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Abstract

Introduction—This is a nationally representative study of rural-urban disparities in the
prevalence of probable dementia and cognitive impairment without dementia (CIND).

Methods—Data on non-institutionalized U.S. adults from the 2000 (/7=16,386) and 2010
(m7=16,311) cross-sections of the Health and Retirement Study were linked to respective Census
assessments of the urban composition of residential census tracts. Relative risk ratios (RRR) for
rural-urban differentials in dementia and CIND respective to normal cognitive status were
assessed using multinomial logistic regression. Analyses were conducted in 2016.

Results—Unadjusted prevalence of dementia and CIND in rural and urban tracts converged so
that rural disadvantages in the relative risk of dementia (RRR=1.42, 95% CI=1.10, 1.83) and
CIND (RRR=1.35, 95% CI=1.13, 1.61) in 2000 no longer reached statistical significance in 2010.
Adjustment for the strong protective role of educational attainment reduced rural disadvantages in
2000 to statistical nonsignificance whereas adjustment for race/ethnicity resulted in a statistically
significant increase in RRRs in 2010. Full adjustment for sociodemographic and health factors
revealed persisting rural disadvantages for dementia and CIND in both periods with RRR in 2010
for dementia of 1.79 (95% Cl1=1.31, 2.43) and for CIND of 1.38 (95% Cl=1.14, 1.68).

Conclusions—Larger gains in rural adults’ cognitive functioning between 2000 and 2010 that
are linked with increased educational attainment demonstrate long-term public health benefits of
investment in secondary education. Persistent disadvantages in cognitive functioning among rural
adults compared with sociodemographically similar urban peers highlights the importance of
public health planning for more rapidly aging rural communities.
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INTRODUCTION

More than a decade has passed since the U.S. DHHS released a chart book on the health of
the nation that featured the differences in urban and rural health and thereby galvanized
action around addressing urban—rural health differentials in the U.S. as a form of population
health disparities.}2 Since then, diseases of aging such as cognitive impairment and
dementia have garnered attention at the highest levels of government.3# The more rapid
pace of population aging in rural communities® combined with longstanding health care and
human services challenges®” draws into focus the likely unique susceptibility of rural
communities to diseases of aging such as dementia and cognitive impairment. Unfortunately,
very little is known about differences in cognitive impairment between urban and rural areas
in the U.S.8 There is no known evidence from a nationally representative sample on either
the magnitude or potential persistence of rural-urban disparities in cognitive impairment in
the U.S. population.

Despite the lack of knowledge about potential differences in rural versus urban older adult
cognitive health, studies consistently demonstrate that rural residents have higher rates of
chronic conditions and morbidities thought to be precursors of cognitive impairment (e.g.,
hypertension, diabetes, obesity, and sedentary lifestylel-”:9). Poorer health outcomes among
rural residents are typically associated with poorer quality and reduced access to public
health preventive health infrastructure, with reduced access not only as a result of
geographic distance but also reduced public health supply, capacity, and quality.’

In addition, studies on rural-urban disparities have increasingly drawn attention to social
determinants of health.19-12 Among these factors, educational opportunities may play a
particularly important role in rural-urban disparities for cognitive health due both to the
unique contribution of education in promoting cognitive resilience,13-1° and historical
contribution of early twentieth century improvements in secondary schooling in driving
regional differences in wealth.1® Over the last five decades increases in educational
attainment have proceeded more rapidly in rural than urban areas; however, educational
differentials persist, with rural areas continuing to lag behind urban areas in college and
advanced degree completion.17:18 |t is unclear whether the gains in educational attainment
by rural populations may have translated into secular change in cognitive functioning among
older rural adults.

Two decades ago a review of the literature on dementing illnesses in rural populations
highlighted the paucity of population-based evidence,1® a gap which persists in the two most
recent systematic reviews of geographic influences on cognitive aging in which only four
studies on rural-urban differentials were identified, all from outside of the U.S.2%.21 Among
the two known U.S. studies to consider rural-urban differentials, a lack of population
generalizability?2 and measurement limitations8 were cited as explanations for null and
unexpected results. Despite the paucity of evidence, European studies in Spain, Portugal,
and Ireland have reported a higher prevalence of cognitive impairment and dementia in rural
than urban areas due at least in part to differences in sociodemographic composition of the
populations by age and education.20
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This study is the first known to the authors that analyzes rural-urban differentials in the
prevalence of cognitive impairment and dementia in a nationally representative sample of the
U.S. older adult population, charting the trends in these urban—rural differentials and their
sociodemographic determinants between 2000 and 2010.

Study Sample

Measures

Data came from the Health and Retirement Study (HRS), an ongoing, multicohort panel
survey of U.S. older adults that is nationally representative of non-institutionalized adults
aged >50 years. Details of the design have been previously described.2® All HRS
respondents provided oral consent for the data used in this analysis. The study was approved
by the RAND Human Subjects Protection Committee, which is the RAND IRB. The 2000
and 2010 HRS panels for adults aged =55 years employed a repeated-cross section approach
to data analysis.13:14 Total response rates for the HRS have been =88% in each wave.24 After
excluding respondents who were missing information on residential census tracts (1.7% and
1.3% of the population in each respective year) and respondents who were missing data on
one or more of the individual characteristics described below (respectively 1.5% and 2.9% in
each year). Although less than 5% of the sample was excluded due to missing data, these
respondents were more likely to have cognitive impairment without dementia (CIND) and
probable dementia (hereafter referred to as dementia) (0<0.05) in both waves. The final
analytic samples included 16,386 respondents in 2000 and 16,311 respondents in 2010.

Cogpnitive functioning was measured identically in 2000 and 2010 using a validated
classification methodology.2> For self-reporting adults, the 27-point modified Telephone
Interview for Cognitive Status is used to categorize cognitive functioning as CIND or
dementia on the basis of immediate and delayed word call; the serial sevens subtraction test
for working memory, and backward counting for attention and processing speed. Cut points
for dementia (i.e., a score of 0-6), CIND (i.e., a score of 7-11), and normal (i.e., a score of
12-27) were defined on the basis of clinically assessed prevalence of these statuses in the
Aging, Demographics, and Memory Study (ADAMS).25

A proxy respondent—usually a spouse or other family member—is sought for respondents
who are unwilling or unable to complete an interview themselves. Proxy respondents are
essential to ensure coverage of those with cognitive impairments. In the 2000 and 2010
waves, 8.6% and 4.8%, respectively, of respondents provided data by proxy. Proxy-reported
respondents are categorized as being normal, CIND or having dementia using proxy- and
interviewer-assessments of cognition and the instrumental activities of daily living. Lack of
inclusion of HRS proxy-respondents has been identified as an important source of bias in
assessing secular trends in cognitive functioning.14

The authors measured the percentage urban composition of the respondents’ residential
census tract by linking individuals’ records in the public-use HRS to the restricted-use HRS
geographic data file. The U.S. Census Bureau data and measurement protocols were used to
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calculate the percentage of the population in the tract that is designated by the Census
Bureau as being rural or urban. Because the Census Bureau makes urban and rural
designations at the block level, the population residing in a tract may be 100% urban (i.e.,
wholly located in urban area), 100% rural, or contain both urban and rural territory. Urban
areas are largely comprised of a core of densely settled census tracts or blocks that meet
minimum population density requirements (the first criteria is for a block to have a density
of 1,000 people per square mile) described in more detail elsewhere.26 Results showed that a
four category definition of the tracts’ urban composition most parsimoniously allowed for
100% urban and 100% rural populations to be distinguished from two categories of tracts
with mixed composition (e.g., those that were respectively 75.1%—99% urban and 0.1%-—
75% urban).

Individual sociodemographic characteristics were measured, including: age, gender, race,
ethnicity, total number of children, marital status, highest educational attainment, and net
total assets in 2000. Assets were assessed using a detailed question series with item
nonresponse imputed by the data producers, and it was adjusted to 2000 U.S. dollars using
the Consumer Price Index.2” Respondents self-reported whether or not the respondent was
ever diagnosed with any of a series of health conditions, including: high blood pressure,
cancer, diabetes, lung cancer, heart disease, stroke, or psychiatric conditions.

Statistical Analysis

RESULTS

Descriptive statistics were calculated for the sample in 2000 and 2010 and tested for
differences by urbanicity employing survey design-based chi-square statistics. Multinomial
logistic regression models were used to assess the rural-urban differential in the relative risk
ratios (RRRs) for the respective prevalence of CIND and dementia relative to normal
cognitive status in 2000 and 2010. All analyses employ the respective 2000 and 2010 sample
weights provided by the data producers to make nationally representative inferences, and all
analyses adjust for the stratified sampling and clustering of households within census tracts.
Analyses were estimated in 2016 using the “svy” survey package in Stata, version 13.

Descriptive statistics in Table 1 show that the distribution of cognitive functioning in 2000
varied significantly by urbanicity, such that dementia was significantly more prevalent in
rural than urban areas with a rate of 7.1% (95% CI=5.8, 8.7) vs 5.4% (95% CI=4.9, 5.9).
CIND was similarly more prevalent in rural than urban areas. By contrast, 10 years later the
distribution of cognitive functioning no longer varied significantly by urbanicity and both
dementia and CIND had declined across all urbanicity groups. Improvements in cognitive
functioning, however, were largest in rural areas.

Concurrent with the differences in the distribution of cognitive functioning, there were also
statistically significant sociodemographic differences in the characteristics of rural and urban
dwelling older adults, some of which involved changes over time. Racial and ethnic
differences in the distribution of older adults by urbanicity are manifested in both 2000 and
2010, with minorities comprising an even larger relative proportion of the population of
urban areas than rural areas in 2010 than 2000. Rural-urban differentials in education

Am J Prev Med. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Weden et al.

Page 5

showed notable changes between 2000 and 2010, with the proportion of older adults with
<12 years of education dropping by about half in rural areas between 2000 and 2010.

The magnitude of urbanicity differentials in dementia and CIND in 2000 and 2010 were
estimated holding constant the individual characteristics displayed in Table 1 using
multinomial logistic regressions for the RRRs of dementia and CIND versus normal
cognitive status. As shown in Table 2, in 2000, the fully adjusted RRR of dementia was 60%
higher in rural than urban areas (95% CI=1.27, 2.02), and that CIND was 44% higher (95%
Cl=1.21, 1.72). In 2010, similarly high rural-urban differentials were found: RRRs for
dementia and CIND were =80% (95% CI1=1.31, 2.43) and 40% (95% CIl=1.14, 1.68) higher,
respectively, in rural than urban areas. The sociodemographic factors age, race/ethnicity,
educational attainment and household assets were all strong predictors of RRR for dementia
and CIND and they were of a similar magnitude in 2000 and 2010.

There were also increased risks of dementia and CIND for mixed rural and mixed urban
areas respective to urban areas. For example, there appeared to be a dose—response effect in
2010 for the dementia outcome such that mixed rural areas experienced a 42% higher RRR,
which was larger than the 33% higher RRR for mixed urban areas. However, the RRRs for
these mixed urban and mixed rural categories were less consistent between 2000 and 2010,
with larger (though not statistically significantly different) RRR observed in 2000 than 2010.
Because of this inconsistency in associations for the mixed categories, the manuscript
subsequently focuses on the 100% urban and 100% rural categories.

The authors then evaluated whether any of the individual characteristics could account for
the 42% higher (unadjusted) RRR of dementia in rural than urban areas in 2000 depicted in
Figure 1 and 35% (unadjusted) higher RRR of CIND in Figure 2. After sequentially
adjusting for each characteristic, it was determined that education was highly protective
(educational attainment >12 years conferred between 83% and 89% lower RRR and was the
only factor to reduce these higher RRRs to statistical nonsignificance). Further assessment
of the findings from Table 1 and Table 2 also indicated that educational attainment was the
only compositional characteristic that was both a risk factor for cognitive impairment that is
more prevalent among rural than urban older adults, and a risk factor for which the
differences in prevalence among rural and urban older adults has diminished over the last
decade. Taken together, these findings suggest that greater increases in educational
attainment over a decade in rural areas could account for the larger crude reductions in
dementia and CIND observed in 2000 and 2010 for rural compared with urban areas.

Through the sequential modeling of the individual characteristics, it was also determined
that age, race/ethnicity, marital status, and wealth operated as suppressors of the rural
disadvantage in dementia and CIND (attenuating the RRR of rural residence by as much as
220%), whereas the health conditions produced very little change in the RRRs. Among
these variables, only adjustment for race/ethnicity resulted in a statistically significant
increase in the RRR of dementia and CIND for rural versus urban areas in 2010. As shown
in Figures 1 and 2, the RRR for dementia and CIND were respectively 68% and 44% higher
for rural than urban areas in 2010 after adjusting for the lower concentration of racial and
ethnic minorities in rural than urban areas. It is noteworthy that there were no statistically
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significant racial/ethnic or gender differences in the associations of rural residence with
dementia or CIND. Overall results found that after the compositional characteristics that
predispose rural and urban populations to cognitive impairment are held constant—namely
the respectively poorer educational attainment of rural populations and the increased
minority concentration of urban populations—there have remained substantial, persistent
disadvantages in older life cognitive functioning among rural older adults over the last
decade.

DISCUSSION

This study is the first to evaluate the differentials in cognitive functioning between rural and
urban older adults over a 10-year period using a nationally representative sample of the U.S.
Results identified both a closing of the rural-urban gap in crude unadjusted rates of
dementia and CIND between 2000 and 2010 as well as a persistent rural-urban disparity in
dementia and CIND that emerges once the individual sociodemographic and health
characteristics of rural and urban areas are held constant. The disadvantages observed for
residents living in mixed urban and mixed rural area compared with residents living in 100%
urban areas were larger (though not statistically significantly different) in 2000 compared
with 2010, although these trends were not consistent between 2000 and 2010. As rural
America becomes more intertwined with urban areas such that the majority (54%) of all
rural residents now reside in metropolitan areas,28 these mixed areas at the rural-urban
interface, and any disparities in physical health and cognitive health experienced by
residents of these heterogeneous rural areas need further research.

The declining rates of dementia and CIND observed here and their relationship with
improvements in education provide new geographic detail to earlier research on trends in
U.S. older adults cognitive functioning and their determinants.13.14:29 The question of
whether improvements in cognition have been shared equally within the U.S. population has
been identified as a major gap in the literature that so far has been addressed only with
respect to racial and ethnic differentials.2® These findings amplify and extend this work by
showing that, although older adults living in urban and rural areas both experienced a
continuing decline in the rate of cognitive impairment reported previously,1314 the decline
was larger among those living in rural areas and produced a narrowing of the rural-urban
gap. Moreover, there was a considerable decrease in the proportion of older adults with less
than high school education in rural areas over this decade that reflects the rapid increase and
spread of high school graduation between 1910 and 1940 documented elsewhere.18 Results
also revealed that rural older adults’ lower educational attainment is the only
sociodemographic characteristic that reduces the current cognitive impairment gap to
statistical nonsignificance. Previous studies have identified increases in education as a
source of improved cognition among U.S. older adults overall.1314:29 These findings imply
that increased education has also resulted in narrowed rural-urban disparities. Education
may operate directly by establishing higher initial levels of cognition or improving capacity
to employ brain networks to compensate for stressors and shocks.1® It may also operate
indirectly by increasing cognitive activity related to work and leisure activities, or through
improved health behaviors, healthcare access and healthcare utilization supporting
cardiovascular and cerebrovascular health.13.14
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The study also demonstrates that persistent inequalities in cognitive function emerge when
the sociodemographic characteristics of rural and urban dwelling older adults are held
constant, particularly racial and ethnic background. Previously documented gaps in medical,
public health, and social service infrastructure in rural areas’ may be one potential source of
these persisting rural disadvantages. For example, rural areas have a dearth of health
professionals who can administer screening and diagnostic cognitive assessments and treat
dementia.3%:31 Thus, a minority, rural-dwelling older adult may experience disadvantages
both by nature of being a minority with fewer access to resources and by nature of living in
an rural area with lower advantages.

Another potential source of persistent rural disadvantages might involve the relationship
between social engagement and healthy cognitive aging.32 There is mixed evidence,
however, about the extent that rural geographic isolation also determines social isolation.
11,33,34 This study was unable to account for social engagement or lifestyle factors which
may vary by urbanicity, due to the lack of these measures at a wave temporally near the 2000
HRS wave for the entire sample. Future exploration of these relationships in the context of
the persistence of rural-urban disparities identified in this study is warranted.

A limitation faced by any study of rural health is the variety of federal definitions and
measurement of urban and rural residence.35:38 The Census definition for census tracts was
selected due to its greater geographic granularity. However, sensitivity analyses employing
U.S. Department of Agriculture county-level Rural Urban Continuum Codes showed
substantively similar findings. In addition, even with the relatively large sample size
afforded by the HRS, this study was unable to evaluate possible regional variations in rural
cultural conditions,? which may prove important for future research informing public health,
health care, and long-term care policy. Lastly, the categorization of dementia or CIND is
based on a more limited set of cognitive tests than employed when making a clinical
diagnosis. However, prior validation studies have shown a 78% concordance for dementia
when using this more limited set of tests compared with the detailed ADAMS clinical
evaluation conducted for a subsample of the HRS respondents.2>

CONCLUSIONS

Improvement in cognitive aging among older U.S. rural adults over the last decade suggests
there have been long-term public health dividends to the investment in secondary education
made in the early twentieth century. This connection strengthens the evidence for the
relevance of a “Health in All Policies” approach with collaboration between health systems,
public health agencies and educational systems, and highlights the importance of a long-
range view towards addressing the social determinants of health across the life course. More
immediately, the documented persistence of cognitive aging disadvantages among rural
adults relative to their sociodemographically similar urban-dwelling peers, combined with
the more rapid pace of population aging in rural communities, reinforces the need for
continued investment in rural health care and long-term services and supports by federal,
state, and local agencies.
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Figure 1.

Rural versus urban relative risk ratios (RRRs) of dementia versus normal cognitive status for
U.S. community-dwelling adults aged >55 years in 2000 and 2010 in the Health and

Retirement Study.?
aA|l statistics are sample-weighted and adjusted for the complex sampling design of the
Health and Retirement Study.
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Figure 2.
Rural versus urban relative risk ratios (RRRs) of cognitive impairment with no probable

dementia (CIND) versus normal cognitive status for U.S. community-dwelling adults aged
>55 years in 2000 and 2010 in the Health and Retirement Study.?

aA| statistics are sample-weighted and adjusted for the complex sampling design of the
Health and Retirement Study.
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Fully-adjusted Rural Versus Urban Relative Risk Ratios for Cognitive Status of U.S. Older Adults

Characteristics

2000

2010

Dementia versus normal

CIND versus normal

Dementia versus normal

CIND versus normal

RRR (95% Cl)

RRR (95% Cl)

RRR (95% CI)

RRR (95% Cl)

Urbanicity of residential census
tract (ref: 100% urban)

Mixed urban (75% to 99%
urban)

Mixed rural (75% to 99% rural)
Rural (0% urban)

Gender
Male (vs female)

Age categories (ref: 55-59 years)
60-69 years
70-79 years
>80 years

Race/ethnicity (ref: non-Hispanic
white)

Non-Hispanic black
Hispanic
Non-Hispanic other
Number of children
Marital status (ref: married)
Separated/divorced
Widowed
Never married

Educational attainment (ref: <12
years)

12 years, high school diploma
or GED

>12 years

Household assets (natural log of
dollars)

High blood pressure ever
diagnosed (vs never)

Cancer ever diagnosed (vs. never)

Diabetes ever diagnosed (vs.
never)

Lung disease ever diagnosed (vs.
never)

Heart disease ever diagnosed (vs.
never)

Stroke ever diagnosed (vs. never)

Psychiatric condition ever
diagnosed (vs. never)

151 (1.18, 1.94)

1.63 (1.30, 2.06)
1.60 (1.27, 2.02)

1.41 (1.19, 1.67)

2.10 (1.42,3.11)
6.84 (4.63, 10.11)

26.03 (17.52, 38.68)

5.18 (4.13, 6.50)
2.24 (1.76, 3.27)
4.08 (2.55, 6.52)
0.98 (0.95, 1.02)

0.78 (0.55, 1.09)
1.18 (0.97, 1.47)
1.31(0.80, 2.12)

0.27 (0.22, 0.32)

0.14 (0.10, 0.19)
0.94 (0.92, 0.95)

0.86 (0.73, 1.02)

0.81 (0.64, 1.02)
1.34 (1.10, 1.65)

1.07 (0.85, 1.34)

1.24 (1.04, 1.47)

3.58 (2.84, 4.52)
2.34 (1.92, 2.85)

1.24 (1.06, 1.45)

1.22 (1.03, 1.43)
1.44 (121, 1.72)

1.44 (1.29, 1.61)

1.34 (1.12, 1.60)
3.08 (2.56, 3.70)
6.40 (5.23, 7.85)

2.83 (2.43,3.31)
2.21 (1.82, 2.70)
1.85 (1.29, 2.64)
1.00 (0.98, 1.02)

1.05 (0.86, 1.27)
1.23 (1.08, 1.40)
1.19 (0.85, 1.65)

0.40 (0.36, 0.45)

0.17 (0.14, 0.20)
0.96 (0.95, 0.97)

1.04 (0.93, 1.16)

0.93 (0.80, 1.08)
1.20 (L.05, 1.36)

1.18 (.00, 1.38)

1.11 (0.99, 1.25)

1.69 (1.40, 2.04)
1.36 (118, 1.57)

1.33 (1.04, 1.71)

1.42 (1.11, 1.83)
1.79 (1.31, 2.43)

1.17 (0.96, 1.42)

1.61 (1.03, 2.52)
5.03 (3.29, 7.53)

26.04 (16.95, 40.01)

4.89 (3.83, 6.24)
2.93 (2.20, 3.90)
3.08 (1.78,5.32)
0.97 (0.94, 1.01)

1.24 (0.90, 1.70)
1.56 (1.28, 1.91)
1.53 (0.94, 2.49)

0.23(0.19, 0.27)

0.11 (0.08, 0.15)
0.96 (0.94, 0.97)

1.10 (0.89, 1.37)

0.90 (0.72, 1.13)
1.15 (0.93, 1.41)

0.89 (0.69, 1.16)

0.86 (0.70, 1.05)

3.75 (2.93, 4.81)
1.62 (1.28, 2.05)

1.15 (0.99, 1.34)

1.10 (0.94, 1.29)
1.38 (1.14, 1.68)

1.35 (1.20, 1.51)

1.19 (1.00, 1.42)
2.10 (1.76, 2.48)
6.06 (4.97, 7.36)

2.95 (2.52, 3.45)
1.99 (1.63, 2.42)
2.00 (1.42, 2.81)
1.00 (0.97, 1.03)

1.06 (0.89, 1.28)
1.13 (0.98, 1.30)
1.31 (0.95, 1.78)

0.32 (0.28, 0.37)

0.16 (0.13, 0.19)
0.98 (0.97, 0.98)

1.02 (0.91, 1.15)

0.89 (0.76, 1.05)
1.25 (1.09, 1.42)

1.22 (1.01, 1.45)

1.17 (1.03,1.32)

1.74 (1.44, 2.10)
1.22 (1.05, 1.41)

Am J Prev Med. Author manuscript; available in PMC 2019 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Weden et al. Page 16

Notes. Boldface indicates statistically significant estimates (p<0.05).

aAII statistics are sample-weighted and adjusted for the complex sampling design of the HRS.

RRR, relative risk ratio; CIND, cognitive impairment with no dementia; GED, general equivalency diploma; HRS, Health and Retirement Study.
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