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Abstract

INTRODUCTION: Neighborhood disadvantage may be an important determinant of

cardiometabolic health and cognitive aging.However, less is knownabout relationships

among individuals withmild cognitive impairment (MCI).

METHODS: The objective of this study is to investigate the relationship between

neighborhood disadvantage measured by national Area Deprivation Index (ADI) rank

with measures of cardiometabolic health and cognition among Wake Forest (WF)

Alzheimer’s Disease Research Center (ADRC) participants, with andwithoutMCI.

RESULTS: ADI was positively associated with blood pressure and cardiometabolic

index (CMI), and negatively associated with global and Preclinical Alzheimer’s Cogni-

tive Composite (PACC5) scores, in cognitively unimpaired (CU) individuals. ADI was

only positively associated with hemoglobin A1c (HbA1c) inMCI.

DISCUSSION:Neighborhood disadvantage is associatedmore strongly withmeasures

of cardiometabolic health and cognition among CU individuals rather thanMCI. These

findings demonstrate a need for structural solutions to address social determinants of

health in an attempt to reduce cardiometabolic and cognitive risks.

KEYWORDS
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1 INTRODUCTION

Stark disparities exist in the prevalence of Alzheimer’s disease (AD)

based on socioeconomic status and poverty,1 with numerous studies

demonstrating that inequitable access to socioeconomic assets such

as education, employment, income, and housing is associated with an

increased risk forADandAD-relateddementias (ADRD).2 Additionally,

significant disparities in the incidence of dementia exist based on race

and ethnicity, with consistently higher incidence rates among Black

and Hispanic individuals compared with White individuals.3 Despite

these identified inequities, the social determinants of health (SDoH)

in AD/ADRD remain relatively understudied. SDoH are defined as the

conditions in the environment where people live, work, learn, and

play,4 and are known to significantly impact the distribution of health

disparities. Neighborhood disadvantage is one novel SDoH measure

that incorporates indicators of other existing SDoH at a neighborhood

level, such as area-based education, employment, housing quality, and

poverty, and can bemeasured using theAreaDeprivation Index (ADI).5

In a study of community-dwelling older adults, individuals from

neighborhoods with higher ADI scores had poorer performance on

tests of executive function, verbal learning, and memory,6 and had an

increased risk for progression to dementia when compared to partici-

pants residing in the least deprived neighborhoods.7 Among older Vet-

erans, a linear association was seen between residence in areas with

higherADI and the risk of developingdementia, and these relationships

persisted when adjusting for other risk factors such as traumatic brain

injury and other medical and psychiatric comorbidities.8 In another

middle-to-older aged adult study sample inWisconsin, living in the20%

of most disadvantaged neighborhoods was associated with a yearly

loss of 0.02 mm cortical thickness in brain regions prone to ADRD,

and lower scores on cognitive testing, such as a revised version of the

Preclinical Alzheimer’s Cognitive Composite (PACC5).9,10

Cardiometabolic risk factors including diabetes, hyperlipidemia,

and hypertension are linked with the development of ADRD, espe-

cially when present at midlife.11 Diabetes and AD are known to

increase in prevalence with aging, and on a fundamental level, insulin

resistance and metabolic dysfunction are known to accompany both

disease processes.12 Additionally, higher levels of low-density lipopro-

tein (LDL) cholesterol in midlife are associated with increased risk

for dementia,13 while higher levels of high-density lipoprotein (HDL)

cholesterol in late life are associated with reduced risk of incident

AD.14 Elevated blood pressure as well as impaired glucose tolerance

is associated with lower cognitive function,15 and lower overall car-

diometabolic health at older age is associated with an increased risk

of cognitive decline and dementia.16 Importantly, higher ADI scores

have been associated with a higher incidence of cardiometabolic

disease,17,18 alongwith poorermanagement of chronic diseases among

cognitively unimpaired (CU) individuals.19 A higher ADI score has been

shown to be a predictor of worse control of blood pressure, diabetes,

and cholesterol,19 and is associated with increasedmortality.20

Although neighborhood disadvantage has been previously studied

in association with measures of cardiometabolic health and cogni-

tion among CU individuals,9,18 little is known regarding the impact

of neighborhood disadvantage on cardiometabolic health and cog-

nitive function at the MCI stage. It is critical to understand how

neighborhood characteristics might impact those who have already

progressed to cognitive impairment, andwhether neighborhood disad-

vantage would exacerbate or alleviate ADRD risk associated with car-

diometabolic health and cognitive decline since prior studies demon-

strated a positive relationship between neighborhood disadvantage

and dementia risk.7 With studies suggesting higher proportions of

cardiometabolic disease among individuals with prevalent MCI rather

than CU individuals,21 it is important to consider how neighborhood

disadvantagemight account for the prevalence of cardiometabolic risk

factors among individuals withMCI. Additionally, neighborhood disad-

vantage is associated with reduced cognitive reserve,22 higher odds of

MCI, progression to dementia, and slightly faster cognitive decline7;

hence, it is possible that the relationships of neighborhood disadvan-

tage with higher cardiometabolic risk and reduced cognitive function

are stronger among individuals with MCI. In this study of community-

dwelling older adults, we investigated the associations of neighbor-

hooddisadvantagewith numerousmeasures of cardiometabolic health

and cognition, stratified by cognitive status (CU or MCI), and in a com-

bined sample of older adults without dementia. We hypothesized that

higher neighborhood disadvantage would be associated with poorer

outcomes in measures of cardiometabolic health and cognition and

that these relationships would be stronger among those with MCI, a

population where this has not been studied previously.

2 METHODS

2.1 Participants

Adults above the age of 55 were recruited into the Wake Forest (WF)

Alzheimer’s Disease Research Center (ADRC) Healthy Brain Study

(HBS) from the surrounding communities in North Carolina between

2016 and 2021 and underwent standard evaluation at their initial

visit, including the National Alzheimer’s Coordinating Center (NACC)

protocol for clinical data collection, clinical exams, neurocognitive test-

ing, neuroimaging, and genotyping for apolipoprotein E (APOE) ε4, as
described previously.23 The current study, as it focused on early stages

of cognitive decline, excluded patients diagnosed with dementia and

only included participants with a clinically adjudicated cognitive diag-

nosis of CU or MCI that did not incorporate biomarkers. Race was

self-reported. We use it as a sociopolitical construct, conceptualized

and operationalized as a proxy for exposure to systemic racism.24

Exclusion criteria for the HBS included: large vessel stroke (partici-

pantswith lacunaeor small vessel ischemicdiseasewereeligible); other

significant neurologic diseases that might affect cognition other than

AD; evidence of organ failure, active cancer treatment, uncontrolled

clinical depression, or psychiatric illness; current use of insulin; and his-

tory of substance abuse or heavy alcohol consumption within previous

10 years. All activities described were approved by the WF Institu-

tional Review Board. Written informed consent was obtained from all

participants and/or their legally authorized representatives.
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2.2 Neighborhood disadvantage

Neighborhood disadvantage, the primary independent variable in the

study, was measured using the ADI, which uses 17 census indica-

tors of poverty, education, housing, and employment to generate a

composite score corresponding to census block groups to which indi-

viduals belong.20,25 Home addresses from initial visits for ADRC HBS

participants were used to generate Federal Information Processing

Systems (FIPS) codes. Census block group-level ADI national scores

were accessed using the Neighborhood Atlas,5 and linked to FIPS

codes. While ADI scores are available at both the state and national

level, some participants live outside the state of North Carolina; thus,

only national scores were feasible to use in this study.

2.3 Cardiometabolic measures

Cardiometabolic measures used in the study include measures of car-

diovascular and metabolic health available through the WF ADRC,

that are relevant to ADRD risk, including but not limited to diabetes,

hyperlipidemia, and hypertension.11–14 Systolic and diastolic blood

pressure measurements were determined, as described previously,15

using brachial blood pressure readings measured using a DINAMAP

automated blood pressure device (GE Healthcare) in a seated position

after 5min of rest. If the initial blood pressure readingwas greater than

160mmHgsystolic or 90mmHgdiastolic, a secondbloodpressurewas

measured after another 5-min rest. HDL and LDL cholesterol, triglyc-

erides, and hemoglobin A1c (HbA1c) were assessed using blood draws

from initial visits which were processed by LabCorp (Winston-Salem,

NC). Cardiometabolic measures used as dependent and continuous

variables in the analyses include systolic blood pressure, HDL and LDL

cholesterol, HbA1c, and cardiometabolic index (CMI).

2.4 CMI

CMI was calculated within the WF ADRC HBS cohort, using a similar

formula to that used in the Multi-Ethnic Study of Atherosclerosis,26

with a fewadditionalmeasures. CMIwas calculated using the following

variables: systolic blood pressure, pulse pressure, average heart rate,

HbA1c, waist-to-hip circumference, oral glucose tolerance testing

(OGTT) at 0 (fasting) and 120 min, HDL and LDL cholesterol, and

triglycerides. HbA1c and blood pressure were measured as stated

above; triglycerides, HDL, and LDL cholesterol were assessed using

blood draws from initial visits which were processed domestically.

Pulse pressures were recorded by calculating the difference between

the systolic and diastolic blood pressures. OGTT was measured as

described previously,15 where at study entry, fasting participants

without diabetes completed serial blood draws. Initially, glucose mea-

surement was drawn before glucose ingestion this was recorded as the

fasting OGTT. Participants then ingested a glucose challenge—75 g of

glucose in solution. Bloodwas then sampled at 120min post-ingestion;

this was recorded as OGTT at 120 min. Blood glucose was determined

using the Hemocue whole blood glucose analyzer. Participants with

a diagnosis of diabetes, severe cognitive impairment, and those who

refused OGTT did not complete OGTT. Each of the 10 CMI compo-

nents was standardized using common clinical cutpoints and standard

deviations of the cohort. These z-scores were then averaged to create

the CMI. If more than five of the components were missing, CMI

was not calculated. CMI was utilized as a dependent and continuous

variable in the analysis.

2.5 Cognitive testing

As described previously,15 participants underwent cognitive test-

ing with the Uniform Data Set Version 3 (UDSv3)27 test battery,

including Montreal Cognitive Assessment (MoCA), Craft Story, Ben-

son Figure, Number Span, Verbal Fluency (letters CFL), Category

Fluency, Trail Making Test, and the Multilingual Naming Test. Addi-

tionally, supplemental tests commonly used to estimate the partic-

ipant’s current and past cognitive status were also administered,

as described previously23: Mini-Mental State Examination (MMSE),

American National Adult Reading Test, Digit Symbol Substitution Test

(DSST), Free and Cued Selective Reminding Test (FCSRT), and the Rey

Auditory Verbal Learning Test (AVLT). A PACC5 score28 was created

from five cognitive tests: theMMSE, AVLT, verbatim recall of the Craft

Story, DSST, and category fluency. MoCA, MMSE, and PACC5 scores

were utilized as dependent and continuous variables in the analyses.

MoCAandMMSE are global cognitivemeasures thatwe used to assess

the overall degree of cognitive function,withMMSEhelpful in the early

detection of dementia in those with MCI.29 PACC5, which is also a

global cognitive composite, has been shown to be more sensitive to

cognitive differences at the CU stage.

2.6 Adjudication

An expert panel conducted adjudication of cognitive diagnosis by con-

sensus following the review of all available clinical and cognitive data

in accordance with current National Institute of Aging-Alzheimer’s

Association guidelines for the diagnosis of MCI.30 The panel consisted

of investigators and clinicians with extensive experience assessing

cognitive status and identifying cognitive impairment in older adults.

2.7 Statistical analysis

The analysis included 537 CU andMCI participants enrolled in theWF

ADRC HBS for whom ADI scores had been linked and consensus diag-

nosis had been adjudicated. Participant demographics were compared

between cognitive groups of CU and MCI using chi-squared tests for

categorical variables and t-tests for continuous variables. All measures

of cardiometabolic health and cognition used in the analysis were from

initial visits of participants in the ADRC, and were not available on

all 537 participants, with analyses constrained to smaller samples of
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participants based on availability. Sample sizes for all measures are

indicated in Table 1. Unadjusted analyses used simple linear regression

models between ADI and cardiometabolic and cognitive measures,

stratified by cognitive status of MCI, CU, and a combined sample.

Adjusted analyses used sequential multivariable linear regression

models between ADI and cardiometabolic and cognitive measures,

similarly stratified by MCI, CU, and a combined sample when appli-

cable: Model 1a adjusted for the demographic variables, age, sex, and

education, while Model 2a additionally adjusted for diagnosis. Models

1b and 2b additionally adjusted for participants’ self-reported race

along with other demographic covariates included in Models 1a and

2a. Race was added sequentially in the second model to assess for

any effect modification as a result of race, as it is conceptualized and

operationalized as mentioned above.31 Probability of interactions of

ADI with sex and diagnosis were identified. For all analyses, p-values

less than 0.05were considered statistically significant.

3 RESULTS

3.1 Sample characteristics

The study sample comprised 537 CU and MCI participants enrolled in

theWFADRCHBScohort (Table1). Participantshadameanageof69.9

(standard deviation [SD]: 8.0), mean years of education of 15.7 (SD:

2.5), were 19.4% Black or African American individuals, 67.8%women,

and 39.3% were adjudicated to have MCI. Individuals with MCI were

significantly older, had lower levels of education, and had higher ADI

scores on average. Among cardiometabolic and cognitive measures,

significant differenceswere observed between thosewithMCI andCU

in systolic blood pressure, LDL cholesterol,MoCA, andPACC5. Individ-

uals withMCIweremore likely to have higher systolic blood pressures,

lower LDL cholesterol levels, and lowerMoCA and PACC5 scores.

3.2 Unadjusted analyses

Figure 1 shows unadjusted analyses of ADI scores with car-

diometabolic measures. Higher ADI scores were associated with

higher systolic blood pressure and HbA1c measurements in our

combined (CU+MCI) sample, but not in either cognitive group alone

(Figure 1A,D). ADI scores were not associated with measures of HDL

or LDL cholesterol in individuals with CU, MCI, or the combined

sample (Figure 1B,C). However, higher ADI scores were significantly

associated with higher composite CMI scores in participants with CU

and the combined sample, but not theMCI group alone (Figure 1E).

In Figure 2, higher ADI scores were significantly associated with

lower scores on theMMSE (Figure 2A), MoCA (Figure 2B), and PACC5

(Figure 2C) in the combined sample. Among CU participants, higher

ADI scores were associated with lower scores on MoCA (Figure 2B)

and PACC5 (Figure 2C). ADI was not associated with cognitive perfor-

mance in theMCI group.

3.3 Adjusted analyses

Table 2 and 3 display adjusted multivariable linear regression anal-

yses examining the relationships between ADI and measures of car-

diometabolic health and cognition. In Model 1a, in the combined

sample of participants, ADI scoreswere associatedwith higher systolic

blood pressure, HbA1c, and CMI scores, and lower HDL cholesterol,

MoCA, and PACC5 scores. Among participants with MCI, a positive

relationship was observed between ADI scores and HbA1c, and no

relationships with other cardiometabolic or cognitive measures. The

relationships observedweredrivenby theCUparticipants,where a sig-

nificant positive relationship ofADI scoreswas seenwith systolic blood

pressure, and negative relationships were seen with scores on MoCA

and PACC5. InModel 2a, additionally adjusting for diagnosis, a positive

relationship was seen with HbA1c, while negative relationships were

preserved with MoCA and PACC5. No significant relationships of ADI

were observed with LDL cholesterol andMMSE inModels 1a or 2a.

In Model 1b, along with demographic variables adjusted for in

Model 1a, race was added as a covariate and showed preserved

negative relationships of ADI with MoCA and PACC5 among those

who were CU, and negative relationships of ADI with HDL choles-

terol, MoCA, and PACC5 were preserved among the combined sam-

ple. In Model 2b, none of the relationships seen in Model 2a were

observed.

4 DISCUSSION

In this study, we investigated the associations of neighborhood disad-

vantage with numerous measures of cardiometabolic health and cog-

nition among community-dwelling older adults adjudicated to be CU

or have MCI. First, we observed that individuals with MCI had higher

levels of neighborhood disadvantage in our cohort. We observed

numerous associations between neighborhood disadvantage and sev-

eral individual and composite measures of cardiometabolic health and

cognition in unadjusted and adjusted analyses. Specifically, we saw

positive relationships between neighborhood disadvantage and sev-

eral cardiometabolic healthmeasures in unadjustedmodels among our

combined sample. In analyses adjusted for age, sex, and education,

neighborhood disadvantage was only associated with higher HbA1c

among individuals with MCI, and with higher systolic blood pressure

among CU individuals. With regard to cognitive measures, negative

relationships of neighborhood disadvantage were seen with MoCA

and PACC5 in CU individuals in unadjusted analyses. Adjusted models

showed preserved negative relationships of MoCA and PACC5 among

CU individuals and the combined sample. These results indicate the

presence of numerous cross-sectional relationships between neigh-

borhood disadvantage and measures of cardiometabolic health and

cognition, that persist when controlling for demographic variables and

cognitive diagnostic status. When additionally adjusting for race, the

relationships of neighborhood disadvantage with various measures of

cardiometabolic health were no longer seen, while the relationships
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TABLE 1 Characteristics of theWFADRCHBS cohort withmean values of cardiometabolic and cognitivemeasures within the cohort.

Characteristics MCIa CUa Total p-value

Age

Mean (SD) 71.8 (7.7) 68.6 (8.0) 69.9 (8.0) <0.0001g

N 211 326 537

Race

White 157 (74.4%) 270 (82.8%) 427 (79.5%) 0.0499h

Black/African American 52 (24.6%) 52 (16.0%) 104 (19.4%)

AI/AN 1 (0.5%) 0 (0%) 1 (0.2%)

Asian 1 (0.5%) 4 (1.2%) 5 (0.9%)

Years of education

Mean (SD) 15.2 (2.6) 16.0 (2.3) 15.7 (2.5) 0.0011i

N 211 326 537

Sex

Male 83.0 (39.3%) 90.0 (27.6%) 173.0 (32.2%) 0.0011j

Female 128.0 (60.7%) 236.0 (72.4%) 364.0 (67.8%)

ADI national rankb

Mean (SD) 53.5 (19.9) 47.3 (22.0) 49.7 (21.4) 0.001g

N 211 326 537

Systolic blood pressurec

Mean (SD)—mmHg 134.3 (16.9) 130.5 (18.3) 132.0 (17.8) 0.0155g

N 210 322 532

HDL cholesterold

Mean (SD)—mg/dL 60.4 (20.0) 63.6 (19.7) 62.3 (19.9) 0.0512g

N 152 218 370

LDL cholesterold

Mean (SD)—mg/dL 98.9 (34.8) 107.0 (34.8) 103.7 (35.0) 0.0433g

N 139 202 341

HbA1cd

Mean (SD) 5.8 (0.5) 5.7 (0.5) 5.8 (0.5) 0.5617g

N 148 218 366

CMIe

Mean (SD) −0.7 (0.4) −0.8 (0.4) −0.7 (0.4) 0.0610g

N 193 305 498

MMSE

Mean (SD) 27.3 (2.0) 29.0 (1.2) 28.3 (1.7) <0.0001i

N 209 323 532

MoCA

Mean (SD) 21.8 (3.2) 26.3 (2.4) 24.5 (3.5) <0.0001i

N 210 326 536

(Continues)
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TABLE 1 (Continued)

Characteristics MCIa CUa Total p-value

PACC5f

Mean (SD) −1.2 (0.7) 0.01 (0.6) −0.5 (0.9) <0.0001i

N 207 320 527

Abbreviations: ADI, Area Deprivation Index; ADRC, Alzheimer’s Disease Research Center; CMI, cardiometabolic index; CU, cognitively unimpaired; HbA1c,

hemoglobin A1c; HBS, Healthy Brain Study; HDL cholesterol, high-density lipoprotein cholesterol, LDL cholesterol, low-density lipoprotein cholesterol;

MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; PACC5, Preclinical Alzheimer’s Cognitive

Composite;WF,Wake Forest. Bolded values indicate statistically significant p-values.
aCognitive diagnosis of MCI and CUwas adjudicated by an expert panel by consensus following a review of all available clinical, brain imaging, and cognitive

data by current National Institute on Aging-Alzheimer’s Association guidelines for the diagnosis ofMCI.
bADI national rank was calculated for participants at initial visits to theWFADRC.
cSystolic Blood Pressurewasmeasured using brachial blood pressure readings using a DINAMAP automated blood pressure device in a seated position after

5&amp;#x000A0;min of rest, with values represented inmmof Hg.
dHDL and LDL cholesterol along with HbA1cwas assessed using blood draws from initial visits, processed by LabCorp.
eCMI was calculated within theWF ADRC HBS cohort similar to the formula used in the Multi-Ethnic Study of Atherosclerosis1, using systolic and diastolic

blood pressures, pulse pressure, average heart rate, HbA1c, waist-to-hip circumference, oral glucose tolerance testing (OGTT) at 0 and 120 min, HDL and

LDL cholesterol, and triglycerides. Higher CMI scores indicate poorer cardiometabolic health.
fPreclinical Alzheimer’s Cognitive Composite scores were generated from five cognitive tests (PACC5):Mini-Mental State Examination, Rey Auditory Verbal

Learning Test (AVLT), verbatim recall of the Craft Story, Digit Symbol Substitution Test, and category fluency.
gEqual variance two-sample t-test.
hChi-squared test.
iUnequal variance two-sample t-test.
jFisher’s exact test.

with cognitive measures were preserved. However, when both race

and diagnosis were included in the models, no significant relationships

were observed. This suggests that neighborhood-level socioeconomic

disadvantage is closely linkedwith cognitive function related to ADRD,

regardless of one’s age, sex, education, and race, among CU individuals

but may not apply to MCI. Additionally, neighborhood disadvantage is

linked with measures of cardiometabolic health, regardless of age, sex,

and education status, but one’s racialized experience may account for

this relationship.

While this is not the first study to demonstrate a relationship

between neighborhood disadvantage and various cardiometabolic and

cognitive factors associated with ADRD, to our knowledge, it is the

first study to examine these relationships of ADI with cardiometabolic

health and cognitive functionamong individualswithMCI.Additionally,

while other studies have investigated the relationships of neighbor-

hood disadvantage with risk factors associated with ADRD in other

geographic regions, to our knowledge this is the first study to explore

these relationships among individuals with MCI in the US South.

Prior studies have demonstrated that, among CU individuals, living

in the most disadvantaged neighborhoods is associated with lower

cerebral and hippocampal volumes,32 accelerated neurodegeneration

in regions prone to ADRD, and cognitive decline.9 In another study

examining cognitive outcomes among older Mexican American adults,

aging in disadvantaged neighborhoods was associated with worse

cognitive functioning.33 Among Veterans, residence in more disad-

vantaged neighborhoods was found to be associated with a higher

incidence of dementia.8 Finally, in neuropathological studies, neighbor-

hood disadvantage has also been found to be associated with greater

AD pathology, in the form of neurofibrillary tangles34 and amyloid

plaques.35

In the WF ADRC HBS sample, neighborhood disadvantage cor-

related more strongly with measures of cardiometabolic health and

cognition among CU individuals, rather than those who live with

MCI. This is similar to previous studies discussed above that examine

the relationship of neighborhood disadvantage with measures of car-

diometabolic health and cognition among CU individuals.9,18 While it

is possible that neighborhood disadvantage does not have an impact

on those with MCI, it is more likely that MCI is attributable to various

risk factors for ADRD, including biomarkers that are more proximate

to cognitive impairment than CMI. In other words, it is possible that

CMI and ADI may play a small role in the progression to MCI but are

likelymore upstream factors in this pathway. Future studies investigat-

ing the relationships of ADRD biomarkers with ADI among individuals

withMCI are needed.

ADI itself correlates with historical redlining policy36 and the

resulting residential segregation that occurred on the basis of race,

and represents a form of structural racism-mediated disadvantage

conferred upon a neighborhood. Relationships between neighbor-

hood disadvantage and measures of cardiometabolic health were not

preserved when race was added as a covariate to the model, indi-

cating that racialized experiences may account for the impact of ADI

on the measures of cardiometabolic health. Since ADI is correlated

with the impacts of structural racism,37 it is possible that structural

racism in the form of neighborhood disadvantage may serve as one

potential determinant of cardiometabolic health and, thus, attenuated

the observed relationships. However, multidimensional models that

directly capture the components of structural racism are needed to

more accurately measure the impact of structural racism on measures

associated with ADRD,38 and must be a topic of future study. Addi-

tionally, interpersonal racism in the form of individual experiences of
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F IGURE 1 Unadjusted regression analyses between ADI scores andmeasures of cardiometabolic health. Unadjusted analyses used simple
linear regressionmodels between ADI and cardiometabolic measures, stratified by the cognitive status ofMCI and CU. Cardiometabolic measures
used include (A) systolic blood pressure, (B) HDL cholesterol, and (C) LDL cholesterol, (D) HbA1c, and (E) CMI. Cardiometabolic measures were
collected as described in the footnotes of Table 1 and in theMethods section. ADI, Area Deprivation Index; CMI, cardiometabolic index; CU,
cognitively unimpaired; HbA1c, hemoglobin A1c; HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein
cholesterol; MCI, mild cognitive impairment.
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F IGURE 2 Unadjusted regression analyses between ADI scores and variables related tomeasures of cognition. Unadjusted analyses used
simple linear regressionmodels between ADI and cognitivemeasures, stratified by the cognitive status ofMCI and CU. Cognitivemeasures used
include (A)MMSE, (B)MoCA, and (C) PACC5. Cognitivemeasures were collected as described in the footnotes of Table 1 and in theMethods
section. ADI, Area Deprivation Index; CU, cognitively unimpaired;MCI, mild cognitive impairment; MMSE,Mini-Mental State Examination;MoCA,
Montreal Cognitive Assessment; PACC5, Preclinical Alzheimer’s Cognitive Composite.

racial discrimination may compound the effects of structural racism,39

in agreement with studies suggesting associations between allostatic

load and dementia risk.40 On the other hand, relationships between

neighborhood disadvantage and cognitive measures were preserved

among CU individuals evenwhen race was added as a covariate, imply-

ing that one’s residence may impact cognitive functioning irrespective

of their racial identity.

This study has several limitations. First, the study sample lacks fur-

ther racial and ethnic diversity. Among the combined sample, 79.5%

of participants self-identified as White and 19.4% as Black. Further

outreach to other communities in the region that are underrepre-

sented in AD/ADRD research, including Hispanic/Latino, American

Indian/Native American, and Asian American communities, is neces-

sary to accurately represent the US South. Second, this study was

conducted in a single center in the US South. While these findings

offer a unique perspective on a population with specific health needs

and challenges as a result of historical policy, these findings may not

be generalizable outside of this geographic region and also cannot

be unreservedly extrapolated to the rest of the South, due to the

widespread heterogeneity of this region. Third, this sample included all

ADRC participants with MCI without accounting for the various sub-

domains (e.g., amnestic vs. non-amnestic MCI), due to small sample

sizes within each subgroup. This may have resulted in any signifi-

cant differences between MCI subgroups being obscured. Last, all

of the data presented here were cross-sectional. We utilized partic-

ipants’ addresses from initial visits to calculate their neighborhood

disadvantage and did not account for the life course of participants

in examining their risk for dementia. The cardiometabolic and cog-

nitive measures used were also cross-sectional and collected from

participants’ initial visits and were not assessed over time, limiting

the ability to highlight cardiometabolic and cognitive risk among par-

ticipants. Further research is needed to longitudinally assess one’s

risk based on their different areas of residence through the course

of their life, the complex pathways through which structural racism

operates, and to study how AD relates to biomarkers of brain

health.38
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5 CONCLUSIONS

Neighborhooddisadvantage is associatedwith poorer cardiometabolic

health and poorer cognitive performance among CU individuals, but

not those with MCI, in unadjusted analyses and analyses adjusting for

age, sex, and education. When additionally adjusting for race or diag-

nosis, neighborhood disadvantage was still associated with cognitive

measures, but not cardiometabolic measures. Neighborhood disad-

vantage is a measure of numerous social determinants of health that

permeate through various existing systems and structures, and reflect

the effects of these structures on individuals. Such structural inequities

in the availability of resources and opportunities require structural

interventions that may further help to mitigate ADRD risk. There is an

urgent need for the implementation of public policy that must func-

tion hand-in-hand with grassroots organizing efforts, as interventions

to rebuild existing structures with equity and justice in mind, and tar-

get social and structural determinants of health that impact ADRD risk

for those who have been historically disenfranchised.

ACKNOWLEDGMENTS

This work was supported by the National Institutes of Health

[P30AG072947]. Sudarshan Krishnamurthy is supported by the Amer-

ican Heart Association [24PRE1200264; https://doi.org/10.58275/

AHA.24PRE1200264.pc.gr.190756].

CONFLICT OF INTEREST STATEMENT

Krishnamurthy reports funding for thiswork fromNIHP30AG072947

and AHA 24PRE1200264. Lu reports funding for this work from

NIH P30 AG072947 and additional funding for other NIH grants to

the institution. Baker reports funding for this work from NIH P30

AG072947 and additional funding for other NIH grants to the insti-

tution. Leng reports funding for this work from NIH P30 AG072947

and additional funding for other NIH grants to the institution. Hughes

reports funding for this work from NIH P30 AG072947 and addi-

tional funding for other NIH grants to the institution, including

R01AG054069 and R01AG058969. Ma reports funding for this work

from NIH P30 AG072947 and additional funding for other NIH grants

to the institution. Caban-Holt reports funding for this work from

NIH P30 AG072947, NIH R01 AG072547, NIH R01 AG079388, NIH

UG1 CA189974, and NIH U19 AG074865. Byrd reports funding for

this work from NIH P30 AG072947, NIH R01 AG072547, NIH U19

AG074865, and additional funding for other NIH grants to the insti-

tution. Craft reports funding for this work from NIH P30 AG072947,

additional funding from other NIH grants, and reports disclosures for

vTv Therapeutics, T3D Therapeutics, Cyclerion Inc., and Cognito Inc.

Lockhart reports funding for this work from NIH P30 AG072947 and

additional funding for other NIH grants to the institution. Bateman

reports funding for this work from NIH P30 AG072947, other NIH

grants, and funding for theASPECT20-AVP-786-306 to the institution.

Johnson has nothing to disclose.

CONSENT STATEMENT

Written informed consent was obtained from all participants and/or

their legally authorized representatives.

ORCID

SudarshanKrishnamurthy https://orcid.org/0000-0002-3229-9997

REFERENCES

1. Trani J-F, Moodley J, Maw MTT, Babulal GM. Association of multi-

dimensional poverty with dementia in adults aged 50 years or older

in South Africa. JAMA Network Open. 2022;5:e224160. doi:10.1001/
jamanetworkopen.2022.4160

2. Adkins-Jackson PB, George KM, Besser LM, et al. The structural

and social determinants of Alzheimer’s disease related dementias.

Alzheimers Dement. 2023;19:3171-3185. doi:10.1002/alz.13027
3. Kornblith E, Bahorik A, BoscardinWJ, Xia F, Barnes DE, Yaffe K. Asso-

ciation of race and ethnicity with incidence of dementia among older

adults. JAMA. 2022;327:1488-1495. doi:10.1001/jama.2022.3550

4. CDC. Social determinants of health. Centers for Disease Control

and Prevention; 2022. AccessedMarch 5, 2024. https://www.cdc.gov/

about/sdoh/index.html

5. Kind AJH, Buckingham WR. Making neighborhood-disadvantage

metrics accessible — the neighborhood atlas. N Engl J Med.
2018;378:2456-2458. doi:10.1056/NEJMp1802313

6. Zuelsdorff M, Larson JL, Hunt JFV, et al. The Area Deprivation Index:

a novel tool for harmonizable risk assessment in Alzheimer’s dis-

ease research. Alzheimers Dement. 2020;6:e12039. doi:10.1002/trc2.
12039

7. Vassilaki M, Aakre JA, Castillo A, et al. Association of neighborhood

socioeconomic disadvantage and cognitive impairment. Alzheimers
Dement. 2023;19:761-770. doi:10.1002/alz.12702

8. Dintica CS, Bahorik A, Xia F, Kind A, Yaffe K. Dementia risk and dis-

advantaged neighborhoods. JAMA Neurol. 2023;80:903-909. doi:10.
1001/jamaneurol.2023.2120

9. Hunt JFV, Vogt NM, Jonaitis EM, et al. Association of neighbor-

hood context, cognitive decline, and cortical change in an unim-

paired cohort. Neurology. 2021;96:e2500-e2512. doi:10.1212/WNL.

0000000000011918

10. Jonaitis EM, Koscik RL, Clark LR, et al. Measuring longitudinal

cognition: individual tests versus composites. Alzheimers Dement.
2019;11:74-84. doi:10.1016/j.dadm.2018.11.006

11. Pasqualetti G, Thayanandan T, Edison P. Influence of genetic and

cardiometabolic risk factors in Alzheimer’s disease. Ageing Res Rev.
2022;81:101723. doi:10.1016/j.arr.2022.101723

12. Neth BJ, Craft S. Insulin resistance and Alzheimer’s disease: bioener-

getic linkages. Front Aging Neurosci. 2017;9:345.
13. Iwagami M, Qizilbash N, Gregson J, et al. Blood cholesterol and risk

of dementia in more than 1⋅8 million people over two decades: a ret-

rospective cohort study. Lancet Healthy Longev. 2021;2:e498-e506.
doi:10.1016/S2666-7568(21)00150-1

14. Reitz C, Tang M-X, Schupf N, Manly JJ, Mayeux R, Luchsinger JA.

Association of higher levels of high-density lipoprotein cholesterol in

elderly individuals and lower risk of late-onset Alzheimer disease.Arch
Neurol. 2010;67:1491-1497. doi:10.1001/archneurol.2010.297

15. Hughes TM, Lockhart SN, Suerken CK, et al. Hypertensive aspects of

cardiometabolic disorders are associatedwith lower brainmicrostruc-

ture, perfusion, and cognition. J Alzheimers Dis. 2022;90:1589-1599.
doi:10.3233/JAD-220646

16. Samieri C, Perier M-C, Gaye B, et al. Association of cardiovascular

health level in older age with cognitive decline and incident dementia.

JAMA. 2018;320:657-664. doi:10.1001/jama.2018.11499

17. Uddin J, Malla G, Long DL, et al. The association between neigh-

borhood social and economic environment and prevalent diabetes

in urban and rural communities: the Reasons for Geographic and

Racial Differences in Stroke (REGARDS) study. SSM Popul Health.
2022;17:101050. doi:10.1016/j.ssmph.2022.101050

18. Barber S, Hickson DA, Wang X, Sims M, Nelson C, Diez-Roux

AV. Neighborhood disadvantage, poor social conditions, and

https://doi.org/10.58275/AHA.24PRE1200264.pc.gr.190756
https://doi.org/10.58275/AHA.24PRE1200264.pc.gr.190756
https://orcid.org/0000-0002-3229-9997
https://orcid.org/0000-0002-3229-9997
https://doi.org/10.1001/jamanetworkopen.2022.4160
https://doi.org/10.1001/jamanetworkopen.2022.4160
https://doi.org/10.1002/alz.13027
https://doi.org/10.1001/jama.2022.3550
https://www.cdc.gov/about/sdoh/index.html
https://www.cdc.gov/about/sdoh/index.html
https://doi.org/10.1056/NEJMp1802313
https://doi.org/10.1002/trc2.12039
https://doi.org/10.1002/trc2.12039
https://doi.org/10.1002/alz.12702
https://doi.org/10.1001/jamaneurol.2023.2120
https://doi.org/10.1001/jamaneurol.2023.2120
https://doi.org/10.1212/WNL.0000000000011918
https://doi.org/10.1212/WNL.0000000000011918
https://doi.org/10.1016/j.dadm.2018.11.006
https://doi.org/10.1016/j.arr.2022.101723
https://doi.org/10.1016/S2666-7568(21)00150-1
https://doi.org/10.1001/archneurol.2010.297
https://doi.org/10.3233/JAD-220646
https://doi.org/10.1001/jama.2018.11499
https://doi.org/10.1016/j.ssmph.2022.101050


12 of 12 KRISHNAMURTHY ET AL.

cardiovascular disease incidence among African American adults

in the Jackson Heart Study. Am J Public Health. 2016;106:2219-2226.
doi:10.2105/AJPH.2016.303471

19. Durfey SNM, Kind AJH, Buckingham WR, DuGoff EH, Trivedi AN.

Neighborhood disadvantage and chronic disease management. Health
Serv Res. 2019;54:206-216. doi:10.1111/1475-6773.13092

20. Singh GK. Area deprivation and widening inequalities in US mortal-

ity, 1969-1998. Am J Public Health. 2003;93:1137-1143. doi:10.2105/
ajph.93.7.1137

21. Lu Y, Fülöp T, Gwee X, et al. Cardiometabolic and vascular disease

factors and mild cognitive impairment and dementia. Gerontology.
2022;68:1061-1069. doi:10.1159/000521547

22. Kim B, Yannatos I, Blam K, et al. Neighborhood disadvantage reduces

cognitive reserve independent of neuropathologic change. Alzheimers
Dement. 2024;20:2707-2718. doi:10.1002/alz.13736

23. Coffin C, Suerken CK, Bateman JR, et al. Vascular and microstructural

markers of cognitive pathology. Alzheimers Dement. 2022;14:e12332.
doi:10.1002/dad2.12332

24. Lett E, Asabor E, Beltrán S, Cannon AM, Arah OA. Conceptualizing,

contextualizing, and operationalizing race in quantitative health sci-

ences research. Ann Fam Med. 2022;20:157-163. doi:10.1370/afm.

2792

25. KindAJH, Jencks S, Brock J, et al. Neighborhood socioeconomic disad-

vantage and 30-day rehospitalization. Ann Intern Med. 2014;161:765-
774. doi:10.7326/M13-2946

26. Mayne SL, Hicken MT, Merkin SS, et al. Neighborhood racial/ethnic

residential segregation and cardiometabolic risk: the multi-ethnic

study of atherosclerosis. J Epidemiol Community Health. 2019;73:26-
33. doi:10.1136/jech-2018-211159

27. WeintraubS, Besser L,DodgeHH, et al. Version3of theAlzheimerDis-

ease Centers’ neuropsychological test battery in the uniform data set

(UDS). Alzheimer Dis Assoc Disord. 2018;32:10-17. doi:10.1097/WAD.

0000000000000223

28. Papp KV, Rentz DM, Orlovsky I, Sperling RA, Mormino EC. Optimizing

the Preclinical Alzheimer’s Cognitive Composite with semantic pro-

cessing: thePACC5.AlzheimersDement. 2017;3:668-677. doi:10.1016/
j.trci.2017.10.004

29. Arevalo-Rodriguez I, Smailagic N, Roqué-Figuls M, et al. Mini-Mental

State Examination (MMSE) for the early detection of dementia in peo-

ple with mild cognitive impairment (MCI). Cochrane Database Syst Rev.
2021;7:CD010783. doi:10.1002/14651858.CD010783.pub3

30. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cog-

nitive impairment 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;7:270-279. doi:10.1016/j.jalz.2011.03.008

31. Swilley-MartinezME,Coles SA,MillerVE, et al. “Weadjusted for race”:

now what? A systematic review of utilization and reporting of race

in American Journal of Epidemiology and Epidemiology, 2020-2021.

Epidemiol Rev. 2023;45:15-31. doi:10.1093/epirev/mxad010

32. Hunt JFV, BuckinghamW, Kim AJ, et al. Association of neighborhood-

level disadvantage with cerebral and hippocampal volume. JAMA
Neurol. 2020;77:451-460. doi:10.1001/jamaneurol.2019.4501

33. Wong CG, Miller JB, Zhang F, et al. Evaluation of neighborhood-

level disadvantage and cognition in Mexican American and Non-

Hispanic White adults 50 years and older in the US. JAMA Netw Open.
2023;6:e2325325. doi:10.1001/jamanetworkopen.2023.25325

34. Powell WR, Zuelsdorff M, Keller SA, et al. Association of

neighborhood-level disadvantage with neurofibrillary tangles on neu-

ropathological tissue assessment. JAMA Netw Open. 2022;5:e228966.
doi:10.1001/jamanetworkopen.2022.8966

35. Powell WR, Buckingham WR, Larson JL, et al. Association

of neighborhood-level disadvantage with Alzheimer dis-

ease neuropathology. JAMA Network Open. 2020;3:e207559.

doi:10.1001/jamanetworkopen.2020.7559

36. JimenezM, LobdellDT,KrajewskiAK,RappazzoKM,Messer LC, Luben

TJ. Association between historical redlining and neighborhood depri-

vation in North Carolina. ISEE Conference Abstracts. 2022;2022(1).
ISEE 2022: 34th Annual Conference of the International Society of

Environmental Epidemiology. doi:10.1289/isee.2022.P-0253

37. Dyer Z, Alcusky MJ, Galea S, Ash A. Measuring the enduring

imprint of structural racism on American neighborhoods. Health Aff.
2023;42:1374-1382. doi:10.1377/hlthaff.2023.00659

38. Adkins-Jackson PB, Chantarat T, Bailey ZD, Ponce NA. Measur-

ing structural racism: a guide for epidemiologists and other health

researchers. Am J Epidemiol. 2022;191:539-547. doi:10.1093/aje/
kwab239

39. Bancks MP, Byrd GS, Caban-Holt A, et al. Self-reported experi-

ences of discrimination and incident dementia. Alzheimers Dement.
2023;19:3119-3128. doi:10.1002/alz.12947

40. Twait EL, BastenM, Gerritsen L, Gudnason V, Launer LJ, GeerlingsMI.

Late-life depression, allostatic load, and risk of dementia: the AGES-

Reykjavik study. Psychoneuroendocrinology. 2023;148:105975. doi:10.
1016/j.psyneuen.2022.105975

How to cite this article: Krishnamurthy S, Lu L, Johnson CJ,

et al. Impact of neighborhood disadvantage on

cardiometabolic health and cognition in a community-dwelling

cohort. Alzheimer’s Dement. 2024;16:e70021.

https://doi.org/10.1002/dad2.70021

https://doi.org/10.2105/AJPH.2016.303471
https://doi.org/10.1111/1475-6773.13092
https://doi.org/10.2105/ajph.93.7.1137
https://doi.org/10.2105/ajph.93.7.1137
https://doi.org/10.1159/000521547
https://doi.org/10.1002/alz.13736
https://doi.org/10.1002/dad2.12332
https://doi.org/10.1370/afm.2792
https://doi.org/10.1370/afm.2792
https://doi.org/10.7326/M13-2946
https://doi.org/10.1136/jech-2018-211159
https://doi.org/10.1097/WAD.0000000000000223
https://doi.org/10.1097/WAD.0000000000000223
https://doi.org/10.1016/j.trci.2017.10.004
https://doi.org/10.1016/j.trci.2017.10.004
https://doi.org/10.1002/14651858.CD010783.pub3
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1093/epirev/mxad010
https://doi.org/10.1001/jamaneurol.2019.4501
https://doi.org/10.1001/jamanetworkopen.2023.25325
https://doi.org/10.1001/jamanetworkopen.2022.8966
https://doi.org/10.1001/jamanetworkopen.2020.7559
https://doi.org/10.1289/isee.2022.P-0253
https://doi.org/10.1377/hlthaff.2023.00659
https://doi.org/10.1093/aje/kwab239
https://doi.org/10.1093/aje/kwab239
https://doi.org/10.1002/alz.12947
https://doi.org/10.1016/j.psyneuen.2022.105975
https://doi.org/10.1016/j.psyneuen.2022.105975
https://doi.org/10.1002/dad2.70021

	Impact of neighborhood disadvantage on cardiometabolic health and cognition in a community-dwelling cohort
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Participants
	2.2 | Neighborhood disadvantage
	2.3 | Cardiometabolic measures
	2.4 | CMI
	2.5 | Cognitive testing
	2.6 | Adjudication
	2.7 | Statistical analysis

	3 | RESULTS
	3.1 | Sample characteristics
	3.2 | Unadjusted analyses
	3.3 | Adjusted analyses

	4 | DISCUSSION
	5 | CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES


