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Abstract

A growing number of studies have found a link between outdoor air pollution and cognitive 

function among older adults. Psychosocial stress is considered an important factor determining 

differential susceptibility to environmental hazards and older adults living in stressful 

neighborhoods may be particularly vulnerable to the adverse health effects of exposure to hazards 

such as air pollution. The objective of this study is to determine if neighborhood social stress 

amplifies the association between fine particulate matter air pollution (PM2.5) and poor cognitive 

function in older, community-dwelling adults. We use data on 779 U.S. adults ages 55 and older 

from the 2001/2002 wave of the Americans’ Changing Lives study. We determined annual average 

PM2.5 concentration in 2001 in the area of residence by linking respondents with EPA air 

monitoring data using census tract identifiers. Cognitive function was measured using the number 

of errors on the Short Portable Mental Status Questionnaire (SPMSQ). Exposure to neighborhood 

social stressors was measured using perceptions of disorder and decay and included subjective 

evaluations of neighborhood upkeep and the presence of deteriorating/abandoned buildings, trash, 

and empty lots. We used negative binomial regression to examine the interaction of neighborhood 

perceived stress and PM2.5 on the count of errors on the cognitive function assessment. We found 

that the association between PM2.5 and cognitive errors was stronger among older adults living in 

high stress neighborhoods. These findings support recent theoretical developments in 

environmental health and health disparities research emphasizing the synergistic effects of 

neighborhood social stressors and environmental hazards on residents’ health. Those living in 

socioeconomically disadvantaged neighborhoods, where social stressors and environmental 

hazards are more common, may be particularly susceptible to adverse health effects of social and 

physical environmental exposures.
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INTRODUCTION

There are significant social, health, and economic costs of cognitive impairment to older 

adults, their families, and society. Older adults with poor cognitive functioning are at greater 

risk of poor physical and mental health outcomes (Frisoni et al. 2000; Yaffe et al. 1999) and 

increased risk of dementia, a disabling condition associated with high caregiving burden and 

cost (Langa et al. 2001; Hurd et al. 2013). Efforts to identify modifiable risk factors 

associated with cognitive impairment and decline have largely focused on the role of 

individual-level risk factors, such as education, smoking, physical activity, and diet 

(Beydoun et al. 2014). An increasing number of studies have also identified neighborhood-

level physical and social stressors that may have an adverse impact on cognitive health in 

older adults. There is growing evidence, for instance, that older adults living in areas with 

higher concentrations of outdoor air pollution have worse cognitive function and are at 

greater risk of cognitive decline (Power et al. 2016). Several studies have also linked 

neighborhood social stressors, such as poverty and disorder, to poor cognitive function (Wu, 

Prina, and Brayne 2014).

Neighborhood social and environmental stressors, such as socioeconomic disadvantage and 

air pollution, tend to cluster together geographically (Hajat et al. 2013) and may interact 

with one another. Acknowledging the potential interrelationships between social and 

physical environmental hazards, several researchers have called for increased attention to 

identifying the synergistic effects of neighborhood social and physical environmental factors 

on health (Clougherty and Kubzansky 2009; Gee and Payne-Sturges 2004; McEwen and 

Tucker 2011; Morello-Frosch and Shenassa 2006; Wright and Steinbach 2001). Gee and 

Payne-Sturgis (2004) have proposed a conceptual framework for integrating social and 

environmental exposures that acknowledges psychosocial stress as a “vulnerability factor” 

linking social conditions and environmental hazards. Community-based social stressors, 

such as perceptions of disorder and decay, may be considered susceptibility factors because 

exposure to these stressors often translates into individual psychosocial stress (Hill, Ross, 

and Angel 2005). Exposure to psychosocial stressors can lower the brain’s threshold for 

neurotoxicity (Lupien et al. 2009), which may increase risk for neurodegeneration and 

compromised cognitive function from environmental toxicants such as air pollution. Yet, 

there is little empirical research examining neighborhood social stressors as a vulnerability 

factor in the relationship between environmental hazards and cognitive function. One prior 

study found that living in stressful neighborhoods amplified the adverse influence of 

environmental lead exposure on cognitive function (Glass et al., 2009). To our knowledge, 

however, no study to date has examined whether the relationship between air pollution and 

cognitive function is stronger among those living in more stressful neighborhoods.

We used data on adults ages 55 and older from the Americans’ Changing Lives Study, a 

national, population-based sample of community-dwelling adults, to investigate the role of 
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neighborhood stress in the association between outdoor residential air pollution and 

cognitive function among older adults. Prior research using ACL data demonstrated a link 

between fine particulate matter air pollution (PM2.5) and cognitive function in older adults 

(Ailshire and Clarke 2015). The current study builds on this work by determining if the 

adverse association of PM2.5 with cognitive function is stronger among older adults living in 

more stressful neighborhoods. Understanding how community-based social stressors and 

environmental hazards interact to influence health may help to identify individuals and 

communities that are at increased risk for poor cognitive functioning.

BACKGROUND

The accumulating evidence suggests ambient air pollution, especially particulate matter, can 

have adverse consequences for cognitive function among older adults. Fine particulate 

matter (PM2.5) is an air pollutant consisting of small, inhalable particles with aerodynamic 

diameters less than 2.5 microns (μm) that are produced primarily from combustion and 

industrial sources. PM2.5 is of particular interest for understanding air pollution effects on 

the aging brain because it is ubiquitous in the air we breath and, once inhaled, fine particles 

can pass into systemic circulation, leading to increased inflammation, and may ultimately 

translocate from the lungs into other organ systems such as the brain (Heusinkveld et al. 

2016; Peters et al. 2015) where they can cause damage and pathophysiological changes 

consistent with cognitive decline and impairment. A link between PM2.5 and cognitive 

function has been reported in several recent studies of older adults. For instance, prior 

research using cross-sectional data has found worse cognitive function among older adults 

living in areas with higher concentrations of PM2.5 (Ailshire and Crimmins 2014; Ailshire 

and Clarke 2015; Gatto et al. 2014; Ranft et al. 2009; Schikowski et al. 2015). The pollution-

cognition relationship has also been demonstrated in longitudinal data, with two studies 

finding an association between PM2.5 and greater cognitive decline in older adults (Weuve et 

al. 2012; Tonne et al. 2014).

Research in animals suggests there are neurodegenerative effects of exposure to particulate 

matter air pollution. Prior studies have found associations between exposure to high levels of 

ambient air pollution and increased brain inflammation and accumulation of beta-amyloid, 

which is implicated in the pathogenesis of Alzheimer’s Disease (Calderón-Garcidueñas et al. 

2012; Levesque et al. 2011). Researchers have also linked air pollutant-induced 

inflammation and neurodegeneration to cognitive deficits in humans (Calderón-Garcidueñas 

et al. 2008). These studies examined the effects of a high dosage of particulate matter 

exposure, much higher than the concentrations of ambient PM2.5 typically found in the 

United States. However, chronic exposure to even small doses of a pollutant may increase 

risk for neurodegeneration as individuals age (Bandyopadhyay 2016). Two recent U.S. 

studies with neuroimaging data on older adults found an association between living in areas 

with higher PM2.5 concentrations and changes in brain structure, including white matter loss 

(Chen et al. 2015) and reduced cerebral volume (Wilker et al. 2015).

Neighborhood social stressors have also been linked to differential risk for poor cognitive 

functioning among community-dwelling older adults. Prior research has found that older 

U.S. adults living in socioeconomically disadvantaged neighborhoods, where social stressors 
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may be more common, have poorer cognitive function (Aneshensel et al. 2011; Wight et al. 

2006) and experience faster rates of cognitive decline (Sheffield and Peek 2009). Exposure 

to neighborhood deprivation, which includes social and economic stressors such as housing 

affordability and crime, has also been linked to worse cognitive function among older adults 

in England (Lang et al. 2008). Although two studies of older adults living in Chicago, IL 

found no association between poor neighborhood social conditions and cognitive function, 

net of individual-level characteristics, (Clarke et al. 2011; Clarke et al. 2015) those exposed 

to worse social environments did experience a faster rate of cognitive decline over time. 

Exposure to neighborhood social stressors may induce a psychosocial stress response that 

puts individuals at increased risk of experiencing levels of neurodegeneration commonly 

observed among those with cognitive impairment.

Perceptions of neighborhood problems, such as disorder and decay, can be a source of 

psychological distress for residents (Steptoe and Feldman 2001), and chronic exposure to 

neighborhood stressors may cause a physiological response that results in dysregulation of 

the systems responsible for the production of stress hormones (Taylor, Repetti, and Seeman 

1997). As the “key target organ” for stress, the brain is of particular interest in the study of 

the impacts of psychosocial stressors on health (McEwen and Tucker 2011). The body 

responds to stress through a series of neural and endocrine reactions that protect the body 

and promote adaptation. Physiological responses to stress include chronic activation of the 

hypothalamic-pituitary-adrenal (HPA) axis and immune system, which can culminate in 

overproduction of glucocorticoid hormones (e.g., cortisol) and cytokines (McEwen and 

Tucker 2011). Overproduction of glucocorticoids and cytokines has been linked to damage 

to the structure and function of the brain consistent with memory impairment and decreased 

cognitive function (Lupien et al. 2009). Chronic activation of the stress response can also 

increase risk for hardening of arteries and chronic hypertension, cardiovascular disease risk 

factors that increase risk for cognitive impairment (Nash and Fillit 2006). In addition, it has 

long been hypothesized that prolonged exposure to stress hormones can increase neuronal 

susceptibility to insults, which can accelerate the rate of neuronal damage from exposure to 

toxicants (McEwen et al. 1992). Thus, the extent of damage to the brain from environmental 

toxicants such as air pollution may be amplified by exposure to neighborhood social 

stressors.

Although Gee and Payne-Sturgis (2004) and others have called for an integration of social 

and environmental exposures in health research, there are few existing studies examining the 

potential compounding effects of neighborhood social stress and environmental hazards on 

health. Gee and Takeuchi (2004) examined the interaction between perceived traffic stress in 

the neighborhood and a measure of vehicular burden and found worse physical and mental 

health among those living in neighborhoods with more cars on the road and who reported 

the most traffic-related stress. Only one study, to our knowledge, has examined the effects of 

neighborhood social stressors and environmental hazards on cognitive function in older 

adults. Using data on older adults from the Baltimore Memory Study, Glass and colleagues 

(2009) found that the presence of neighborhood stressors exacerbated the adverse 

association of environmental lead exposure with cognitive function. The aim of the current 

study is to determine if neighborhood stressors amplify the association between outdoor air 

pollution and cognitive function in older adults.
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MATERIALS AND METHODS

Data

Individual-level data come from the Americans’ Changing Lives (ACL) survey. The ACL 

began in 1986 as a nationally representative study of non-institutionalized U.S. adults ages 

25 and older. The study sample was obtained using a stratified, multistage area probability 

sample with oversampling of black adults and adults ages 60 and older. Follow-up 

interviews were conducted with respondents in 1989, 1994, 2001/2002, and 2011/2012. We 

use the 2001/2002 survey wave because it was the first wave of data collection to occur after 

wide spread national monitoring of PM2.5 began in the late 1990’s. The 2001/2002 follow-

up interview was conducted via telephone, or in face-to-face interviews when necessary, 

with 1,787 respondents or their proxies (n=95), representing 74 percent of the surviving 

baseline sample.

We limit the sample to 1,077 respondents who were ages 55 years or older at the time of the 

survey, the age group with the highest risk of having poor cognitive function (Rönnlund et 

al. 2005). We omitted 87 respondents whose proxy completed the survey and therefore did 

not take the cognitive assessment. We also excluded respondents who moved to their current 

residence after 2000 (n=45), the year in which pollution was measured. We further excluded 

Hispanics (n=23) and those who did not identify as white or black (n=16) due to the small 

size of these groups, and any respondents with missing data on model covariates (n=20). In 

addition, 107 respondents did not live close enough to an air monitoring station to obtain 

data on local area pollution concentrations. Respondents who were excluded for lack of 

pollution data did not differ from the analytic sample on cognitive function, but were more 

likely to have a high school level education and less likely to be female (see Appendix Table 

1). The final analytic sample consisted of 779 adults ages 55 and older.

The air pollution data come from the Environmental Protection Agency’s Air Quality 

System (AQS) and were obtained from the RAND Center for Population Health and Health 

Disparities Data Core Series (Escarce, Lurie, and Jewell 2011). For the purpose of this study 

we focus on 2000 annual average concentration of PM2.5. Air pollution data was linked to 

ACL respondents using census tract identifiers derived from geocoding respondent addresses 

in 2001/2002. We also linked tract-level 2000 Census measures of neighborhood-level 

socioeconomic characteristics to ACL respondents. Respondents resided in 548 census tracts 

across 38 states representing urban areas, suburbs, and small towns and rural areas.

Measures

Cognitive function—The ACL uses an abbreviated form of the Short Portable Mental 

Status Questionnaire (SPMSQ), which has been shown to be a reliable and valid instrument 

for differentiating older adults who are cognitively intact from those experiencing some 

degree of impairment (Pfeiffer 1975). The SPMSQ consists of a serial 3’s subtraction test to 

measure working memory and recall of the date, day of the week, and name of the president 

and vice-president to measure orientation. In the serial 3’s subtraction test respondents were 

asked to subtract from 20 by 3’s for a total of six subtractions. We created a score ranging 

from 0 to 5 representing the number of errors on the cognitive function assessment by 
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summing the number of incorrect responses on the four orientation items (date, day of the 

week, president’s name, and vice president’s name) and whether any error was made in the 

subtraction test.

Fine Particulate Matter Air Pollution—We use a measure of annual average PM2.5 

derived from AQS monitoring sites within a 60km radius of the respondent’s census tract 

centroid. It has been reported previously that the spatial distribution of fine particles is fairly 

uniform, with several studies finding values of PM2.5 recorded at local monitoring sites to be 

in good agreement with values recorded at individual residences (Monn 2001). Tract-level 

PM2.5 derived from local air monitors should, therefore, provide a reasonable approximation 

of concentrations at individual residences. Importantly, PM2.5 concentrations derived only 

from monitors can miss variation in particulate matter from roadway sources and ambient 

PM2.5 will be measured more accurately in areas where there is a denser network of 

monitors than in areas with a sparse network.

An annual average measure of PM2.5 was derived for each census tract in the U.S. from 

daily air quality monitoring reports provided by the national air monitoring network. 

Monitor-specific quarterly measures of PM2.5 were derived by computing an unweighted 

average of daily PM2.5 concentration on each day for which a 24-hour daily mean was 

recorded. Daily values were then aggregated to create a monitor-specific annual average. 

The annual average PM2.5 concentration for each census tract was interpolated at the census 

tract centroid using all available data from any monitors within the 60km radius. Values 

were interpolated using inverse distance weighting. Monitor-specific values were multiplied 

by the inverse distance function (1/distance from a tract centroid to a monitor), summed 

across all monitors within the 60km radius, and then divided by the distance function. We 

centered the PM2.5 measure around its sample mean.

Neighborhood Stress—Respondent reports of signs of neighborhood disorder and decay 

are used to characterize the level of neighborhood stress. Our measure of perceived 

neighborhood disorder is derived from a three-item scale consisting of respondent ratings of 

the physical conditions of their neighborhood. These neighborhood conditions have been 

used in prior studies to assess neighborhood disorder and decay (Ross and Mirowsky 1999) 

and reflect psychosocial stressors in the neighborhood environment (Steptoe and Feldman 

2001). A neighborhood was defined by the interviewer as the area around the respondent’s 

residence where they engage in routine activities such as visiting with neighbors, taking a 

walk, shopping, or going to the park. Respondents were first asked to rate the general 
upkeep of their neighborhood (very good, good, adequate, poor, or very poor). They were 

then asked about problems they see or experience within a half mile (or about a ten minute 

walk) from their residence. Respondents were asked how many deteriorating or abandoned 
businesses and factories they see (a lot, some, a few, or none) and how much litter or trash 
they see in the streets, empty lots, or in properties (a lot, some, a few, or none). We reverse 

coded responses to the last two items so that high values represent greater levels of 

neighborhood stress and averaged responses across the three items (α = .63). We then 

created a dichotomous measure indicating high levels of neighborhood stress that was 

defined as having a neighborhood stress value greater than one standard deviation above the 
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scale mean. A high-stress neighborhood is characterized as having poor upkeep and a lot of 

trash and deteriorating buildings.

Covariates—Individual sociodemographic characteristics include age, gender, race, 

education, income, marital status, and length of time at residence. Age is measured in years. 

We use dichotomous indicators for female gender and black race. The respondent’s highest 

year of educational attainment reported at the baseline (1986) interview is categorized to 

distinguish among those with less than 12 years of education, those with exactly 12 years of 

education, and those with more than 12 years of education. Annual household income is the 

total reported pre-tax annual income of the respondent and his/her spouse/partner. We 

created a dichotomous income variable where 1 = income below the sample median of 

$35,000 and 0 = income above the median. Marital status is a dichotomous variable where 1 

= not married and 0 = married. Current employment status is a three-category variable 

distinguishing among those who are currently working, retired, and unemployed. We include 

a measure of the total number of years lived at the current residence to account for 

differences in length of exposure to neighborhood conditions.

We also include tract-level measures of neighborhood socioeconomic disadvantage and 

affluence. Neighborhood socioeconomic disadvantage is a standardized scale (α = .91) 

consisting of three items: percent of households on public assistance, percent of persons 

with below poverty level income, and the adult unemployment rate. Neighborhood affluence 

is a standardized scale (a = .88) consisting of two items: the percent of adults ages 25 and 

older with at least 16 years of education and the percent of professionals and managers.

Analytic Strategy

We first conducted bivariate analyses using Chi squared tests to examine differences in 

individual and neighborhood characteristics between individuals living in low versus high 

stress neighborhoods. We then estimated a series of negative binomial models to determine 

if the association between PM2.5 and cognitive function is modified by level of 

neighborhood stress. An inspection of the cognitive function variable showed that the 

variance exceeded the mean (63% of respondents had zero errors on the cognitive function 

assessment), suggesting the data are over-dispersed. The likelihood ratio test suggested the 

negative binomial model is more appropriate than the Poisson model for the outcome. There 

was minimal tract-level clustering in our analytic sample, 1.4 respondents per tract, so we 

used single-level regression models. Since standard errors can be biased downward in 

single-level regression models (Clarke 2008) we use a robust variance estimate that adjusts 

the standard errors for within-cluster correlation.

In multivariate models, we first examined the associations of PM2.5 (Model 1) and both 

PM2.5 and neighborhood stress (Model 2) on cognitive function. We then added controls for 

individual demographic and socioeconomic characteristics, length of residence, and 

neighborhood socioeconomic context (Model 3). Next, we examined the potential for effect 

modification by including a term for the interaction between PM2.5 and neighborhood stress 

(Model 4). As a robustness check, in the last model (Model 5) we account for differential 

health status by including measures of obesity (BMI>30), smoking status (current, former, 

Ailshire et al. Page 7

Soc Sci Med. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



never), physical activity (scale of frequency of light, moderate, and vigorous activity), and 

an index of 5 chronic conditions (hypertension, heart disease, cancer, diabetes, lung disease). 

We report the chi square difference test comparing the current model to the null model to 

assess model fit. Sample weights are used in all analyses to adjust for differential sampling 

probabilities and survey non-response. Analyses were conducted using STATA version 13.1.

RESULTS

Table 1 shows descriptive statistics for the sample. The mean number of errors on the 

cognitive function assessment was 0.52 (about 36.5% of respondents made at least one error 

on the assessment and the mean number of errors among those who made any errors was 

1.42). Respondents were 68 years of age on average. Women constituted 61% of the sample 

and 10% of respondents were black. Most respondents reported having at least 12 years of 

education, with only 22% reporting less than 12 years of education. Just over half of 

respondents had an annual household income below $35,000. A little more than one-third of 

respondents reported not being married and most respondents were not employed. On 

average, respondents lived at their residence for nearly 23 years. The average PM2.5 

concentration in areas where respondents lived was 13.8μ/m3. The national ambient air 

quality standard, which is determined by the EPA to be the level at which there is increased 

risk to human health, is 12 μg/m3 for PM2.5. Thus, the majority of ACL respondents lived in 

areas where PM2.5 exceeds the air quality standard. Only 12% of respondents lived in a high 

stress neighborhood. Neighborhood disadvantage and affluence are standardized scales and 

therefore have a mean near zero and standard deviation of about 1.

Differences in individual and neighborhood characteristics by level of perceived 

neighborhood stress are shown in Table 2. The number of errors on the cognitive function 

assessment did not differ statistically by reported level of neighborhood stress. Age was 

similar across neighborhood stress levels. Slightly more women reported living in high stress 

neighborhoods (62%) compared to low stress neighborhoods (61%). Black respondents were 

much more likely to report living in high stress than low stress neighborhoods (22% vs. 9%). 

Similarly, those with low education and income were more likely to report living in high 

stress neighborhoods. Those reporting living in high stress neighborhoods lived in their 

homes longer than those who perceived their neighborhoods to be less stressful. There was 

no difference in PM2.5 across neighborhoods. Those reporting high levels of neighborhood 

stress lived in neighborhoods that had greater than average levels of neighborhood 

socioeconomic disadvantage and less than average levels of neighborhood affluence.

Results from negative binomial regression models are shown in Table 3. Incidence rate ratios 

(IRRs) are presented with 95% confidence intervals in parentheses. IRRs between zero and 

one indicate a lower error rate on the cognitive function assessment, and ratios greater than 

one indicate higher error rates. Model 1, which examines the main effect of PM2.5, shows a 

1 − μg/m3 increase in PM2.5 was associated with an increased error rate of 1.05 (p<.05; 95% 

CI, 1.01–1.10). The point estimate for PM2.5 is unchanged with the inclusion of 

neighborhood stress in Model 2. There is a positive error rate associated with living in a high 

stress neighborhood, but the association is not statistically significant. The error rate for 

PM2.5 is slightly attenuated (IRR=1.04, p<0.10); 95% CI, 1.00–1.08) and only marginally 
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statistically significant when controls are added for individual demographic and 

socioeconomic characteristics and neighborhood socioeconomic context in Model 3.

Model 4 adds the interaction between PM2.5 and neighborhood stress. The interaction term 

can be interpreted as the increased error rate associated with a 1 − μg/m3 change in PM2.5 

from a low stress to a high stress neighborhood. The interaction term is significant (p<.05) 

and indicates that the positive association between PM2.5 and cognitive function is stronger 

among those living in high stress neighborhoods. Finally, we examined the robustness of the 

results after adjusting for additional health and behavioral factors that may lead to poor 

cognitive function. As shown in Model 5, the findings were unchanged with additional 

covariate adjustments.

We plotted the interaction between air pollution and neighborhood stress in Figure 1. Using 

the estimation results from Model 4, we generated predicted values for the number of errors 

on the cognitive assessment for a white woman aged 70 with mean values on all other 

variables at different concentrations of PM2.5 and by level of perceived neighborhood stress. 

The predicted number of errors are plotted for concentrations of PM2.5 ranging from 8 to 20 

μg/m3 (range represents approximately 95% of data). The predicted number of errors 

increases only slightly with increasing concentrations of PM2.5 and residence in a low stress 

neighborhood. This association is much stronger, however, among those living in a high 

stress neighborhood.

CONCLUSIONS

This is the first study to evaluate whether the association of PM2.5 with cognitive function is 

modified by exposure to neighborhood stress. We found an inverse association between 

PM2.5 and cognitive function, which is consistent with what has been found in previous 

studies (Wueve et al. 2012; Tonne et al. 2014). However, our findings indicate the positive 

association between PM2.5 and cognitive function is stronger among those who are also 

exposed to stressful neighborhood conditions. Importantly, our findings are robust to the 

inclusion of a variety of socioeconomic and demographic factors, indicating that the 

observed differences in cognitive function are not explained by differences in these 

individual and community-level characteristics. Interactive effects between neighborhood 

stressors and environmental toxicants have previously been shown in research on lead 

exposure and cognitive function in older adults (Glass et al. 2009). The current study 

provides additional evidence for the interaction between neighborhood social stressors and 

environmental hazards on adult cognitive function.

This study also highlights the importance of examining the joint exposure to physical 

hazards and social stressors. Prior studies on air pollution and cognitive function have 

adjusted for measures of neighborhood socioeconomic environment, finding that inclusion 

of these measures does not influence the association between air pollution and cognition, but 

have not examined the interaction with pollution. Although social stressors may be a 

confounder in the pollution-cognition association, Gee and Payne-Sturges (2004) suggest 

exposure to social stressors increases individual susceptibility to the adverse health effects of 

pollutants and, therefore, represents an important vulnerability factor. Direct measurement of 
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neighborhood stress may be particularly important. Prior studies have primarily included 

adjustment for socioeconomic context, but neighborhood psychosocial stressors, such as 

perceived disorder and decay, may have different implications for the association between 

pollution and cognitive function.

There are several plausible explanations for why individuals exposed to social stressors 

would experience worse health outcomes from air pollution exposure. Chronic exposure to 

social stressors can increase susceptibility to toxicants like air pollution by causing illness 

and disease that make it harder for the body to cope with such external challenges (McEwen 

and Tucker 2011). In addition, individuals exposed to stress may breathe more deeply, 

increasing their total exposure to outdoor air pollution. Prior research has found increased 

stress exposure in animals to be associated with increased respiration, suggesting an 

increased susceptibility to fine particulate air pollution (Clougherty and Kubzansky 2010). 

Finally, the neurotoxicity hypothesis suggests that prolonged exposure to stress can increase 

the rate at which neurons are damaged by toxic challenges (McEwen et al. 1992). Older 

adults living in neighborhoods in which they perceive stressful conditions, such as signs of 

disorder and decay, may be more susceptible to external insults to the brain, such as that 

posed by exposure to outdoor air pollution.

This study highlights potentially important interactions between the social and physical 

environment on cognition, but it has several limitations. First, the generalizability of our 

findings may be limited to a somewhat more cognitively intact, community-dwelling older 

adult population. Respondents who survived to the 2001/2002 interview are likely healthier, 

and possibly more cognitively intact, than the average older adult. In addition, cognitive 

function was not assessed among respondents who had proxy-assisted interviews, a group of 

older adults who may be at greater risk of poor cognitive function. In addition, respondents 

living in rural areas and small towns were more likely to be excluded from the analyses 

because we could not ascertain PM2.5 exposure for these individuals.

The ACL cognitive function measure, an abbreviated SPMSQ, also has some limitations. 

The SPMSQ lacks some of the assessments used in other national surveys of older adults 

that capture variation in cognitive function and impairment, such as word recall tasks that 

assess memory. The measure used in this study assesses working memory and orientation 

and deficits in these areas may reflect cognitive loss (Herzog and Wallace 1997)(Ashford et 

al. 1990). Nevertheless, it may be difficult to compare findings from this study with other 

studies that use more extensive cognitive screens (e.g., (Ailshire and Crimmins 2014; Weuve 

et al. 2012).

Although neighborhood stress was assessed using respondent reports of signs of 

neighborhood disorder and decay, we did not directly measure the perceived stressfulness of 

the neighborhood. Seeing signs of disorder and decay may not be a source of psychosocial 

stress for all neighborhood residents. However, the fact that respondents report seeing these 

signs suggests that they are likely to be bothered by the level of disorder and decay in their 

neighborhood. Furthermore, there is evidence that subjective assessments of neighborhood 

conditions have implications for physical and mental health (Wen, Hawkley, and Cacioppo 

2006; Ross and Mirowsky 2001). Future research should examine both the presence of 
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neighborhood stressors and the extent to which individuals are bothered or upset by their 

living conditions in the association between air pollution and cognitive function in older 

adults.

An additional limitation is that our measure of ambient residential air pollution may not 

capture total individual exposure to particulate matter. Although outdoor pollution is an 

important contributor to total exposure, exposure can also occur in other contexts, such as in 

the workplace or during daily commutes. Most of the sample was not working, however, so 

outdoor residential pollution concentrations may be a good approximation of their total 

exposure. Although prior research has found a high correlation between concentrations of 

outdoor PM2.5 and both indoor and personal PM2.5 (Monn 2001), our measure of ambient 

PM2.5 does not account for distance to the nearest major road and thus may not capture the 

full extent of particulate matter exposure from traffic sources. In addition, PM2.5 exposure 

may not be measured as reliably for respondents living in tracts with fewer reporting 

monitors within 60km.

Furthermore, we do not capture long-term, or lifetime, pollution exposure. Our measure 

may, however, reflect some degree of longer-term air pollution because pollution 

concentrations are highly correlated over time (Weuve et al. 2012) and many respondents 

reported living in the same neighborhood for at least a decade. This study was cross-

sectional and we were, therefore, unable to determine if neighborhood stressors and air 

pollution interact to influence cognitive decline over time. Prior studies have found an 

association between pollution and cognitive decline (Tonne et al. 2014; Weuve et al. 2012) 

and future work should determine if this decline is dependent on other aspects of the 

residential environment such as concurrent exposure to neighborhood stressors. Finally, 

long-term exposure to individual-level stressors related to employment histories and lifetime 

socioeconomic disadvantage have been linked to compromised cognitive function in later 

life (Leist et al. 2013; Lyu and Burr 2015). Although we did not directly account for these 

exposures, we did adjust for household income and education, as well as neighborhood 

socioeconomic context, which may be an indirect proxy for lifetime stress.

This study highlights the importance of accounting for differential susceptibility in 

examination of risk factors for cognitive health and in assessing the health impacts of air 

pollution. This study provides evidence that neighborhood social stressors and 

environmental hazards operate synergistically to influence health and that social stressors 

should be considered a susceptibility factor in environmental health research. Examination 

of both social and physical environmental conditions, as well as their interaction, may offer 

important insights into the development of health disparities (Gee and Payne Sturges 2004). 

Differential exposure to physical and social stressors, which are common in low 

socioeconomic status and minority populations, may play an important role in producing and 

maintaining health disparities. This study identifies a potentially vulnerable population, 

those exposed to both social stressors and physical hazards, who may be at increased risk of 

adverse health consequences from air pollution exposure as well as cognitive aging.
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Research Highlights

• Living in more polluted neighborhoods is associated with worse cognitive 

function

• Neighborhood stress amplifies the association between PM2.5 and cognitive 

function

• Older residents of stressful and polluted neighborhoods are a vulnerable 

population
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Figure 1. 
Predicted Number of Errors on Cognitive Assessment by PM2.5 and Neighborhood Stress

Predicted number of errors on the modified SPMQ calculated using estimates derived from 

Table 3, Model 4. Predicted values shown for low neighborhood stress (dotted line) and high 

neighborhood stress (solid line).
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Table 1

Sample Characteristics, ACL (2001/2002) Age 55+ (N = 779)

Variables Mean (s.d.) Range %

Individual-level Variables

Cognitive Errors 0.52 (0.80) [0 – 5]

Age, years 67.94 (9.81) [55 – 98]

Female 61%

Black 10%

Educational attainment

 Less than High School 22%

 High School 37%

 More than High School 41%

Household Income < $35,000 51%

Not Currently Married 36%

Employment Status

 Employed 33%

 Unemployed 21%

 Retired 46%

Length of Residence 22.68 (15.0) [2 – 84]

Neighborhood-level Variables

PM2.5 (μg/m3) 13.78 (3.13) [4.5 – 24.2]

High Stress 12%

Socioeconomic Disadvantage −0.21 (0.68) [−0.98 − 4.96]

Affluence −0.00 (0.91) [−1.47 − 4.82]

s.d. = standard deviation PM2.5 = fine particulate matter
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Table 2

Differences in Individual and Neighborhood Characteristics by Level of Neighborhood Stress, ACL 

(2001/2002) Age 55+ (N = 779)

Neighborhood Stress

Low High

Individual-level Variables

Cognitive Errors, mean score 0.51 0.61

Age, mean years 68.0 67.7

Female, % 61 62*

Black, % 9 22***

Education less than 12 years, % 20 33*

Household Income < $35,000, % 49 62†

Not Currently Married, % 35 40

Unemployed/retired, % 67 70

Length of Residence 22.3 25.7†

Neighborhood-level Variables

PM2.5 (μg/m3), mean 13.8 13.7

Socioeconomic Disadvantage, mean −0.27 0.25***

Affluence, mean 0.04 −0.34**

***
p<.001;

**
p<.01;

*
p<.05;

†
p<.10; differences assessed using Chi square test;

PM2.5 = fine particulate matter
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Appendix Table 1

Logistic Regression of Missing Monitor Data on Respondent Characteristics (n=886)

Missing = 1

OR (95% CI)

Cognitive Errors 0.94 (0.68, 1.30)

Age 1.01 (0.99, 1.04)

Female 0.57* (0.34, 0.95)

Black 1.22 (0.66, 2.25)

Education

 College (ref)

 High School 1.90* (1.04, 3.46)

 Less than High School 1.75 (0.89, 3.45)

Constant 0.06 (0.01, 0.30)

Note: 107 respondents could not be matched to an EPA monitor.

*
p<.05
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