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Abstract: Systemic racism leads to racial/ethnic residential segregation, which can result in health in-
equities. We examined if the associations between residential segregation and later-life cognition and
dementia differed based on segregation measure and by participant race/ethnicity. Tests of memory
(n = 4616), language (n = 4333), visuospatial abilities (n = 4557), and incident dementia (n = 4556) were
analyzed in older residents of Northern Manhattan, New York (mean age: 75.7 years). Segregation
was measured at the block group-level using three indices: dissimilarity, isolation, and interaction.
We fit multilevel linear or Cox proportional hazards models and included a race/ethnicity × seg-
regation term to test for differential associations, adjusting for socioeconomic and health factors.
Living in block groups with higher proportions of minoritized people was associated with −0.05 SD
lower language scores. Living in block groups with higher potential contact between racial/ethnic
groups was associated with 0.06–0.1 SD higher language scores. The findings were less pronounced
for other cognitive domains and for incident dementia. Non-Hispanic Black adults were most likely
to experience negative effects of neighborhood segregation on cognition (language and memory)
and dementia. All indices partly capture downstream effects of structural racism (i.e., unequal
distributions of wealth/resources) on cognition. Therefore, desegregation and equitable access to
resources have the potential to improve later-life cognitive health.

Keywords: racial/ethnic residential segregation; health inequity; cognition; structural racism

1. Introduction

Ecosocial factors, such as inadequate health care, socially inflicted trauma (e.g., racism),
and economic and social deprivation, influence health [1]. Racial/ethnic residential segre-
gation (hereafter racial/ethnic segregation), defined as uneven non-random distribution
of minoritized groups among neighboring residential areas [2], is an important ecosocial
factor. In the United States, racial/ethnic segregation reflects a long history of policies,
such as redlining, that have kept access to resources restricted for minoritized groups [2].
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There are, therefore, spatial differences in access to resources that are important for health.
These health-linked resources include access to land and property, quality education, jobs,
transportation, and a clean environment with green spaces, in addition to freedom from
police brutality, racism and bias, and other stressors [2–4]. Consequently, racial/ethnic
segregation has been linked to many health outcomes, from adverse birth outcomes [5,6]
to diabetes [7] and hypertension [8] to death [9]. Residential environment has also been
linked to life-style factors, such as physical activity [10], which in turn are associated
with cognitive health. However, there is limited evidence regarding the relationship of
racial/ethnic segregation and later-life cognitive health [11–13].

Two main pathways have been evoked to explain the impact of racial/ethnic residen-
tial segregation on cognition. First, segregated areas with residents from predominantly
minoritized groups suffer from higher resource deprivation. For example, living in an area
with high levels of poverty is associated with higher rates of obesity and cardiovascular
disease [14,15] possibly due to lower access to quality nutrition. In turn, obesity and
cardiovascular disease are associated with an increased risk of poor later-life cognition [11].
Members of the Black community have been especially affected by the unequal and unjust
distribution of wealth, resources, and opportunities due to structural racism [16]. In line
with this pathway, a study focusing on non-Hispanic (NH) Black older adults indicated
that greater cumulative exposure to living in segregated census tracts was associated with
a worse cognitive scores [17]. Second, social cohesion, which is frequently increased in
segregated minority areas and especially in ethnic enclaves, could positively affect cogni-
tion [18], for example, by increasing social interaction and reducing loneliness. The role of
social cohesion has been highlighted especially for Latinx communities [19,20].

In this study, we examine residential segregation in the Washington Heights/Inwood
area in Northern Manhattan, New York. The area is characterized by racial/ethnic diversity
with approximately 70% of the residents self-identifying as Hispanic, 17% as NH White,
and 8% as NH Black [21] and is home to one of the most prominent Dominican American
enclaves in the United States. The extant literature on the role of residential segregation and
cognitive health for members of the Latinx community is mixed. Aneshensel et al. (2011)
found that living in predominantly Hispanic neighborhoods was not protective for cogni-
tive functioning [22], but Kovalchik et al. (2015) reported opposite findings [23]. Further,
studies examining Mexican American enclaves in the United States also arrived at opposite
conclusions with one indicating that living in an enclave was associated with higher risk of
cognitive impairment [16], while the others reported no differences [24] or better cognitive
outcomes [15] for enclave residents. Nativity and country of origin have been indicated
as important predictors of health among the pan-ethnic Latinx group [25]. These findings
indicate that there may be a differential balance of resource deprivation and social cohesion
mechanisms based on race/ethnicity and nativity. In sum, it is key to examine how the
association of residential segregation and cognition differs by race/ethnicity.

Uncovering the association between segregation and cognition hinges on the ability
to measure segregation. The two key dimensions to consider are (1) potential for contact
and (2) level of clustering [26]. Measures of potential for contact include isolation and
interaction indices. Briefly, the greater the value of the isolation index, the less likely one
is to come into contact with someone of a different racial/ethnic group. The converse is
true for the interaction index [26]. These indices may more adequately capture benefits
of social contact, corresponding to the social cohesion pathways. Measures along the
clustering dimension, such as dissimilarity, might better capture inequitable access to
resources [27]. The nascent literature regarding residential segregation and cognition lacks
comparative examination across multiple indices—in other words, we are not yet sure
which of these indices are most important for cognitive health. Hence, we included three
indices—isolation, interaction, and dissimilarity—in our study.

The aim of the current study was to examine how racial residential segregation relates
to cognitive abilities and incident dementia in older individuals from a large representative
cohort in Northern Manhattan, New York. Specifically, we examine: (1) the cross-sectional
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association between racial/ethnic residential segregation and later-life cognitive abilities
(memory, language, and visuospatial abilities) and incident dementia; (2) if the association
differed based on measure of segregation; and (3) how the associations differed across
individual-level race/ethnicity. We hypothesized that living in areas with higher segrega-
tion will be negatively associated with one’s cognitive health (i.e., lower cognitive scores
and higher incident dementia), and that the association will be most pronounced among
those from minoritized racial and ethnic groups. We had no a priori hypothesis regarding
individual cognitive domains.

2. Materials and Methods
2.1. Source Population and Analytic Sample

Participants came from the Washington Heights Inwood Columbia Aging Project
(WHICAP). WHICAP is a longitudinal, prospective cohort recruiting community-residing
Medicare recipients 65 years and older in Northern Manhattan. There is substantial
racial/ethnic segregation in the studied area with NH Black individuals residing predomi-
nantly in the southeastern part of the neighborhood. Since 1980, the neighborhood has been
home to one of the most prominent Dominican American enclaves in the United States.
Therefore, the area provides a unique setting in which to examine the role of residential
segregation in a diverse population.

Recruitment for the WHICAP study occurred in three waves (1992, 1999, and 2009)
and each participant completed detailed neuropsychological assessments either in En-
glish or Spanish and provided demographic, functional, and medical information. The
WHICAP’s design and methods have been described in detail elsewhere [28]. For the
current analyses, we considered WHICAP respondents with at least one visit who self-
identified as NH White, NH Black, or Hispanic (n = 6157). This resulted in exclusion of
97 individuals. We also excluded 240 individuals from analyses due to missing residential
address data. Further, those missing data on one or more covariates (n = 1224; 19.9%, see
Supplementary Figures S1 and S2) were excluded, leaving 4616 participants (mean age:
75.7; SD 6.5 years) for the memory analysis, 4333 in the language analysis (mean age: 75.7;
SD 6.5 years), and 4557 in the visuospatial abilities analysis (mean age: 75.7; SD 6.4 years).
Finally, we excluded those with prevalent dementia diagnosis (n = 837), leaving 4556 par-
ticipants in the analysis of incident dementia (mean age: 75.7; SD 6.5). Those with missing
covariates were more likely to reside in segregated areas, had lower education, were more
likely NH Black or Hispanic, were substantially older (79.0 vs. 75.8 years) and had lower
cognitive scores but less frequent incident dementia than those without missing covariates
(Supplementary Table S1). The impact of missingness on our findings was examined using
multiple imputation.

2.2. Effect Modifier: Race/Ethnicity

Self-reported race/ethnicity was obtained in two steps. All WHICAP respondents
were first asked to report their racial group. Then, in a second question, participants indi-
cated whether they were of Hispanic origin. For the analyses, individuals were categorized
into NH White, NH Black, and Hispanic groups.

2.3. Exposure of Interest: Racial Residential Segregation from 2005–2009

We derived three previously described [26,29–31] indices (dissimilarity, isolation, and
interaction; Figure 1) capturing residential segregation from the 2005 to 2009 American
Community Survey (ACS). It is important to note that the studied area has very high
residential density and racial/ethnic composition can vary significantly from block to
block. Thus, in contrast to previous studies that defined segregation at the census tract
level, the most common unit of analysis [32], we operationalized residential segregation
at the census block groups, which are smaller (typically 600–30,000 people) and more
adequately capture the residential context in Washington Heights/Inwood. WHICAP
participants’ addresses obtained at their baseline visit (1992, 1997, or 2009) were geocoded
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and matched to segregation indices using block group identifiers. The 2005–2009 ACS data
are the earliest available, however 90% of the WHICAP respondents did not change their
residence. Respondents in our analyses lived in 345 block groups.
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Figure 1. This figure demonstrates the unique information provided by the three different racial residential segregation
indices (dissimilarity, interaction, isolation) using the Hispanic group as an example. The maps above show the block groups
for Washington Heights and Inwood, New York. (a) Dissimilarity index for people who are Hispanic and non-Hispanic
White. Darker blue is higher dissimilarity; lighter blue is lower dissimilarity. (b) Interaction index for people who are
Hispanic and non-Hispanic White. Darker green is higher interaction; lighter green is lower interaction. (c) Isolation index
for people who are Hispanic. Darker orange is higher isolation; lighter orange is lower isolation. Maps for other 4 indices
are provided in Supplementary Figure S3.

Each of the examined indices brings out a different aspect of residential segregation
(level of clustering and contact potential). Dissimilarity captures clustering and a smaller
value on this index indicates more homogeneous distribution of a particular racial/ethnic
group across the areal unit. In other words, low dissimilarity values equate to less seg-
regated areas. Isolation and interaction are both measures of potential contact. When
comparing only two racial/ethnic groups, interaction and isolation are the inverse of each
other; however, because there are multiple racial/ethnic groups in each areal unit in our
study, interaction and isolation provide unique information (Figure 1). In our study we
calculated three isolation measures—one for NH White, one for NH Black, and one for
Hispanic respondents—two interaction, and two dissimilarity measures (NH White-NH
Black and NH White-Hispanic).
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Segregation indices typically aggregate smaller units (block groups) into larger ones
(census tracts) to compare individual census tracts to the overall population distribution in
the studied area. We forewent the aggregation process and calculated the indices exclusively
at the level of a block group. We decided on this approach because of the large variability
in residential composition within census tracts in New York City. For example, for the
dissimilarity index, our operationalization captures the number of people who would need
to move to create an equal proportion of people of the studied races/ethnicities in a block
group. Our operationalization does not allow for relative comparisons that would indicate
if a given block group is more or less segregated than other block groups in the Washington
Heights and Inwood area. Rather, our calculations (see Supplementary Materials S1) allow
us to identify each unit as either segregated or not segregated. For all indices, we used
the mean value in our sample as a cut-off when defining segregated block groups. For
dissimilarity and isolation, values greater than the mean indicate more segregated areas.
In contrast, for interaction, values above the mean indicate lower segregation.

2.4. Outcomes: Cognitive Performance and Incident Dementia

Cognitive domains of memory (n = 4616), language (n = 4333), and visuospatial
abilities (n = 4557) were derived from baseline neuropsychological tests administered either
in Spanish or English, based on previously published confirmatory factor analysis [33,34].
Briefly, memory scores combined the total recall, delayed recall, and delayed recognition
components of the Selective Reminding Test [35]. Language abilities were measured by total
naming (Boston Naming Test), letter and category fluency, and similarities (Wechsler Adult
Intelligence Scale-Revised), repetition, and comprehension (Boston Diagnostic Aphasia
Evaluation). The visuospatial abilities score included the recognition and matching test
of the Benton Visual Retention Test [36], the Rosen Drawing Test [37], and the Identities
and Oddities subtest of the Mattis Dementia Rating Scale [38]. The battery has been
adapted to Spanish [39]; specifically, the interview questions, instructions, and stimuli
were translated into Spanish by a committee of Spanish speakers from areas represented
in the Washington Heights area (Cuba, Puerto Rico, and Dominican Republic). Next,
material was back-translated to ensure accuracy. When necessary, scoring criteria were
modified to allow credit to be given for responses reflecting regional idioms. Interviews
of Spanish-speaking participants were conducted by bilingual staff [33]. This battery of
neurocognitive assessments was validated in individuals of varying educational attainment
and linguistic abilities [33,40] and the composite scores were found to be invariant across
race/ethnicity [34] and language of testing [33]. Scores for each task were converted to
z-score metric using the mean and SD for all WHICAP participants at the initial visit.
Subsequently, domain scores were computed by taking the weighted average of the z-
scores of all relevant tasks (6 tasks for language abilities, 3 tasks for memory, 4 tasks for
visuospatial abilities).

Diagnosis of dementia was established by a team of neurologists, psychiatrists, and
neuropsychologists based on a review of available clinical information, including neu-
ropsychologic and medical patient data (not including radiological data) gathered at that
visit. Follow-up visits occur at 18–24 months intervals for up to 23 years. The team was
blind to scores and diagnoses at prior visits. The criteria for all-cause dementia diagnosis
was based on standard research criteria [41], and then dementia subtype was determined
based on research criteria for probable or possible Alzheimer’s disease [41], Lewy body
dementia [42], or vascular dementia [43]. This approach has been validated in this pop-
ulation [44]. We operationalize dementia as a binary indicator of having any dementia
diagnosis. Age at the visit when a dementia diagnosis was made was used as the timing of
incident dementia.

2.5. Other Variables

All models included age at baseline. A binary indicator for sex/gender was derived
based on self-identification as male or female. We considered several socioeconomic
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variables: own level of education (years), occupation, and childhood socioeconomic status
(cSES). CSES measure was comprised of parental education and occupation. Birthplace
was classified as USA, Puerto Rico, Dominican Republic, or unreported. We included an
ordinal variable indicating recruitment cohort (1992, 1999, or 2009) to adjust for birth cohort
and differences in recruitment over time. An indicator for language of neurocognitive test
administration (English/Spanish) was also considered. Cardiovascular health is related to
cognition [45]; thus, we included a count of self-reported cardiovascular diseases, namely,
hypertension, diabetes, heart disease, and stroke (range 0–4). Finally, we included the
proportion of the block group living below the federal poverty line (range 0.0–0.88). All
participant demographics used as covariates were collected at baseline.

2.6. Statistical Analysis

The association of each segregation index and later-life cognitive performance was
estimated using multilevel linear models. Our conceptual and analytical model is pre-
sented in Figure 2. For each segregation index and cognitive composite, we fit three models.
Model 1 included age, sex/gender, and race/ethnicity. Model 2, which we consider our
main specification, added possible confounders of the examined association, namely, cSES,
years of education, occupation, language of test administration, birthplace, and recruitment
cohort. Model 3 added possible mediators of the association—cardiovascular disease event
count and neighborhood poverty level. To test if the association of residential segregation
varied based on respondent race/ethnicity, we fit the same set of models but included
an individual-level race/ethnicity × segregation term. We considered interactions with
p < 0.2 as indicating differential association because statistical power to detect interactions
is typically lower than the power needed to detect main effects [46]. The same modeling
approach was adopted for incident dementia, using Cox proportional hazards regression
models with random effects at the block group-level (so called shared frailty models) [47].
Age was used as the underlying time scale, and individuals were followed up until de-
mentia diagnosis, death, or loss to follow-up. In a sensitivity analysis, we re-estimated our
main models using multiple imputation employing Markov chain Monte Carlo (MCMC)
method with 10 imputations to examine the role of missing data on our findings.
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Our data is spatial in nature with respondents clustered within block groups; therefore,
our multilevel regression models included random effects for the block group to take into
account clustering. We also examined the need for employing more advanced spatial mod-
els (e.g., spatial error or lag models) by checking the extent of spatial autocorrelation [48]
based on regression residuals using Moran’s I statistic. The results indicated that residual
spatial autocorrelation was handled appropriately via block group random effects.
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Data were analyzed using R Studio and SAS 9.4. Maps of segregation indices and
geographic racial/ethnic composition were generated using QGIS.

3. Results
3.1. Descriptive Statistics

The majority of our sample self-identified as Hispanic (44.6%; n = 2095, mean age:
75.8), followed by NH Black (30.4%; n = 1425, mean age: 75.8) and NH White (25.0%;
n = 1173, mean age: 75.8). Segregated areas had higher proportions of Hispanic (50.8% vs.
36.9%) and NH Black respondents (36.0% vs. 23.3%) than non-segregated areas (Table 1)
and nearly 30% of those living in segregated areas were born in the Dominican Republic.
In general, those living in segregated block groups had lower levels of education, lower
occupation, and higher rates of CVD comorbidities (Table 1). Overall, those living in
segregated areas scored lower on cognitive tests and had higher dementia incidence
(n = 412, 18.9% vs. n = 325, 13.7% in non-segregated areas). The follow up period for those
living in segregated areas was on average 5.1 years (4.8 SD) and 5.5 years (4.8 SD) for those
living in non-segregated areas.

Table 1. Sample characteristics at baseline stratified by racial residential category.

Racial Residential Segregation 1

Characteristic Segregated
n = 2603 (56.4%)

Not Segregated
n = 2013 (43.6%)

Age, mean (SD), (y) 75.91 (6.44) 75.52 (6.47)
Educational level, mean (SD), (y) 9.21 (4.80) 11.42 (4.98)

Women, No. (%) 1804 (69.30) 1310 (65.08)
Race/ethnicity, No. (%)

Hispanic/Latino 1322 (50.79) 742 (36.86)
Non-Hispanic Black 938 (36.04) 468 (23.25)
Non-Hispanic White 343 (13.18) 803 (39.89)

Tested in English, No. (%) 1348 (51.79) 1337 (66.42)
CSES, mean (SD) −0.091 (0.644) 0.083 (0.653)

Occupation, No. (%)
Low 1511 (58.05) 823 (40.88)

Middle 543 (20.86) 454 (22.55)
High 424 (16.29) 648 (32.19)

Not reported 125 (4.80) 88 (4.37)
Birthplace, No. (%)

USA 910 (34.96) 810 (40.24)
Puerto Rico 119 (4.57) 70 (3.48)

Dominican Republic 794 (30.50) 347 (17.24)
Not reported 780 (29.97) 786 (39.05)

Cohort, No. (%)
1992 679 (26.09) 505 (25.09)
1998 964 (37.03) 717 (35.62)
2009 960 (36.88) 791 (39.29)

Area poverty level, mean (SD) 0.267 (0.118) 0.212 (0.130)
CVD count, mean (SD) 1.240 (0.932) 1.088 (0.927)

Cognitive scores 2, mean (SD)
Memory 0.009 (0.821) 0.245 (0.850)

Language −0.033 (0.700) 0.299 (0.769)
Visuospatial abilities 0.054 (0.687) 0.327 (0.657)

Incident dementia 2, No. (%) 412 (18.9) 325 (13.7%)
1 Segregation classification for the descriptive table was determined by combining all seven segregation indices in
the following manner: segregated area was area with low interaction and high dissimilarity and high isolation;
2 note that the sample sizes vary for each outcome; abbreviations: cSES = childhood socioeconomic status;
CVD = cardiovascular disease.

There was variation in resource distribution across high and low segregation block
groups and segregation measure (Supplementary Table S2). Isolated NH White areas had
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the lowest proportion of residents living below the poverty line (mean: 0.12; SD: 0.09; range:
0.0–0.4), followed by desegregated areas (high NH Black-NH White and Hispanic-NH
White interaction). Areas with predominantly minoritized backgrounds had the highest
proportion of residents living below the poverty line (e.g., high NH Black isolation; mean:
0.28; SD: 0.12; range: 0.0–0.9).

3.2. Block-Group Segregation and Level of Later Life Cognitive Abilities

All segregation indices were associated with language abilities in our main models
(Table 2). Specifically, living in segregated areas with a higher proportion of people from
minoritized backgrounds was associated with about −0.05 SD lower score (Table 2). Living
in desegregated areas with higher potential contact between racial/ethnic groups (high
interaction) or in areas with higher proportion of NH White adults (high isolation) was asso-
ciated with about 0.06–0.1 SD higher language scores (Table 2). For comparison, one year of
age was associated with 0.02 SD lower scores, thus living in desegregated areas corresponds
to 3–5 years (= 0.06/0.02–0.1/0.02) difference in language test scores. Individual level so-
cioeconomic confounders reduced minimally adjusted estimates on average by 31% (see
Supplementary Table S3). The addition of mediators (Supplementary Table S4) attenuated
the associations on average by an additional 15%. For all but one index (NH Black isolation),
the estimates and their respective confidence intervals did not include the null value. Both
the proportion of the block group below the poverty line and CVD count were associated
with language scores (data upon request). After accounting for missing data, the estimates
for two indices using Hispanic adults as the reference (Hispanic-NH White dissimilarity,
and Hispanic isolation) were substantially reduced (Supplementary Table S5).

Table 2. Results of multilevel linear or Cox models estimating the association of residential segregation with later life
cognitive abilities or incident dementia. Estimates for which the 95% confidence intervals do not include the null are
highlighted in bold.

Residential Segregation
Indices 1

Memory 2

β (95% CI)
Language 2

β (95% CI)
Visuospatial 2

β (95% CI)
Incident Dementia 3

HR (95% CI)

Dissimilarity NH Black-NH White −0.054 (−0.108; –0.001) −0.052 (−0.099; –0.005) −0.037 (−0.085; 0.011) 1.14 (0.92; 1.41)
Dissimilarity Hispanic-NH White 0.027 (−0.014; 0.067) −0.051 (−0.087; −0.016) −0.043 (−0.079; –0.007) 0.96 (0.82; 1.13)

Isolation NH Black −0.049 (−0.104; 0.007) −0.053 (−0.101; −0.006) −0.043 (−0.093; 0.006) 1.16 (0.94; 1.44)
Isolation Hispanic 0.013 (−0.029; 0.055) −0.048 (−0.084; −0.013) −0.054 (−0.090; –0.019) 1.07 (0.91; 1.26)

Isolation NH White 0.004 (−0.056; 0.065) 0.120 (0.070; 0.170) 0.040 (−0.010; 0.091) 0.86 (0.62; 1.19)
Interaction NH Black-NH White 0.015 (−0.027; 0.058) 0.061 (0.026; 0.095) 0.012 (−0.026; 0.050) 0.94 (0.78; 1.14)
Interaction Hispanic-NH White 0.062 (0.020; 0.105) 0.067 (0.032; 0.103) 0.050 (0.014; 0.087) 0.94 (0.79; 1.12)

1 Racial/ethnic residential segregation indices are measured at the block group level from 2005–2009 ACS data. Dissimilarity measures
the number of people who would have to move to create an equal distribution of a racial/ethnic group in the geographic area of interest.
Isolation and interaction measure the likelihood of interacting with someone in the same racial/ethnic group or in a different racial/ethnic
group, respectively. For all indices, we used the mean value within our sample to create binary indicators of segregated census blocks.
Higher dissimilarity and isolation indicate a block group with more people from minoritized backgrounds, whereas higher interaction
indicates more desegregated areas.; 2 multilevel linear models adjusted for age, sex/gender, race/ethnicity, cSES, years of education,
occupation, language of test administration, birthplace, and recruitment cohort. All cognitive scores were converted to z-scores; 3 multilevel
Cox models with age as the underlying time-scale, adjusted for sex/gender, race/ethnicity, childhood socioeconomic position (cSES), years
of education, occupation, language of test administration, birthplace, and recruitment cohort; Abbreviations: CI, confidence interval; HR,
hazard ratio; NH, non-Hispanic.

For other cognitive domains, the associations were less pronounced, but similar
pattern as for language domain was clear for segregation indices using NH Black adults as
a reference (Supplementary Table S5). In summary, living in areas with a higher proportion
of NH Black adults was associated with about −0.05 SD lower scores on the memory
domain (Tables 2 and S5) and living in areas with higher potential interaction between
NH Whites and Hispanics was associated with 0.06 SD higher memory performance
(Tables 2 and S5). The overall pattern of findings for visuospatial skills was similar to
language abilities: living in areas with a higher proportion of people from minoritized
backgrounds was associated with lower scores (≈−0.04 SD, Table 2) and living in areas with
a higher proportion of NH Whites or with higher potential contact between racial/ethnic
groups was associated with higher scores (≈0.01 to 0.05 SD, Table 2). Accounting for
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missing data reduced the estimates for segregation indices using Hispanic adults as a
reference. Estimates and confidence intervals for two indices using NH Black adults as a
reference (NH Black-NH White dissimilarity, and NH Black isolation) did not include the
null in our sensitivity analyses (Supplementary Table S5).

Few associations differed across race/ethnicity based on interaction terms in our main
models (Hispanic isolation for the language domain and dissimilarity NH White-NH Black
for the visuospatial domain; Table 3) and showed that the negative association between
living in segregated areas and cognition was largest for NH Whites (≈−0.1 SD). Similarly,
the Hispanic-NH White dissimilarity index showed larger estimated effects on cognition
among NH Whites (Table 3 and Figure 3) but based on the p-value for the interaction term,
the differences were not statistically reliable (Supplementary Table S6). The number of NH
Whites living in areas with predominantly minoritized residents was small. The association
of living in areas with a higher proportion of NH Black respondents and lower cognitive
function was reliable only for NH Black respondents for language abilities (≈−0.07 SD
for dissimilarity NH Black-NH White and NH Black isolation, Table 3 and Figure 3) and
memory (≈−0.07 SD for dissimilarity NH Black-NH White, Table 3 and Figure 3). Living
in areas with higher potential contact with other racial/ethnic groups was associated
with better language abilities for all racial/ethnic groups but was only reliable for NH
Whites (interaction NH White-NH Black) and Hispanic (interaction Hispanic-NH White)
respondents. Most isolation and segregation indices were reliably associated with the
visuospatial domain for Hispanic respondents, where areas with a higher proportion of
minoritized population predicted lower scores.

Table 3. Results of multilevel linear or Cox models with an interaction between segregation index and race/ethnicity
estimating the association of residential segregation with later life cognitive abilities among respondents from different
groups. Estimates for which the 95% confidence intervals do not include the null are highlighted in bold.

Residential Segregation 1

Indices
Memory 2 Language 2 Visuospatial 2 Incident Dementia 3

β (95% CI) β (95% CI) β (95% CI) HR (95% CI)

NH Black respondents
Dissimilarity NH Black—NH White −0.073 (−0.143; −0.003) −0.071 (−0.129; −0.012) −0.008 (−0.067; 0.051) 1.74 (1.34; 2.27)

Dissimilarity Hispanic-NH White 0.032 (−0.039; 0.103) −0.040 (−0.101; 0.021) −0.042 (−0.103; 0.018) 1.05 (0.78; 1.41)
Isolation NH Black −0.053 (−0.121; 0.015) −0.074 (−0.132; −0.017) −0.017 (−0.075; 0.042) 1.72 (1.32; 2.24)
Isolation Hispanic 0.032 (−0.040; 0.104) −0.010 (−0.072; 0.052) −0.040 (−0.100; 0.020) 1.27 (0.95; 1.69)

Isolation NH White 4 0.093 (−0.069; 0.255) 0.140 (0.019; 0.262) 0.093 (−0.033; 0.219) 1.01 (0.32; 3.19)
Interaction NH Black—NH White 0.028 (−0.042; 0.098) 0.044 (−0.012; 0.100) 0.045 (−0.014; 0.104) 1.21 (0.91; 1.61)
Interaction Hispanic—NH White 0.087 (−0.007; 0.180) 0.066 (−0.010; 0.142) 0.004 (−0.072; 0.080) 0.82 (0.50; 1.34)

Hispanic respondents
Dissimilarity NH Black-NH White −0.015 (−0.107; 0.077) −0.027 (−0.101; 0.048) −0.066 (−0.142; 0.010) 1.05 (0.76; 1.44)
Dissimilarity Hispanic-NH White 0.020 (−0.038; 0.078) −0.034 (−0.082; 0.014) −0.050 (−0.098; –0.002) 1.05 (0.86; 1.28)

Isolation NH Black −0.029 (−0.125; 0.067) −0.024 (−0.101; 0.054) −0.086 (−0.166; –0.007) 1.05 (0.76; 1.46)
Isolation Hispanic −0.009 (−0.068; 0.050) −0.041 (−0.089; 0.007) −0.079 (−0.126; –0.031) 1.13 (0.93; 1.39)

Isolation NH White 0.048 (−0.065; 0.162) 0.095 (0.006; 0.185) 0.071 (−0.020; 0.162) 0.87 (0.54; 1.38)
Interaction NH Black-NH White 0.030 (−0.040; 0.101) 0.043 (−0.012; 0.099) 0.030 (−0.029; 0.089) 1.04 (0.81; 1.33)
Interaction Hispanic—NH White 0.060 (0.002; 0.119) 0.076 (0.029; 0.123) 0.080 (0.031; 0.128) 0.95 (0.78; 1.17)

NH White respondents
Dissimilarity NH Black-NH White 4 –0.096 (–0.308; 0.115) −0.016 (−0.192; 0.159) −0.164 (−0.330; 0.002) 0.98 (0.24; 3.98)

Dissimilarity Hispanic-NH White 0.034 (–0.054; 0.121) −0.114 (−0.187; –0.041) −0.028 (−0.099; 0.044) 0.53 (0.34; 0.84)
Isolation NH Black 4 –0.185 (–0.507; 0.137) 0.068 (−0.182; 0.318) −0.166 (−0.414; 0.083) N/A

Isolation Hispanic 0.036 (–0.053; 0.124) −0.122 (−0.196; –0.049) −0.018 (−0.089; 0.053) 0.60 (0.38; 0.94)
Isolation NH White –0.038 (–0.114; 0.038) 0.126 (0.063; 0.190) 0.013 (−0.050; 0.076) 0.52 (0.35; 0.78)

Interaction NH Black-NH White –0.017 (–0.094; 0.059) 0.099 (0.038; 0.159) −0.044 (−0.107; 0.019) 0.50 (0.31; 0.83)
Interaction Hispanic-NH White 0.049 (–0.031; 0.128) 0.051 (−0.013; 0.116) 0.029 (−0.036; 0.094) 0.58 (0.42; 0.80)

1 Racial/ethnic residential segregation indices are measured at the block group level from 2005–2009 ACS data. Dissimilarity measures
the number of people who would have to move to create an equal distribution of a racial/ethnic groups in the geographic area of
interest. Isolation and interaction measure the likelihood of interacting with someone in the same racial/ethnic group or in a different
racial/ethnic group, respectively. For all indices, we used the mean value within our sample to create binary indicators of segregated
census blocks. Higher dissimilarity and isolation indicate a block group with more people from minoritized backgrounds, whereas
higher interaction indicates more desegregated areas; 2 multilevel linear models adjusted for age, sex/gender, race/ethnicity, cSES,
years of education, occupation, language of test administration, birthplace, and recruitment cohort. All cognitive scores were
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converted to z-scores; 3 multilevel Cox models with age as the underlying time-scale, adjusted for sex/gender, race/ethnicity, childhood

socioeconomic position (cSES), years of education, occupation, language of test administration, birthplace, and recruitment cohort; 4 due to stark

segregation between NH Black and NH White adults in the studied area, very few (n = 70) of our NH Black respondents live in a census block

where the majority of residents are NH White adults, as indicated by the isolation NH White index. Similarly, very few NH White respondents

live in census blocks where the majority of residents are NH Black as indicated by the dissimilarity NH Black-NH White index (n = 43) and

isolation NH Black index (n = 14). Subsequently, the concerned estimates have wide confidence intervals; abbreviations: CI, confidence interval;

HR, hazard ratio; NH, non-Hispanic.
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Figure 3. Association of residential segregation indices and language scores for the whole sample (A) and three
race/ethnicity groups (B–D), which were derived from models with a segregation index x ace/ethnicity interaction
(estimates in Tables 2 and 3). The models controlled for age, sex/gender, race/ethnicity, childhood socioeconomic position,
years of education, occupation, language of test administration, birthplace, and recruitment cohort. For all indices, we
used the mean value within our sample to create binary indicators of segregated census blocks. Higher dissimilarity and
isolation indicate a block group with more people from minoritized backgrounds, whereas higher interaction indicates
more desegregated areas. Note: confidence intervals for effect of living in census blocks where the majority of residents are
NH Black adults (isolation B and dissimilarity B-W) on NH White respondents (panel D) have large confidence intervals
due to small sample sizes (n = 14 and n = 43, respectively).

3.3. Incident Dementia

In models adjusting for socioeconomic confounders, the results indicated that living
in areas with higher proportion of people from minoritized background was associated
with higher dementia incidence (Table 2). People living in areas with predominantly NH
White residents had a lower risk of incident dementia. While the confidence intervals in
main analyses included the null, after accounting for missing data, living in areas with
predominantly NH Black residents was consistently associated with increased dementia
risk (dissimilarity NH Black: HR 1.25; 95% CI: 1.01, 1.54 and isolation NH Black: HR 1.29;
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95% CI: 1.05; 1.57). These results were driven by estimates for NH Black respondents
(Table 3; dissimilarity NH Black: HR 1.70; 95% CI: 1.34, 2.27 and isolation NH Black: HR
1.72; 95% CI: 1.32, 2.24).

4. Discussion

The aim of this study was to examine the relationship of racial/ethnic residential
segregation with cognitive ability and incident dementia, and to determine if these asso-
ciations varied by race/ethnicity and segregation index. To do this, we leveraged a large
ethnically/racially diverse cohort in Northern Manhattan, New York. One of the most
consistent results in our study was that NH Black older adults living in segregated Black
neighborhoods had poorer performance on measures of language, memory, and higher
risk of developing dementia, corresponding to their unequal and unjust high exposure
to resource deprivation as a consequence of structural racism. The negative association
of residential segregation and cognition was also replicated in the whole sample. On
the other hand, living in more desegregated areas that are more affluent was associated
with higher cognitive test scores for all groups. The observed associations were most
consistent and strongest for the language domain, and the magnitude of these associations
was comparable to the effect of 3–5 years of chronological age on cognitive ability.

We replicated the findings obtained by Caunca et al. (2020), that older NH Black people
living in under-resourced segregated NH Black neighborhoods had lower language and
memory test scores and were at higher risk of dementia than NH Black residents living in
more affluent racially desegregated areas [17]. Emerging literature has linked residence in
disadvantaged neighborhoods with compromised brain health, including cortical thinning
in Alzheimer’s disease signature regions, but this was studied in a predominantly NH
White sample [19,22,23,49]. Thus, we extend the literature by providing evidence of the role
of segregation on pathological aging in the form of dementia in non-White populations.

An important contribution of our study is that we examined multiple segregation indices
in a diverse neighborhood. Dissimilarity has been proposed as an indicator of inequitable
distribution of resources [27]. The exposure indices—interaction and isolation—are thought
to at least partly reflect mechanisms reliant on social contact, such as support from one’s
social network, adoption of health-related behaviors [50] or exposure to stressors, such as
discrimination [51,52]. There were clear differences in resource distribution across different
types of areas in our study and segregation measure. Proportion of residents living below the
poverty line was about 55% lower in isolated White areas and 10% lower in racially/ethnically
desegrated areas, compared to segregated areas. Overall, our findings indicate that living in
more affluent areas was beneficial for cognition, and the effect was most pronounced with the
NH White isolation index. For all other indices, we found a similar magnitude of associations,
suggesting that their impact on cognitive aging and dementia risk most likely reflects similar
mechanisms. In sum, we believe all of the residential segregation indices predominantly
capture downstream effects of structural racism, such as unequal distributions of wealth,
resources, and opportunity.

Previous studies have explored the association between residential segregation and
overall cognition across census tracts [19,22,23]. However, fewer studies have examined
this relationship within specific cognitive domains [17]. Our study showed that residential
segregation—living in under-resourced segregated NH Black neighborhoods—was associ-
ated with worse cognitive scores and incident dementia, suggesting minimal differences
across domains. The observed relationships were most consistent for the domain of lan-
guage, where living in under-resourced areas was associated with lower scores. Language
abilities are largely dependent on formal education, but in our study these relationships
remained in models adjusting for years of education and other SES confounders. Compared
to memory or visuospatial abilities, tests of language abilities rely to a greater extent on
culturally specific skills, knowledge, and stimuli, often reinforced during schooling. Our
findings indicate that residential segregation independently contributes to these life-course
exposures, most likely through cumulative differences in opportunity structures [53], such
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as access to quality education [54]. For example, in the US, public schools are funded by
property taxes, which can result in inequitable educational experiences where poor areas
have less money to provide to their schools. Pattern of findings across domains and further
examination of differences across cognitive subdomains is warranted.

Individual- and neighborhood-level socioeconomic factors are thought to be important
mediators linking residential segregation and cognition [55–58], as living in more segre-
gated Black and Hispanic areas restricts access to social, economic, and political resources.
Block group poverty level was associated with scores on tests in the language domain
(but not other cognitive outcomes). While the association between residential segregation
and cognition was substantially reduced when individual socioeconomic factors were
included in our models, the estimates and their respective confidence intervals did not
include the null, indicating that residential segregation may capture additional aspects
of exposure to cumulative disadvantage. These additional aspects may include negative
psychosocial effects of increased lifelong exposure discrimination, more limited access
to health care, and environmental exposures (e.g., air, noise, and water pollution, access
to green spaces) [2]. Adjusting for concurrent depressive symptoms, another possible
mediator of the studied relationship, did not alter our findings (Supplementary Table S6).
Furthermore, the persistence of associations after adjustment for individual socioeconomic
factors points to the importance of societal intervention, such as resource redistribution, as
opposed to individual-level changes.

Previous research proposed that living in segregated ethnic enclaves is a protective
factor because of stronger social networks and the support they provide [19,20,59,60]. The
Washington Heights area is home to a Dominican American enclave, thus we believe
protective effects of living in an enclave would be evident in estimates for the Hispanic
respondents. We believe that the Hispanic isolation index should best capture the “enclave
effect”. Specifically, if living in an ethnic enclave is protective for later-life cognition, we
would see that the effect of Hispanic isolation among Hispanic respondents would be
smaller than the effect of Black isolation for NH Black respondents. However, our findings
indicate that isolation was negatively associated with cognition in both racial/ethnic
groups, replicating findings by Sheffield and Peeks (2009) and providing further support
for the resource deprivation, rather than social network, pathway. Nevertheless, this does
not mean that living in an ethnic enclave does not provide access to community support
and other important resources for minoritized populations. Instead, it indicates that the
compounded disadvantages [61] resulting from racist practices faced by individuals in
segregated communities may erase the cognitive benefits [22] of increased social resources.
Such trade-offs between resource deprivation and social support should be explicitly
examined in the future.

The strengths of this study include the consideration of multiple indices of segregation
at the block group level, examination of multiple cognitive domains based on validated
neurocognitive measures, longitudinal assessment of incident dementia risk, large sample
size, and examination of heterogeneous effects by race and ethnicity. However, the study
also has a number of limitations. First, our study design did not allow us to determine the
causal direction of the relationship between residential segregation and cognitive function
or dementia risk. Second, there is a potential for exposure misclassification since respon-
dents’ addresses used in this analysis were obtained at their baseline (1992, 1997, or 2009),
but segregation indices were derived from the earliest available block group-level ACS
statistics, averaged between 2005 and 2009. Nevertheless, the majority (90%) of the WH-
ICAP participants did not change their residence since the baseline assessment, suggesting
that misclassification due to mobility is likely limited. Third, the composition of the block
groups may have changed between the time of the baseline study visit and the ACS data
collection due to ongoing gentrification [62]. For earlier WHICAP recruitment cohorts (1992
and 1997), segregation was higher, meaning we may have underestimated the positive
“enclave effect” as well as the effect of segregation through resource deprivation. Fourth,
19.9% of respondents were missing data on covariates, especially childhood SES, and were
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excluded from the study. Those with missing covariates were more likely to live in segre-
gated areas and had lower SES and cognition. Thus, our estimates likely underestimate the
association between residential segregation and cognition. Fifth, despite the heterogeneity
of Hispanic, Black, and White populations, we used single pan-racial/ethnic categories.
Previous studies suggest that within-group heterogeneity may act as a modifier of the
relationships studied in this paper and should be a topic of future research [19,22,24]. Sixth,
while many contextual factors may be important for cognitive health, we chose to consider
only poverty level. Nevertheless, we conceptualize these factors as possible mediators
of the studied relationship. Longitudinal studies using mediation analysis are needed to
clarify the role of these factors. Seventh, while we account for several confounders, we
cannot rule out the possibility that unmeasured confounding, for example, by family his-
tory of dementia, neurological or neuropsychological disorders [63,64], biased our findings.
Nevertheless, many of these factors (e.g., substance abuse) are relatively rare, making them
unlikely drivers of our observed relationships.

5. Conclusions

Residential segregation is a consequence of structural racism, is maintained through
unequal and unjust distribution of wealth, resources, and opportunities, and is a consistent
predictor of poor health outcomes among Black people [16]. Our study of older adults
in Northern Manhattan, New York, suggested that (1) Black and Hispanic older adults
were more likely to live in segregated neighborhoods that had twice the proportion of
residents living below the poverty line; (2) residential segregation was associated with
decreased cognitive function and increased dementia risk even after taking into account
individual factors; and (3) living in more resource-rich, desegregated neighborhoods was
positively associated with later-life cognitive health. Our results suggest that policies
that reduce residential segregation, such as access to affordable housing, and resource
redistribution to low-income communities have the potential to narrow cognitive health
disparities among Black and Hispanic older adults. With aging Baby Boomer generation
and increasing dementia prevalence and costs [65], neighborhood-level interventions
should be considered to achieve brain health equity and maintain the wellbeing of society.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph182111233/s1, Material S1: Equations for segregation indices, Figure S1: Study
population flowchart for cognitive outcomes, Figure S2: Study population flowchart for dementia
analysis, Figure S3: Maps of additional segregation indices, Table S1: Descriptive statistics of
those with and without missing data, Table S2: Proportion in poverty across segregation indices,
Table S3: Results of models adjusted for age, race/ethnicity, and sex/gender, Table S4: Results of
models adjusted also for possible mediators, Table S5: Results of models employing multiple im-
putation. Table S6: P-values for the interaction term between segregation index & race/ethnicity,
Table S7: Results of language models adjusted for number of depressive symptoms.

Author Contributions: Conceptualization, D.J.P., D.S. and J.M.; methodology, D.S., J.A.C. and J.M.,
E.R.K. and J.F.A.; formal analysis, D.S.; resources, J.M.; data curation, J.M.; writing—original draft
preparation, D.J.P., K.A.D. and D.S.; writing—review and editing, J.A.C., E.R.K., J.F.A. and J.M.;
supervision, J.M.; project administration, J.M.; funding acquisition, J.M. All authors have read and
agreed to the published version of the manuscript.

Funding: Data collection and sharing for this project was supported by the Washington Heights-
Inwood Columbia Aging Project (WHICAP, PO1AG07232, R01AG037212, RF1AG054023) funded
by the National Institute on Aging (NIA). Furter, the publication was supported by the National
Center for Advancing Translational Sciences, National Institutes of Health, through grant number
UL1TR001873. The content is solely the responsibility of the authors and does not necessarily
represent the official views of the NIH.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Columbia University
(protocol code IRB-AAAO9804, approval date: 5 August 2021).

https://www.mdpi.com/article/10.3390/ijerph182111233/s1
https://www.mdpi.com/article/10.3390/ijerph182111233/s1


Int. J. Environ. Res. Public Health 2021, 18, 11233 14 of 16

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support these findings are available with approved data
request (https://cumc.co1.qualtrics.com/jfe/form/SV_6x5rRy14B6vpoqNM, accessed on 1 June
2020). Study protocol, data management, and statistical analysis coding will be shared upon request
from the corresponding author of this study.

Acknowledgments: WHICAP study participants and the WHICAP research and support staff for
their contributions to this study. The manuscript has been reviewed by WHICAP investigators for
scientific content and consistency of data interpretation with previous WHICAP Study publications.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Krieger, N. Theories for social epidemiology in the 21st century: An ecosocial perspective. Int. J. Epidemiol. 2001, 30, 668–677.

[CrossRef]
2. Williams, D.R.; Collins, C. Racial residential segregation: A fundamental cause of racial disparities in health. Public Health Rep.

2001, 116, 404–416. [CrossRef]
3. Helzner, E.P.; Cauley, J.A.; Pratt, S.R.; Wisniewski, S.; Zmuda, J.M.; Talbott, E.; De Rekeneire, N.; Ms, T.B.H.; Rubin, S.M.;

Simonsick, E.M.; et al. Race and Sex Differences in Age-Related Hearing Loss: The Health, Aging and Body Composition Study. J.
Am. Geriatr. Soc. 2005, 53, 2119–2127. [CrossRef]

4. Scarmeas, N.; Stern, Y. Cognitive Reserve and Lifestyle. J. Clin. Exp. Neuropsychol. 2003, 25, 625–633. [CrossRef] [PubMed]
5. Grady, S.C. Racial disparities in low birthweight and the contribution of residential segregation: A multilevel analysis. Soc. Sci.

Med. 2006, 63, 3013–3029. [CrossRef]
6. Kramer, M.R.; Hogue, C.R. Place Matters: Variation in the Black/White Very Preterm Birth Rate across U.S. Metropolitan Areas,

2002–2004. Public Health Rep. 2008, 123, 576–585. [CrossRef]
7. Bravo, M.A.; Anthopolos, R.; Kimbro, R.T.; Miranda, M.L. Residential Racial Isolation and Spatial Patterning of Type 2 Diabetes

Mellitus in Durham, North Carolina. Am. J. Epidemiol. 2018, 187, 1467–1476. [CrossRef] [PubMed]
8. Kershaw, K.N.; Robinson, W.; Gordon-Larsen, P.; Hicken, M.T.; Goff, D.C.; Carnethon, M.; Kiefe, C.I.; Sidney, S.; Roux, A.V.D.

Association of Changes in Neighborhood-Level Racial Residential Segregation With Changes in Blood Pressure Among Black
Adults. JAMA Intern. Med. 2017, 177, 996–1002. [CrossRef]

9. Collins, C.A. Racism and health: Segregation and causes of death amenable to medical intervention in major U.S. cities. Ann. N.
Y. Acad. Sci. 1999, 896, 396–398. [CrossRef] [PubMed]

10. Landrine, H.; Corral, I. Separate and unequal: Residential segregation and black health disparities. Ethn. Dis. 2009, 19, 179.
11. Barnes, L.L.; Bennett, D.A. Alzheimer’s Disease In African Americans: Risk Factors And Challenges For The Future. Health Aff.

2014, 33, 580–586. [CrossRef]
12. Morris, J.C.; Schindler, S.; McCue, L.M.; Moulder, K.L.; Benzinger, T.L.S.; Cruchaga, C.; Fagan, A.M.; Grant, E.; Gordon, B.;

Holtzman, D.M.; et al. Assessment of Racial Disparities in Biomarkers for Alzheimer Disease. JAMA Neurol. 2019, 76, 264–273.
[CrossRef] [PubMed]

13. Szanton, S.L.; Rifkind, J.M.; Mohanty, J.G.; Miller, E.R.; Thorpe, R.J.; Nagababu, E.; Epel, E.S.; Zonderman, A.B.; Evans, M.
Racial Discrimination Is Associated with a Measure of Red Blood Cell Oxidative Stress: A Potential Pathway for Racial Health
Disparities. Int. J. Behav. Med. 2012, 19, 489–495. [CrossRef] [PubMed]

14. Saxe, J.S. Promoting Healthy Lifestyles and Decreasing Childhood Obesity: Increasing Physician Effectiveness Through Advocacy.
Ann. Fam. Med. 2011, 9, 546–548. [CrossRef] [PubMed]

15. Kelli, H.M.; Hammadah, M.; Ahmed, H.; Ko, Y.-A.; Topel, M.; Samman-Tahhan, A.; Awad, M.; Patel, K.; Mohammed, K.;
Sperling, L.S.; et al. Association Between Living in Food Deserts and Cardiovascular Risk. Circ. Cardiovasc. Qual. Outcomes 2017,
10. [CrossRef] [PubMed]

16. Bailey, Z.D.; Feldman, J.M.; Bassett, M.T. How Structural Racism Works—Racist Policies as a Root Cause of U.S. Racial Health
Inequities. N. Engl. J. Med. 2021, 384, 768–773. [CrossRef]

17. Caunca, M.R.; Odden, M.C.; Glymour, M.M.; Elfassy, T.; Kershaw, K.N.; Sidney, S.; Yaffe, K.; Launer, L.; Al Hazzouri, A.Z.
Association of Racial Residential Segregation Throughout Young Adulthood and Cognitive Performance in Middle-aged
Participants in the CARDIA Study. JAMA Neurol. 2020, 77, 1000. [CrossRef] [PubMed]

18. Meyer, O.L.; Sisco, S.M.; Harvey, D.; Zahodne, L.B.; Glymour, M.M.; Manly, J.J.; Marsiske, M. Neighborhood Predictors of
Cognitive Training Outcomes and Trajectories in ACTIVE. Res. Aging 2017, 39, 443–467. [CrossRef]

19. Sheffield, K.M.; Peek, M.K. Neighborhood Context and Cognitive Decline in Older Mexican Americans: Results From the
Hispanic Established Populations for Epidemiologic Studies of the Elderly. Am. J. Epidemiol. 2009, 169, 1092–1101. [CrossRef]

20. Espino, D.V.; Lichtenstein, M.J.; Palmer, R.F.; Hazuda, H.P. Ethnic Differences in Mini-Mental State Examination (MMSE) Scores:
Where You Live Makes a Difference. J. Am. Geriatr. Soc. 2001, 49, 538–548. [CrossRef]

https://cumc.co1.qualtrics.com/jfe/form/SV_6x5rRy14B6vpoqNM
http://doi.org/10.1093/ije/30.4.668
http://doi.org/10.1016/S0033-3549(04)50068-7
http://doi.org/10.1111/j.1532-5415.2005.00525.x
http://doi.org/10.1076/jcen.25.5.625.14576
http://www.ncbi.nlm.nih.gov/pubmed/12815500
http://doi.org/10.1016/j.socscimed.2006.08.017
http://doi.org/10.1177/003335490812300507
http://doi.org/10.1093/aje/kwy026
http://www.ncbi.nlm.nih.gov/pubmed/29762649
http://doi.org/10.1001/jamainternmed.2017.1226
http://doi.org/10.1111/j.1749-6632.1999.tb08152.x
http://www.ncbi.nlm.nih.gov/pubmed/10681933
http://doi.org/10.1377/hlthaff.2013.1353
http://doi.org/10.1001/jamaneurol.2018.4249
http://www.ncbi.nlm.nih.gov/pubmed/30615028
http://doi.org/10.1007/s12529-011-9188-z
http://www.ncbi.nlm.nih.gov/pubmed/21913047
http://doi.org/10.1370/afm.1263
http://www.ncbi.nlm.nih.gov/pubmed/22084266
http://doi.org/10.1161/CIRCOUTCOMES.116.003532
http://www.ncbi.nlm.nih.gov/pubmed/28904075
http://doi.org/10.1056/NEJMms2025396
http://doi.org/10.1001/jamaneurol.2020.0860
http://www.ncbi.nlm.nih.gov/pubmed/32364578
http://doi.org/10.1177/0164027515618242
http://doi.org/10.1093/aje/kwp005
http://doi.org/10.1046/j.1532-5415.2001.49111.x


Int. J. Environ. Res. Public Health 2021, 18, 11233 15 of 16

21. Furman Center. Washington Heights/Inwood Neighborhood Profile. Available online: https://furmancenter.org/
neighborhoods/view/washington-heights-inwood (accessed on 11 June 2021).

22. Aneshensel, C.S.; Ko, M.J.; Chodosh, J.; Wight, R.G. The Urban Neighborhood and Cognitive Functioning in Late Middle Age. J.
Health Soc. Behav. 2011, 52, 163–179. [CrossRef] [PubMed]

23. Kovalchik, S.A.; Slaughter, M.E.; Miles, J.; Friedman, E.M.; Shih, R.A. Neighbourhood racial/ethnic composition and segregation
and trajectories of cognitive decline among US older adults. J. Epidemiol. Commun. Health 2015, 69, 978–984. [CrossRef] [PubMed]

24. Weden, M.M.; Miles, J.N.V.; Friedman, E.; Escarce, J.J.; Peterson, C.; Langa, K.M.; Shih, R.A. The Hispanic Paradox: Race/Ethnicity
and Nativity, Immigrant Enclave Residence and Cognitive Impairment Among Older US Adults. J. Am. Geriatr. Soc. 2017, 65,
1085–1091. [CrossRef] [PubMed]

25. Garcia, M.A.; Reyes, A.M.; García, C.; Chiu, C.-T.; Macias, G. Nativity and Country of Origin Variations in Life Expectancy With
Functional Limitations Among Older Hispanics in the United States. Res. Aging 2020, 42, 199–207. [CrossRef] [PubMed]

26. Massey, D.S.; Denton, N.A. The Dimensions of Residential Segregation. Soc. Forces 1988, 67, 281. [CrossRef]
27. Yang, T.; Park, K.; Matthews, S.A. Racial/ethnic segregation and health disparities: Future directions and opportunities. Sociol.

Compass 2020, 14, e12749. [CrossRef]
28. Manly, J.J.; Byrd, D.; Touradji, P.; Sanchez, D.; Stern, Y. Literacy and cognitive change among ethnically diverse elders. Int. J.

Psychol. 2004, 39, 47–60. [CrossRef]
29. Duncan, O.D.; Duncan, B. A Methodological Analysis of Segregation Indexes. Am. Sociol. Rev. 1955, 20, 210–217. [CrossRef]
30. Reardon, S.F.; O’Sullivan, D. Measures of Spatial Segregation. Sociol. Methodol. 2004, 34, 121–162. [CrossRef]
31. White, M.J. Segregation and Diversity Measures in Population Distribution. Popul. Index 1986, 52, 198–221. [CrossRef]
32. Weiss, L.; Ompad, D.; Galea, S.; Vlahov, D. Defining Neighborhood Boundaries for Urban Health Research. Am. J. Prev. Med.

2007, 32, S154–S159. [CrossRef]
33. Siedlecki, K.L.; Manly, J.J.; Brickman, A.M.; Schupf, N.; Tang, M.-X.; Stern, Y. Do neuropsychological tests have the same meaning

in Spanish speakers as they do in English speakers? Neuropsychology 2010, 24, 402–411. [CrossRef]
34. Avila, J.F.; Rentería, M.A.; Witkiewitz, K.; Verney, S.P.; Vonk, J.M.J.; Manly, J.J. Measurement invariance of neuropsychological

measures of cognitive aging across race/ethnicity by sex/gender groups. Neuropsychology 2020, 34, 3. [CrossRef]
35. Buschke, H.; Fuld, P.A. Evaluating storage, retention, and retrieval in disordered memory and learning. Neurology 1974, 24,

1019–1025. [CrossRef] [PubMed]
36. Benton, A.L. Visual Retention Test Forms C, D, E.; University of Iowa: Iowa, IA, USA, 1955. Available online: https://catalog.

hathitrust.org/Record/100896554 (accessed on 28 December 2020).
37. Rosen, W. The Rosen Drawing Test; Veterans Administration Medical Center: Bronx, NY, USA, 1981.
38. Mattis, S. Mental status examination for organic mental syndrome in the elderly patients. In Geriatric Psychiatry; Grune & Stratton:

New York, NY, USA, 1976; pp. 77–121.
39. Jacobs, D.; Sano, M.; Albert, S.; Schofield, P.; Dooneief, G.; Stern, Y. Cross-cultural neuropsychological assessment: A comparison

of randomly selected, demographically matched cohorts of English-and Spanish-speaking older adults. J. Clin. Exp. Neuropsychol.
1997, 19, 331–339. [CrossRef] [PubMed]

40. Manly, J.J.; Bell-McGinty, S.; Tang, M.-X.; Schupf, N.; Stern, Y.; Mayeux, R. Implementing Diagnostic Criteria and Estimating
Frequency of Mild Cognitive Impairment in an Urban Community. Arch. Neurol. 2005, 62, 1739–1746. [CrossRef]

41. McKhann, G.M.; Knopman, D.S.; Chertkow, H.; Hyman, B.T.; Jack, C.R.; Kawas, C.H.; Klunk, W.E.; Koroshetz, W.J.; Manly, J.J.;
Mayeux, R.; et al. The diagnosis of dementia due to Alzheimer’s disease: Recommendations from the National Institute on
Aging-Alzheimer’s association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 2011, 7, 263–269.
[CrossRef]

42. McKeith, I.; Perry, E.; Perry, R. Report of the second dementia with Lewy body international workshop: Diagnosis and treatment.
Neurology 1999, 53, 902–905. [CrossRef]

43. Roman, G.C.; Tatemichi, T.K.; Erkinjuntti, T.; Cummings, J.L.; Masdeu, J.C.; Garcia, J.H.; Amaducci, L.; Orgogozo, J.-M.; Brun, A.;
Hofman, A.; et al. Vascular dementia: Diagnostic criteria for research studies: Report of the NINDS-AIREN International
Workshop. Neurology 1993, 43, 250. [CrossRef]

44. Stern, Y.; Andrews, H.; Pittman, J.; Sano, M.; Tatemichi, T.; Lantigua, R.; Mayeux, R. Diagnosis of dementia in a heterogeneous
population: Development of a neuropsychological paradigm-based diagnosis of dementia and quantified correction for the
effects of education. Arch. Neurol. 1992, 49, 453–460. [CrossRef]

45. Gardener, H.; Wright, C.; Rundek, T.; Sacco, R.L. Brain health and shared risk factors for dementia and stroke. Nat. Rev. Neurol.
2015, 11, 651–657. [CrossRef] [PubMed]

46. McClelland, G.H.; Judd, C.M. Statistical difficulties of detecting interactions and moderator effects. Psychol. Bull. 1993, 114, 376.
[CrossRef] [PubMed]

47. Austin, P.C. A Tutorial on Multilevel Survival Analysis: Methods, Models and Applications. Int. Stat. Rev. 2017, 85, 185–203.
[CrossRef]

48. Davis, R.; Resnick, S. Limit theory for the sample covariance and correlation functions of moving averages. Ann. Stat. 1986, 14,
533–558. [CrossRef]

https://furmancenter.org/neighborhoods/view/washington-heights-inwood
https://furmancenter.org/neighborhoods/view/washington-heights-inwood
http://doi.org/10.1177/0022146510393974
http://www.ncbi.nlm.nih.gov/pubmed/21673145
http://doi.org/10.1136/jech-2015-205600
http://www.ncbi.nlm.nih.gov/pubmed/26002968
http://doi.org/10.1111/jgs.14806
http://www.ncbi.nlm.nih.gov/pubmed/28369694
http://doi.org/10.1177/0164027520914512
http://www.ncbi.nlm.nih.gov/pubmed/32238009
http://doi.org/10.2307/2579183
http://doi.org/10.1111/soc4.12794
http://doi.org/10.1080/00207590344000286
http://doi.org/10.2307/2088328
http://doi.org/10.1111/j.0081-1750.2004.00150.x
http://doi.org/10.2307/3644339
http://doi.org/10.1016/j.amepre.2007.02.034
http://doi.org/10.1037/a0017515
http://doi.org/10.1037/neu0000584
http://doi.org/10.1212/WNL.24.11.1019
http://www.ncbi.nlm.nih.gov/pubmed/4473151
https://catalog.hathitrust.org/Record/100896554
https://catalog.hathitrust.org/Record/100896554
http://doi.org/10.1080/01688639708403862
http://www.ncbi.nlm.nih.gov/pubmed/9268808
http://doi.org/10.1001/archneur.62.11.1739
http://doi.org/10.1016/j.jalz.2011.03.005
http://doi.org/10.1212/WNL.53.5.902
http://doi.org/10.1212/WNL.43.2.250
http://doi.org/10.1001/archneur.1992.00530290035009
http://doi.org/10.1038/nrneurol.2015.195
http://www.ncbi.nlm.nih.gov/pubmed/26481296
http://doi.org/10.1037/0033-2909.114.2.376
http://www.ncbi.nlm.nih.gov/pubmed/8416037
http://doi.org/10.1111/insr.12214
http://doi.org/10.1214/aos/1176349937


Int. J. Environ. Res. Public Health 2021, 18, 11233 16 of 16

49. Hunt, J.F.V.; Buckingham, W.; Kim, A.J.; Oh, J.; Vogt, N.M.; Jonaitis, E.M.; Hunt, T.K.; Zuelsdorff, M.; Powell, W.R.; Norton, D.;
et al. Association of Neighborhood-Level Disadvantage With Cerebral and Hippocampal Volume. JAMA Neurol. 2020, 77,
451–460. [CrossRef]

50. Levy, D.E.; Pachucki, M.C.; O’Malley, A.J.; Porneala, B.; Yaqubi, A.; Thorndike, A.N. Social connections and the healthfulness of
food choices in an employee population. Nat. Hum. Behav. 2021, 5, 1–9. [CrossRef] [PubMed]

51. Clark, R.; Anderson, N.B.; Clark, V.R.; Williams, D.R. Racism as a stressor for African Americans: A biopsychosocial model. Am.
Psychol. 1999, 54, 805. [CrossRef]

52. Paradies, Y.; Ben, J.; Denson, N.; Elias, A.; Priest, N.; Pieterse, A.; Gupta, A.; Kelaher, M.; Gee, G. Racism as a Determinant of
Health: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0138511. [CrossRef]

53. Robert, S.A.; Ruel, E. Racial segregation and health disparities between Black and White older adults. J. Gerontol. Ser. B 2006, 61,
S203–S211. [CrossRef] [PubMed]

54. Glymour, M.M.; Manly, J.J. Lifecourse Social Conditions and Racial and Ethnic Patterns of Cognitive Aging. Neuropsychol. Rev.
2008, 18, 223–254. [CrossRef]

55. Yaffe, K.; Falvey, C.; Harris, T.B.; Newman, A.B.; Satterfield, S.; Koster, A.; Ayonayon, H.; Simonsick, E. Effect of socioeconomic
disparities on incidence of dementia among biracial older adults: Prospective study. BMJ 2013, 347, f7051. [CrossRef] [PubMed]

56. Besser, L.M.; McDonald, N.C.; Song, Y.; Kukull, W.A.; Rodriguez, D.A. Neighborhood Environment and Cognition in Older
Adults: A Systematic Review. Am. J. Prev. Med. 2017, 53, 241–251. [CrossRef]

57. Kim, D.; Griffin, B.A.; Kabeto, M.; Escarce, J.; Langa, K.M.; Shih, R.A. Lagged Associations of Metropolitan Statistical Area-
and State-Level Income Inequality with Cognitive Function: The Health and Retirement Study. PLoS ONE 2016, 11, e0157327.
[CrossRef]

58. Zeki Al Hazzouri, A.; Haan, M.N.; Osypuk, T.; Abdou, C.; Hinton, L.; Aiello, A.E. Neighborhood socioeconomic context and
cognitive decline among older Mexican Americans: Results from the Sacramento Area Latino Study on Aging. Am. J. Epidemiol.
2011, 174, 423–431. [CrossRef]

59. Aneshensel, C.S.; Sucoff, C.A. The neighborhood context of adolescent mental health. J. Health Soc. Behav. 1996, 37, 293–310.
[CrossRef]

60. Versey, H.S. A tale of two Harlems: Gentrification, social capital, and implications for aging in place. Soc. Sci. Med. 2018, 214,
1–11. [CrossRef] [PubMed]

61. Wheaton, B.; Clarke, P. Space meets time: Integrating temporal and contextual influences on mental health in early adulthood.
Am. Sociol. Rev. 2003, 68, 680–706. [CrossRef]

62. Hernandez, R.; Sezgin, U.; Marrara, S. When a Neighborhood Becomes a Revolving Door for Dominicans: Rising Housing Costs
in Washington Heights/Inwood and the Declining Presence of Dominicans. 2018. Available online: https://academicworks.cuny.
edu/cgi/viewcontent.cgi?article=1025&context=dsi_pubs (accessed on 15 June 2021).

63. Speedie, L.; Rabins, P.; Pearlson, G.; Moberg, P. Confrontation naming deficit in dementia of depression. J. Neuropsychiatry Clin.
Neurosci. 1990, 2, 59–63. [CrossRef] [PubMed]

64. Crocco, E.A.; Castro, K.; Loewenstein, D.A. How Late-Life Depression Affects Cognition: Neural Mechanisms. Curr. Psychiatry
Rep. 2010, 12, 34–38. [CrossRef]

65. Wong, W. Economic burden of Alzheimer disease and managed care considerations. Am. J. Manag. Care 2020, 26 (Suppl. 8),
S177–S183.

http://doi.org/10.1001/jamaneurol.2019.4501
http://doi.org/10.1038/s41562-021-01103-x
http://www.ncbi.nlm.nih.gov/pubmed/33888881
http://doi.org/10.1037/0003-066X.54.10.805
http://doi.org/10.1371/journal.pone.0138511
http://doi.org/10.1093/geronb/61.4.S203
http://www.ncbi.nlm.nih.gov/pubmed/16855041
http://doi.org/10.1007/s11065-008-9064-z
http://doi.org/10.1136/bmj.f7051
http://www.ncbi.nlm.nih.gov/pubmed/24355614
http://doi.org/10.1016/j.amepre.2017.02.013
http://doi.org/10.1371/journal.pone.0157327
http://doi.org/10.1093/aje/kwr095
http://doi.org/10.2307/2137258
http://doi.org/10.1016/j.socscimed.2018.07.024
http://www.ncbi.nlm.nih.gov/pubmed/30125754
http://doi.org/10.2307/1519758
https://academicworks.cuny.edu/cgi/viewcontent.cgi?article=1025&context=dsi_pubs
https://academicworks.cuny.edu/cgi/viewcontent.cgi?article=1025&context=dsi_pubs
http://doi.org/10.1176/jnp.2.1.59
http://www.ncbi.nlm.nih.gov/pubmed/2136062
http://doi.org/10.1007/s11920-009-0081-2

	Introduction 
	Materials and Methods 
	Source Population and Analytic Sample 
	Effect Modifier: Race/Ethnicity 
	Exposure of Interest: Racial Residential Segregation from 2005–2009 
	Outcomes: Cognitive Performance and Incident Dementia 
	Other Variables 
	Statistical Analysis 

	Results 
	Descriptive Statistics 
	Block-Group Segregation and Level of Later Life Cognitive Abilities 
	Incident Dementia 

	Discussion 
	Conclusions 
	References

