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Abstract

INTRODUCTION: We investigated the association of the area deprivation index (ADI) with
cognitive decline, mild cognitive impairment (MCI), and dementia in older adults (=50 years
old). ADI is a neighborhood socioeconomic disadvantage measure assessed at the census block
group-level.

METHODS: The study included 4,699 participants, initially without dementia, with available
ADI values for 2015 and at least one study visit in 2008 — 2018. Using logistic regression and Cox
proportional hazards models with age as the time scale, we assessed the odds for MCI and the risk
for dementia, respectively.

RESULTS: In cognitively unimpaired (CU) at baseline, the risk for progression to dementia
increased for every decile increase in the ADI State ranking (HR =1.06, 95%CI (1.01-1.11),
p=0.01). Higher ADI values were associated with subtly faster cognitive decline.

DISCUSSION: In older CU adults, higher baseline neighborhood socioeconomic deprivation
levels were associated with progression to dementia and slightly faster cognitive decline.

Keywords

Area deprivation index; neighborhood socioeconomic disadvantage; dementia; mild cognitive
impairment

1| INTRODUCTION

The conditions of the environment people spend their time in (e.g., work, play, worship,
age) may affect their health, everyday functioning, quality of life and comprise the social
determinants of health. [1] Where people live, and their risk of morbidity, disability, and
death are related, even after controlling for individual-level socioeconomic status (SES). [2]
In addition, as people age and their health declines, the need for services also increases,
resulting in older adults potentially being more dependent on local environments and
resources. [2]

Alzheimer’s disease (AD) and related dementias disproportionately affect minority and
socially disadvantaged populations. [1] Living in a socioeconomically disadvantaged
neighborhood has been shown to affect health negatively (e.g., higher rates of cardiovascular
diseases, diabetes, premature mortality), health behaviors, stress levels, access to food,
safety, and education. [3-5] Many of these conditions could affect brain health and are
associated with mild cognitive impairment (MCI) and dementia risk, suggesting that area-
level socioeconomic conditions could contribute to late-life cognitive impairment. [6-8]

Neighborhoods are complex constructs, and their characteristics could influence health and
contribute to health disparities due to having variable environmental exposures, health care
access, educational and economic opportunities, or social interactions. [9, 10] Although
benefits in cognitive changes associated with neighborhood characteristics (e.g., available
neighborhood resources like community centers or proximity to public transit) seem to be
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much smaller than benefits in changes associated with individual health behaviors, changes
in neighborhoods might be easier to implement than trying to change individuals’ health
behaviors in an environment deprived of resources.[11] On the other hand, chronic illnesses
can have variable consequences such as on employment, income, and educational attainment
[12, 13], characteristics included by the ADI measure. In addition, it is possible that an
underlying common factor (known or unknown) could influence both the place of residence
and health. Thus, the relation of ADI to cognitive health is likely to be complex and
bidirectional.

Area level deprivation measures, like the area deprivation index (ADI), [3] comprise
geographic area-based estimates of the socioeconomic deprivation of neighborhoods that
integrate social determinants of health [1], such as indicators of poverty, education, housing,
and employment. [3, 5] The ADI data is freely available for every neighborhood of the
United States through the National Institutes of Health (NIH)—funded Neighborhood Atlas®,
[3] and its use in aging research is strongly supported by the National Institute on Aging
(NIA) [14]. ADI provides an opportunity to assess health disparities in socioeconomically
disadvantaged populations that are included in the priority populations for health disparities
research in aging, as suggested by the NIA Health Disparities Research Framework. [15, 16]

Our study aimed to examine the association of neighborhood socioeconomic disadvantage,
as assessed by the ADI, with cognitive impairment (i.e., MCI and dementia) and cognitive
decline in community-dwelling adults, =50 years old, free of dementia at study baseline, in
the population-based Mayo Clinic Study of Aging (MCSA).

2| METHODS

2.1| Area Deprivation Index

ADI, an area-level measure of neighborhood socioeconomic disadvantage, is a composite
measure that uses 17 census measures capturing education, employment, income, poverty,
and housing characteristics.[17, 18] We downloaded the 2015 ADI data from the
Neighborhood Atlas® website (https://www.neighborhoodatlas.medicine.wisc.edu/) by the
University of Wisconsin, School of Medicine and Public Health.[3, 18] Complete details

of the ADI construction can be found at the Neighborhood Atlas® website. The Census
Block Group (i.e., the closest approximation to a “neighborhood™) was the geographic

unit of construction. The Neighborhood Atlas® does not provide the raw ADI score a
“neighborhood” receives, as the ADI needs to be used in a rank-type format. Thus, the ADI
values were provided in national percentile rankings at the block group level from 1 to 100,
so that a block group with a ranking of 1 indicates the lowest level of “disadvantage” within
the nation and an ADI with a ranking of 100 indicates the highest level of “disadvantage”.
The ADIs are also provided in deciles that are created by ranking the ADI from low to

high within each state. In a similar manner, a block group with a ranking of 1 indicated the
lowest level of “disadvantage” within the state (i.e., Minnesota in the present study), and 10
indicated the highest ADI (most disadvantaged) within Minnesota. The 2015 ADI uses the
American Community Survey (ACS) data for 2015, a 5-year average of ACS data obtained
from 2011-2015. Thus, we linked the participants’ geocoded addresses at study baseline
(first study visit in 2008-2018, as explained in the “Study sample” section) with the ADI
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data to obtain both sets of rankings: one relative to the state of Minnesota and one relative to
the nation.

Study sample

The MCSA is a population-based cohort study initially established in 2004 in Olmsted
County, MN, to identify MCI and dementia risk factors. Using the Rochester Epidemiology
Project (REP) resources, an age- and sex-stratified random sample of Olmsted County
residents was invited to participate in the MCSA. The MCSA initially recruited 70-89 years
old residents; in 2012, recruitment expanded to 50-69 year olds. Participants are also invited
for follow-up visits every 15 months, following the same evaluation protocol.

At each MCSA visit, a study coordinator collected sociodemographic factors, asked
questions on memory, neuropsychiatric symptoms, and activities of daily living (to

an informant). [19, 20] In addition, a physician reviewed the participant’s medical

history, administered the Short Test of Mental Status [21], and performed a neurological
examination. Nine neuropsychological tests, administered by a psychometrist, were used

to assess cognitive performance in four domains: memory, attention/executive function,
language, and visuospatial skills. [19, 20] At each MCSA visit, the final diagnosis
(cognitively unimpaired (CU), MCI, dementia) was based on a consensus agreement
between the study coordinator, the physician, and a neuropsychologist after reviewing all the
information for each participant. MCI was diagnosed [22] by a combination of (1) cognitive
concerns by the individual, study partner, and/or physician, (2) impairment in one or more
cognitive domains, (3) essentially normal functional activities, and (4) does not meet criteria
for dementia. Participants were diagnosed with dementia if they met the Diagnostic and
Statistical Manual of Mental Disorders-1V (DSM-IV) criteria for dementia [23]. Individuals
who performed in the normal range and did not meet the MCI or dementia criteria were
classified as CU. Apolipoprotein E (APOE) e4 status was determined from blood draw at
MCSA baseline assessment. An extensive medical record review occurs every five years for
participants lost to follow-up to ascertain incident dementia cases when they reach 70 years
of age.

The current study included all MCSA participants residing in Olmsted County, =50 years
old, with available 2015 ADI values, and at least one visit free of dementia between 2008
and 2018. The time interval of 2008-2018 was chosen blindly (without looking at the data)
as the 2015 ADI is based on 2011-2015 ACS data, and we allowed three additional years

of observation before and after 2011-2015. There were 4,796 eligible participants for the
study. Each participant’s geolocation was calculated by linking addresses to the TIGER/Line
address range shapefile provided by the US Census. [24] We were not able to geocode the
addresses of 97 participants (18 participants had a non-Olmsted County address, 38 had

PO boxes, and 41 had incomplete address details to be safely used). Thus, a total of 4,699
MCSA participants were included in the present study (581 with MCI and 4,118 CU at study
baseline).
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2.3 | Standard protocol approvals, registrations, and patient consents

Study approval was obtained from the IRBs of the Mayo Clinic and Olmsted Medical Center
in Rochester, Minnesota. Written informed consent was obtained from all participants or, in
the case of persons with cognitive impairment sufficient to interfere with capacity, from a
legally authorized representative.

2.4 | Statistical analysis

The study exposure variables were the ADI State and National ranking values. For

analytical purposes, the raw scores for the neuropsychological tests in each cognitive domain
were z-scored and averaged to create domain-specific cognitive z-scores (i.e., memory,
attention/executive, language, and visuospatial skills); a global z-score for overall cognitive
performance was created by averaging the four domain z-scores. The outcomes examined

in analyses were MCI, dementia, and change in global cognitive z-score. Participants’
characteristics were summarized by ADI quintile using “count (%)” or mean (SD) and
compared using x 2 or ANOVA tests as appropriate.

The primary analysis focused on the numeric State and National ADI ranking values.

For uniformity, we used deciles in both ADI rankings. Based on the primary analysis
findings, sensitivity analyses were employed using the State and National ADI ranking
values categorized in quintiles or dichotomous (quintile 5 (most deprived) vs. quintiles 1-4),
as was also presented by previous ADI studies, [4, 10] noting that the analyses may not be
adequately powered based on the low sample size in quintile 5 for the National ADI ranking
values (n=97) specifically.

We considered unadjusted models first and then adjusted for important potential risk factors
for cognitive impairment (i.e., age, education, sex, and APOE &4 allele status (any 4 vs.
none).[25] In cross-sectional analysis, we used logistic regression models and estimates

are presented as odds ratios (OR) and 95% confidence intervals (95% CI). Hazard ratios
(HR) (95% ClI) for progression to dementia were estimated using Cox proportional hazards
models using age as the time scale. There were 207 CU participants who did not have study
follow-up nor medical record review for inclusion in the Cox models. We also examined
the association of baseline ADI (exposure) and change in global cognitive z-score, using
mixed-effects models, also adjusted for whether the administration of the cognitive tests was
the first time ever (i.e., practice effect), allowing for random subject-specific intercepts and
slopes. Estimates are presented as B (95% CI).

Longitudinal analyses (i.e., using Cox proportional hazards models and mixed effects
models) in participants with MCI at baseline did not reveal statistically significant
associations, possibly due to small numbers and thus lower statistical power; results are
not included in the tables.

In addition, we calculated the chronic disease burden at the study baseline from a modified
Charlson comorbidity index (Charlson Index) [26] score based on electronic diagnosis
codes; dementia codes were not included in the index, as MCSA assesses cognitive status.
Adding the Charlson Index in the models did not change estimates appreciably; thus, models
are not included in the tables.
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Potential effect modification by sex in the association between ADI and dementia was
examined using an interaction term between ADI (State and National ranking in deciles) and
sex in the Cox models adjusting for sex and education (years) using age as the time scale; no
statistically significant interactions were detected. All analyses were considered statistically
significant at a p-value <0.05 and were performed using the SAS statistical software version
9.4 (SAS Institute, Cary, North Carolina).

3| RESULTS

3.1| Participants’ characteristics

The 4,699 participants had a mean age (standard deviation (SD)) of 72.9 (10.5) years, 2,366
(50.4%) were males, 4,598 (97.9%) were white, and 4,656 (99.1%) were not Hispanic or
Latino. The characteristics of the participants are presented in Tables 1 and 2 by State and
National ADI ranking quintiles for participants without dementia at baseline (Supplementary
Tables 1 and 2 present the characteristics of CU participants at baseline, n=4,118). The ADI
distribution was skewed, with most participants being in the Q1-Q4 quintiles. Participants
in the highest (Q5) ADI National ranking quintile (highest deprivation; Tables 2) were on
average older, more likely to be women and have MCI (vs. CU) at study baseline compared
to participants in Q1. We were able to geocode 98% of the eligible participants (n=4699).
We could not geocode the baseline addresses of 97 (2%) participants with visits in 2008—
2018; thus, they were not linked to the ADI values. Participants without geocoding (n=97)
were older [77.5 (10.9) vs. 72.9 (10.5) years old], had lower mean years of education [13.5
(2.9) vs. 14.5 (2.7)], and were more likely to have prevalent MCI (22.7% vs. 12.4%), less
follow-up time (3.7 (3.2) vs, 4.5 (3.4) years), fewer evaluation visits (3.7 (3.2) vs. 4.5 (3.4))
and shorter follow-up for incident dementia diagnosis (4.8 (2.9) vs. 5.6 (3.2) years) (than
participants with successful geocoding).

3.2| MCI, dementia, and cognitive decline

Higher baseline ADI National or State decile rankings at the block group level were
associated with higher odds of MCI at study baseline [(OR =1.08, 95%CI (1.05, 1.12),
p<0.001; per decile increase in State ADI ranking) and (OR =1.13, 95%CI (1.08, 1.19),
p<0.001 per decile increase in National ADI ranking); (Table 3)]. Adjusting for years of
education or age attenuated the associations (Table 3); additionally adjusting for sex and
APOE &4 status minimally changed estimates and statistical significance persisted in most
models (Supplementary Table 3).

In CU participants at baseline, the risk for progression to dementia increased for every decile
increase in the ADI State or National ranking [(HR =1.06, 95%CI 1.01,1.11, p=0.010; per
decile increase in State ADI ranking) and (HR =1.09, 95%CI (1.02, 1.16), p=0.008), per
decile increase in National ADI ranking; Table 4]. Findings did not change appreciably
when analysis was adjusted for participant’s education, or education, sex and APOE &4
status (Table 4).

In CU participants at baseline, a higher ADI value (i.e., greater deprivation relative to
the State or the Nation) was associated with subtly faster cognitive decline (Table 5).
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Differences in annualized rate of change in global cognitive z-score per State or National
ADI ranking decile increase did not change appreciably when analysis was adjusted for
age or years of education (Table 5), age sex, APOE e4 status and years of education
(Supplementary Table 4).

3.3 | Sensitivity analyses

Participants in the highest State or National ADI deprivation quintile (Q5) had significantly
higher odds of MCI (vs. Q1; Supplementary Table 5). Adjusting for education or age
attenuated the estimates, while statistical significance was kept.

CU participants in the most disadvantaged neighborhood quintile (Q5), relative to the State
ADI ranking, had a significantly higher risk for progression to dementia than the least
deprived quintile (Q1) (Supplementary Table 6). Estimates did not change appreciably when
models were adjusted for covariates. Similar associations were observed between National
ADI quintiles and dementia risk; however, the estimates did not reach statistical significance
and the low number of participants in Q5 (n=72) was a limitation, implying inadequate
statistical power. Living in the most deprived State quintile vs. not (Q5 vs. Q1-4) was
associated with higher risk for progression to dementia (Supplementary Table 6 and Figure
1).

Finally, participants in the higher quintiles (Q4 and Q5) for State or National ADI

ranking had the greatest annualized decline in the global cognitive z-score from baseline
(Supplementary Tables 7 and 8). Estimates did not change appreciably when models were
adjusted for covariates.

4| DISCUSSION

In community-dwelling older adults (=50 years old) without dementia at baseline, higher
levels of neighborhood socioeconomic deprivation at study baseline, as assessed by ADI

on the block group level, were associated with greater odds of MCI. Higher levels of
neighborhood socioeconomic deprivation at study baseline were also associated with a
higher risk for progression to dementia in CU participants. In sensitivity analysis, we
observed that residing in the most socioeconomically deprived neighborhoods relative to the
State increased risk for progression to dementia, compared with participants residing in the
least deprived neighborhoods. Although differences in cognitive decline were very subtle,
CU at baseline declined faster in the most deprived State or National ADI ranking quintiles
(vs. the least deprived quintile).

Even within a well-resourced region such as Olmsted County, Minnesota, census

block group-level neighborhood disadvantage was associated with an increased risk for
progression to dementia and faster cognitive decline, consistent with prior studies, even after
accounting for education (i.e., individual-level SES factor). [5, 10, 27] Previous research
findings have been variable, with studies [10, 28] also not detecting a significant association
between area-based SES measures and dementia risk, especially when individual-level SES
factors were taken into consideration. It is plausible that individual-level SES variables
partially explain the neighborhood-level SES effect, [28] keeping in mind also that
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neighborhood-level SES during mid- or late adulthood might not represent early life SES
exposures as measures incorporating neighborhood life-course SES would. [29]

Neighborhoods, through their physical and social characteristics, could influence a person’s
health behaviors and stress, while neighborhood-level environmental factors related to SES
(e.g., air pollution or lead exposure), access to healthy food, or recreation opportunities
could contribute to causal pathways between neighborhood-level SES and cognitive health.
[9, 10, 29] Socioeconomically disadvantaged neighborhoods might have more stressors and
less physical and social resources, hindering social, physical, and cognitively beneficial
activities. [30, 31] For example, that poor individuals who live in wealthier neighborhoods
could have better health outcomes than poor people living in the most deprived areas. [3]
Thus, more emphasis and attention need to be given to how the neighborhood context can
provide opportunities that facilitate healthy behaviors which support cognitive health.

The number of studies examining the association of neighborhood socioeconomic
deprivation with cognitive decline and impairment is still limited, especially for population-
based studies and for earlier cognitive impairment stages, including mild cognitive
impairment (MCI), a precursor of dementia. [3, 5, 32, 33] Prior research suggests

variable associations of neighborhood socioeconomic disadvantage and cognitive outcomes,
also suggesting variable associations by individual-level socioeconomic characteristics,
race, ethnicity. [34-36] Detailed cognitive evaluations are not included in all studies or
prospective follow-up. MCSA, a population-based cohort study with detailed serial cognitive
evaluations, adds significant findings to mounting evidence of an association between area-
level socioeconomic deprivation and cognitive impairment and decline. MCSA provides
multiple cognitive outcomes, with prospective follow-up, also facilitating comparisons with
past and future studies of MCI, progression to dementia, and change in cognitive function.
In addition, MCSA is among the first studies with cognitive outcomes to use the publicly
available ADI data. Including both the State and National ADI ranking data would allow
further comparisons with future studies both within the state and nationwide.

It is becoming more evident that together with the necessary downstream interventions

(at the individual level), upstream (e.g., public policy) and midstream (e.g., community)
interventions can be employed to improve cognitive health and reduce disparities. [37]
Area-level deprivation could drive multiple disease-risk pathways causing health disparities
and needs to be also considered when disease-modifying interventions are implemented.
[38] Disease interventions that do not account for neighborhood deprivation could provide
limited help or fail. [3]

MCSA invites participants into the study using an age- and sex-stratified random sample

of Olmsted County residents. This is achieved using the REP resources; the REP Census
counts are comparable to decennial US censuses (e.g., REP included 102.7% of 2000
census counts).[39] MCSA, going forward, will continue to use the publicly available ADI
data to understand better how neighborhood context affects brain health and incorporate
information as needed going forward. Study findings underline the importance and

critical information that neighborhood context could provide for research, outreach and
community-based care management, and policy.[3, 40] Area-level socioeconomic measures
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like ADI could help identify individuals at higher risk for developing cognitive impairment
and inform clinical vigilance, as well as, research design, recruitment, and retention
strategies that support participation in longitudinal studies and prevent underrepresentation
of socioeconomically disadvantaged participants. To this end, soliciting stakeholder
engagement from socioeconomically deprived communities could also improve recruitment
and retention practices, facilitate dissemination of findings, and help design therapeutic

and preventive interventions that reach individuals accounting also for the neighborhood
socioeconomic status.[3, 10, 41]

The study should be considered in light of its limitations. We had only one measurement of
ADI (2015) on the census block group level of the place of residence, and we cannot account
for years of exposure at this ADI level and thus may not capture neighborhood deprivation
exposure accurately across the life span. Study participants were 97.9% white, and 99.1%
were not Hispanic or Latino. Thus, investigating these associations in areas with more racial
and ethnic diversity would be desirable. The low number of participants in the most deprived
National ADI ranking quintile should be considered in interpreting findings, probably
resulting in inadequate statistical power in these analyses. Our study could not account for
homelessness. We cannot be certain that unmeasured factors did not influence the observed
associations. In addition, alternative interpretations of the findings could be considered, e.g.,
relating to selection bias, i.e., if persons living in disadvantaged neighborhoods would be
more likely to participate in MCSA when worrisome symptoms are present compared to
persons living in less disadvantaged areas. The underlying mechanisms of the area’s effects
on health and dementia are expected to be intricate [2] and possibly bidirectional (e.g.,
chronic conditions could influence elements included in ADI measures such as income,
employment, or education),[12, 13] emphasizing the need for further research, beyond the
current study’s scope.

The study has important strengths. The MCSA is a well-characterized cohort with a
comprehensive cognitive evaluation. The evaluation and diagnosis were made without ADI
knowledge, blind to any previous clinical diagnosis, and followed the same protocol in all
visits. The study uses ADI [38] a novel, publicly available, validated composite measure of
neighborhood disadvantage.

In conclusion, higher baseline neighborhood socioeconomic deprivation levels, as assessed
by ADI on the block group level, were associated with higher odds of MCI at baseline and
higher risk for progression to dementia and faster cognitive decline in CU at baseline older
adults. Continued research is needed on the association of neighborhood socioeconomic
disadvantage and cognitive impairment to understand the potential pathways involved and
provide further valuable insight for public policies, community interventions, social and
health care to prevent and treat cognitive impairment.

Supplementary Material

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

1. The study used ADI, a composite freely available neighborhood deprivation
measure.

2. Higher levels of neighborhood deprivation were associated with greater MCI
odds.

3. Higher neighborhood deprivation levels were associated with higher dementia
risk.
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RESEARCH IN CONTEXT

Systematic review: The authors reviewed the literature using PubMed and

combinations of keywords (i.e., “area deprivation”, “area socioeconomic”,

“socioeconomic deprivation”, “socioeconomic disadvantage”, “neighborhood
deprivation” “neighborhood disadvantage”, “cognitive ”, “cognition”,
“dementia”, “Alzheimer”). There is a limited number of studies examining
the association of neighborhood socioeconomic deprivation and cognitive

impairment and the relevant citations are appropriately cited.

Interpretation: Study findings suggest that higher levels of neighborhood
deprivation were associated with greater odds of MCI at study baseline and
higher risk for progression to dementia in cognitively unimpaired persons at
study baseline.

Future directions: We need to continue examining the association of
neighborhood socioeconomic deprivation and cognitive impairment to
understand potential pathways involved, which are expected to be complex,
and provide insight for public policy, facilitate community interventions,
and support social and health care to prevent, postpone and treat cognitive
impairment.
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Figure 1.
Risk of dementia for cognitively unimpaired participants in the 5th quintile (most deprived)

compared to all others by (A) State neighborhood disadvantage (as assessed by the State
ADI ranking), and (B) National neighborhood disadvantage (as assessed by the National
ADI ranking), conditional on being cognitive unimpaired at age 65 years. Unadjusted
analyses using age as the timescale.
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