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Abstract

Introduction—We evaluated the association between neighborhood socioeconomic status
(NSES) and sleep quality on cognitive decline in the Health and Retirement Study (HRS).

Methods—HRS participants (n=8090), aged 65+ with DNA and multiple biennial cognitive
observations (abbreviated Telephone Interview for Cognitive Status) were included. Participants
were grouped into quartiles of NSES and sleep quality scores. We adjusted for APOE &4,
demographic, and cardiovascular risk factors. Random effects modeling evaluated cognitive
change over time.

Results—NSES and sleep were significantly associated with cognitive decline, and there was a
significant interaction between them (p=0.02). Significant differences between high/low NSES and
high/low sleep quality (0<.0001) were found.

Conclusions—Sleep and NSES were associated with cognitive decline; the association between
sleep and cognition appeared stronger among those with low NSES. The association between low
NSES, poor sleep quality, and cognitive decline was roughly equivalent to the association between
APOE &4 and cognitive decline.
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Introduction

Methods

The past decade has witnessed growing interest in the effects of sleep on cognitive
functioning. A critical factor in overall health and well-being, sleep allows for the
consolidation of memory and integration of learning?2 as well as maintenance of brain
plasticity. Conversely, sleep disruption or deprivation is associated not only with impaired
hippocampal functioning,? but also greater amyloid-B (AB) burden 3-6 and subsequent risk
for cognitive decline and dementia.3~7 For instance, one study found that waking after
falling asleep and having long episodes of wakefulness were each associated with
approximately 40% higher odds of cognitive decline.® Prospective data show that not
obtaining enough sleep increases a person’s odds for dementia or mild cognitive impairment
(MCI) by 36%.° Cognitive decline may be attenuated through better sleep consolidation.1°
Sleep disturbance is also a symptom of cognitive impairment, suggesting a bidirectional
relationship.11.12

Evidence also documents the relationship between neighborhood socioeconomic status
(NSES) and sleep outcomes. NSES describes the relative advantage of a community based
on factors like the education, employment status, and financial status of its constituents.
Living in a disadvantaged neighborhood versus a privileged one has been associated with
increased daytime sleepiness,3 higher odds of restless sleep,4 worse sleep quality,® and
greater likelihood of waking after sleep onset.16

Older adults are more likely to be impacted by their local environments,1”~19 and thus are

more vulnerable to environmental challenges.1”-20 The relationship between neighborhoods
and health has been demonstrated in a number of studies?1:22 as has the relationship between
neighborhood characteristics, cognitive function23 and cognitive decline.24-26

The body of empirical knowledge connects sleep disturbance and neighborhood
disadvantage, independently, to cognitive decline. The further association between
neighborhood disadvantage and poor sleep outcomes suggests that these factors may act
synchronously in the etiology of cognitive decline. To date, no research has tested this
compelling argument. The present manuscript uses data from the Health and Retirement
Study (HRS) to estimate the combined contribution of neighborhood socioeconomic status
and sleep quality to cognitive function.

The Health and Retirement Study (HRS) 27 was established in 1990 to understand the

health-related challenges and successes of Americans aged 50 and older. In 1998, the HRS
was merged with the Asset and Health Dynamics Among the Oldest Old (AHEAD) study;,
which began in 1993. The War Baby Study and the Children of the Depression study were
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also added to the HRS, producing a large (>37,000 person) cohort representative of the
United States population aged 50 and over. The Survey Research Center at the University of
Michigan conducts the biennial, in-depth interviews with this cohort. Once participants
reach 65 years of age, cognitive tests are included in the biennial interviews. The Survey
Research Center obtains informed consent from all participants: oral consent for telephone
interviews and written consent for those providing biological samples. Returns of mailed
surveys infer consent. The University of Michigan Institutional Review Board approved the
HRS study protocol. IRB approvals for the current project was obtained from the Wake
Forest School of Medicine and the Duke University Medical Center. The following inclusion
criteria were applied, participants must be aged 65 and older, must have cognitive data
available, and must have provided DNA samples for genotyping in either 2006 or 2008.

Cognitive Assessment

Cognitive function was assessed with a modified version of the Telephone Interview for
Cognitive Status (TICS),28 adapted for use in the HRS (range 0-35 points). The TICS
correlates strongly with the Mini-Mental State Examination (MMSE):29 and the sensitivity
and specificity of the TICS for identifying cases of dementia have been well-documented.30

Neighborhood Socio-Economic Status (NSES)

We used a NSES index that was produced by the RAND Corporation,3! using 6 key
neighborhood factors including the percentage of adults aged 25 or older without a high
school diploma; percentage of male unemployment; percentage of households with income
below the poverty line; percentage of households on public assistance; percentage of female
heads of household; and median household income. The index was derived at the level of
census tract, generating values from 0 to 100 that are applied to each participant. It has been

used in numerous prior studies on the association between NSES and health and cognition.
23,32,33

Sleep Assessment

In 2006, the HRS administered a set of questions on sleep quality that were closely aligned
with the previously validated Women’s Health Initiative Insomnia Rating Scale3*35 (Table
1). Questions were focused on whether participants had trouble falling asleep, staying
asleep, waking too early, and feeling well rested upon waking. These four questions were
coded such that higher scores indicated better sleep and lower scores indicated more
impaired sleep. Participants who did not complete all four questions were excluded (n=114).
Sleep scores and NSES scores were transformed to z-scores so that they were both on a
standard deviation unit scale.

APOE Genotyping

In 2006 and 2008, HRS investigators requested DNA samples from the cohort. Saliva
samples were collected from participants who agreed, and GWAS analyses continued
through 2013. Full details of the genotyping methods used have been reported.36 DNA
analysis was performed using Human610-Quad BeadChip (Illumina, Inc., San Diego, CA).
The database of Genotypes and Phenotypes (dbGaP) houses the study’s genetic data. The
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corresponding genetic data were processed using PLINK.37 APOE genotypes were imputed
from the HRS GWAS data using the 1000 genomes reference dataset to impute gene dosages
for the SNPs rs7412 and rs429358. The details of the imputation process are provided in
documentation from the HRS study at: http://hrsonline.isr.umich.edu/sitedocs/genetics/
candidategene/FileDescription_CognitionBehavior.pdf Subjects with posterior probabilities
for imputation < 0.8 for either SNP were excluded.

Demographic Covariates

Demographic variables were considered, including age, sex, and education level in years.
We adjusted for both body mass index (BMI) as a continuous, time varying variable and 4
obesity categories at baseline (BMI<=25; 25<BMI<30; 30<=BMI<40; BMI>=40). We
combined underweight (n=67) and normal weight participants into one group due to small
numbers. This modeling approach was taken, as the effects of weight on cognitive function
are complex. Midlife obesity has been demonstrated as a risk factor for cognitive
impairment in some studies,38 while others show that weight loss in late life is also a risk
factor.39 Severe obesity (BM1>=40) appears to have negative effects on cognitive function
even in later life.40 Our approach was designed to capture the effect of obesity at age 65 in
addition to the incremental changes in BMI over the course of the study. Race/ethnicity was
coded as white vs. other. African-Americans (n=995) were combined with other ethnicities
as this group was small (n=161). Cardiovascular health was assessed with age-varying
covariates representing the presence or absence of hypertension, diabetes, stroke, and any
heart disease (including heart attack, coronary heart disease, angina, congestive heart failure,
or other heart problems). In order to be coded as having hypertension or diabetes,
participants needed to endorse the condition as diagnosed by a doctor and indicate that they
were taking medication for the condition.

Analytic Approach

Each participant’s baseline visit was defined as the first visit where the participant was age
65 or older because HRS participants do not receive serial cognitive assessments until the
age of 65. We tested sleep as a simple mediator between NSES and cognitive decline.*! We
then derived standardized scores for NSES and Sleep, and each variable was divided into
four quartiles, creating four mutually exclusive groups. We grouped those who were in the
lowest quartiles for NSES and sleep into group 1; those with low NSES and good sleep
formed group 2; participants in the highest quartiles of NSES but with poor sleep were
placed in group 3; and group 4 included those with high NSES and good sleep. Group 4 was
used as the reference category in the analyses.

We compared participants’ demographic characteristics across the four mutually exclusive
NSES (high/low) and Sleep (good/poor) groups using Xz tests or generalized linear models
(SAS PROC GLM). Comparisons were also made between those included in the study and
those excluded due to missing data. Logistic regression was used to ascertain the
relationship between NSES and sleep. Repeated measures fixed effects models were used to
estimate trajectories of cognitive performance based on serial administration of the HRS
TICS. This approach captures individual differences in cognitive performance over time
while accounting for correlations in repeated measures. The dependent variable was TICS
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score and independent variables included the four mutually exclusive groups of participants.
We adjusted models for age, sex, education level, APOE 4 carrier status race, BMI, obesity
status, and time-varying covariates for hypertension, diabetes, stroke, and any heart disease.
Interaction terms between NSES and sleep quality were tested in models with NSES and
Sleep as continuous variables. Due to the association between APOE and sleep apnea®? we
also tested an interaction term for APOE e4 carrier status and sleep.

A total of 12,507 participants who contributed DNA sampled in 2006 to 2008 were eligible
for inclusion in the study. Of those participants, a total of 8,709 had APOE genotype data
and were age 65 or older, as that is the point at which cognitive data was collected at regular
two-year intervals. Of the 8,709, a total of 619 observations were dropped due to missing
data (198 missing NSES, 161 missing APOE, 114 missing sleep report, 80 missing BMI, 14
missing hypertension status; 30 missing diabetes, and 22 missing stroke). Comparisons
between included and excluded participants can be found in supplemental Table 1. There
were no differences between groups in mean sleep ratings, but the excluded group had lower
mean NSES scores, was slightly older, and had lower levels of education on average. Fewer
excluded participants were APOE 4 carriers.

Table 2 includes a comparison of 8,090 participants included in the study across four
mutually exclusive NSES/Sleep quality groups. Participants with lower NSES scores were
slightly older and had a higher frequency of APOE e4 carriers. The group with low NSES
and poor sleep also had the highest frequency of participants with health problems including
hypertension, diabetes, stroke, heart disease, and obesity. The higher NSES groups had
higher levels of education, higher frequencies of white participants, and lower average BMI
levels. Overall there were more female participant than males and specifically, more females
in the groups reporting poor sleep.

Simple mediation was tested using the methods of Baron and Kenny.#! NSES and sleep
were nominally but significantly associated with each other in an unadjusted model (Odds
Ratio: 1.07, 95% ClI: 1.02, 1.11) but did not remain significant when covariates were added.
In a mixed effects model testing interaction terms with sleep scale and NSES modeled as
continuous variables, the interaction term was significant (-0.08, p-value=0.02) as was the
APOE by sleep interaction term (=0.17, p-value=0.03). Model fit statistics (-2LL, AIC, BIC)
indicated that our decision to include both BMI and obesity in the models provided the best
fit when compared to either term alone. The results of models with four mutually exclusive
NSES by sleep groups are shown in Table 3 and plotted Figure 1. Compared to participants
with high NSES and good sleep, those with the lowest NSES and poor sleep showed
significantly greater cognitive decline over time (-0.53, 95% CI: -0.73, -0.32). Figure 1
illustrates that high and low NSES appear to drive the distinctions between the four groups.
Models stratified by APOE 4 carrier status, shown in Figures 2a and b further demonstrate
that the association was also driven by individuals who were not APOE &4 carriers. Among
APOE 4 carriers, there were no statistically significant differences between the four groups.
Model results by APOE 4 carrier status are shown in Supplemental Table 2.
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Discussion

The prevalence of sleep-disordered breathing (SDB) is higher in older adults*3 and has
increased over the last two decades.** Sleep quality is commonly affected by the
surrounding environment. Air quality, noise pollution, proximity to busy roads, and
neighborhood characteristics all factor into the sleep environment. In the current study, we
have shown that the combined effects of sleep quality and neighborhood characteristics as
measured by the NSES are associated with poorer cognitive function over time. Individuals
who lived in more impoverished neighborhoods but reported good sleep quality
demonstrated better cognitive function than those in impoverished neighborhoods who
reported poor sleep quality. The groups with the highest cognitive function were those who
were in neighborhoods with higher NSES regardless of reported sleep quality. The low
NSES and poor sleep quality group experienced the greatest cognitive decline over time, and
the combined effects of poor sleep quality and low NSES on cognition was roughly
equivalent to the magnitude of carrying one or more APOE 4 alleles.

APOE ¢4 carrier status is associated not only with Alzheimer’s disease,*® but also with
cardiovascular disease?® and sleep apnea.#2 Our findings of stronger effects of subjective
complaints among APOE e4 non-carriers appear counter to emerging data on the association
between APOE 4 carrier status and objective measures of sleep.4”48 However, they are in
line with one report that included both subjective sleep and objective sleep measures in
APOE e4 carriers.*? Associations were found between objective sleep measures and APOE
e4, but subjective complaints were not associated. The authors suggest that it is possible that
objectively measured sleep changes may be detected prior to the onset of subjective
complaints. If we had objective measures of sleep in the current study, perhaps our results
would have agreed with this report. This discrepancy should be addressed in future
prospective studies that have both objective and subjective sleep assessments.

Maodifiable Risk Factors for Cognitive Decline

Participants in the lower NSES groups had higher frequencies of obesity at baseline; those in
the higher NSES groups had a lower frequency of obesity at baseline and generally lower
BMIs over the course of the study. Our findings show a higher prevalence of cardiovascular
disease and other cardiovascular risk factors among those with the lowest levels of NSES
and those with the poorest sleep reports. This study was not designed to address the
temporality of these associations; however previous reports corroborate the association
between NSES, sleep and health.1>50 One might speculate that the segment of the
population with low NSES also has less access to health care and limited resources to
address health problems.

Supplemental Table 2 shows that the association between obesity, diabetes, hypertension,
and cognitive decline are stronger among those who carry the APOE &4 allele, confirming
numerous prior reports.>1-53 All of these factors: sleep quality,>* neighborhood
characteristics,5® and cardiovascular risk factors®® are potentially modifiable and can be
intervened upon. In the absence of pharmacological treatments to forestall cognitive decline
and dementia onset, interventions on modifiable risk factors have the potential to delay the
onset of symptoms and may thereby reduce the prevalence of disease as previous projections
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suggest.5” Whether such interventions have an impact on specific Alzheimer’s pathologies is
an area that requires more research, although a recent report suggests that midlife vascular
risk factors are associated with increased AR deposition.>8 Even if such interventions acted
independently of AD pathology, there is still a potential for reduction in prevalence of
dementia as a projection study suggested that even elimination of AD pathology would only
reduce the number of dementia cases by 50%.%9

Limitations

There are several limitations that should be noted. NSES was considered at only one time
point and it is possible that participants may have moved during the follow-up period. The
sleep scale we used to evaluate sleep quality is not a validated instrument, although the
questions are nearly identical to the Women’s Health Initiative Insomnia Rating Scale3*
which has been validated.3> We used the sleep assessment from the 2006 exam to maximize
the number of responding participants. This limits our ability to assess temporality of these
relationships. Using the limited data available, we evaluated correlations between the 2006
sleep reports and earlier interviews (2002, 2004). We found that among those who provided
several self-reported sleep measures, their ratings were highly correlated, suggesting
stability among sleep quality ratings. Cardiovascular health and disease status were self-
reported, although when possible, we corroborated the self-report with consistent self-report
of medication use to treat each condition. There were relatively few instances where a
participant reported a condition without the use of medication to treat the condition. If an
individual reported a condition with corroborating medication usage, we counted the
condition as present for the remainder of the follow-up period. This was done as participants
may fail to report conditions consistently during later follow-up due to onset of cognitive
problems or perhaps in some cases, conditions resolved. In either case, the presence of a
previously reported midlife cardiovascular condition was considered for our purposes, as a
risk factor for later cognitive problems. Several medications are known to impact sleep
including drugs for blood pressure, high cholesterol, heart disease, and memory medications.
These data are available for a subset of HRS participants in a sensitive data supplement to
which we did not have access. We were therefore unable to control for these factors. Finally,
there were a number of significant differences in demographic characteristics across groups.
While we adjusted for these differences, it is possible that there were residual effects for
which we cannot adjust.

Conclusions

We know of few reports examining the association between neighborhood environments,
sleep, and cognitive function although these relationships have considerable face validity.
How and when over the life course NSES or sleep problems have their most powerful impact
is unknown. More detailed and longitudinal characterization of environments may help
resolve this issue. Evidence for the association between sleep and cognitive function is
growing but little is known about factors that impact sleep. Objective evaluation of sleep
including measures of sleep disturbance, apnea, early waking, and hypoxia are needed as
these factors may be differentially associated with specific elements of individuals’
environment.
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More detailed characterization of the environment beyond NSES is needed as well. Light
pollution can interfere with sleep; artificial light sources have been associated with increased
apnea-hypopnea index scores.59 Future studies should consider noise pollution, proximity to
busy roads, and air pollution. Noise from these sources has been tied to changes in sleep
structure and continuity.6162 Air pollution may impact sleep via respiratory disturbances.53
Other factors to consider include usage of medications that may interfere with sleep and
those that promote sleep. Dietary factors may also contribute to sleep quality. Numerous
recent reports have associated dietary quality with cognitive decline and dementia
incidenceb4-66 but few have evaluated the association between diet and sleep. Diet is
relevant in the context of neighborhood environs as access to healthy food is a key feature of
one’s residential surroundings.

This initial report on the association between neighborhood and sleep highlights an
interaction between two potentially modifiable risk factors for AD. The combined effects of
these factors was roughly equivalent in magnitude and direction to the effect of APOE 4
carrier status on cognitive decline in this cohort. We acknowledge that “modifiable” risk
factors may not be easy to change. However, we encourage further study to determine the
mechanisms behind these associations and to identify the most malleable and impactful
factors for risk reduction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research In Context
Systematic Review

We searched Pubmed for articles pertaining to neighborhood socioeconomic status, sleep,
and cognitive decline and found no articles matching our search terms. We were able to
find research on neighborhood and sleep; neighborhood and cognitive decline; as well as
sleep and cognitive decline. Associations between lower neighborhood socioeconomic
status and cognitive decline have been shown previously, as have associations between
objectively and subjectively measured sleep quality and cognition.

Interpretation

In this preliminary evaluation, we have shown that the association between sleep and
cognitive decline may vary depending upon environmental conditions such as
neighborhood socioeconomic status. Among individuals with high socioeconomic status,
self-reported sleep quality does not appear to influence cognitive decline significantly.
Among individuals with low neighborhood socioeconomic status, sleep quality appears to
make a significant difference in cognitive function over time.

Future Directions

There are a number of factors that may influence these associations that should be
addressed in future studies. Sleep should be evaluated using objective measures of
hypoxia, apnea, sleep duration, or sleep disturbances. The influence of neighborhood
socioeconomic status on cognitive health should be studied in greater detail as well. Low
neighborhood socioeconomic status has a number of additional environmental
implications such as air pollution, noise pollution, and proximity to busy roads. These
factors have not been studied in conjunction with one another to evaluate their combined
associations with cognitive decline. Another key limitation in studies of neighborhood
factors is a lack of research into the effect of timing and duration of such exposures. The
associations between where we live and how well we sleep are complex and offer
potential for intervention. More work needs to be done to better understand these
relationships.
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Figure 2a. Cognitive Trajectories Plotted by Age and NSES/Sleep Group Status; Participants

without the APOE e4 Allele.

Figure 2b. Cognitive Trajectories Plotted by Age and NSES/Sleep Group Status; Participants

with One or More APOE 4 Alleles.
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Table 1
Sleep Scale
1 How often do you have trouble falling asleep?
2 How often do you have trouble with waking up during the night?
3 How often do you have trouble with waking up too early and not being able to fall asleep again?
4

How often do you feel really rested when you wake up in the morning? *

Responses: Most of time, sometimes, rarely, don’t know/blank

*
Item #4 was reverse coded so that higher numbers indicated better sleep.
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Estimates from Mixed Effects Models with NSES/Sleep in 4 Mutually Exclusive Groups (n=8090).

Table 3

Parameter Estimate  Confidence Interval  p-Value
Intercept 24.90 (23.42, 26.38) <0.0001
Age -0.22 (~0.24, -0.20) <0.0001
Sex (female) 0.83 (0.69, 0.97) <0.0001
Education 0.58 (0.56, 0.60) <0.0001
Race (white) 2.53 (2.32, 2.74) <0.0001
BMI 0.11 (0.10, 0.13) <0.0001
Diabetes -0.87 (-1.02, -0.73) <0.0001
Hypertension -0.98 (-1.09, -0.88) <0.0001
Any Heart Condition ™ -L07 (-1.18,-0.95) <0.0001
Stroke -2.09 (-2.29, -1.90) <0.0001
Normal Weight (BMI<25)  Reference - <0.0001
Overweight (25sBMI<30)  -0.06 (-0.24,0.12) 0.50
Obese (30<BMI1<40) -0.56 (-0.81, -0.32) <0.0001
Obese (BMI=40) -1.92 (-2.47,-1.37) <0.0001
APOE g4+ -0.57 (-0.73,-0.42) <0.0001
Sleep NSES 1 -0.53 (-0.73,-0.32) <0.0001
Sleep NSES 2 -0.27 (-0.46, -0.08) 0.006
Sleep NSES 3 0.02 (-0.16, 0.20) 0.806
Sleep NSES 4 Reference - -

Page 18

Abbreviations: BMI= body mass index; Sleep NSES 1= poor sleep and low NSES; Sleep NSES 2= good sleep and low NSES; Sleep NSES 3= poor
sleep and high NSES; Sleep NSES 4= good sleep and high NSES.

*
Any heart condition includes: heart attack, coronary heart disease, angina, congestive heart failure, or other heart problems
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