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Abstract

We examined the influence of neighborhood socioeconomic position (SEP), racial/ethnic 

composition, and living in a major city on cognitive trajectories and intervention outcomes. Data 

came from the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) study 

(N = 2,438). Mixed effects analyses examined associations between neighborhood variables and 

memory, reasoning, speed of processing, and everyday cognition, estimating differences in initial 

gains (potentially related to practice) and long-term rate of change over 10 years. The effect of 

reasoning training on initial gain was weaker for individuals in a major city. For everyday 

cognition, there was a stronger initial gain for memory-trained and control participants in areas 

with more racial/ethnic minorities, and for speed-trained and control individuals in higher SEP 

areas. The racial/ethnic minority effect was no longer significant after adjustment for multiple 

comparisons. Neighborhood factors may be more important in practice-related improvement than 

in long-term change.
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Cognitive impairment associated with diseases of aging is a major public health problem. A 

rich body of literature has described the various risk and protective factors that differentially 

affect cognitive impairment and decline. These factors include clinical diagnoses, baseline 

clinical characteristics, apolipoprotein E genotype, baseline volumetric measures of brain 

structure, and certain demographic characteristics (Evans et al., 1997; Glymour & Manly, 

2008; Karlamangla et al., 2009; Mungas et al., 2010; DeCarli et al., 2008). Cognitive 

impairment and Alzheimer’s disease (AD) appear to be more prevalent in certain racial/

ethnic minority groups, including Black and Latino populations (e.g., Glymour, Weuve, & 

Chen, 2008; Sloan & Wang, 2005; Tang et al., 1998). Yet contextual social determinants of 

health (e.g., neighborhood environment) have rarely been studied as contributors of 

cognitive change in older adults. Additionally, it is unclear how these determinants impact 

response to cognitive training interventions meant to maintain or enhance cognitive abilities 

in older adults. These determinants of health are an important focus because they may 

contribute to racial/ethnic disparities in cognitive impairment and AD and can be modified 

through policy, prevention, and intervention (World Health Organization, 2006).

Social epidemiological theory suggests mechanisms for how neighborhoods might 

contribute to health outcomes (Bronfenbrenner, 1977; Diez Roux, 2012; Sampson, 

Morenoff, & Gannon-Rowley, 2002; Pickett & Pearl, 2001; Yen & Syme, 1999); one 

mechanism is via neighborhood socioeconomic position (SEP). Neighborhood SEP is 

related to a variety of outcomes, including health behaviors and health problems, greater 

morbidity and mortality (Antonovsky, 1967; Kitagawa & Hauser, 1973; Marmot, Kogevinas, 

& Elston, 1987; Robert & Li, 2001), and psychosocial outcomes such as psychological 

adjustment (Baum, Garofalo, & Yali, 1999; Everson-Rose, Skarupski, Barnes, Beck, Evans, 

& Mendes de Leon, 2011) and social support (Krause, 2006; Walker & Hiller, 2007). These 

latter outcomes are also related to late life cognitive function and plasticity (e.g. Barnes, 

Mendes de Leon, Wilson, Bienias, & Evans, 2004; Bassuk, Glass, & Berkman, 1999), 

suggesting that neighborhood characteristics might influence not only cognition, but 

response to cognitive interventions. Several recent studies (Al Hazzouri et al., 2011; 

Aneshensel, Ko, Chodosh, & Wight, 2011; Lang et al., 2008; Sheffield & Peek, 2009; Sisco 

& Marsiske, 2012; Wight et al. 2006) examined the relation between neighborhood effects 

and late life cognition, but to date, none have explored whether neighborhood factors predict 

response to cognitive interventions.

Neighborhood-Cognition Associations in Older Adults

Some research indicates that neighborhood effects on various dimensions of health may be 

especially important for older adults who may be more dependent on the resources in their 

immediate neighborhood due to financial and mobility constraints (Robert & Li, 2001). 

Researchers have suggested that low-SEP neighborhoods have fewer resources and services 

compared to high-SEP neighborhoods, and this might lead to cognitive impairments due to 

restricted opportunities for social and cognitive stimulation (Barnes et al., 2004; Ertel, 

Glymour, & Berkman, 2008). Using nationally representative data from the Study of Assets 

and Health Dynamics Among the Oldest Old (AHEAD), Wight and colleagues (2006) found 

that older adults living in neighborhoods with low level educational attainment had lower 

cognitive scores compared to those living in areas with high educational attainment, even 
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after controlling for individual-level education (Wight et al., 2006). A United Kingdom 

study (Lang et al., 2008) compared the cognitive performances of older adults from the top 

and bottom quintiles (20%) of an index of multiple deprivation, and reported a downward 

trend in cognitive function for neighborhoods with greater deprivation after controlling for 

individual-level characteristics (Lang et al., 2008).

A handful of longitudinal studies have also shown that neighborhood factors influence 

cognitive change in older adults. Sheffield and Peek (2009) examined the influence of 

neighborhood socioeconomic status (SES) on 5-year change on the Mini Mental State 

Examination (MMSE), using data from the Hispanic Established Populations for 

Epidemiologic Studies of the Elderly (H-EPESE) study. Odds and rate of incident cognitive 

decline increased as a function of poorer neighborhood SES for Mexican Americans. More 

recent data from the Sacramento Area Latino Study on Aging (SALSA: Al Hazzouri et al., 

2011) showed that lower neighborhood SEP was not associated with cognitive decline.

Racial/ethnic composition of neighborhoods also may play an important role in cognitive 

function. Data from H-EPESE showed that Mexican Americans living in more ethnically 

homogeneous neighborhoods experienced somewhat slower rates of decline, perhaps due to 

healthful behavioral norms, social organization, and support typical of such neighborhoods 

(Sheffield & Peek, 2009). Cross-sectional findings from the Health and Retirement Study 

(HRS: Aneshensel et al., 2011) indicated that the effect of neighborhood concentration of 

Black residents on cognitive function depended on individual education level. Among 

individuals with little formal education, cognitive performance declined slightly as the 

proportion of Black residents increased; however, among those with higher levels of 

education, cognitive function increased as the proportion of Black residents increased.

Finally, a small body of literature suggests that the prevalence of cognitive impairment and 

dementia is higher in rural compared to urban areas (Nunes, Silva, Cruz, Roriz, Pais, & 

Silva, 2010; Russ, Batty, Hearnshaw, Fenton, & Starr, 2012).

The Present Study

In this study, we build on the sparse literature investigating the influence of neighborhood 

characteristics on cognitive trajectories. An innovation of the present study is the capacity to 

also address whether neighborhood effects influence the magnitude and maintenance of 

response to cognitive interventions. As the population ages, cognitive interventions to reduce 

disability and increase cognition and independent functioning have become increasingly 

important. There is a theoretical basis for the notion that neighborhood factors may 

influence the degree of cognitive plasticity that is possible in late life. If biological factors 

are responsible for reductions in potential plasticity, and neighborhood characteristics 

influence those factors (e.g., by supporting physical fitness or health, as it has been shown to 

do), neighborhoods may indirectly influence not only one’s cognitive level, but also one’s 

potential for cognitive gain. Recent cross-sectional findings using data from the Advanced 

Cognitive Training for Independent and Vital Elderly (ACTIVE: Sisco & Marsiske, 2012) 

trial indicated a significant relation between SEP and vocabulary, but no effect on immediate 

response to cognitive training (i.e., at post-test).
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The current study builds on prior literature by examining how neighborhood characteristics 

might influence cognitive outcomes over the ensuing 10 years in the areas of reasoning, 

memory, speed of processing, and everyday cognition. Previous studies have shown a 

positive effect of the ACTIVE training on cognitive trajectories (e.g., Rebok et al., 2014). 

Thus, our first goal was to examine the influence of neighborhood characteristics (SEP, 

racial composition, and living in a major city) on cognitive trajectories independent of 

individual-level characteristics and baseline cognitive level, and whether neighborhood 

characteristics moderate the effect of training on cognitive trajectories. We hypothesized that 

individuals living in high-SEP neighborhoods and in major cities would benefit more from 

the intervention than individuals living in low-SEP neighborhoods or non-major cities (i.e., a 

three-way interaction of time by intervention by SEP and time by intervention by major 

city). Also, given that neighborhoods characterized by a high percentage of racial/ethnic 

minorities may also confer greater social support (Stewart, 2007), we hypothesized 

individuals living in areas with a higher percentage of racial/ethnic minorities would benefit 

more from the intervention. Second, previous studies also have shown that all ACTIVE 

participants, regardless of intervention group (i.e., both trained and controls) show an 

increase in cognitive scores after the first assessment (i.e., initial gain). Thus, our second 

goal was to examine the influence of neighborhood characteristics on the magnitude of that 

initial gain. We hypothesized that high-SEP neighborhoods, living in a major city or high 

percentage minority area would be associated with larger initial gains and better cognitive 

trajectories across memory, reasoning, speed of processing groups, and everyday cognition, 

independent of the intervention.

Method

Study Design

ACTIVE tested the effectiveness and durability of three cognitive interventions, and study 

design and major outcomes have been described in detail elsewhere (Jobe et al., 2001; 

Rebok et al., 2014). Briefly, the trial randomized individuals to one of three 10-session 

cognitive interventions designed to improve memory, reasoning, or processing speed 

performance or to a no-contact control condition. Following training, there was an 

immediate post-test for all trained and untrained participants, and follow-up assessments for 

everyone at 1, 2, 3, 5, and 10 years post-intervention.

The study enrolled participants and collected baseline data between 1997–2000 from six 

sites across the nation: University of Alabama (UAB) at Birmingham, Indiana University in 

Indianapolis, Hebrew Rehabilitation Center for Aged in Boston, Johns Hopkins University 

in Baltimore, Wayne State University in Detroit, and Pennsylvania State University. Testers 

at all six sites were trained in standardized assessment protocols and quality control by study 

investigators, and the coordinating center ensured fidelity to testing, scoring, and data 

management procedures.

Participants

The initial ACTIVE sample of 2,802 participants was cognitively healthy, independent, 

community-dwelling older adults aged 65 to 94 years. Efforts were aimed at recruiting a 
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diverse sample, especially older Blacks, who were previously under-represented in most 

cognitive training research. Exclusion criteria included: a) being under age 65 at the start of 

the study, b) significant functional and/or cognitive decline at enrollment (e.g. impaired 

activities of daily living, MMSE < 23, Alzheimer’s disease diagnosis), c) having a medical 

condition disposing the participant to imminent cognitive decline or to mortality within the 

next 2 years, d) severe sensory or communicative difficulties, e) having had cognitive 

training, or f) planning to be unavailable during the testing and training periods of the study. 

Recruitment strategies and sources varied by site, including on-site presentations, letters to 

interested persons and telephone calls, and newspaper advertisements. UAB recruited 

participants through the Alabama Department of Public Safety and through UAB eye clinics. 

The Hebrew Rehabilitation Center for Aged recruited from congregate and senior housing 

sites, senior centers, and a research volunteer registry. Indiana University and Johns Hopkins 

University recruited through a network of facilities providing activities and social services to 

seniors, local churches, and senior citizens’ organizations, senior housing, and senior 

wellness or service programs. Pennsylvania State University recruited through a state-funded 

pharmaceutical assistance program for low-income elders. Wayne State University recruited 

from churches, hospital-based senior assessment centers, senior housing sites, and driver 

registration lists.

This study’s sample consisted of a subset of 2,438 participants whose addresses could be 

geocoded to the level of the census tract and who had complete information on all variables 

of interest. We included only individuals who self-reported as non-Hispanic White (n = 

1,758) or non-Hispanic Black (n = 680) because of small sample sizes in other ethnic 

groups.

Measures

The cognitive domains measured in ACTIVE included memory, reasoning, processing 

speed, and everyday cognition. Factor scores for each dependent variable were generated 

from confirmatory factor analysis using maximum likelihood estimation with robust 

standard errors using the regression method. Memory was measured using the Hopkins 

Verbal Learning Test (HVLT; Brandt, 1991), the Rey Auditory Verbal Learning Test (AVLT; 

Rey, 1941), and the Rivermead Behavioral Memory Test (Wilson, Cockburn, & Baddeley, 

1985). Reasoning was measured using Letter Series (Thurstone & Thurstone, 1949), Letter 

Sets (Ekstrom, French, Harman, & Derman, 1976), and Word Series (Gonda & Schaie, 

1985). Processing Speed was measured using the Useful Field of View test (UFOV; Ball, 

Owsley, Sloane, Roenker, & Bruni, 1993) and the Complex Reaction Time test (Ball & 

Owsley, 2000). Everyday Cognition was measured using the Everyday Problems Test (Willis 

& Marsiske, 1993), the Observed Tasks of Daily Living (Diehl, Willis, & Schaie, 1995), a 

timed task of problem solving in medication use, telephone use, and financial management, 

and the Timed Instrumental Activities of Daily Living (Owsley, Sloane, McGwin, & Ball, 

2002), a timed test of ability to complete daily living tasks (e.g., find telephone number, 

make change, find and read ingredients on a can, find food items on a shelf, read instructions 

on medicine bottle). Higher scores on reasoning, memory, and everyday cognition indicated 

better cognitive outcomes, whereas higher scores on speed of processing indicated poorer 

(slower) cognitive performance.
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Person-level variables included race/ethnicity: Black vs. White, age: centered at 70 years, 

education: centered at 12 years, and participation in cognitive training: controls vs. 

intervention group. Models also included covariate adjustment for gender, baseline 

depression (centered at the mean: 5.27) using the Center for Epidemiological Studies-

Depression (CES-D) scale (Radloff, 1977) and baseline self-reported health (centered at the 

mean: 3.33) using a single-item from the SF-36. Consistent with previous ACTIVE studies, 

time was coded as years from baseline (0, .23, 1.23, 2.23, 3.23, 5.23, and 10.23) and 

captures rate of change. Initial gain was assessed by including an indicator variable coded 

“0” for baseline and “1” for all subsequent assessments; this indicator thus captures retest 

effects, which are likely to be stronger for all individuals in the beginning, regardless of 

intervention condition.

Similar to prior research (e.g., Sheffield & Peek, 2009; Al Hazzouri et al., 2011), 

neighborhoods were categorized by census tracts (Krieger, 2003), an administrative 

boundary designated by the U.S. Census Bureau. Census tracts are relatively permanent 

statistical geographical subdivisions typically containing about 4,000 residents (generally 

between 1,500 to 8,000). GeoLytics, a commercial provider of geocoding services and 

census demographic data, (1) geocoded the ACTIVE participant addresses, and (2) appended 

to these addresses data from the 2000 U.S. Census and 2002 Economic Census, creating a 

dataset that could be used to characterize the neighborhood environment. Geocoding was 

checked for quality assurance. Addresses associated with post office boxes, invalid house 

numbers, street names, and ZIP codes were flagged for follow-up; invalid addresses or 

poorly matched addresses were dropped (approximately 13%: our sample = 2,438, full 

ACTIVE sample = 2,802).

Neighborhood variables included neighborhood SEP (description below), percentage of 

racial/ethnic minorities in a census tract (defined as one minus percentage of Whites), and 

living in a major city – whether the census tract fell within a major metropolitan statistical 

area or not. To decrease collinearity with individual race/ethnicity, percentage of racial/

ethnic minorities was standardized within each race/ethnicity’s own distribution (i.e., for 

Blacks, percentage minority = (original variable − mean for Black race)/standard deviation 

for Black race). Because neighborhood SEP variables such as income, education, and 

occupation are often strongly correlated and load onto a common factor (Diez-Roux, 2004; 

Krieger, 2001), census-level data on these variables were combined into a weighted factor 

score to create a neighborhood SEP index that parsimoniously represented multiple 

socioeconomic variables. This factor score comprised median household income, percent of 

people with income ≥ $150,000, percent of people with ≥ Bachelor’s degree, and percent of 

the work force in management positions or higher. This variable was mean-centered in 

regression analyses.

Data Analysis

Descriptive statistics were estimated using SPSS (IBM Corp., 2013). Sample characteristics 

are presented in Table 1. Mixed-effects regression models were estimated using R (R 

Development Core Team, 2010) to describe longitudinal trajectories of cognitive outcome 

measures and test the effects of neighborhood variables on cognitive trajectories independent 
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of person-level covariates. Because ACTIVE was not designed to be a population-based 

study, each census tract only had one participant. Therefore, we treated each neighborhood 

factor as a person-level factor in a contextual analysis rather than perform multilevel 

modeling. Random intercepts for site and person within site were included to account for 

between-site and between-individual within site variability in level of cognitive outcomes. A 

random slope for person within site was also included to account for variation in rate of 

change between individuals from the same site.1 Assumptions of linearity and normality 

were examined using graphical and statistical diagnostics. Residuals and random effects 

were examined to assure that they were normally distributed, and plots of residuals against 

predicted values and effects were examined to verify that nonlinear trends in the data or 

nonconstant variances were not present. Diagnostic results indicated that a model with 

autocorrelated residuals was better than one assuming independent residuals, so all models 

assumed this additional correlation structure.

Separate models were used to estimate trajectories for memory, reasoning, and speed factor 

scores within the corresponding intervention group and controls. That is, controls were 

compared to memory-trained participants with regards to memory scores, to reasoning-

trained participants with regards to reasoning scores, and to speed-trained participants with 

regards to speed of processing scores. We hypothesized that everyday cognition could be 

influenced by training in all three cognitive abilities (Marsiske & Margrett, 2006), so similar 

to prior research using ACTIVE (e.g., Rebok et al., 2014), this outcome was assessed 

separately in each of the three intervention groups (i.e., everyday cognition scores 

comparing controls to – reasoning trained participants, to memory trained participants, and 

to speed of processing trained participants). Model 1 included time interactions with 

individual predictors of intervention group, age, race/ethnicity, and education, as well as 

demographic covariates (e.g., time by age, time by race/ethnicity);2 Model 2 extended 

Model 1 by including neighborhood predictors and interactions of neighborhood 

characteristics with the initial gain indicator variable (e.g., initial gain by SEP) and the rate 

of change variable (e.g., time by SEP). If neighborhood characteristics predicted initial gain 

and/or rate of change, we then explored if this relationship was constant across intervention 

conditions (e.g., three-way interaction of time by intervention by SEP); thus, an optional 

Model 3 included relevant neighborhood by person-level interactions. To control for 

multiple comparisons, we used the Benjamini-Hochberg false discovery rate across the 

results of the final models (either Model 2 or Model 3) for all outcomes (Benjamini & 

Hochberg, 1995).

Results

Sample Characteristics

Table 1 shows characteristics of the sample by training group. Consistent with 

randomization in ACTIVE, participants’ baseline characteristics were comparable across 

intervention groups. The sample consisted of 72.1% non-Hispanic Whites and 75.8% 

1Although we account for clustering by site, site differences are not discussed because they were not the focus of the current study.
2All models adjust for gender, baseline health, and baseline depression, but we focus on race/ethnicity, age, and education for the 
purposes of this paper.
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female. For the Black sample, the average percentage of racial/ethnic minorities in a 

neighborhood was 68.0%; for the White sample, the average was 12%. Neighborhood SEP 

was mean centered at 0 (SD = 3.30, range = −7.18 to 10.20), and percentage of those living 

in a major city was 36.6%.

Sixty-seven percent of the sample was retained five years after training and 44% at 10 years. 

Forty percent of the sample died post-baseline (as indicated by a single indicator variable of 

death = yes or no). Factors associated with loss to follow up (i.e., missing data at 10 years 

that were not due to death) as well as post-baseline death included older age, lower 

education, poorer physical and mental health, and worse performance on cognitive outcomes 

(e.g., MMSE). Loss to follow up and death did not vary by intervention group.

Mixed-Effects Models

Results from the final model (either Model 2 or Model 3) of mixed-effects analyses can be 

seen in Table 2 and are described below for each cognitive outcome.

Memory

In Model 1 (AIC = 9277.35), Black participants had lower memory scores (β = −.39, SE = .

049, p < .001) and individuals with higher education (β = .08, SE = .008, p < .001) had 

better memory scores at baseline compared to their counterparts, whereas age (β = −.04, SE 
= .004, p < .001) and time (β = −.12, SE = .009, p < .001) were negatively associated with 

memory scores. There was a significant interaction of time and age, as well as significant 

interactions between the initial gain indicator variable and intervention, race, and age. Older 

individuals had weaker initial gains (β = −.01, SE = .002, p < .05) and declined more over 

time compared to younger individuals (β = −.004, SE = .001, p < .001). Initial gain was 

greater for trained participants (β = .16, SE = .028, p < .001), and weaker for Blacks (β = −.

07, SE = .033, p < .05). In Model 2 (AIC = 9286.22), results were similar, and no 

neighborhood interactions (with initial gain or time) were significant, so we did not move on 

to Model 3. Adjustment for multiple comparisons in Model 2 confirmed all of the above 

effects, but the initial gain by age interaction was no longer significant, indicating that older 

individuals did not have weaker initial gains compared to younger participants.

Reasoning

In Model 1 (AIC = 6881.08), at baseline, Black participants had worse reasoning scores (β = 

−.60, SE = .053, p < .001) and those with higher education had better reasoning scores (β = .

11, SE = .009, p < .001) compared to their counterparts, whereas age (β = −.05, SE = .004, p 
< .001) and time (β = −.03, SE = .006, p < .001) were negatively associated with reasoning 

scores. There were significant interactions of time and initial gain with race, age, and 

intervention, and a significant time by education interaction. Although initial gain was 

smaller for Blacks (β = −.07, SE = .026, p < .01), Blacks declined at a slower rate compared 

to Whites (β = .01, SE = .005, p < .01). Initial gain was greater for trained participants (β 
= .43, SE = .022, p < .001) but trained participants declined more quickly over time (β = −.

03, SE = .004, p < .001). Initial gain was weaker for older participants (β = −.004, SE = .

002, p < .05) and older participants declined more quickly over time (β = −.001, SE = .0004, 

p < .001). Participants who were more educated declined more over time (β = −.002, SE = .
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001, p < .01). Model 2 (AIC = 6885.84) included neighborhood predictors. After accounting 

for neighborhood interactions with time, race differences in slope (β = .01, SE = .007, p = .

09) and initial gain (β = −.03, SE = .034, p = .42) were no longer significant. Additionally, 

initial gain was weaker for individuals who lived in a major city (β = −.07, SE = .032, p < .

05), and stronger for those who lived in an area with a higher percentage of minorities (β = .

03, SE = .013, p < .05). In model 3 (AIC = 6880.53), relevant three-way interactions were 

tested (initial gain by percent minority by race, initial gain by city by race, initial gain by 

percent minority by intervention group) and a significant initial gain by city by intervention 

group interaction emerged (B = −.12, SE = .047, p < .01). The initial gain due to reasoning 

training was lower for those who lived in a major city versus those who did not (see Figure 

1, Part A). Adjustments for multiple comparisons confirmed the above mentioned effects, 

except for the time by education interaction, and the initial gain by age, and initial gain by 

percent minority interactions. That is, education was unrelated to decline, and there were no 

differences in initial gains by age or neighborhood percent minority.

Speed of Processing

In Model 1 (AIC = 11594.94), individuals who were more educated (β = −.04, SE = .009, p 
< .001) scored better on processing speed at baseline. Those who were Black (β = .26, SE 
= .055, p < .001), and older participants scored worse (β = .06, SE = .004, p < .001). There 

were significant interactions of time with age and intervention, as well as initial gain with 

intervention, education, and age. Initial gain was stronger for those in the intervention (β = 

−.82, SE = .036, p < .001), but those trained declined more over time (β = .04, SE = .007, p 
< .001). Initial gain was weaker for those with more education (β = .02, SE = .007, p < .05). 

Initial gain was weaker for older individuals (β = .01, SE = .003, p < .05) and older 

individuals declined more over time (β = .002, SE = .001, p < .01). In Model 2 (AIC = 

11603.12), no neighborhood interactions were significant, so we did not move on to Model 

3. Adjustments for multiple comparisons confirmed Model 2 effects except that initial gain 

was not weaker for older individuals.

Everyday Cognition

A total of nine models were estimated (similar to the sequence above: three models in each 

trained group- memory, reasoning, speed of processing) to examine the influence of 

neighborhood predictors on everyday cognition. No significant neighborhood findings 

emerged for reasoning, so results are not discussed. Only the final model is discussed for 

memory and speed of processing groups (contact author for supplementary table with 

everyday cognition results for all three groups). For memory-trained and control 

participants, a significant initial gain by percentage minority interaction emerged (B = .03, 

SE = .015, p < .05); however this effect was no longer significant after adjustment for 

multiple comparisons. No significant three-way interactions emerged. For speed-trained and 

control participants, there was a significant initial gain by neighborhood SEP interaction: 

initial gain was stronger for trained and untrained individuals living in a higher SEP area (B 
= .02, SE = .005, p < .05; see Figure 1, Part B). This was still significant after adjustment for 

multiple comparisons. No significant three-way interactions emerged.3

3We also ran everyday cognition analyses for the full sample (with all intervention groups included) and found similar results.

Meyer et al. Page 9

Res Aging. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

The purpose of this study was to examine the effects of neighborhood characteristics on 

cognitive test performance differences associated with repeated testing, changes over a 10-

year follow-up period, and response to cognitive training. Our findings suggest that 

neighborhood variables are more strongly associated with initial gains (related to practice) 

than they are to long-term rate of change or response to cognitive interventions. 

Additionally, the pattern of effects varies across cognitive tasks and neighborhood 

characteristics.

Neighborhood Socioeconomic Position

Although theory suggests that high SEP neighborhoods may promote better cognitive 

outcomes and benefits from cognitive training, our hypothesis regarding neighborhood SEP 

was only partially supported in this study. We found that for the sample that included 

controls and speed-trained individuals, those who lived in neighborhoods with higher SEP 

demonstrated greater initial gains in everyday cognition, but not long-term gains. Although 

no studies have examined how neighborhood SEP is related to response to cognitive 

interventions, previous studies have shown low neighborhood SEP is associated with 

cognitive decline (e.g. Sheffield and Peek, 2009). However, Sheffield and Peek (2009) 

examined only Mexican American older adults. Our findings corroborate those of Al 

Hazzouri et al. (2011) who also sampled older Mexican Americans (primarily) and did not 

find a significant relationship between neighborhood SEP and cognitive decline. These 

heterogeneous results may be due to differences in measures across studies; for example, 

Sheffield and Peek operationalized their SEP variable as distinct quartiles, while we and Al 

Hazzouri et al. operationalized SEP as a single continuous variable. Additionally, it did not 

appear that Sheffield and Peek (2009) specified an initial gain (practice/retest) effect in their 

study, which may have conflated rate of change with the initial boost that comes as a result 

of repeated testing.

Living in a Major City

For the reasoning-trained group, those who did not live in a major city demonstrated greater 

initial gains, or practice-related improvement, in reasoning. Furthermore, our three-way 

interaction showed that the initial gain due to reasoning training was lower for those who 

lived in a major city versus those who did not. In other words, contrary to our hypothesis, 

people who lived in a major city benefited less from reasoning training. A potential 

explanation is that individuals who do not live in a major city have the most to gain from 

practice on cognitive tests and cognitive interventions because they potentially live in more 

resource-deprived areas and have fewer opportunities to be exposed to, or are less familiar 

with, the stimuli or procedures used in cognitive testing (Barnes et al., 2004). Indeed, 

research has shown that the prevalence of cognitive impairment and dementia is higher in 

rural compared to urban areas (Nunes et al., 2010; Russ et al., 2012). Although this is 

speculative, these less urban areas may have residents who are more vulnerable to cognitive 

impairment, thus, have the most to gain from cognitive practice and training.
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Neighborhood Racial/Ethnic Minority Concentration

Initially, we found that those who lived in neighborhoods with a higher concentration of 

racial/ethnic minorities, relative to their race/ethnicity, demonstrated greater initial gains in 

reasoning. Also, models examining secondary outcomes of training (i.e., everyday 

cognition) also found an effect of racial/ethnic concentration. Specifically, for the sample 

that included controls and memory-trained individuals, individuals who lived in 

neighborhoods with higher concentrations of racial/ethnic minorities demonstrated greater 

initial gains in everyday cognition, similar to the reasoning finding. However, these findings 

regarding the role of percent minority in a neighborhood must be interpreted with caution 

since they were no longer significant after adjustment for multiple comparisons, which may 

explain why the literature on racial/ethnic composition of neighborhoods as it relates to 

cognition is mixed. Moreover, most studies have focused only on health benefits for Latinos 

living in neighborhoods with a high concentration of other Latino residents (e.g. Patel, 

Eschbach, Rudkin, Peek, & Markides, 2003; Eschbach, Ostir, Patel, Markides, & Goodwin, 

2004; Al Hazzouri et al., 2011). It should be noted that due to the high collinearity between 

person-level race/ethnicity and neighborhood percentage of racial/ethnic minority variable, 

we standardized the neighborhood percentage of racial/ethnic minority variable according to 

racial/ethnic group means, and this may have limited our ability to detect differences. Future 

work should explore alternative strategies for addressing collinearity issues that would 

elucidate the role of neighborhood racial/ethnic composition on cognitive outcomes.

ACTIVE Intervention Study Effects

Interestingly, although neighborhood factors were not significant in predicting initial gains 

in memory or speed of processing outcomes, they were significant in predicting everyday 

cognition. That is, neighborhood factors affected memory and speed practice skills as they 

relate to everyday cognition, but not as they related to their targeted outcomes – memory and 

speed. A possible explanation is that neighborhood or social contextual factors matter more 

in higher-order processes or outcomes that have real-world significance – such as reasoning 

and everyday cognition, and less so in cognitive tests specific to memory and speed. Our 

bivariate correlations (not shown) indicate the strongest relation between reasoning and 

everyday cognition; thus neighborhood effects may not have emerged because their effects 

were overpowered by the effects of reasoning training. Because memory and speed were less 

strongly related to everyday cognition, it is possible there was more room for neighborhood 

effects to emerge in these cases. These explanations are speculative however, and future 

research should attempt to replicate these findings.

Within the reasoning group, we also found that racial differences in initial gain and change 

over time were no longer significant after accounting for neighborhood interactions. This 

may be because 80% of Black participants lived in a major city, and thus race may be 

confounded with living in a major city. Nonetheless, future research should further examine 

how neighborhood characteristics may explain or contribute to racial disparities in cognitive 

health.

Although not the focus of the current paper, it should be noted that for reasoning and speed 

outcomes, results indicated that trained participants declined more quickly over time. 
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However, this result is unlikely because participation in the ACTIVE intervention 

accelerated decline. A more likely explanation is that change over time is coupled with loss 

of training gains (see Jones et al., 2013 for discussion on this topic).

Limitations

It is important to note several limitations of the current study. As with any neighborhood 

study, it is unclear whether the neighborhood factors impact the participants who move into 

certain areas (causation), or whether certain characteristics of residents dictate where they 

live (selection). Our focus on longitudinal outcomes helps ameliorate this concern but cannot 

conclusively rule out the “selection” hypothesis. Also, we only had baseline addresses, and it 

was unclear how long people lived at these addresses or whether they had moved. It may be 

that neighborhoods affect individuals differently depending on length of time in the 

community. Because this dataset did not include data on relocation or reasons for attrition, 

we were unable to address these issues. Research has shown that for older adults who do 

move, the correlates of health and well-being can be complicated, because older adults’ 

types of moves and reasons for moving vary considerably (Litwak & Longino, 1987; Speare 

& Meyer, 1988; Wiseman, 1980). Relocation to an institution has often been associated with 

negative health and well-being outcomes, although this is not universally true (e.g., Curtiss, 

Hayslip, & Dolan, 2007; Danermark & Ekstrom, 1990). Negative effects on health and daily 

functioning have been found even for those moving voluntarily within the community (Choi, 

1996; Ferraro, 1983; Lawton & Yaffe, 1970), although findings for these effects are mixed 

(Wilmoth & Chen, 2003; Dimond, McCance, & King et al., 1987; Eckert & Haug, 1984). In 

other words, the meaning and nature of relocation for older adults is likely varied, and the 

effects of relocation on health and cognition are not clearly predictable. This is an important 

issue and future research on neighborhood effects should ensure that data collection on 

relocation is captured and examine how it affects cognitive decline (or response to cognitive 

training). Another limitation was that we did not perform multi-level modeling to distinguish 

compositional from contextual effects because each census tract only had one person, 

making individual and neighborhood-level effects indistinguishable. Also, estimating 

neighborhoods based on census tract is not ideal: census tracts are administrative boundaries 

based on population density, and may not always capture true neighborhoods, especially in 

rural areas where neighborhoods may not exist. In this study, rural participants’ census tracts 

may be better considered as the general area in which they lived, versus a neighborhood per 

se. Of note, the majority of participants dropped from the original ACTIVE sample after 

geocoding were those who lived in rural areas, for example those who used “Rural Route” 

addresses rather than physical addresses. Also, it is important to note the somewhat small 

effects which should be replicated in future studies. Finally, the sample included only non-

Hispanic Black and White participants and individuals who were healthier and more 

educated. Thus, caution must be used in generalizing study findings to the general older 

adult population, particularly non-Black minorities, and individuals who live in rural areas 

or who are less educated and in poorer health.

Conclusion

Despite these limitations, the current study adds new knowledge to the field of cognitive 

function and neighborhood effects. ACTIVE was the first multisite clinical trial to test the 
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effects of cognitive training on cognitive abilities and function. A strength of the current 

study is the inclusion of neighborhood factors as they potentially relate to cognitive 

trajectories and intervention gain. In line with previous research, our findings indicate that 

neighborhood factors do impact cognitive outcomes albeit in a subtle way (i.e., mostly 

through practice-related effects). A novel finding was that older adults not located in a major 

city benefitted more from a cognitive intervention to enhance reasoning abilities. An 

implication is that older adults from areas that are less urbanized may derive the most benefit 

from practice-related improvement and cognitive training. If this were true, policy and 

intervention efforts focused on cognitive improvement in these areas might be the most 

efficacious for improving overall cognitive health. However, more research is needed to 

support this supposition and we suggest cognitive intervention studies attend to 

neighborhood effects, their interaction with race/ethnicity, and the potential differential 

effects of neighborhood characteristics across cognitive domains.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Model Estimated Trajectories: (A) Initial gain×Intervention× Major City interaction on 

reasoning; (B) Initial gain×Neighborhood Socioeconomic Position interaction on everyday 

cognition for speed-trained and controls. All models adjust for covariates.
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Table 1

Characteristics of ACTIVE Sample by Training Group (N = 2,438)

Memory (n = 624)
% or M(SD)

Reasoning (n = 603)
% or M(SD)

Speed (n = 610)
% or M(SD)

Control (n = 601)
% or M(SD)

Individual-level variables

  Black race 26.3 29.5 26.4 29.5

  Female 76.1 76.3 77.4 73.2

  Age (at baseline) 73.5 (6.0) 73.3 (5.66) 73.2 (5.64) 73.9 (5.86)

  Years of education 13.53 (2.69) 13.48 (2.72) 13.70 (2.70) 13.42 (2.65)

  Depressive symptoms score 5.18 (5.37) 5.50 (5.31) 5.15 (4.97) 5.02 (4.82)

  Self-rated health 3.38 (.86) 3.29 (.89) 3.45 (.88) 3.36 (.88)

Neighborhood-level variables

  Socioeconomic position .02 (3.27) −.06 (3.31) .05 (3.21) −.18 (3.40)

  Percent minority 28.6 (.34) 27.8 (.35) 24.9 (.33) 30.6 (.36)

  Major city (Yes) 36.7 36.8 35.7 37.1

Note. Raw scores are used for each variable except for socioeconomic position, which is a factor score. Range of variables: age (65–91); years of 
education (5–20); depression (0–34); health (1–5); socioeconomic position (−7.18–10.20); percent minority (0–1.00).
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