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Abstract

Introduction: Prior research has shown disparities in cognitive functioning across

the rural–urban continuum. We examine individual- and contextual-level factors

to understand how and why urbanicity shapes cognitive functioning across older

adulthood.

Methods: Using a nationally representative sample from 1996 to 2016 waves of the

Health and Retirement Study (HRS) and growth curve models, we assess urban–

suburban–exurban differences in older adult cognitive functioning.

Results: Results demonstrate that older adult men and women living in exurban areas,

and older adult men in suburban areas, have lower cognitive functioning scores com-

pared to their urbanpeers. Educational attainment andmarital status contribute to but

do not fully explain these differences. There were no differences in the trajectory over

age, suggesting that urbanicity disparities in cognition occur earlier in life, with average

differences remaining the same across older adulthood.

Discussion: Differences in cognitive functioning across urbanicity are likely due to

factors accumulating prior to older adulthood.
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1 BACKGROUND

Where one lives is an important determinant of many risk and pro-

tective factors that shape cognitive health in older age.1 Community

characteristics influence cognitive health through a variety of physical

and social features, including environmental exposures, and opportu-

nities for physical activity, social support, and health-care access.1,2

Residential location is therefore a salient factor in cognitive health.

One important dimension of residential location is its position in the

rural–urban continuum. Prior research has established important dis-

parities across this continuum: Older adults in rural areas are at

greater risk of developing Alzheimer’s disease and related dementias

(ADRDs) and are more likely to die of ADRD compared to their urban
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counterparts.3,4 We do not yet know why these disparities emerge,

although there are a number of plausible explanations.Where one lives

reflects a multitude of social determinants of health, including individ-

ual socioeconomic status and the life course factors that shape both

the selection and exposures resulting from place. Thus, understanding

howandwhycognitivehealthdiffers across the rural–urbancontinuum

can shed light on the relationship between the exposome and cognitive

health.

Our study assesses differences in older adult cognitive functioning

across urbanicity. We situate the study contributions in the broader

literature demonstrating the relationship between ADRD or cognitive

functioning and the rural–urban continuum and other conceptions of

place. Because rural residents are sparse and to better narrow the
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scope of our study, we focus on the urbanicity of residential location,

using categories of urban (metropolitan area of≥1million), suburban (a

metropolitan area comprising = 250,000–999,999 people), and exur-

ban (< 250,000 people or non-metropolitan).5 These categories are

broad, but provide nationally representative estimates, as prior stud-

ies have been limited by the use of non-representative samples (e.g.,

Steinberg et al.6). Recent research into disparities in aging across the

rural–urban continuum highlight differences in important mechanisms

such as federal policy impacts, aging and disability services organi-

zations, and instrumental and financial support.7–9 In addition to a

nationally representative sample, our approach uses a continuous out-

come variable that better accounts for the full spectrum of cognitive

functioning, a longitudinal design, and important confounders to help

disentangle the timing and influence of individual and contextual level

factors.

This study uses a continuous measure of cognitive functioning.

Many prior studies analyze differences in diagnosed ADRD, an impor-

tant outcome, but the presence of an ADRD diagnosis cannot speak

to the full range of cognitive performance and decline. In particular, a

focus on diagnosed ADRD may omit mild cognitive impairment, which

is often undetected by primary health care.10 Measures of diagnostic

status may be particularly ineffective for examining differences across

the rural–urban continuum, given that health care and specialty care

access differs across urbanicity.11–13 For example, a recent study con-

cludes that ADRD is likely underdiagnosed or diagnosed at later stages

among older adults in rural communities.14 Thus, our outcome of cog-

nitive functioning may offer additional insight into disparities across

urbanicity.

Importantly, our longitudinal approach allows us to model cogni-

tive functioning over time as adults age using time-varying measures

of urbanicity and cognitive functioning. We use growth curve models

that incorporate multiple waves of data for individuals, with results

that display trajectories of cognitive performance across older adult-

hood. Such trajectories can identifywhen cognitive differences emerge

and the rate at which those differences grow or shrink. Assessing the

timing and speed of decline across urbanicity may be particularly help-

ful in understanding the source of cognitive disparities. Further, growth

curve approaches focus on within-individual change and control for

stable differences between individuals. Because of the importance of

age for cognitive health, a longitudinal approach produces additional

andmore nuanced insights.15

The study also considers key confounders in the relationship

between residence and cognitive health. The observed differences

in cognitive functioning across urbanicity may be confounded by a

number of factors such as socioeconomic status (SES) over the life

course. Where one lives is interdependent with an individual’s char-

acteristics and resources, as residential decisions represent a range of

preferences, opportunities, and constraints.16 Socioeconomic depriva-

tion in early life is associated with an increased likelihood of being in

a cognitive trajectory characterized by low functioning.17 Educational

attainment appears to be an important characteristic and is strongly

associated with reduced risk of ADRD.18,19 Using cross-sections of

the 2000 and 2010 waves of the Health and Retirement Study (HRS),

RESEARCH INCONTEXT

1. Systematic Review: The authors conducted a literature

review on Alzheimer’s disease and related dementias and

older age cognitive functioning across urbanicity.We cite

several studies examining these disparities.

2. Interpretation: In line with previous studies, this study

shows that cognitive functioning is highest among those

in urban, followed by suburban, and then exurban areas.

We add new findings to these disparities. First, we find

small but persistent differences between urban and exur-

ban areas, with urban–suburban differences not demon-

strating robustness. Second, these differences are set at

baseline, as there arenodifferences in the slopeof decline

across urbanicity. Third, differences across urbanicity are

partially, but not fully, explained by confounders. Fourth,

cognitive functioning trajectories differ across sex and

men display stronger disparities across urbanicity than

women.

3. Future Directions: Future research should examine pro-

cesses and experiences in early or mid-life to understand

differences in older adult cognitive functioning across

urbanicity.

Weden et al.20 examined rural–urban disparities in the cognitive func-

tioning of older adults. They report a significant difference in the

relative risks of cognitive impairment and dementia across older adults

living in areas categorized as 100% urban and 100% rural. This differ-

encewas no longer significantwhen educational attainmentwas added

to the model. Our study builds on this work by considering the role of

confounders in longitudinal trajectories of cognitive health.

An additional consideration is heterogeneity in the relationship

between place and cognitive functioning. To our knowledge, no study

has examined whether cognitive disparities across urbanicity differ

according to sex, race/ethnicity, or educational level. A recent arti-

cle highlights the need to examine sex and gender, noting that these

factors may affect individuals uniquely in a particular geographic or

sociocultural location.21 Further, a residential location may have dif-

ferential effects depending on one’s race/ethnicity or adult SES. For

example, Aneshensel et al.22 find that the effects of neighborhood dis-

advantages on cognitive functioning are compounded for those with

fewer economic resources. We, therefore, evaluate whether and how

the effects of urbanicity differ by sex, race/ethnicity, or SES.

This study examines cognitive functioning across older adulthood

among a nationally representative sample, focusing on differences

across urban–suburban–exurban locations in older adulthood. We

address the following research questions:

(1) Does the trajectory of cognitive functioning across older

adulthood differ over urban–suburban–exurban locations?
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(2) Are any urbanicity differences due to key early life or adult

social and socioeconomic factors?

(3) Do any urbanicity effects differ by sex, race/ethnicity, or level

of educational attainment?

2 METHODS

2.1 Data and Sample

We identified a sample from the HRS, a nationally representative sur-

vey of adults > age 50 in the United States, using the RAND HRS

Longitudinal and the Cross-Wave Geographic Information files. The

sample included the HRS cohort (born 1931–1941), who were first

interviewed in 1992 and continue to be surveyed every 2 years. Eleven

waves of survey data provide information on cognitive functioning for

the HRS cohort, spanning 1996 to 2016. Of the 13,631 individuals

in the HRS cohort, we omitted 2018 respondents that did not have

two or more valid waves of data, 72 who were not > age 50, 1970

without two or more waves of valid cognitive scores, and 607 who

were missing one or more independent variables. Our sample, there-

fore, consisted of 8964 individuals contributing 58,134 observations

across 20 years of data collection,with ameannumber of 7.6waves per

person.

2.2 Measures

The time-varyingoutcomewasa composite scoreof cognitive function-

ing that ranges from0 to 35.23 The combined total score includes items

assessing word recall performance (10-word immediate and delayed

recall tests); a serial 7s subtraction test; counting backward; object

naming; and orientation assessed through recall of the date, president,

and vice president. This measure was standardized to have a mean of

zero and a standard deviation of one. Other studies19,20 have followed

Langa–Weir thresholds for classification, but our approach uses the

continuous range of scores that vary across waves.

Our independent variable of interest was a time-varying three-

category measure of geographic residence including urban, suburban,

and exurban. A small number of individuals (N = 242) lived in a non-

metropolitan area sometime during the study period, and because

of this small number, we excluded these observations. Our analysis

demonstrated that this category provided no additional insight due to

the small sample size, and thus we omitted non-metropolitan areas to

focus on urbanicity.

Other independent variables included time-varyingmeasures of age

and marital status and time-invariant measures of sex, race/ethnicity,

educational attainment, and family finances while growing up. Sex had

two categories: men and women. HRS does not offer information on

gender, but the patterns noted in this study likely reflect a combina-

tion of biological and social factors. Race/ethnicity was comprised of

four mutually exclusive categories: non-Hispanic White, non-Hispanic

Black, Hispanic, and other. Unfortunately, due to the small numbers,

we use the masked category of race/ethnicity that pools together

Asian/Pacific Islander, Native Americans/Alaska Natives. Educational

attainment included five categories: less thanhigh school,General Edu-

cational Development Test, high school diploma, some college, and

4-year degree ormore. Early life SESwas self-reported by respondents

through a three-response item asking “Now think about your family

when you were growing up, from birth to age 16. Would you say your

family during that timewas prettywell off financially, about average, or

poor?” The response categories included: “pretty well off financially,”

“about average,” and “poor.”

Baseline health measures included continuous variables for self-

rated health (SRH) and the number of reported health conditions. SRH

was a 5-point scale ranging from 1 (excellent) to 5 (poor). Health condi-

tions reflectedwhether the respondent reported that a doctor had told

themtheyhadhighbloodpressure, diabetes, cancer, lungdisease, heart

disease, stroke, psychiatric problems, andarthritis. A summed indicator

measured the number of health conditions, ranging from 0 to 8.

2.3 Approach

We used multilevel regression, or growth curve models, for a con-

tinuous outcome, nesting time points within individuals. Age and

other time-varying measures were at level 1 (person-years) and time-

invariant measures were at level 2 (persons). Growth curve models

tested whether there were urban–suburban–exurban differences in

older adult cognition and whether these differences were in the base-

line levels (intercept), change over time (slope), or both. We estimated

cognitive functioning across age and age squared. Fit statistics and

significance levels indicated that a quadratic measure of age was the

best-fitting functional form. Age is transformed such that one unit

reflects 10 years, and both age and age squared are centered at the

grand mean. Because this specification is difficult to interpret, we

provide an illustration of the growth curve results for the full sample.

2.4 Model Considerations

To provide robust conclusions, we tested several model specifications.

First, we used interaction terms between sex and age and age squared

to identify whether the trajectories in cognitive functioning differed

for men and women. Second, models interacted urbanicity with age

and age squared to determine whether cognitive decline over time

(or slope) differed across urbanicity. To confirm the results of these

models, we replicated the models, first dropping respondents with the

lowest quintile of cognitive scores at baseline and then including only

the respondents in themiddle half of the distribution of baseline cogni-

tive scores, and the results were very similar. We also used regression

models, with the last observed cognitive score as the outcome, and

included an interaction between the first observed cognitive score

and urbanicity, which also produced results that did not substantively

differ. Third, we assessed whether the relationship between urban-

icity and cognitive functioning differed across other factors, using
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F IGURE 1 Growth curve results, Health and Retirement Study cohort (men: person-years= 25,662, persons= 4003; women:
person-years= 32,472, persons= 4961).

interaction terms between urbanicity and race/ethnicity and educa-

tional attainment.

3 RESULTS

Table 1 presents descriptive statistics for the full sample and across

urbanicity. For the full sample and across all waves, standardized

cognitive scores are highest among those living in urban areas, and

lowest among those living in exurban areas. Men also show this gra-

dient across urbanicity, but women demonstrate a different pattern,

with the highest scores observed in suburban, followed by urban,

and then exurban areas. The descriptive statistics further show that

older adults in urban, suburban, and exurban areas differ in their com-

position. Notably, compared to their suburban and exurban peers,

urban older adults tend to have higher childhood (family finances

growing up) and adult SES (educational attainment), and better

health.

Trajectories of cognitive functioning were identified with growth

curve models. Interactions between sex and age (as measured by age

and age squared) were significant; Figure 1 depicts the results from a

base model, demonstrating the decline in cognitive functioning across

ages for men and women. The standardized outcome is above zero at

younger ages, remains somewhat stable over the50s, and thendeclines

as individuals age into their 60s and 70s. The figure also demonstrates

slightly different curves for males and females: women have higher

cognitive scores at younger ages, but the two curves converge as

they enter their 80s, showing somewhat quicker declines for women

than men. Because of these sex differences, we conducted analyses

separately for men andwomen.

Table 2 presents estimates from three growth curve models exam-

ining cognitive functioning among men and women across multilevel

factors. Model 1 examines the influence of location and demonstrates

that both men and women in exurban areas display lower cogni-

tive scores compared to their urban peers. Magnitudes are fairly

small at about one tenth (women) or just under one fifth (men) of

a standard deviation. Additionally, suburban men have significantly

lower cognitive scores, but suburban women do not differ from urban

women in this base model. Models assessing whether the relation-

ship between cognitive functioning and urbanicity differs across age

showed that declines are similar across urbanicity. Interaction terms

between urbanicity and age and age squared were not significant, and

additional regression analyses further supported this conclusion.

Model 2 examines the influence of key early life and adult social

and socioeconomic factors on urbanicity differences in cognitive func-

tioning over time.Model 2 controls for educational attainment, marital

status, and family finances in childhood. For both men and women,

education demonstrates a strong relationship with cognitive function-

ing,with higher education associatedwith higher scores. Retrospective

childhood family finances do not show a significant relationship for

either men or women. Being married is associated with a higher cog-

nitive score, although the magnitude is larger for men than women.

Importantly, the differences in urbanicity are somewhat but not fully

accounted for with these additional covariates, as the coefficients for

suburban and exurban are smaller but significant inModel 2 compared

to Model 1. Compared to their urban peers, suburban and exurban
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TABLE 2 Multilevel growth curvemodels for cognitive functioning, HRS 1996–2016.

Men: person-years= 25,662; persons= 4003 Women: person-years= 32,472; persons= 4961

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Location (urban)

Suburban −0.08*** −0.04* −0.04** −0.03 0.00 0.00

Exurban −0.17*** −0.10*** −0.09*** −0.12*** −0.06*** −0.05***

Age/10 −0.37*** −0.36*** −0.36*** −0.42*** −0.41*** −0.41***

Age/10 squared −0.14*** −0.14*** −0.14*** −0.15*** −0.15*** −0.15***

Race/ethnicity (non-HispanicWhite)

Non-Hispanic Black −0.87*** −0.58*** −0.56*** −0.80*** −0.61*** −0.56

Hispanic −0.64*** −0.27*** −0.25*** −0.89*** −0.49*** −0.44***

Other −0.19* −0.18* −0.17* −0.48*** −0.45*** −0.43***

Education (high school)

Less than high school −0.60*** −0.56*** −0.66*** −0.58***

GED −0.16*** −0.15** −0.13** −0.08

Some college 0.21*** 0.19*** 0.22*** 0.20***

4-year degree+ 0.47*** 0.43*** 0.45*** 0.40***

Married 0.10*** 0.09*** 0.04** 0.03

Family finances growing up (“Pretty well off”)

“About average” 0.01 0.01 0.04 0.04

“Poor” 0.05 0.06 0.02 0.04

Self-rated health −0.11*** −0.10***

# of health conditions 0.00 −0.05***

Constant 0.22*** 0.03 0.30*** 0.37*** 0.28*** 0.57***

Random effects

Age 0.06 0.06 0.06 0.09 0.09 0.09

Age squared 0.03 0.03 0.02 0.04 0.04 0.04

Intercept 0.42 0.29 0.28 0.46 0.34 0.32

Covariance (age, age2) 0.01 0.01 0.01 0.04 0.03 0.03

Covariance (age, intercept) 0.04 0.04 0.04 0.07 0.06 0.06

Covariance (age2, intercept) −0.01 −0.01 −0.01 0.00 0.00 −0.01

Notes: Referent provided in parentheses. Self-rated health ranges from 1= excellent to 5= poor.

Abbreviations: GED, General Educational Development Test; HRS, Health and Retirement Study.

*P< 0.05, **P< 0.01, ***P< 0.001; two-tailed test.

men show smaller differenceswhen these other factors are added. The

effect size for exurbanareas is similar tobeingmarried,which is smaller

than those of educational attainment. Exurban women also have an

attenuated estimate while suburban women remain not significantly

different from urban dwellers. The effect size for exurban women is

slightly larger than beingmarried.

Model 3 additionally considers health at baseline. Self-rated health

is significantly related to cognitive functioning for men and women,

with women also showing a relationship with number of health con-

ditions. However, the coefficients for suburban and exurban remain

similar (compareModel 2 toModel 3).

Results (omitted from Table 2 for parsimony) from models examin-

ing heterogeneity in the relationship between urbanicity and cognitive

functioning across race/ethnicity and educational attainment showed

little evidence of any differences. No interaction termswere significant

for race/ethnicity, suggesting that the effect of location is similar across

race/ethnicity. Women demonstrated no significant interaction terms

for educational attainment, but men in suburban locations showed a

small additional penalty for lower educational attainment, of either a

college degree or less than high school.

4 DISCUSSION

Our study examines cognitive functioning across older adulthood

among a nationally representative sample, focusing on differences

across urban–suburban–exurban locations in older adulthood and

examining the influence of multilevel social, socioeconomic, and
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sociodemographic factors. This study adds to the current literature

by evaluating a continuous measure of cognitive functioning through

longitudinal trajectories with consideration of multilevel influences as

well as variables that may confound the relationships among place and

other social determinants.We highlight four conclusions of our study.

First, it appears that there are small differences between urban

and exurban areas, with urban–suburban differences not demonstrat-

ing robustness. This finding is in line with other studies examining

rural–urban differences.6,24 Future research should further interro-

gate these patterns, as this somewhat crude three-category measure

of the rural–urban continuum may downplay what are larger differ-

ences across dense, large metropolitan areas compared to sparsely

populated rural areas.

Second, these differences appear to be mostly set in place at base-

line (i.e., age 50). Interactions betweenurbanicity and age in the growth

curve models, and between urbanicity and baseline cognitive scores,

were not significant, suggesting that we should turn to processes

and experiences in early or mid-life to understand urban–suburban–

exurban differences.

Third, the exurban–urban disparity is small but fairly robust, per-

sisting in the fully adjusted model that accounted for educational

attainment, early life finances, and baseline health status. For bothmen

and women, the differences across urbanicity were much smaller in

models that included educational attainment, which likely reflects the

benefits of cognitive reserve and other socioeconomic resources.25,26

Future research should explore other potential explanations. In par-

ticular, health behaviors (physical activity, substance use, diet) and

social support have been shown to be influential on cognitive func-

tioning among older adults and have been shown to differ across

the rural–urban continuum.27–29 These factors may be important for

understanding place-based differences in cognitive functioning.

Fourth, we find important differences across sex in the urbanicity–

cognition relationship. The disadvantage for those in exurban com-

pared to urban areas was stronger for men than women. Additionally,

suburban men lagged behind urban men, while suburban and urban

women fared the same. Unfortunately, the sources of these patterns

are beyond the scope of this paper, but we encourage future research

to examine potential factors shaping both selection into urbanicity and

keymechanisms such as health behaviors and social support.30–32

This study has several limitations. First, the data are nationally rep-

resentative, but are likely biased toward cognitively healthy individuals

who were willing and able to complete the study. Second, our study is

not able to identify causal estimates, although the growth curve model

approach does control for stable between-person differences. Third,

our time-varying measure of urbanicity improves on prior studies, but

the three categories do not reflect the full rural–urban continuum, and

we did not explicitly examine mobility. Further, we are unable to exam-

ine mobility prior to study enrollment. Fourth, the HRS offers limited

racial/ethnic diversity and we therefore can only examine four broad

groups. Similarly, we only have information on two sex categories (men

and women). Future research should examine the role of gender and

consider individuals who identify as non-binary. We are constrained

by the data, but we use the HRS to contribute an overall picture of

national disparities over time. As research advances and social norms

shift, the HRS and other large cohort studies should continue to revise

and improve their measures and collection practices.

Overall, our results demonstrate that differences in cognitive

decline across urbanicity are small, different by sex, and largely in

place by the start of older adulthood. More studies and more data

considering how cognition develops over the full life course will shed

light on how and why these patterns are established prior to older

adulthood. We echo calls for researchers to consider place as a mul-

tilevel and multidimensional determinant of health and aging.33,34

With additions and improvements to data sources and methodolog-

ical design, researchers can work to disentangle the mechanisms

underlying cognitive disparities over time and place.
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