Clinical neuropsychological evaluation using standard
neuropsychological tests (distinct from the outcome measures used in this study) was
performed at each visit. Routine dementia work-up laboratory tests were obtained at the
baseline evaluation for all participants and when clinically indicated at the time of follow-
up evaluations. Diagnosis of cognitive syndrome included normal cognition, MCI, and
dementia based on standard diagnostic criteria. Each case at baseline was initially diagnosed
at a consensus conference by the clinical team evaluating the participant. Those appearing
likely to be eligible for this study were then reviewed at a second, multidisciplinary case
adjudication conference. Follow-up cases were diagnosed at a case conference of the clinical
team examining the participant, and in addition, were reviewed at a case adjudication
conference when the examining team identified a change in the diagnosis. All diagnoses
were made blind to research neuropsychological testing.

The Clinical Dementia Rating 38 was completed on the basis of a standardized interview
with the identified participant and an informant; the sum of individual items or boxes
(CDRSum) was used as a continuous measure of clinical status. The CDR was completed
blind to other evaluation results including clinical and research neuropsychological test
results, the physical and neurological exam, and the clinical diagnosis.3°

Cognitive outcomes.—The cognitive outcomes in this study were from the Spanish

and English Neuropsychological Assessment Scales (SENAS) and were administered at all
evaluations. The SENAS has undergone extensive development as a battery of cognitive
tests relevant to diseases of aging.4%-43 Modern psychometric methods based on item
response theory were used to create psychometrically matched measures across different
scales, across English and Spanish versions, and that were appropriate for individuals

with diverse education levels. This study used a subset of SENAS tests to measure three
cognitive domains affected by diseases of aging: executive function, semantic memory, and
episodic memory. Executive function is a composite measure constructed from component
tasks of category fluency (number of animals named in 60 seconds), phonemic (letter)
fluency (words beginning with the/f/sound, words beginning with the/l/sound), and working
memory (digit-span backward, visual-span backward, list sorting). Semantic memory is a
composite of highly correlated verbal (object-naming) and nonverbal (picture- association)
tasks. Episodic memory is a composite score derived from a multi-trial word- list-learning
test (Word List Learning 1).40 There were three alternate forms of the word list learning
task used; these forms were alternated in the longitudinal evaluations to control for practice
effects. SENAS scores are presented in z- score like units (derived from a larger sample)
where a score of zero corresponds to the mean and differences from the mean are expressed
in standard deviation units. Measure development and psychometric characteristics are
described in more detail elsewhere,40:42:44

Neighborhood variables.—Similar to prior research, neighborhoods were categorized by
census tracts, an administrative boundary designated by the U.S. Census Bureau.*® There
were 309 census tracts in the present sample of 452 participants. We used QGIS and

the MMQGIS plug-in to geocode participant addresses (at baseline) along the US Census
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Bureau’s road network for the relevant counties to merge with the data from the 2010 U.S.
Census Tract.4647 Geocoding was checked for quality assurance.

Measures of residential segregation have traditionally focused on numerical indices

that capture various dimensions of the distribution of population groups across

metropolitan areas such as evenness (dissimilarity), exposure, isolation, centralization,

and concentration.#849 While these measures accurately represent the overall pattern of
population distribution in a particular area, they do not account for spatial dependence or
patterns of localized clustering. Recently, the focus of residential segregation studies has
shifted to various applications of geospatial statistical methods to characterize and map those
patterns.2951 In this study, neighborhood-level residential segregation was assessed using
both global and local spatial clustering measures. Spatial clustering diagnostics of the data
on race/ethnicity was performed using global spatial autocorrelation measures including the
Getis-Ord General G°2 and global Moran’s 1.53:4 Diagnostic tests resulted in high positive
z-score values for both Black (G = 0.000615, p < 0.000; Moran’s | = 0.385, p < 0.000) and
Latino participants (G = 0.000632, p < 0.000; Moran’s | = 0.237, p < 0.000), indicating
significant spatial clustering of high percentage values for both groups. The local Getis-Ord
Gi* statistic is a widely accepted measure of spatial clustering, also known as hotspot
analysis.5255 The measure was computed in ArcGIS® using the Hot Spot Analysis Tool.

The Gi* statistic was calculated using data on Black composition (e.g., percentage of Blacks
in tract) and Latino composition separately. The proportion of Black or Latino residents

in a census tract was compared with the mean proportion of Black or Latino residents in
the surrounding area, with a spatial weight included to account for composition of each
tract compared with neighboring tracts. The Gi* statistic produces a z score representing
the number of standard deviations that racial/ethnic composition of one’s tract is from the
greater surrounding area. The more positive the Gi* statistic, the greater the clustering of
Black or Latino residents in the census tract and surrounding neighborhoods (i.e., within a
search threshold of 12.4 mi/20 km) compared with the larger surrounding area. The more
negative the Gi* statistic, the lower the clustering of Black or Latino residents compared to
the surrounding area. Gi* statistics near the null indicate no racial/ethnic clustering in tracts
compared to the larger surrounding area.

Given that any cognitive consequence of residential segregation may be offset by
accompanying socioeconomic advantage or disadvantage, it is important to control for
neighborhood SES (NSES). From U.S. Census Tract 2010 data,*” we extracted variables that
cohere conceptually and correlate empirically to capture the construct of NSES, including
percentage of individuals with a high school diploma, percentage who owned their own
home, percentage not on public assistance, percentage employed, median household income,
and median number of rooms in home. Similar to prior research,?6:57 these variables were
z-score standardized and then averaged together to create the NSES variable (range: -2.2 to
1.8, where a larger positive value indicates a higher SES).

Covariates.—We included covariates that might confound the relation between residential
segregation and cognitive outcomes, including NSES (described above), race/ethnicity
(Black, Latino, or NHW), sex, age and education in years, and diagnosis (normal, MCI,
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or dementia). In our sample, more non-Latino Whites were recruited from the memory clinic
than Black and Latino participants; thus, we controlled for recruitment source (clinic or
community). Other covariates included clinic site (East Bay versus Sacramento), language
of interview (only for models focused on Latinos, who was the only group that did not
speak English), neighborhood population density (people/mi?), and a vascular risk/disease
score assessed through medical histories and medical records which included the presence of
diabetes, hypertension, hypercholesterolemia, stroke, transient ischemic attack, heart attack,
atrial fibrillation, angioplasty, coronary artery bypass surgery, pacemaker, and congestive
heart failure (where 0: no conditions and 1:all conditions; e.g., value for persons with 4

of these conditions=0.36). ApoE genotype was coded as presence of at least one &4 allele
versus none. Time was calculated as years from baseline evaluation and captures annualized
rate of change.

Data Analysis

Descriptive statistics and mixed-effects multivariable regression models examining the
association between neighborhood segregation and cognition were estimated using SAS
v9.4. This sample was recruited from a large region that included urban as well as rural
areas; thus, very few census tracts were represented by more than a single individual
Therefore, similar to previous research,58:59 we treated the NSES and Gi* statistic variables
as person-level factors in a contextual analysis rather than modeling their effects in

a multilevel model. Random intercepts were included to account for between-person
variability in level of cognitive outcomes at the baseline evaluation. Random slopes
accounted for variation in rate of change between individuals. Main regression analyses
focused on associations between Gi* statistic for Black and Latino participants and
longitudinal change in the three cognitive domains over time. Segregation may affect
individuals differently, and thus, the main models were also stratified by participant race/
ethnicity.

As a sensitivity analysis, in our race/ethnicity stratified models, we used inverse probability
weighting (IPW) to account for potential attrition/selection bias due to our exclusion of
participants with only one visit and those who were missing addresses. Weights were based
on propensity scores calculated from logistic regression, where the outcome was defined

as 1=in analytic sample or O=not in analytic sample. The participant’s age at baseline,

sex, education level, race/ethnicity, site, and diagnosis at baseline were used to construct
the inverse probability weights, which were then applied in the mixed effects regression
models using the SAS Proc MIXED weight statement. We performed two other sensitivity
analyses: in minimally adjusted models, we excluded NSES, population density, and
vascular risk score as covariates, as they may be partial mediators of the association between
neighborhood segregation and cognition. In a final sensitivity analysis, we controlled for
practice effects by using an indicator variable (0 = first assessment; 1 = all subsequent
assessments). This was entered as a time-varying fixed effect in all models.
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Sample Characteristics

Table 1 shows characteristics of the sample by race/ethnicity. Mean age was 75 years (SD:
7); 46% were White, 26% were Black, and 21% were Latino. A majority of the sample were
women (64%), had normal cognitive functioning at baseline (66%), were recruited from the
community (81%), and had their assessments conducted in English (89%). The sample was
highly educated on average (mean years of education: 14, SD: 4).

On average, the included census tracts were composed of 13% blacks (SD: 14, range:
0.4-69.8%) and 21% Latinos (SD: 15, range: 1.1-78.7%) (Table 1, Supplemental Table 1).
In contrast to composition, on average, neighborhoods had a higher clustering of Black
residents (Gi* statistic mean: 8.1, SD: 6.6, range: —6.4 to 22.3) and a lower clustering

of Latino residents (Gi* statistic mean:-3.6, SD: 5.1, range: —10.6 to 15.4). Categorizing
the Gi* statistic based on low clustering (z-score<—1.645), no clustering (-1.645 <

z-score <1.645), or high clustering (z-score>1.645) showed that 86% of the sample

lived in neighborhoods with significantly higher clustering of Blacks and 11% lived in
neighborhoods with significantly high clustering of Latinos (Supplemental Table 2). Black
participants lived in neighborhoods with higher clustering of Black residents and lower
clustering of Latinos, compared to NHW and Latino participants (Table 1, Supplemental
Table 3). Figures 1 and 2 illustrate that our study’s Black clustered neighborhoods were
primarily in the East Bay (Oakland) areas and Latino clustered neighborhoods in the San
Joaquin/Central Valley areas respectively.

Residential Segregation and Cognitive Outcomes

Prior to conducting the regression analyses, we ensured that the Gi* statistic for Black

and Latino participants were not highly correlated (Supplemental Table 4). In adjusted
analyses (controlling for age, sex, race/ethnicity, education, cognitive status at initial visit,
clinic versus community recruited, vascular risk score, number of visits, neighborhood SES,
neighborhood population density, and site), individuals in neighborhoods with a higher
clustering of Latino residents (i.e., higher Gi* statistic) had slower declines over time on
semantic memory and those in neighborhoods with a higher clustering of Black residents
had slower declines over time on episodic memory (Table 2). We did not find an association
with baseline cognitive scores. Supplemental Table 5 provides the full results including
estimates for the covariates for the regression analyses presented in Table 2.

After stratifying the adjusted models by race/ethnicity, for Black participants, greater
neighborhood clustering of Black residents was associated with lower baseline scores in
episodic memory while greater clustering of Latino residents was associated with lower
baseline scores in executive function (Table 3). There was no effect of neighborhood
clustering on longitudinal change in cognition. Among Latino participants, those living in
neighborhoods with greater clustering of Black residents had slower declines in episodic
memory. Those with higher neighborhood clustering of Latinos had worse baseline semantic
memory and slower declines over time on episodic memory. Among NHWSs, there was no
effect of neighborhood clustering on baseline cognition, but residing in neighborhoods with
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a greater clustering of Latinos was associated with slower decline over time on semantic
memory. Supplemental Figures 1-4 show the average trajectory of cognitive change over
time for the sample overall and stratified by race/ethnicity.

Sensitivity Analyses

In the sensitivity analysis employing IPW, the estimates remained comparable to the
analyses without IPW with two exceptions (Supplemental Table 6). Among Latinos, the
association between a higher clustering of Latinos and a slower decline in episodic memory
was no longer significant. Additionally, a new association was found for NHWs in which

a higher clustering of Latinos was associated with a slower annual decline in executive
function. Compared to the minimally adjusted models that did not control for NSES,
population density, and vascular risk score, the fully adjusted models controlling for those
variables resulted in no/minimal reductions in estimates (Supplemental Tables 7 and 8).
This suggests that NSES, population density, and vascular risk factors are confounders

and not mediators of the segregation-cognition associations. Finally, in the full sample
model, estimates were unchanged after controlling for practice effects. In stratified models,
estimates changed very little or not at all and were in the same direction. Significance of
variables remain unchanged.

Discussion

We found that in the full sample, residential clustering of Black and Latino participants

was associated with slower declines in episodic memory and semantic memory, respectively.
These findings partially mirror those of Kovalchik et al., who found that Latino segregated
neighborhoods were associated with better cognitive outcomes at baseline for all of its
residents, regardless of individual level race/ethnicity. However, our study differed in that
associations were found for cognitive decline (cognition over time).

Our race/ethnicity stratified models indicated that only Latinos and NHWs benefited from
living in neighborhoods with higher clustering of Black and Latino residents. Although
living in highly clustered Latino neighborhoods was associated with worse semantic
memory for Latinos- this was only at baseline; yet highly clustered Black and Latino
neighborhoods were associated with slower declines in episodic memory over time for
Latinos. This may be related to the test characteristics of the cohort shown in a previous
study,®0 in which baseline cognitive scores were lower for Latinos, but there were no strong
ethnic differences in cognitive change over time. This is likely because sociodemographic
(e.g., race/ethnicity, NSES) differences in educational and life experiences may directly
influence test performance but do not indicate greater disease effects on cognition. That is,
cross-sectional effects reflect accumulated life experiences and exposures (e.g., educational
quality) and health disparities that exert their effects on baseline cognition so that Latinos
are impacted. However, the slower declines over time for Latinos, as well as NHWSs, may
reflect the ethnic enclave effect and the density hypothesis- that these neighborhoods provide
their residents with social capital and support and resources that may be associated with
certain protective features for cognition.61.62
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Ethnic communities have been theorized to protect its members from social isolation,
marginalization, discrimination and prejudice, as well as put its residents in a better position
to access social support and community resources, therefore protecting its members against
poor health outcomes, and potentially reducing potentially negative effects of low SES on
cognition. The ethnic enclave theory helps us better understand the findings for Latinos, but
it is unclear how NHWs benefit from living in Latino segregated neighborhoods. Further
research is needed to clarify and confirm these results.

We found that Black residents living in highly clustered Black and Latino neighborhoods
had lower baseline scores in episodic memory and executive function, respectively. Again,
this may reflect lifelong differences in cognitive function that reflect the effects of
educational and occupational quality/access and poorer health care access inherent in
systemic racism and discrimination. However, similar to the results for Latinos, highly
clustered Black and Latino neighborhoods were not associated with worse cognition over
time among Black participants.

Overall, study findings indicate residential segregation may have negative associations with
baseline cognitive scores, but a neutral or positive association with cognitive trajectories,

at least for Latinos and NHWSs. This contributes to the literature on the nuanced findings

of racially/ethnically clustered neighborhoods. In particular, the impact of residential
segregation may depend on individual race/ethnicity (as in the current study) or educational
level (as in the case of Kovalchik et al.). Some research suggests that older adults may
benefit from living areas that are racially/ethnically diverse (e.g., where residents’ individual
backgrounds differ from their neighbors). Living in diverse environments and interacting
with individuals from a variety of backgrounds and life experiences can be cognitively and
socially stimulating for older adults. Research has found that socially diverse environments
characterized by complex networks and patterns of socialization as well as multiple contexts
contribute to improved cognitive functioning in older adults due to their cognitively
challenging nature.53:64 Older adults exposed to more complex environments have been
found to be at lower risk of cognitive impairment than their counterparts reporting less
diverse interactions.54 Additionally, population-based studies have shown that older adults
living in socially mixed neighborhoods (greater mix of housing prices) had lower risk for
depression,® and those in racially/ethnically diverse neighborhoods had lower risks for
metabolic syndrome,56 both of which are linked to cognitive outcomes and may serve as
underlying mechanisms. Although racial/ethnic segregation often connotes poor access to
resources, a growing literature points to resilient features of segregated neighborhoods.
Hutchinson and colleagues (2009) found that Black mortality was lower among residents of
predominantly Black neighborhoods in Philadelphia with high neighborhood social capital
in comparison to Black residents living in predominantly White neighborhoods. However,
more research is needed to understand and replicate the results found in this study.

Study limitations include the possible lack of generalizability to other US regions and to
those who would not be reached via clinic or community recruitment methods, and potential
lack of power to detect race/ethnicity-stratified associations given the smaller sample of
Black and Latino older adults. Moreover, it is possible that our findings are affected by self-
selection, in which individuals with a certain level of cognition choose to live in a particular
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area (e.g., if cognitively healthy individuals choose to live in areas with high clusters of
Latino or Black residents). Moreover, we were unable to compare those who enrolled in

the study versus those who did not, given the rolling enrollment of our cohort. Although

we accounted for participant education and NSES in the models, it is possible that our
findings for differences in baseline cognition are due to residual confounding by individual
and NSES including early-life SES or place of birth, variables not measured in this study
but that would be a logical next step in future research. We had addresses from one point

in time and therefore could not account for residential tenure or longer-term exposures to
residential segregation. Our three cognitive composites are at least moderately correlated and
it is unclear whether the differences we found regarding the impact of residential segregation
on specific cognitive outcomes will be replicated in future work. Lastly, we did not have
data on neighborhood factors that could help explain our observed associations, including
access to resources, social cohesion, crime, and safety, and these factors will be important to
explore as potential mediators in future studies.

Despite the relatively consistent pattern in which racial/ethnic segregation is associated with
worse cognition at baseline but a positive or neutral impact on cognitive change across
groups, the reason for the different impacts on cognitive domains both in cross-sectional and
longitudinal modeling is unclear at this time. Further work is needed to determine if these
findings are replicable. Studies with larger samples and that define neighborhoods using
alternate boundaries (e.g., ¥2-mile around residence) might be able to further characterize
segregation (partly by categorizing neighborhoods based on low, medium, and high Gi*
scores) and its impact on incident MCI and dementia. Moreover, qualitative data assessing
residents’ perceptions of and experiences with segregation, discrimination, and social
cohesion would add to the current literature.

Our study advances prior work in this area by including neighborhood level data (e.g.,
geocoding addresses and linking to U.S. Census data) on a well-characterized cohort of
English and Spanish-speaking older Latino and Black adults followed up over a long
period of time, using a psychometrically robust neuropsychological battery (with similar
reliability/validity indicators across racial/ethnic groups and Spanish/English speakers) that
encompasses several domains of cognition, and by incorporating a well-established, formal
measure of racial/ethnic segregation. Additionally, we control for a number of important
potential confounders, including individual-level education and neighborhood SES. Given
that certain neighborhoods, particularly in certain parts of the state and country are
segregated, it is imperative that we understand the impacts it has on cognition for our
growing older population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Social determinants of health affect cognition in ethnically diverse older
adults

. Residential segregation is a manifestation of historical racism

. Segregation is complexly related to cognition at baseline and cognitive
decline

. More research is needed on complex associations of segregation with
cognition
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Figure 1.
Observed distribution of Black/African American population by census tract: (a) Each

census tract is represented by its centroid (geometric center), where blue dots represent
tracts with the lowest percent, and red dots represent tracts with the highest percent of Black/
African American population; (b) Calculated Getis-Ord Gi* statistic where red represents
tracts with z-scores > 1.645 (high clustering, a = 90%; 95%; 99%); blue represents tracts
with z-score < 1.645 (low clustering); yellow dots indicate a random pattern (no evidence of
clustering).
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Figure 2.
Observed distribution of Latino population by census tract: (a) Each census tract is

represented by its centroid (geometric center), where blue dots represent tracts with the
lowest percent, and red dots represent tracts with the highest percent of Latino population;
(b) Calculated Getis-Ord Gi* statistic where red represents tracts with z-scores > 1.645
indicating high degree of clustering (a = 90%; 95%; 99%); blue represents tracts with
z-score < 1.645 indicating low degree of clustering; yellow dots indicate a random pattern
(no evidence of clustering).
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Table 1.

Demographics, Neighborhood, and Clinical Characteristics of the Sample by Race/Ethnicity

Characteristic® Total® N=452 Black n=118 White n=209 Latino n=96
Age (years), n (%) 74.8 (7.1) 75.0 (6.9) 75.1(7.2) 73.1(6.8)
Male, n (%) 163 (36.1%) 27 (22.9%)  91(435%) 36 (37.5%)
Education (years), mean (SD) 14.3 (4.0) 14.5 (3.0) 15.7 (3.1) 10.6 (5.0)
Cognitive status at 1V, n (%)

Normal 297 (65.7%)  81(71.7%)  118(57.0%) 79 (86.8%)

Mild cognitive impairment 111 (25.3%) 25 (22.1%) 73 (35.3%) 7 (7.7%)

Dementia 31 (7.1%) 7 (6.2%) 16 (7.7%) 5 (5.5%)
APOE e4 carrier, n(%) 171 (41.0%)  52(52.0%) 94 (46.3%) 20 (21.5%)
Clinic sample (vs community), n(%) 79 (18.9%) 11 (10.4%) 58 (29.9%) 4 (4.6%)
Tested in English (vs. Spanish),n (%) 360 (88.9%) - - 46 (50.6%)
Number of visits, mean (SD) 5.4 (2.9) 55(2.9) 5.0(2.8) 6.4 (3.0)
Years of follow-up, mean (SD) 5.2(3.7) 5.9 (4.0) 4.8 (3.3) 7.0(3.9)

Vascular risk/disease score, mean (SD) 017(0.14)  019(0.15  0.15(0.13)  0.20 (0.15)

Population density® 4710 (1979) 4463 (1642) 4716 (1649) 5136 (2844)

Neighborhood SESd 0.10 (0.73) -0.11 (0.66) 0.35 (0.63) -0.20 (0.86)
Neighborhood composition
% Black 13.3(14.2) 26.4 (18.0) 7.0 (8.6) 11.1(7.1)
% Latino 20.7 (14.5) 22.9(14.6)  16.6(12.6)  28.5(16.0)
Neighborhood segregation Gi* statistic
Black (versus others) 8.1(6.6) 10.5 (4.6) 7.6 (7.6) 5.9 (5.6)
Latino (versus others) -3.6(5.1) -5.5(4.9) -3.4(4.4) -1.5(6.1)
Cognitive z-score, initial visit, mean (SD)
Semantic memory 0.35 (0.78) 0.19 (0.66) 0.69 (0.66) -0.16 (0.85)
Episodic memory -0.07 (0.92) 0.07 (0.78) -0.08 (1.02) -0.18(0.85)
Executive function 0.04 (0.61) 0.01 (0.57) 0.19 (0.62) -0.20 (0.53)

Abbreviations: APOE = apolipoprotein E; TIA = transient ischemic attack; vs = versus; mi = mile; SES =socioeconomic status; IV = initial visit

a .. . . . . . . .
Missing data: cognitive status, n=13; vascular risk/disease index, n=20; test language, n=47; recruitment source, n=35; semantic memory, n=48;
APOE, n=35

Vascular risk/disease index on scale of 0 (none) to 1 (all present): heart attack, atrial fibrillation, angioplasty, coronary artery bypass surgery,
pacemaker, congestive heart failure, stroke, TIA, hypertension, hypercholesterolemia, diabetes
c .
people/ml2

Mean of z-scores for % not on public assistance, % employed, % high school diploma, %median household income, median number of rooms, %
own home

829 participants were classified as “Other.”
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