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Abstract

Context—Some evidence suggests that treating vascular risk factors and performing mentally
stimulating activities may delay cognitive impairment onset in older adults. Exposure to a complex
neighborhood environment may be one mechanism to help delay cognitive decline.

Evidence acquisition—PubMed, Web of Science, and ProQuest Dissertation and Theses
Global database were systematically reviewed, identifying 25 studies published from February 1,
1989 to March 5, 2016 (data synthesized, May 3, 2015-October 7, 2016). The review restricted to
quantitative studies focused on: (1) neighborhood social and built environment and cognition; and
(2) community-dwelling adults aged =45 years.

Evidence synthesis—The majority of studies were cross-sectional, U.S.-based, and found at
least one significant association. The diversity of measures and neighborhood definitions limited
the synthesis of findings in many instances. Evidence was moderately strong for an association
between neighborhood SES and cognition and modest for associations between neighborhood
demographics, design, and destination accessibility and cognition. Most studies examining effect
modification found significant associations, with some evidence for effect modification of the
neighborhood SES—cognition association by individual-level SES. No studies had low risk of bias
and many tested multiple associations that increased the chance of a statistically significant
finding. Considering the studies to date, the evidence for an association between neighborhood
characteristics and cognition is modest.

Conclusions—~Future studies should include longitudinal measures of neighborhood
characteristics and cognition, examine potential effect modifiers such as sex and disability, and
study mediators that may help elucidate the biological mechanisms linking neighborhood
environment and cognition.
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CONTEXT

At least 10% of older adults (aged =65 years) have mild cognitive impairment? and
approximately 5 million Americans have Alzheimer disease dementia (AD),2 conditions that
will increase in incidence with the projected rise in population of older adults.3* To date, no
effective treatments are available to ameliorate or cure AD, the most common
neurodegenerative cause of cognitive impairment. However, some research suggests that
treating vascular risk factors and performing cognitively stimulating activities may delay the
onset of cognitive impairment® and reduce AD pathology.® Exposure to complex,
stimulating neighborhood environments may be one mechanism that delays cognitive
impairment.”

Recently, studies have started examining how the neighborhood social environment (SE) and
built environment (BE) may affect cognition in older adults. The BE encompasses the
physical aspects of living and work environments, including the placement and configuration
of roads, homes, commercial buildings, and public spaces; whereas the SE includes human-
centered characteristics, such as demographics, SES, social disorder, and social climate. A
literature review of neighborhood environment and health in older adults® found that
neighborhood SES (NSES) was more frequently associated with health than neighborhood
BE measures, and the only study of cognition found that living in neighborhoods with less
educated residents was associated with worse cognition.® In another systematic review
focused on community environment and cognition in older adults,19 the authors also found
that lower community SES was frequently associated with worse cognition.

The same mechanisms that link the neighborhood environment and physical activity, blood
pressure, obesity, depression, and quality of lifel1~15> may explain associations between the
neighborhood environment and cognition. The mechanisms may relate to the
neighborhood’s impact on personal mobility, one’s sense of security and safety, potential for
chance interactions, exercise and social engagement, access to healthy foods and green
space, and exposure to pollution, crime, and social deprivation. For older adults, the
neighborhood may become more important with increasingly less time in motorized
transportation and more time in the neighborhood.18 The neighborhood environment’s
impact on health may be intensified by physical disability or difficulty navigating and
interacting in the neighborhood due to normal cognitive aging.” Additionally, the
neighborhood may play a strong role in determining the social ties and social participation
among older adults, 1718 which can affect psychological health and well-being.

Approximately 80% of the U.S. population lived in urban areas in 20101° and more than
90% of older adults would like to age in place, staying in their homes and neighborhoods for
as long as possible.20 Compared with the SE, the BE is more directly targeted by city and
regional planning efforts and has been studied less in relation to cognition in older adults.
Therefore, this study aimed to systematically review publications on the neighborhood SE
and BE and cognition in older adults, with added emphasis on the BE and effect
modification (e.g., differential impact on vulnerable populations), two areas that were
mentioned only briefly in a 2014 review of community environment and cognition.2!
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EVIDENCE ACQUISITION

Neighborhoods were defined as geographic areas smaller than towns, cities, or counties and
were delineated using administrative boundaries, circumscribed areas (e.g., 0.5 miles around
home), or perceived geographic boundaries. The environment surrounding the home was

chosen to represent the social and physical exposures likely to affect older adults frequently.

Neuropsychological tests are one means of evaluating cognitive functioning, and have been
designed to measure global cognition as well as various cognitive domains (e.g., memory,
language).22 In this review, cognition could have been determined by a clinician or assessed
using brief cognitive measures such as the Mini Mental State Exam (MMSE) or domain-
specific neuropsychological tests.

Search Criteria

PubMed, Web of Science (all databases), and ProQuest Dissertation and Theses Global
database were systematically reviewed for papers and dissertations published through March
5, 2016 (resulted in publications from February 1, 1989). The following keywords were
searched: (built environment or neighborhood environment or neighborhood level or
walkability) AND (cognition or cognitive function or cognitive decline or cognitive
impairment or dementia or Alzheimer or Alzheimer’s or demented or cognitive or memory).
Given these search criteria, results were likely to include studies of the BE, SE, or both.

Screening Procedure

Methods

1 Downloaded 2,500 unscreened citations meeting search criteria.

2 Eliminated duplicates (/7=385).

3 Eliminated unrelated titles (/7=1,997).

4, Eliminated abstracts not in English or not covering topic of interest (7=45).

5 Eliminated full-text publications (/7=48) not in English, not quantitative, or not

focused on: community-dwelling adults aged >45 years, neighborhood-level
characteristics, or the neighborhood—cognition association.

The SE findings were synthesized into four categories: SES (e.g., income), demographics
(e.g., race/ethnicity), social disorder (e.g., crime), and social climate/social ties (e.g., social
support). The BE findings were grouped according to the “5D’s” previously proposed to
influence travel behavior23: density (e.g., population density, density of social destinations),
diversity (e.g., land use mix), design (e.g., intersection density, presence of sidewalks),
destination accessibility (e.g., distance to nearest store), and distance to transit (e.g., nearest
bus stop). The “5D” categories allow for a synthesis using terminology that is frequently
used in neighborhood research and relatable to city planners. Data were synthesized between
May 3, 2015 and October 7, 2016.

The studies were too disparate to evaluate whether they met the epidemiologic criteria for
causality. Instead, the risk of bias by participant selection, confounding of the

Am J Prev Med. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Besser et al.

Page 4

neighborhood-cognition association, and missing data (all variables) was determined using
the Risk Of Bias in Non-randomized Studies - of Interventions (ROBINS-I) tool,24-26 which
helped assess the strength of evidence to date. Additionally, six criteria were developed to
evaluate the neighborhood measures (did not provide validity/reliability, used one or more
perceived measure, and used one or more composite measure) and cognitive measures (did
not provide validity/reliability, used one or more composite measure, and no longitudinal
measure used). Bias can occur if perceived measures of the neighborhood relate to
cognition?® or if the neighborhood or cognitive measures are associated with measurement
error2%:30 (e.g., invalid measures,3! composite measure?’). Each domain (e.g., selection) was
evaluated for risk of bias (low=1, moderate=2, serious=3, critical=4), and overall risk of bias
was calculated by a simple average of the domain scores.

EVIDENCE SYNTHESIS

The final sample included 25 studies®17:32-54 (Figure 1). Six non-U.S. studies were from the
Netherlands, United Kingdom (UK), Japan, and Singapore.32:37:41:45.50,53 The majority
focused on adults aged =65 years (36% included <65-year-olds) and 80% included
minorities. Appendices 1-5 outline study details.

Research Methods

Sixty-eight percent of samples originated from cohort studies, with the remaining based on
clinical trials or other observational studies. Seventy-six percent of samples were
population-based or randomly sampled. Eleven32:37.38:45.47.49-54 g djes used the MMSE,
five studies®17:3540.43 ysed the Telephone Interview for Cognitive Status, five used domain-
specific cognitive measures,39:424448,51 and four used composite cognitive
measures.33:34.36:41 Ejghty-four percent of studies used continuous measures of cognition

instead of categorical/dichotomous measures, and ten studies used longitudinal cognitive
measures, 33.36,40,43-47,51,52

Most studies focused on objective neighborhood measures, with only four33:34.45.54
including perceived measures (i.e., neighborhood social disorder, neighborhood climate,
number of friendly neighbors, neighborhood homogeneity, distance to community
resources). Almost half of the studies (/7=12) used U.S. Census tracts to define
neighborhoods, with the remaining using U.S. Census block groups, neighborhood
perceptions, alternative definitions such as city-defined boundaries, or other regional
definitions (e.g., UK enumeration district).

Neighborhood Social Characteristics and Cognition

Twenty-two studies examined the association between neighborhood SE and
cognition.9:17:32-35,38-50,52-54

Neighborhood SES—Eight of 15 studies found that lower NSES was associated with
worse cognition (Table 1), with 78% of cross-sectional and 17% of longitudinal studies
finding a significant association. The majority (/7=13) of studies developed composite
measures of NSES based on components such as the proportion with no high school degree
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or living in poverty. All SES measures were based on objective data sources such as the U.S.
Census.

Neighborhood demographics—Four of eight studies found that neighborhood
demographics were associated with cognition (Table 1). Living in a neighborhood with a
greater percentage of adults aged =65 years3® and fewer Hispanics3® or African Americans®3
was associated with better cognition. Conversely, a greater percentage of Mexican
Americans was associated with decreased odds of cognitive decline.4” Two of four
longitudinal studies*347 of neighborhood race (African American, Hispanic, or minority)
found a significant association with cognition. Perceived homogeneity of neighbor
characteristics was not associated with cognitive decline in a Japanese sample.*®

Psychosocial disorder and social climate—Two of five studies3342 (one cross-
sectional, one longitudinal) found that greater psychosocial disorder was associated with
worse cognition (Table 1). In two cross-sectional studies on social climate, positive acts of
neighboring were associated with better cognition,34 but perceptions of friendly neighbors or
the number of children, relatives, and friends in the neighborhood was not associated with
cognition.>

Neighborhood Built Environment and Cognition

Six studies examined neighborhood BE and cognition,3°:36:43.51.53,54 sing a wide variety of
neighborhood definitions (i.e., city block, U.S. Census tract, U.S. Census block group,
perceived neighborhood, 0.5-mile radius around home, UK Lower-layer Super Output Area),
and data sources (i.e., block observations, city-based geographic data, audit, participant
report, U.S. Census, map data, UK neighborhood statistics).

Density—One of three cross-sectional studies®3 examining density found an association
with cognition (Table 2). Neighborhood area dedicated to natural environment (hence, lower
population density) was associated with worse cognition in an English sample®3; however,
increased neighborhood park area was not associated with cognition in a U.S.-based
sample.3> The single study examining population density and cognition found no
association.*3

Design—ABoth studies of neighborhood design found an association with longitudinal
measures of cognition (Table 2). Neighborhoods in poor condition (deterioration of public
spaces) but not those lacking pedestrian facilities were associated with accelerated cognitive
decline.36 Additionally, greater street connectivity was associated with faster cognitive
decline using one measure (fewer turns needed to reach all other streets in network) but
slower cognitive decline using another (greater paths/streets connected to each street).>!

Destination accessibility—Three studies (two cross-sectional, one longitudinal)
examined the association between neighborhood destination accessibility and cognition
(Table 2). An increased distance to community resources®* and presence of a community
center,38 but not presence of recreational centers and institutions (e.g., schools),3° were
associated with better cognition.
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Diversity of land uses and distance to transit—Neighborhood diversity of land uses
was associated with lower odds of dementia,>3 and the presence of a neighborhood transit
stop was associated with slower cognitive decling3® (Table 2).

Effect Modification of Neighborhood Environment—Cognition Association

Thirteen studies investigated effect modification9:17:32-35.37,39-42,49,54 of the association
between neighborhood characteristics and cognition.

Four of five cross-sectional studies found that individual-level SES modified the association
between neighborhood SE and cognition.®17:32.37.49 Having low personal SES and living in
a low-SES neighborhood was associated with worse cognition in two studies.®7 By
contrast, two studies found that the association between NSES and cognition was strongest
when personal SES did not match NSES (i.e., low personal SES, high NSES; high personal
SES, low NSES).32:37 |n addition, a higher percentage of African Americans was cross-
sectionally associated with worse cognition in those with lower education and better
cognition in those with higher education.’

Three of six studies of the neighborhood SE and one study of the neighborhood BE found
effect modification by individual-level demographics.17:34:354041.49 |ndividual-level race
was not an effect modifier of the longitudinal association between neighborhood racial
composition and cognition4? or the cross-sectional association between NSES and
cognition.® Sex did not modify the association between neighborhood social climate (e.g.,
social ties) and cognition.3# However, higher NSES was associated with better cognition
among younger participants#® and in all but <70-year-old men! in two cross-sectional
studies. Finally, the presence of institutional resources (e.g., community center) was cross-
sectionally associated with better cognition among whites but worse cognition among
African Americans.3®

Both studies examining effect modification by apolipoprotein E e4 carrier status (APOE-e4,
risk factor for AD) found significant associations.3342 The first found that although APOE-
e4 genotype was associated with faster cognitive decline, the association was strongest when
psychosocial disorder was low.33 The second, cross-sectional study found that APOE-e4
carriers in the least psychosocially hazardous neighborhoods had cognitive levels similar to
APOE-e4 non-carriers, and APOE-e4 carriers in the most psychosocially hazardous
neighborhoods had worse cognition compared with APOE-e4 non-carriers in neighborhoods
with lower psychosocial hazards.*2

Three studies examined effect modification by other individual-level factors.35:39.54
Neighborhoods with a higher percentage of older adults were associated with better
cognition among those living 6-10 years in their neighborhood but worse cognition among
those living >10 years in their neighborhood.3® The association between community
resources (e.g., number of children in neighborhood) and cognition did not differ among
those who lived with others versus lived alone.>* Finally, the association between higher
tibia lead levels and worse cognition was stronger in those with higher versus lower
neighborhood psychosocial disorder.3?
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Selection bias—Eight studies used sampling weights or propensity scores to reduce the
risk of selection bias,?17:33:35.40-43 and 11 studies demonstrated a lack of overlap (by >2
years) between the dates in which the neighborhood and cognitive measures were
collected,917:33,36,38,39,41,43.46,47.52 Based on the ROBINS-I evaluation criteria, 19 studies
had a moderate risk and six studies had a moderate to serious risk of selection bias (Table 3).

Confounding—Ten studies controlled for covariates (i.e., age, sex, race/ethnicity, income,
education, married) hypothesized to be related to neighborhood characteristics and cognitive
measures, and therefore were determined to have a moderate risk of residual confounding
(Table 3).9:17:35,40,42,43,47,49,50.55 The study with a critical risk for residual confounding did
not adjust for any covariates, and the 14 remaining studies with moderate to serious risk did
not adjust for at least one covariate.

Missing data—Twenty studies failed to delineate missing data on the neighborhood
characteristics, cognitive measures, or covariates, and therefore were not assessed for risk
owing to missing data. Five studies®32:47:49.52 ysed statistical methods or sensitivity
analyses to account for missing data, and among these, one study had a low risk of bias due
to missing data because few data were missing32 (Table 3). Three studies were determined to
have low to moderate risk because some evidence suggested that the results were not robust
to missing data.%47:49 The fifth study showed that the results were not robust to missing
data, and was categorized as moderate risk.>2

Neighborhood measures—Eight studies met one or fewer of the criteria developed to
evaluate the neighborhood measures (low risk of bias due to the neighborhood measure), 16
met two criteria (moderate risk), and one®* met all three criteria (serious risk) (Table 3).

Cognitive measures—Eleven papers met one or fewer of the criteria developed to
evaluate the cognitive measures (low risk of bias due to the cognition measure), 12 met two
criteria (moderate risk), and two 4142 met all three criteria (serious risk).

DISCUSSION

More than half of the 25 reviewed studies found associations between neighborhood
characteristics and cognition. The studies provided moderately strong evidence for an
association between NSES and cognition and modest evidence for associations between
neighborhood demographics, design, and destination accessibility and cognition. Similarly,
most studies investigating effect modifiers found significant associations, with some
evidence for effect modification of the association between NSES and cognition by
individual-level SES. In addition, some evidence suggested that individual-level
demographics and APOE-e4 genotype modify the association between the neighborhood SE
and cognition. Although few studies examined effect modification, and the neighborhood
measures and effect modifiers were too variable, the significant findings suggest that studies
of effect modification may be a fruitful line of research. Considered together, no studies
were found to have low risk of bias, the effect sizes were often small, and many of the
studies tested multiple neighborhood-cognition associations that increased the chance of a
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statistically significant finding. Additionally, the combinations of neighborhood measures
examined were inconsistent across the studies, and thus did not allow for a more thorough
critique. Therefore, the evidence for an association between neighborhood characteristics
and cognition is modest to date.

Lower NSES was associated with worse cognition after controlling for personal SES, a
strong predictor of mortality and AD risk.56:57 NSES has been associated with multiple
health outcomes®8-60 and may be independently associated with cognition by affecting an
individual’s social interactions and level of social isolation,61:62 which indirectly affect
health. Few longitudinal studies found significant associations; thus, it is possible that NSES
is associated with lifelong disparities in cognition but not late-life differences in cognitive
decline. Nonetheless, social isolation is a plausible mechanism for the observed associations
between lower NSES and worse cognition, and should be examined as a potential mediator
in future studies.

Controlling for individual- and neighborhood-level SES and race may not fully account for
the psychosocial impact of racism and segregation that can influence health.17.63 Only 27%
of the reviewed studies examining NSES controlled for neighborhood racial composition;
therefore, future studies will need to develop valid measures of and control for segregation,
which may be independently associated with worse cognition.

Having lower personal SES and living in higher-SES neighborhoods may cause social
isolation, leading to poorer well-being and health consistent with the local social inequality
model.37:64 By contrast, low-SES individuals who have better cognition when living in
higher-SES neighborhoods are consistent with the collective resources model, in which they
benefit from increased material and social resources.54 Two studies supported the collective
resources model®17 and two supported the local social inequality model32:37; thus, there is
insufficient evidence to conclude if either of these models are at play, and additional
research is needed on the interaction between individual- and neighborhood-level SES.

The reviewed studies demonstrated inconsistent associations between neighborhood
psychosocial hazards and cognition. The only longitudinal study found a significant
association with cognitive decline, but it used perceived measures to construct a composite
measure of neighborhood psychosocial hazards. Perceived measures represent individual-
based assessments that may be laden with other subjective influences, and composite
measures can be associated with measurement error and lack specificity, which hinders the
ability to pinpoint the causal mechanisms. The remaining studies were cross-sectional and
used different objective measures of neighborhood psychosocial hazards. Overall, future
studies of psychosocial hazards and cognition would benefit from using longitudinal
measures of cognition and psychosocial hazard measures that are objective and measured
individually. Additionally, future studies could examine potential mediators such as social
engagement, isolation, well-being, and mental health, which would help support a
mechanism by which any observed associations can be explained by social engagement/
isolation.
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A majority of the BE studies found significant associations. Cognition was associated with
neighborhoods with a community center or transit stop, public spaces in poor condition,
distance to community resources, street connectivity, land use mix, and area dedicated to the
natural environment. Only a single study examined potential modifiers of the BE—cognition
association, finding that number of years living in the neighborhood modifies the cross-
sectional association between neighborhood percentage of older adults and cognition.
Overall, the BE studies to date provide suggestive evidence for an association between
neighborhood design and destination accessibility and cognition. However, given this
nascent field of research, new studies are needed to refine the BE and neighborhood
measures, examine longitudinal measures of cognition, examine potential mediators and
moderators, and elucidate the associated causal mechanisms.

Quality of Studies

The majority of studies were at moderate to serious risk of bias due to selection, residual
confounding, and missing data. New studies should use methods such as sampling weights
or propensity scores to reduce selection bias and use techniques such as multiple imputation
to address bias due to missing data. Additionally, future studies should effectively measure
and control for individual characteristics that are likely associated with the neighborhood
characteristics and cognition to reduce the possibility of residual confounding, which may
help explain the studies finding associations in unexpected directions.

Most of the studies defined neighborhoods using administrative boundaries set by national
or local governments (e.g., U.S. Census tracts). Although this may allow for more consistent
neighborhood definitions across studies, Census tracts are typically employed out of
convenience, which ignores the potential that different neighborhood definitions may be
more appropriate based on the neighborhood measure of interest and the proposed biological
mechanism responsible for its association with cognition.28 In addition, individuals living at
the edge of a Census tract may be misclassified, if they typically walk in the neighboring
Census tract. New studies can build upon the previous work, transitioning from using
administrative boundaries to other measures such as of the 0.5-mile area around a
participant’s home, which may better reflect the nearby places and the distances an older
adult would walk.

The employed neighborhood measures had a number of other weaknesses. Firstly, the
characteristics measured to date may be only rough proxies of the neighborhood qualities
associated with improved or worsened cognition. For example, population density could
serve as a proxy for BE characteristics such as destination accessibility or SE characteristics
such as chance social interactions. Secondly, 44% of the studies used neighborhood data
collected at a different time than the cognitive data, which may result in bias related to
measurement error. Lastly, all of the studies failed to account for longer-term neighborhood
exposures that may be more important that late-life neighborhood exposures. For instance, if
an individual lived for many years in a dense urban environment and recently moved to the
suburbs, simply using measurements of the current suburban environment would
inaccurately reflect lifelong neighborhood exposures. Any association with cognition under
these conditions would be hard to disentangle without additional information about
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residential history. Considering these weaknesses, much more work is needed to understand
the neighborhood constructs that affect cognition, the ideal time points in which they should
be measured, and the best ways to measure them.

The existing studies failed to address regional context, specifically the potential influence of
nearby neighborhoods and the comparability of findings across regions. Neighborhoods that
border a residence may influence study findings, if for instance, the affluence or
disadvantage of surrounding neighborhoods decreases or increases accessibility to social
destinations or community resources. Overall context of the town, city, or metropolitan area
may be important to consider, as exemplified by a study finding that a neighborhood’s
regional location mattered more for neighborhood walking for commuting compared with
the neighborhood’s BE.85 Additionally, the studies could have provided more thorough
evaluations of the reasons why the neighborhood measures included may have limited
external validity. For example, the variability of the neighborhood measures may not be
comparable across cities, metropolitan regions, or countries, and certain neighborhood
features (e.g., availability of walking paths) may have more influence than others based on
regional cultural norms.

Most of the studies used brief cognitive tests (e.g., MMSE), which do not effectively
measure particular cognitive domains that could assist in determining the biological
mechanism by which the neighborhood environment relates to cognition. For example, if the
neighborhood environment is hypothesized to influence cognition via the mechanism of
social engagement, tests previously associated with social engagement (e.g., perceptual
speed test86) would be preferred over non-specific screening instruments such as the MMSE.

This review is not without limitations. It was difficult to assess the strength of the evidence
and causality given the limited studies to date, the variability of neighborhood and cognitive
measures, and the cross-sectional study designs. Inconsistent findings may be due to the fact
that no studies examined early-life neighborhood exposures, which have been associated
with cognition.87-70 Although the searched databases are comprehensive and cover a broad
range of disciplines, this review may have missed some papers. In addition, the review could
be affected by positive publication bias. Lastly, the method used to evaluate bias due to the
neighborhood and cognitive measures has not been validated, but nonetheless provided a
means of assessing the strength of the measures.

CONCLUSIONS

Few studies have examined associations between cognition and the neighborhood SE and
BE. A large majority of the reviewed studies found at least one significant association,
suggesting that the neighborhood environment may be associated with cognition. Although
the published studies are a good starting point, future studies will need to use standardized
BE measures and replicate and expand upon previous findings by including longitudinal
measures of cognition; considering longer-term neighborhood exposures; considering the
impact of moves, residential tenure, and time spent in and around the neighborhood; and
considering the potential for individual-level effect modifiers and mediators. Finally,

Am J Prev Med. Author manuscript; available in PMC 2018 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Besser et al.

be
cal

Page 11

cause the existing studies did not provide adequate evaluation or support for particular
usal mechanisms, future studies are needed to tease apart and test the causal mechanisms

by design.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Sample size flow diagram.
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