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Context: The social environment may influence cogni-

tive function in aging. However, to our knowledge, no
studies have investigated whether specific genes modify
this association.
Objective: To examine whether the apolipoprotein E
(APOE) ε4 allele modifies the association of neighborhood psychosocial hazards and cognitive function.
Design: A cross-sectional analysis.
Setting: The Baltimore Memory Study, a population-

based sample of older urban residents. The 65 study neighborhoods in Baltimore, Maryland, were characterized
using the Neighborhood Psychosocial Hazards Scale, designed to assess social disorganization, physical disorder, public safety, and economic deprivation.

20 standard tests was measured and combined to form 7
summary domain scores (language, processing speed, eyehand coordination, executive functioning, verbal memory
and learning, visual memory, and visuoconstruction).
Results: In analyses fully adjusted for individual covariates, we found that high (ie, worse) neighborhood psychosocial hazards were not consistently associated with
worse cognitive performance. However, the interaction
of high neighborhood psychosocial hazards and APOE
ε4 genotype was found to be associated with worse cognitive domain scores, with evidence of associations in the
domains of processing speed (P=.02) and executive functioning (P ⬍ .001). Suggestive evidence was also found
for eye-hand coordination (P =.05).

residents aged 50 to 70 years at baseline.

Conclusion: Living in a psychosocially hazardous neighborhood was associated with worse cognitive function
in persons with the APOE ε4 allele, evidence of a novel
gene⫻ environment interaction.

Main Outcome Measures: Cognitive performance on
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Participants: One thousand one hundred forty urban
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C

OGNITIVE DECLINE IN AG-

ing has a multifactorial
etiology with both environmental and genetic
components. A prominent genetic factor of relevance to cognitive decline is the ε4 variant of the apolipoprotein E (APOE) gene, a strong
predictor of increased risk and earlier onset of Alzheimer disease.1,2 Apolipoprotein E (apoE) is critical for basic neurological processes relevant to nondemented
neurological health, including neuronal
proliferation, repair, and remyelination.3
However, the impact of APOE genotype on
nondemented cognitive function remains unclear, with worse cognitive performance for ε4 allele carriers not consistently reported.4 A meta-analysis found
that in adults without dementia, the APOE
ε4 genotype was associated with small decrements in global cognition, episodic
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memory, and executive functioning.5 The
mixed findings and modest effects suggest that APOE may be important to nondemented cognitive function, but more
complicated causal pathways may be involved, including interactions with other
neurological insults that may modify the
effects of APOE.
Substantial animal evidence supports
that psychosocial stress profoundly influences neurological health.6,7 Although the
term psychosocial stress is common in scientific and popular literature, semantic
confusion surrounds the term8: it may refer to both an exposure (a psychosocially
challenging situation) or an outcome (the
psychological or physiological state resulting from exposure). We prefer the term
psychosocial hazard to describe relevant exposures—stable and perceptible features
of environments that give rise to a heightened state of vigilance, alarm, or fear in
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residents that may lead to a biological stress response.9
In a variety of animal species, long-term exposure to psychosocial hazards is associated with structural and functional changes in the brain. For example, rats chronically exposed to rat intruders exhibit worse learning and
memory and long-term potentiation deficits.10,11 Similarly, hippocampal atrophy due to prolonged exposure
to hierarchically dominant animals has been observed in
rats12 and primates.13,14 Notably, APOE genotype may interact with psychosocial hazards to influence cognition.
Mice repeatedly subjected to rats as cage mates exhibit
persistent learning deficits that are dependent on APOE
genotype.15 In humans, APOE genotype modified the associations of self-reported stress levels and memory performance.16 Previously, we reported synergistic interactions of salivary cortisol levels and APOE genotype on
cognitive function.17 In the present article, we tested the
hypothesis that living in psychosocially hazardous neighborhood environments may interact with APOE genotype to influence cognitive function.
METHODS

PARTICIPANT SELECTION AND RECRUITMENT
The Baltimore Memory Study is a population-based cohort study
of cognitive decline in older urban residents. Sampling and recruitment have been described elsewhere.18 Participants were
drawn from 65 neighborhoods in central and north Baltimore city,
Maryland, targeted to ensure heterogeneity of demographic and
place-level characteristics. In total, 1140 participants were enrolled from the eligible population of 50- to 70-year-old residents who had lived in the Baltimore area for at least the 5 previous years. The Committee for Human Research of the Johns
Hopkins Bloomberg School of Public Health approved the study.
Participants provided written informed consent prior to study entrance and were paid $50 for each visit completion.

DATA COLLECTION
Data collection and cognitive testing were performed by trained
research assistants on-site at the study clinic in Baltimore city.18
The present data are from each participant’s baseline visit between May 30, 2001, and September 20, 2002. A cognitive battery was administered to each participant along with a structured interview, which captured the following self-reported
information: demographics, residential history, medical history, and medication, alcohol, and tobacco use. Instrumental
activities of daily living were assessed using the Older Americans Resource Scale for Instrumental Activities of Daily Living
7-item scale.19 Self-reported race/ethnicity was assessed according to the 2000 US Census method.20 Laboratory methods for
APOE genotyping are published elsewhere.21

COGNITIVE MEASURES
The testing procedure, cognitive battery, and creation of cognitive domain scores have been described in detail.22 Research
assistants read a standard statement orienting participants to
the tests and avoided any reference to testing as a means of evaluating individual ability. Tests did not require complex verbal
responses in order to minimize potential information bias by
socioeconomic status or race/ethnicity. Tests were administered by female and male technicians of white and African American race/ethnicity after random assignment. Subjects com-

pleted 20 tests in 7 cognitive domains: language (Boston Naming
Test; letter fluency; and category fluency), processing speed
(simple reaction time), eye-hand coordination (Purdue Pegboard Test dominant hand, nondominant hand, and both hands
and Trail-Making Test A), executive functioning (consisting
of the mean of 3 z-transformed difference scores: Purdue Pegboard Test assembly minus both hands; Stroop C form minus
A form; and Trail-Making Test B minus A), verbal memory and
learning (Rey Auditory Verbal Learning Test immediate recall, delayed recall, and recognition), visual memory (ReyOsterrieth Complex Figure Test delayed recall and symbol digit),
and visuoconstruction (Rey-Osterrieth Complex Figure Test
copy). The 7 domain scores, expressed in standard deviation
units, were the primary study outcomes.

PSYCHOSOCIAL HAZARDS
Study neighborhood boundaries were based on community definitions of existing named neighborhoods developed by the Baltimore City Department of Planning that have a rich history
and meaning to residents and are therefore likely to be relevant spatial areas. We characterized the psychosocial environment for each study neighborhood using the Neighborhood Psychosocial Hazards (NPH) Scale,9 a 12-item scale based
on theory and factor analysis. Data on neighborhood characteristics came from the 2000 US Census and various city agencies, and all indicators were measured at the place level.9 To
reduce dependent measurement error, no information from
study subjects was used. Block-level census data were recombined into preestablished neighborhood boundaries by the US
Census Bureau via special tabulation. The final NPH Scale included items indicating social disorganization (percentage of
single families, percentage of adults without a high school degree or general education diploma, and percentage of adults
divorced, separated, or widowed), public safety (911 calls per
person per year, violent crimes), physical disorder (percentage of vacant houses, complaints about street conditions, number of liquor stores), and economic deprivation (per capita income, index of working class, percentage of unemployment,
percentage of families living in poverty). The 12 variables were
standardized and the resulting z scores summed to yield the
NPH Scale score, which was normally distributed from −19.0
to 19.2 with a mean (SD) of 0.1 (9.6). A higher NPH score indicates a more psychosocially hazardous neighborhood.

STATISTICAL ANALYSIS
Because of social stratification, persons in psychosocially
hazardous neighborhoods may not be similar to persons in
better neighborhoods. For example, persons in economically
disadvantaged neighborhoods tend to be poor while persons
in economically advantaged neighborhoods are likely better
off. As a result, associations of NPH with health outcomes
may be due to differences in the types of persons residing in
these neighborhoods, rather than a neighborhood causal
effect.23 In such situations, propensity score methods can be
implemented24 as has been done in a variety of clinical and
epidemiological studies.25
We estimated the propensity score for each participant—
the probability of exposure to high NPH—from a set of
observed variables. Because propensity score methods are generally used with binary exposures, we dichotomized NPH exposure to create 2 groups (quartile 4 of NPH score [7.65 to
19.20]=“high-NPH group” vs quartiles 1-3 of NPH score [−19.00
to 7.25] = “comparison group”). We nonparametrically estimated the log odds of exposure to high NPH using generalized boosted modeling.26,27 Variables in the propensity score
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Table 1. Characteristics of Selected Baseline Covariates for Participants in the Baltimore Memory Study
%

Age, y, mean (SD)
Female
African American/mixed race/ethnicity
Log household wealth, $, mean (SD)
Education, y, mean (SD)
Lived in current home ⬎10 y
History of chronic disease
Cerebrovascular accident
Myocardial infarction
Hypertension
Diabetes mellitus
CES-D score ⱖ16
Any OARS-IADL difficulty
NPH score, b mean (SD)
APOE ε4⫹

NPH Quartiles
1-3,
Unweighted
(n = 881)

Propensity
Score
Weighted a

Overall
(N = 1124)

APOE 4ⴙ
(n = 342)

APOE 4−
(n = 782)

NPH
Quartile 4
(n = 243)

59.3 (6.0)
65.6
45.3
11.6 (1.9)
14.7 (3.9)
74.0

58.8 (5.9)
63.2
55.6
11.5 (1.9)
14.5 (3.8)
72.9

59.6 (6.0)
66.6
40.8
11.7 (1.8)
14.7 (3.9)
74.5

59.6 (6.1)
68.3
88.1
10.2 (2.1)
12.8 (3.5)
72.3

59.3 (5.9)
64.8
33.5
11.9 (1.7)
15.2 (3.8)
74.5

59.4 (6.0)
70.4
79.3
10.7 (2.2)
13.3 (3.4)
73.3

5.4
10.2
59.6
22.5
13.7
11.0
−1.0 (8.7)
30.4

4.7
11.4
57.5
23.7
14.0
13.2
−0.9 (8.5)
100

5.8
9.7
60.5
22.0
13.6
10.0
−1.0 (8.7)
0

9.1
15.2
68.2
32.5
15.2
17.4
11.7 (3.6)
32.9

4.4
8.9
57.2
19.8
13.3
9.2
−4.5 (5.9)
29.7

5.7
9.3
70.5
25.5
19.1
12.1
−2.5 (5.0)
38.6

Abbreviations: APOE, apolipoprotein E; CES-D, Center for Epidemiologic Studies Depression Scale; NPH, Neighborhood Psychosocial Hazards Scale;
OARS-IADL, Older Americans Resource Scale for Instrumental Activities of Daily Living.
a Propensity score weights are estimated from probability of residing in the most psychosocially hazardous quartile of neighborhoods. Weights are used to
establish groups that are distributionally similar on the covariates that determined the propensity score. Variables used to estimate the propensity score include
APOE genotype, age, sex, race/ethnicity, number of siblings, number of children alive, marital status, household wealth, educational attainment (respondent and
spouse), graduated from public/private high school (respondent and spouse), retirement status, job control during primary lifetime occupation, smoking, and
housing variables, including type of housing, ownership, and length of tenure.
b A higher NPH score indicates a more psychosocially hazardous neighborhood.

model were factors that might plausibly determine assignment to neighborhood “treatments,” including age, sex, race/
ethnicity, number of siblings, number of children alive, marital status, household wealth, educational attainment (respondent
and spouse), public/private high school graduated from (respondent and spouse), retirement status, job control during primary lifetime occupation, smoking, and housing variables, including type of housing, ownership, and length of tenure.28-30
Propensity score weights were then applied to the sample such
that persons in the comparison group who were more similar
to the high-NPH group were given greater weight and those
who were dissimilar were downweighted.27
To provide additional protection against confounding, we
also applied “doubly robust” regression adjustments for the individual-level covariates of age, sex, race/ethnicity (African
American, African American mixed, and other, with white as
the reference), education (9 levels), household wealth (natural log-transformed sum of household income plus household
assets), and testing technician.31 Regression adjustment was
implemented using generalized estimating equations with robust variances to account for within-neighborhood correlations in outcomes. To assess the interaction of NPH and APOE,
effect modification models included an indicator for APOE ε4
status (1 or 2 ε4 alleles vs none) and a high NPH–APOE ε4 crossproduct term. Statistical interaction was evaluated through Wald
tests. For analyses regarding the outcome of processing speed,
14 persons with extreme low values (scores ⬍−4 SD units) were
removed and the analyses were repeated.
Because the length of exposure to NPH (ie, residential duration) may be conceptually important,32 all analyses were repeated using a subsample of participants who had lived in their
current neighborhood for greater than 10 years. In addition,
because African American individuals are more likely to reside in more psychosocially hazardous neighborhoods, we repeated analyses separately for white and African American individuals. Analyses were performed with R version 2.8.1.33

RESULTS

SAMPLE CHARACTERISTICS
In total, a maximum of 1124 persons from 63 neighborhoods who had complete NPH, APOE, and cognitive data
were included in analyses (Table 1). The sample comprised primarily white (53.8%) and African American
(41.5%) individuals. APOE ε4 prevalence differed by race/
ethnicity: while 30.4% of the sample possessed at least 1
ε4 allele, 37.3% of African American individuals were ε4⫹
compared with only 24.7% of non–African American individuals. The different APOE genotype groups did not
significantly differ on any other observed covariate, including health characteristics. Compared with the lower
3 quartiles, the highest quartile of NPH was substantially different in characteristics such as race/ethnicity,
education, and wealth. Propensity score weighting reduced these differences so that the NPH exposure groups
became more comparable (Table 1). For example, the
high-NPH group was 88.1% African American or mixed
African American race/ethnicity, compared with 33.5%
in the comparison group before propensity score weighting; after propensity score weighting, the comparison
group was mathematically reweighted to a group with
79.3% African American/mixed race/ethnicity.
NPH AND APOE MAIN EFFECTS
In unadjusted analyses, persons in the most hazardous
quartile of NPH performed substantially worse in all 7
cognitive domains (Table 2); the average decrement
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across all domains was −0.45 SD units (all P values ⬍.001).
In adjusted models with both NPH and APOE terms
(model 1, Table 3), persons in the most hazardous quartile of NPH scored lower than persons in the other 3 quartiles only for eye-hand coordination (−0.14 SD units;
P=.02) (Table 3). APOE ε4 was associated with worse
performance in executive function (−0.12 SD units; P=.04)
and visuoconstruction (−0.20 SD units; P = .006).

Table 2. Unadjusted Associations of Neighborhood
Psychosocial Hazards and APOE Genotype With Cognitive
Domain Scores
␤ (95% CI)

Language
Processing speed
Eye-hand coordination
Executive function
Verbal memory and
learning
Visual memory
Visuoconstruction

NPHⴛAPOE INTERACTION
In adjusted models with a high NPH⫻ APOE ε4 crossproduct term (model 2, Table 3), interactions were observed for processing speed (−0.39 SD units; P=.02) and
executive functioning (−0.41 SD units; P ⬍.001). Additionally, there was evidence of a borderline association
with eye-hand coordination (−0.29 SD units; P=.05). The
Figure displays adjusted mean differences by NPH and
APOE groups. Compared with APOE ε4− persons in the
less hazardous neighborhoods (reference group), ε4− persons in the most hazardous neighborhoods did not score
worse in any of the domains. APOE ε4⫹ persons in less
hazardous neighborhoods also did not perform worse than
the reference group in any domain. However, APOE ε4⫹
persons living in the most hazardous neighborhoods performed significantly worse than the reference group in
processing speed (−0.31 SD units; 95% confidence interval, −0.51 to −0.11), eye-hand coordination (−0.26 SD
units; 95% confidence interval, −0.47 to −0.06), executive functioning (−0.18 SD units; 95% confidence interval, −0.34 to −0.02), and visuoconstruction (−0.36 SD
units; 95% confidence interval, −0.58 to −0.13).
SENSITIVITY ANALYSES
We conducted stratified analyses for white and African
American individuals. The magnitudes of coefficients were
approximately similar for each race/ethnicity and to the
original results, although power reductions due to smaller
sample sizes altered our significance testing. Similarly,
subset analyses for the 74% of study participants who had
remained in their homes for more than 10 years did not
produce noticeably different results from the overall
sample. We redefined exposure to high NPH at the 60th,
70th, and 80th percentiles and found that results were
not sensitive to choice of cut point. Finally, we performed the same analyses without propensity score adjustment and found results in congruence with our propensity score–derived results (sensitivity analysis results
not shown).
COMMENT

Our findings provide evidence that among persons with
the APOE ε4 allele, cognitive performance in processing
speed and executive function was significantly worse for
persons residing in neighborhoods with higher levels of
psychosocial hazards (P ⬍.05), with additional suggestive evidence for eye-hand coordination (P = .05). This
is consistent with studies suggesting that psychosocial
hazards in the environment may create conditions of dif-

NPH Quartile 4 vs
Quartiles 1-3

Cognitive Domain

−0.57 (−0.80 to −0.35)
−0.38 (−0.52 to −0.24)
−0.43 (−0.56 to −0.30)
−0.41 (−0.55 to −0.28)
−0.36 (−0.48 to −0.23)

APOE 4 Genotype
−0.09 (−0.21 to 0.04)
−0.07 (−0.20 to 0.06)
−0.11 (−0.22 to 0.00)
−0.08 (−0.18 to 0.02)
−0.10 (−0.25 to 0.06)

−0.39 (−0.54 to −0.23) −0.05 (−0.20 to 0.10)
−0.64 (−0.85 to −0.44) −0.19 (−0.35 to −0.04)

Abbreviations: APOE, apolipoprotein; CI, confidence interval; NPH,
Neighborhood Psychosocial Hazards Scale.

ferential vulnerability to the impact of individual-level
risk factors.34-38 To judge the importance of the reported
interactions, it may be useful to consider that a metaanalysis of APOE ε4 main effects showed small associations of less than −0.10 SD units.5 Our estimates for APOE
main effects averaged −0.11 SD units across all domains
(the largest association being in visuoconstruction at −0.20
SD units), while estimates for an increase of 1 year in age
ranged from −0.01 to −0.04 SD units. In comparison,
analysis of NPH and APOE group differences indicated
that persons with both high NPH and APOE ε4 performed from −0.18 SD units worse in executive functioning to −0.36 SD units worse in visuoconstruction,
compared with those without either. While clinical relevance is difficult to establish for cognitive assessments
in overall healthy populations, prior studies indicate that
even small decrements in performance predict subsequent dementia risk.39
A substantial problem in observational studies of residential contexts and health outcomes is that social stratification along class and socioeconomic lines places different types of persons in different neighborhoods thereby
confounding observed associations. In this complex causal
scenario, propensity score techniques are, in principle,
methodologically more sound than standard regression
alone. We attempted to address social stratification using
propensity score methods that adjusted for sociodemographic and housing variables for both the respondent
and spouse, as suggested by research on residential mobility and housing decisions. The propensity score methods weighted comparison groups such that they were distributionally similar in regard to the covariates that
determined the propensity score. In addition, propensity score weighting allowed for the adjustment of a large
number of covariates that otherwise may have been inappropriate for regression adjustment.40 While propensity score adjustment is excellent for handling observed
confounders, the only way to protect against unobserved confounding is to conduct a randomized study.
However, given the ethical and logistical problems involved with randomly assigning participants to neighborhoods, observational studies are the only reasonable
way to study neighborhood effects.
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Table 3. Associations of NPH Score, APOE 4, and NPH ⴛ APOE 4 Interaction With Cognitive Domain Scores
␤ (95% CI)
Model
Cognitive Domain
Language
Processing speed
Eye-hand coordination
Executive function
Verbal memory and
learning
Visual memory
Visuoconstruction

1a

Model 2 a

NPH Quartile 4 vs
Quartiles 1-3

APOE 4

−0.05 (−0.19 to 0.08)
−0.16 (−0.32 to 0.01)
−0.14 (−0.27 to −0.02)
−0.02 (−0.12 to 0.08)
−0.05 (−0.22 to 0.12)

0.00 (−0.12 to 0.11)
−0.12 (−0.34 to 0.09)
−0.09 (−0.24 to 0.05)
−0.12 (−0.24 to −0.01)
−0.12 (−0.31 to 0.07)

NPH Quartile 4 vs
Quartiles 1-3

APOE 4

−0.04 (−0.16 to 0.08) 0.01 (−0.16 to 0.19)
−0.02 (−0.21 to 0.17) 0.09 (−0.13 to 0.32)
−0.04 (−0.18 to 0.10) 0.07 (−0.16 to 0.29)
0.13 (0.03 to 0.23)
0.10 (−0.06 to 0.27)
−0.04 (−0.21 to 0.13) −0.11 (−0.38 to 0.17)

Interaction

P Value for
Interaction

−0.03 (−0.28 to 0.22)
−0.39 (−0.71 to −0.06)
−0.29 (−0.58 to 0.00)
−0.41 (−0.65 to −0.18)
−0.02 (−0.40 to 0.36)

.80
.02
.05
⬍.001
.91

−0.05 (−0.18 to 0.08) −0.10 (−0.30 to 0.09) −0.03 (−0.22 to 0.15) −0.08 (−0.24 to 0.08) −0.04 (−0.38 to 0.30)
−0.15 (−0.32 to 0.03) −0.20 (−0.35 to −0.06) −0.13 (−0.32 to 0.07) −0.17 (−0.40 to 0.05) −0.05 (−0.33 to 0.22)

.81
.70

Abbreviations: APOE, apolipoprotein E; CI, confidence interval; NPH, Neighborhood Psychosocial Hazards Scale score.
a All models are generalized estimating equations regression adjusted for age, sex, race/ethnicity, education, household wealth, and testing technician. In
addition, these models implement propensity score weights that adjust for age, sex, race/ethnicity, number of siblings, number of children alive, marital status,
household wealth, educational attainment (respondent and spouse), public/private high school graduated from (respondent and spouse), retirement status, job
control during primary lifetime occupation, smoking, and housing variables, including type of housing, ownership, and length of tenure.

Reference (NPH Q1-3, APOE ε4–) (n = 619)
NPH Q4, APOE ε4– (n = 163)
NPH Q1-3, APOE ε4+ (n = 262)
NPH Q4, APOE ε4+ (n = 80)

Difference in Domain Score, SD Units

0.4

0.2

0.0

– 0.2

– 0.4

– 0.6

– 0.8
Language

Processing
Speed

Eye-Hand
Coordination

Executive
Functioning

Verbal Memory
and Learning

Visual
Memory

Visuoconstruction

Figure. Adjusted mean differences with 95% confidence intervals in cognitive domain scores by level of Neighborhood Psychosocial Hazards Scale (NPH) and
apolipoprotein (APOE) ε4 genotype in the Baltimore Memory Study (N = 1124). Generalized estimating equations are adjusted for age, sex, race/ethnicity,
education, wealth, and testing technician, with propensity score weights that adjust for age, sex, race/ethnicity, number of siblings, number of children alive,
marital status, household wealth, educational attainment (respondent and spouse), public/private high school graduated from (respondent and spouse), retirement
status, job control during primary lifetime occupation, smoking, and housing variables, including type of housing, ownership, and length of tenure. Q1-3 indicates
quartiles 1 to 3; Q4, quartile 4.

Our results have several limitations. First, participants were not clinically assessed for dementia. The prevalence of dementia is less than 1% at ages 60 to 64 years
and less than 2% at ages 65 to 69 years.41 Because the
sample comprised community-dwelling participants
(mean age 59.3 years) randomly sampled from the general population, the prevalence of dementia is unlikely
to be high enough to influence our results. Second, the
age range of the sample was 50 to 70 years and thus results may not generalize to other ages. However, we observed significant decrements in cognitive performance
even in a relatively younger community cohort for which
cognitive deficits may not be as readily evident. In an older
sample (eg, 70-90 years of age) that is expected to have
a higher proportion of non–cognitively intact persons,

cognitive differences between NPH and APOE genotype
groups may be even larger. Third, it is possible that the
NPH Scale does not adequately capture the intensity of
psychosocial hazards that participants experience. Because the NPH Scale is a continuous measure of multiple neighborhood aspects that are distinctly perceptible and of relevance to neighborhood residents, a higher
NPH score should reflect greater intensity of exposure.
In addition, because the NPH Scale is based on objective measurement at the place level, independent of study
participants, the potential for same-source bias is reduced. Finally, because our analysis was crosssectional, we cannot be certain about the temporal relations of NPH and cognitive function. However, in the
subset of study participants who had resided in their

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 68 (NO. 3), MAR 2011
318

WWW.ARCHGENPSYCHIATRY.COM

©2011 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 01/21/2017

homes for greater than 10 years (74%), results did not
substantively differ. This suggests that our results were
not due to persons with preexisting cognitive impairment moving into psychosocially hazardous neighborhoods.
One interesting finding of our study is that unadjusted associations between NPH and cognition were
strong and in the anticipated direction but were
severely attenuated on adjustment. This indicates the
possibility of substantial confounding by individual
covariates or by selection processes that result in nonrandom assignment to neighborhood “treatments.”
Another possibility is that we have introduced more
bias through adjustment of mediators on the causal
pathway. If, for example, current residence in psychosocially hazardous neighborhoods is a marker for lifelong occupancy in such neighborhoods, then it is
plausible that neighborhood conditions are antecedent
to and play a formative role in determining an individual’s sociodemographic (income, education, and
wealth), behavioral (eg, diet, physical activity), and
health (eg, obesity) risk profiles. Also, substantial
race/ethnic differences in cognitive performance are
seen throughout the life course. To the extent race/
ethnicity is a proxy for unmeasured factors in the
environment (such as higher exposure to neurotoxicants, long-term exposure to racial discrimination),
adjustment for race/ethnicity would lead to downward
bias in the true associations. Observational data are
inadequate to determine whether the large magnitude
of attenuation in our associations is the result of confounding bias or overadjustment for variables on the
causal pathway between social context and cognitive
outcomes.
Diverse pathophysiological mechanisms may underlie APOE main effects on cognitive function, including
glucose hypometabolism,42 promotion of amyloid plaque
formation,43 and impairment of synaptic plasticity.44 The
adverse cognitive effects of APOE interaction with psychosocial hazards may be due to apoE isoform–specific
reparative activity. Brain injury stimulates neuronal apoE
production45,46 and apoE, because of its roles in lipid uptake and redistribution, facilitates cell proliferation, membrane repair, and remyelination.3 However, of the apoE
isoforms, ε4 appears to possess a diminished reparative
capacity, interferes with the beneficial function of the other
isoforms,47 and promotes cell death after excitotoxic injury when neuronally expressed.48 By impairing neuronal repair mechanisms, the ε4 isoform can synergistically enhance damage due to neurological insults.49
Therefore, persons with the ε4 allele may be more vulnerable to deleterious effects of nonspecific risk factors.
The biological plausibility of this notion is supported by
studies showing that the ε4 allele interacts with a range
of diverse neurological insults, including lead toxicity,
cardiovascular disease, and head injury, to adversely impact cognitive function.50-53
Animal studies have shown adverse neuroanatomical and neurophysiological effects attributable to psychosocial hazards.10-15 Grootendorst et al15,54 reported that
the effects of environmental stressors and corticosterone on cognitive performance in mice were dependent

on APOE genotype. In humans, markers of exposure to
psychosocial hazards, such as self-reported stress levels
and cortisol levels, have also been shown to interact
with APOE.16,17 Savitz et al55 found that childhood
sexual abuse and APOE ε4 genotype interacted to reduce memory performance in a sample of subjects with
mood disorder, supporting the idea that a harmful psychosocial environment can interact with genotype to
influence cognition.
Evidence of decreased performance in persons with
the ε4 allele living in psychosocially hazardous neighborhoods was found in multiple domains, including
processing speed, eye-hand coordination, executive
functioning, and visuoconstruction. Domain-specific
associations are difficult to interpret since neuropsychological tests may tap into more than 1 domain. For
example, while executive functioning involves complex tasks such as decision making and abstract reasoning, lower scores on the timed executive function
tests might be due to slower processing speed. Compounding the difficulty of interpretation is that the
mapping of tests to specific brain structures cannot be
achieved with high reliability. It is noteworthy but
unsurprising that differences in nonmemory domains
were observed. A meta-analysis found that APOE
genotype is associated with decrements in global cognition, episodic memory, and executive functioning.5
While the associations of psychosocial hazards with
hippocampally dependent functions are well known,
associations with other regional functions, particularly
those of the prefrontal cortex, such as executive function, have also been reported.56-58 In addition, glucocorticoid receptors are well distributed throughout the
brain, including the hippocampus, neocortex, and cerebellum.59 Therefore, it is not surprising we observed
decreased cognitive performance in a variety of
domains.
In summary, using a measure of NPH based on
theory and assessed independently from study participants, we found evidence that APOE genotype modified relations of NPH with cognitive function in older
adults. Our findings suggest that for genetically vulnerable persons, a psychosocially hazardous neighborhood environment may be detrimental for cognitive
function in aging.
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