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Introduction: Rural-dwelling older adults face unique health challenges that may
increase risk for Alzheimer's disease and dementia but are underrepresented in
aging research. Here, we present an initial characterization of a rural community
cohort compared to an urban cohort from the same region.

Methods: Adults over age 50 living in a non-metropolitan area are clinically
characterized using the Uniform Data Set, enriched with additional measures of
verbal and non-verbal memory measures. Neighborhood disadvantage is also
assessed. Clinical and cognitive differences between cohorts were explored after
stratifying by cognitive impairment.

Results: Between group comparisons found that rural-dwellers demonstrated
better verbal memory than urban-dwellers on primary indices of learning,
recall, and recognition, with small to medium effects in overall comparisons.
When stratified by impairment, rural-urban differences were notably larger
among cognitively normal individuals. Within-group comparisons found that the
magnitude of impairment between cognitively normal and impaired groups was
greater among rural-dwellers compared to urban-dwellers. No differences in non-
verbal memory or overall clinical status were found, and there were no effects of
neighborhood disadvantage on any cognitive measure.

Discussion: Living in a rural community presents a complex set of contextual
factors that for some, may increase risk for dementia. In this study, we found small
to moderate memory advantages for rural-dwellers, leaving open the possibility
that late-life rural living may be advantageous for some and promote resilience.
Additional prospective research is critically needed to better understand the
factors that influence aging outcomes in this underrepresented population.
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1. Background

Older adults living in rural areas are thought to face
significantly greater risk for Alzheimers disease and related
dementias (AD/RD) (Weden et al., 2018; Rahman et al., 2021; Liu
et al., 2022) and worse clinical outcomes than those living in urban
communities (Abner et al., 2016; Weden et al., 2018; Rahman et al.,
20205 Cato et al., 2022). Despite these geographic health disparities,
rural individuals are underrepresented in aging research, and a
comprehensive understanding of the factors contributing to urban-
rural disparities in AD/RD remains unclear. As over 40% of the
global population live in rural areas (United Nations, Department
of Economic and Social Affairs, Population Division, 2019), and
rural communities tend to have a higher proportion of older
residents compared to urban communities (Kinsella, 2001) the
need for more research and services dedicated to healthy rural aging
is clear.

A complex interplay between individual demographic factors,
health behaviors, and the sociocultural environment likely affects
rural aging outcomes. AD/RD research often focuses on individual
risk and protective factors, whereas contextual factors have
historically received less attention. Neighborhood disadvantage
(ND), for example, is a multidimensional social determinant
of health (SDoH) that reflects regional education, poverty,
employment, housing, crime and safety, and food insecurity that
could account for the urban-rural differences in AD/RD outcomes.
Rural areas are typically associated with greater socioeconomic
disadvantage as compared to urban areas, which contributes to
disparities in overall mortality rates (Long et al., 2018). As measured
by the Area Deprivation Index (ADI) (Singh, 2003; Kind et al,
2014; Kind and Buckingham, 2018), ND has been associated with
AD-specific patterns of neurodegeneration (Hunt et al., 2020, 2021)
and AD/RD neuropathological changes, including accumulation of
amyloid plaques (Powell et al., 2020) and neurofibrillary tangles
(Powell et al., 2022). Greater ND is also associated with an
increased risk of cognitive impairment and overall dementia risk
(Pase et al., 2022; Vassilaki et al., 2022). Most of this literature,
however, has investigated small pockets of disadvantage within
urban communities, and it is unknown if these findings generalize
to rural communities.

Barriers to care including transportation barriers and
healthcare professional shortages in geographically isolated areas
may also contribute to AD/RD disparities among rural residents.
Notably, health care access and quality are important social
determinants of health not captured by ND scores. Lack of access
to specialty care may be the most influential factor related to
reception of diagnosis and treatment. Retrospective data from
Medicare claims data reflecting U.S. trends show that older
rural-dwelling adults are more likely to be misdiagnosed, if they
are diagnosed at all (Abner et al., 2016; Rahman et al., 2021). Other
research indicates that patients with AD/RD are more likely to be
diagnosed by their primary care provider rather than a specialist
(Xu et al., 2022). Furthermore, those who are diagnosed are often
in advanced stages (Abner et al, 2016; Rahman et al,, 2021),
which may lead to shorter survival periods. Issues with regional
distribution of medications, lower household income, and less
access to healthcare are also factors that affect treatment of AD/RD
in rural areas (Zhang et al., 2017; Li et al., 2022).
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Despite the many challenges related to AD/RD diagnosis and
care in rural communities, there have been very few prospective
studies with the primary intention of characterizing cognitive
aging and brain health among those living in rural areas.
The Nevada Exploratory Alzheimer’s Disease Research Center
(NVeADRC) seeks to address these gaps by prospectively enrolling
a community-based sample of older adults living in rural areas
in the Southwestern United States and following them over
time. Cognitive functioning remains a central component in the
clinical evaluation, diagnosis, treatment planning, and disease
monitoring of AD/RD, and in this paper, we present our initial
characterization of memory in our cohort in comparison to a
harmonized urban cohort followed in the same geographic region.
As it has been suggested that rural living increases risk for AD/RD,
we hypothesized that differences in cognition between urban and
rural dwelling adults will emerge, with rural dwelling older adults
performing worse on memory testing, especially earlier in the
disease course or before cognitive impairment has become fully
manifest (e.g., mild cognitive impairment). We also hypothesized
that larger effects will be evident among those with more advanced
disease (e.g., dementia), consistent with an accelerated prospective
decline. Second, we explored the influence of ADI on cognition.
We expected greater levels of disadvantage in our rural cohort,
which we predicted would account for a significant proportion of
variance in cognitive outcomes when assessed across the urban and
rural continuum.

2. Materials and methods
2.1. Participants

2.1.1. Rural cohort

The NVeADRC is actively enrolling community-dwelling
adults over the age of 50, who maintain a primary and current
residence in a non-metropolitan area in the broader Desert
Southwest Region (DSR) surrounding Las Vegas, Nevada. For
purposes of this study, determinations of geographic eligibility
were made using the Rural Urban Commuting Area (RUCA)
codes published by the United States Department of Agriculture
(USDA) (USDA ERS, 2020), which are frequently used in rural
health research (Hart et al., 2005; Danek et al., 2022; Shora et al,,
2023). Each individual’s primary residence was assigned a RUCA
code based on the full 5-digit zip code, with RUCA codes > 4
considered rural. Individuals must be proficient in English and
willing to participate in a longitudinal research program that entails
sharing of de-identified cognitive, behavioral, medical, and genetic
data, as well as biospecimens and related biomarker data with
the scientific community. They must also have a reliable study
partner who is able to provide collateral information at each
visit. Those with an established neurological disorder other than
AD or related dementia (e.g., large vessel stroke, traumatic brain
injury, and epilepsy), unstable medical conditions, history of major
psychiatric disorder (e.g., schizophrenia), or active substance abuse
or dependence are ineligible. The primary method of recruitment
has been direct community outreach and engagement through
education events, memory screenings, an online registry, and word-
of-mouth. Individuals meeting eligibility requirements who are
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followed clinically at the Cleveland Clinic Lou Ruvo Center for
Brain Health (LRCBH) were also invited to enroll, though our
primary methods of recruitment have been community based.

2.1.2. Urban cohort

To facilitate comparisons across the urban-rural continuum,
data collected from urban-dwelling older adults followed by the
Center for Neurodegeneration and Translational Neuroscience
(CNTN) were also used; details of this cohort have been previously
published (Ritter et al., 2018). In brief, the overarching design of
the CNTN parallels the NVeADRC in that it is a longitudinal,
observational study of brain aging, Alzheimer’s disease, and related
dementias. The CNTN and NVeADRC protocols have been aligned
to the extent possible, with many common or harmonized, data
elements. Aside from recruiting individuals who live in urban or
suburban areas, defined by RUCA codes of < 4, individuals in the
CNTN have primarily been recruited from the clinical population
at the LRCBH.

2.2. Measures

2.2.1. Demographic data

For each participant, primary demographic variables of interest
include age, sex, education, race, and ethnicity. We also identified
the RUCA code and ADI scores associated with each participant’s
current primary residence. For ADI, we used state decile rankings
based on the individual’s primary state of residence. For the
RUCA codes, higher values are considered more rural and
higher ADI values are associated with greater neighborhood
disadvantage. Generally, more rural areas are less populated and
under-resourced, with lower SES and lower education, thereby
leading to greater neighborhood disadvantage as measured by
the ADL.

2.2.2. Neuropsychological testing

The primary battery of neuropsychological tests used in the
NVeADRC and CNTN includes the full Uniform Data Set, 3.0
(UDS3; see Weintraub et al, 2018 for a full listing of UDS3
cognitive measures), with additional measures of verbal list
learning (Rey Auditory Verbal Learning Test; RAVLT; Schmidt,
1996), non-verbal learning and memory (Brief Visuospatial
Memory Test, Revised; BVMT-R; Benedict, 1997), and an estimate
of premorbid intelligence (Wide Range Achievement Test, 4th
Edition Reading Subtest; WRAT-4; Wilkinson and Robertson,
2006). As the focus of the present paper is specifically on
memory, analyses focused on the primary measures generated by
standard administration of the RAVLT and BVMT-R including
total acquisition (e.g., sum of learning trials), delayed recall, and
total recognition. The Geriatric Depression Scale (GDS; Sheikh and
Yesavage, 1986) is also administered as part of standard assessment,
which was used to characterize the burden of depressive symptoms
experienced by patients.
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2.3. Procedure

The NVeADRC and the CNTN are longitudinal, observational
cohort studies that do not include any active intervention. The
NVeADRC began enrolling participants in February, 2021 and
the CNTN began in enrolling in April, 2016; both continue to
actively enroll. Individuals meeting enrollment criteria are seen for
a comprehensive baseline visit and annually thereafter at LRCBH
in Las Vegas, NV. This visit includes a medical examination,
blood draw for both clinical labs and blood-based biomarker
characterization, neuropsychological testing, informant interview,
and structural brain MRI. All study procedures are repeated
annually, except for imaging, which is repeated biannually.

After each visit, participants are assigned a research diagnosis
of cognitively normal (CN), mild cognitive impairment (MCI), or
dementia through consensus review by a panel of licensed clinicians
including neurologists, neuropsychologists, and advanced practice
providers. For some individuals in the CNTN, diagnosis was
established by an individual clinician, though most were reviewed
via consensus conference. Information considered in diagnostic
decision making included neuropsychological test data, clinical
exam, medical history, structural MRI with volumetrics, and
informant reports of clinical course and functional independence.
For those meeting criteria for a neurocognitive disorder, a
suspected etiology was then identified. Where available, amyloid
PET imaging was considered to identify suspected etiology after a
cognitive diagnosis was rendered.

Both the NVeADRC and CNTN protocols have been reviewed
and approved by the Institutional Review Board at Cleveland
Clinic, and all study procedures are performed in accordance with
the ethical standards set forth by the Declaration of Helsinki and its
later amendments.

2.4. Analyses

The overarching comparisons of interest were to better
understand group differences in memory functioning between
urban and rural dwelling older adults. As such, primary group
membership was defined based on study cohort, reflecting
geographic region (e.g., rural/ADRC vs. urban/CNTN). We further
stratified analyses by cognitive status. Given the small sample
of individuals with dementia, we collapsed those with MCI and
dementia into a single cognitively impaired group, creating 4
primary comparison groups: (1) impaired rural; (2) impaired
urban; (3) unimpaired rural; (4) unimpaired urban. Differences
in demographic variables were explored using analysis of variance
(ANOVA) for continuous variables (e.g., age, education, and
premorbid intelligence) or chi-square for categorical variables (e.g.,
sex, race, and ethnicity). Any group differences in demographics
would be used as covariates in subsequent analyses. All analyses
used raw memory test scores.

For our primary analyses assessing the main effects of rural
residence on cognition, we conduced ANOVA or ANCOVA,
as appropriate, using the primary outcome measure from the
RAVLT or BVMT-R as the dependent variable with urban/rural
group membership as the primary independent variable, along
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with any differences in demographics as covariates. Within each
geographical cohort, comparisons between cognitive groups would
be circular as group membership is defined on the basis of cognitive
test performance; however, effect sizes between impaired and
unimpaired groups were calculated and compared in order to
approximate the relative degree to which cognitive impairment
manifests in rural communities relative to urban communities.
Effect sizes between urban and rural groups were calculated for
the overall sample, as well as between impaired and unimpaired
groups for the rural and urban cohorts separately. As these analyses
represent a preliminary comparison and initial characterization,
we did not adjust thresholds for statistical significance, presenting
effect sizes for each comparison (where applicable).

Secondary analyses explored the relationship between ADI and
cognition in the combined overall cohort, and the urban and rural
cohorts separately. Using each primary memory outcome as the
dependent variable, we fit several linear regression models using
demographic information and ADI state decile rank as predictors
to understand the relative influence of neighborhood disadvantage
on cognition, over and above demographic information. Models
were fit without cognitive status included to avoid circularity,
and primary memory indices reflecting learning, delayed recall,
and recognition were included from both verbal and non-verbal
memory tasks as predictors, along with age, sex, education,
and ADL

3. Results

3.1. Sample characteristics

Demographic characteristics for the overall sample and within
the impaired and unimpaired groups are presented in Table 1. The
overall rural sample (# = 81) was primarily non-Hispanic (96.3%)

TABLE 1 Descriptive demographic and clinical data by group.

10.3389/frdem.2023.1236039

white (90%), women (63.0%), with a mean age of 70.7 & 6.7 years
and 15.3 £ 2.5 years of education. Approximately half of the rural
sample was cognitively normal (51.9%), with a mean age of 69.2 +
5.9 years and 15.7 & 2.5 years of education (range = 12-20 years)
while the impaired rural group (43.2%; MCI n = 25, Dementia n
= 10) had a mean age of 72.5 £ 7.5 years and 14.8 = 2.4 years of
education; 4 individuals were missing diagnosis information at the
time of analysis as they had not yet been reviewed by consensus
panel and were excluded from analyses. Women made up 71.4%
of the cognitively normal rural sample and 48.6% of the impaired
rural sample.

The overall urban sample (n = 129) was 46.5% women and
primarily non-Hispanic (91.5%) white (90.0%), with a mean age
of 71.5 & 7.2 years and 15.8 £ 2.5 years of education. As
with our rural cohort, most of the urban cohort was classified
as cognitively normal (44.1%) with a mean age of 70.0 &+ 7.0
years and 16.1 % 2.6 years of education (range = 9-20 years).
The impaired urban sample (36.4%; MCI n = 38, dementia
n = 9) had a mean age of 74.0 £ 6.5 years and 16.0 =+
2.3 years of education; 25 individuals were missing diagnosis
information at the time of analysis. Women made up 54.4% of
the cognitively normal urban sample and 34.0% of the impaired
urban sample.

There were no differences in age, education, race, ethnicity,
or the proportion of impaired individuals between the overall
geographic groups, though there was a higher proportion of
women in the rural cohort (X> = 4.62, p < 0.05) relative to
the urban cohort. In the cognitively normal group, there were
no differences in any demographic variable between urban and
rural groups. Within the cognitively impaired group, there was
no significant difference in demographic variables either, except
for education, which was significantly lower among rural dwelling
adults compared to urban dwelling adults [F(; 09y = 5.36, p <
0.05, Cohen’s d = 0.51]. Regarding neighborhood characteristics,

Overall Cognitively n Impaired
Rural Urban Rural Rural Urban |

n=81 n=129 n=42 n=35 n=47
Age (years) 70.7 (6.7) 71.5 (7.2) 69.2 (5.9) 70.0 (7.0) 72.5 (7.5) 74.0 (6.5)
Education (years) 15.3(2.5) 15.8 (2.5) 15.7 (2.5) 16.1 (2.6) 14.8 (2.4) 16.0 (2.3)
ADI (state decile) 5.9 (2.6) 35(23) 54(2.7) 35(24) 65 (2.4) 34(2.1)
Sex (%female) 63.0% 46.5% 71.4% 54.4% 48.6% 34.0%
Ethnicity (%Hispanic) 3.7% 8.5% 2.3% 8.8% 5.7% 10.6%
Race
White 90.0% 90.0% 83.3% 87.7% 97.0% 95.7%
Black 3.7% 3.1% 7.1% 3.5% 0.0% 0.0%
Asian 2.5% 5.4% 4.8% 8.8% 0.0% 4.3%
Other 3.8% 1.5% 4.8% 0.0% 3.0% 0.0%
MoCA 242 (4.3) 24.4 (3.4) 266 (2.3) 26.5 (2.6) 21.7 (4.4) 21.9 (3.4)
CDR sum of boxes 1.1(1.9) 1.4(1.9) 0.3(0.7) 0.4 (0.8) 2.1(2.5) 25(2.1)

4 missing diagnosis in Rural; 25 missing diagnosis in Urban.

ADI, Area Deprivation Index; MoCA, Montreal Cognitive Assessment; CDR, Clinical Dementia Rating Scale.
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TABLE 2 Rey auditory verbal learning test performance by group.

Overall Cognitively normal Impaired
Rural (h=78) Urban (n = 101) d Rural (h =42) Urban (n = 49) o] Rural (n = 33) Urban (n = 40) o]
M SD M M SD SD M
Trial 1 4.81 1.90 4.48 1.46 0.20 5.43 1.86 4.82 1.32 0.38 3.94 1.52 3.88 1.49 0.04
Trial 2 7.81 2.64 6.54 2.18 0.52 9.10 2.30 7.47 1.93 0.77 6.24 1.89 5.38 2.08 0.43
Trial 3 9.24 2.87 8.02 2.48 0.45 10.71 2.39 8.98 2.19 0.75 7.33 2.16 6.65 2.35 0.30
Trial 4 9.91 3.34 8.79 2.66 0.37 11.60 2.87 10.02 2.29 0.61 7.70 2.40 7.20 2.50 0.20
Trial 5 10.68 3.26 9.47 2.97 0.39 1243 2.41 10.69 2.22 0.75 8.39 2.60 7.68 3.06 0.25
Trials 15 total 42.45 12.54 37.30 10.32 0.45 49.26 9.97 41.98 7.94 0.81 33.61 9.03 30.77 10.21 0.29
Learning over trials 18.41 8.83 14.92 8.09 0.41 22.12 7.80 17.90 7.73 0.54 1391 7.46 11.40 8.17 0.32
List B 4.74 2.37 4.28 1.70 0.22 5.62 2.06 4.88 1.47 0.41 3.48 222 3.33 1.58 0.08
Trial 6 7.67 4.62 7.11 3.67 0.13 10.50 3.05 8.80 291 0.57 3.94 3.49 4.92 3.53 —0.28
Delayed recall 7.73 4.70 5.58 4.26 0.48 10.67 2.99 7.82 3.60 0.86 3.97 3.49 2.62 3.56 0.38
Recognition hits 12.22 3.59 11.62 3.26 0.17 14.12 1.23 12.63 227 0.82 9.66 4.14 9.80 3.86 —0.03
Recognition false pos. 1.08 1.17 1.57 1.89 —0.31 0.83 1.06 1.27 2.05 —0.27 1.41 1.21 1.82 1.66 —0.28
Recognition % correct 87% 13% 83% 14% — 94% 5% 88% 11% — 77% 14% 77% 16% —
Short term retention 65% 31% 71% 27% — 83% 14% 82% 19% — 42% 31% 58% 31% —
Long term retentions 65% 32% 52% 35% — 85% 15% 70% 25% — 41% 31% 27% 32% —
Memory efficiency 1.56 0.64 1.34 0.65 0.34 1.96 0.28 1.66 0.44 0.81 1.06 0.60 0.88 0.67 0.28
d, Cohen’s d.
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< the mean RUCA codes were 1.2 4+ 1.0 and 4.0 = 1.2 for the
o § ﬁ § § § § 11 2] 2] 8 urban and rural cohorts, respectively, which aligns with our
1] °
enrollment criteria. Overall, the rural cohort was significantly more
5) disadvantaged than our urban cohort, as measured by the ADI
— | 8
- 2% 8 R 8w & 5 8 % [rural ADI = 5.9 & 2.6; urban ADI = 3.5 = 2.3; F(; 152 = 41.93,p <
Il ||| S| S| | G| = — (1,182)
£ 0.001, d = 0.98], with 32.1% of rural participants living in severely
g = disadvantaged neighborhoods (ADI > 8) and 12.3% living in the
'g = 2828 g g % 3 8 2 most disadvantaged area (ADI = 10). In the urban cohort, 7.8%
D N <r' " = N o % " — A - . . .
£ of people were living in a severely disadvantaged neighborhood
o R and only 1 individual was living in the most disadvantaged ADI
(%) =R =S - R = NN - B R - ithi i i
I Gl IR I v I el R el g level. Within the urban cohort, there were no differences in
kS neighborhood disadvantage between impaired (ADI = 3.4 + 2.1)
© R alwl ol 2l ol el w and unimpaired groups (ADI = 3.5 + 2.4). Within the rural cohort,
= Q3|2 ; el E S the difference in neighborhood disadvantage between impaired
(ADI = 6.5 + 2.4) and unimpaired groups (ADI = 5.4 + 2.7)
o 2 a =3 9 g | =188 approached significance [F(; 75) = 3.89, p = 0.05, d = 0.43].
S| o S <|> S c|> c|> o‘ ’
3 .
— [N (o)) (=4 D < (5 < o o (=3 = - - -
g S 88233228 ¢ 3.2. Clinical characteristics
2
> 8 el =l olalelal 2lxlls A surr}mary of ge.neral cognitive .a.nd functl.onal screening
Q3 SIS 38| 8| § = measures is presented in Table 1. Cognitive screening, as assessed
:‘E by the Montreal Cognitive Assessment (MoCA; Nasreddine
e g - et al, 2005) and functional status, as measured by the Clinical
oY 5 &8 8 % 8 2 % 3 8 3 . . .
I A S = = = Dementia Rating Sum of Boxes (CDR; Morris, 1993), followed
£ an expected pattern, with lower scores evident in the impaired
g clnls 3l g oz £ el gl groups relative to the unimpaired group. There were no
= R e T R = S - B Ve =R differences in MoCA Total Score or CDR Sum of Boxes
between the overall urban and rural groups or when stratified
N o N
o) E § § ]| Z 8 113 2 § by impairment status. Within the rural cohort, the effect of
| T s
cognitive impairment as measured by the MoCA between
5 impaired and unimpaired groups was 1.40 (Cohen’s d), whereas
S g aln z ele & alszls in the urban group was 1.52. Measures of subjective cognitive
I AN I I Il BN B I N B el decline were only available for the rural cohort. Approximately
= one-third of participant’s subjective experiences differed from
8 S O S S e e PV e B objective testing, with 33% of those who were found to have
= Al B e S F N ¥ = .. . . . . .
=) oW N2 ¥ 8 8w S s normal cognition reporting subjective experiences of decline
N and 32% of those diagnosed with cognitive impairment denying
3 2 N O oo B S I - 3 B BN e experiences of decline. There were no differences in the
bt — = — o~ (=} o N [ Lo} N
2 I R R R A e proportion of individuals with a subjective memory complaint
a c . o . s
g = in the cognitive status group comparisons within the rural
5 < AHEEEIREEE RS cohort (X = 2.89, p = 0.08).
5 = D N A EH EE B i B B In regard to mood, 25% of the urban endorsed a history
g § of depression within the past 2 years and 28.6% reported a
<
3 B history of anxiety. Approximately 28.2% of the rural sample
'é _% reported a history of depression and 26.7% reported a history
g £ of anxiety. There were no differences between the overall
> g urban and rural cohorts in the proportion of individuals
2 2 self-reporting depression and anxiety, and there were no
=
g g differences in current depressive symptoms as measured by
3 . 2% theGDS.
S 2z 8 E
8 Z E 8
g ik . 5 5k
- < = =3 Rl ]
5 £ 5 = £ &= & :
2 SR I I 3.3. Verbal learning and memory
W slelols £ 2 28 B B g
2 sl g 2 g g B &% g g8 g 5 Summary statistics for both verbal and non-verbal learning
@ ElE|lelB| 3|l 2| 2| |0 . .
P < and memory tests are presented in Tables 2, 3, respectively. For
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total acquisition of information across all individual learning
trials (RAVLT Trials 1—5 Total), after accounting for the effects
of age, sex, and education, there were significant main effects
for both geographic cohort [F(j ;57 = 11.90, p < 0.001] and
impairment group [F(; 57y = 40.75, p < 0.001], such that
the urban group performed significantly worse than the rural
group and the impaired group performed significantly worse
than the unimpaired group; however, there was no interaction
between impairment group and geographic cohort after accounting
for demographics. As expected, cognitive status was associated
with large effect sizes in total acquisition differences for both
the urban (d = 1.23) and rural cohorts (d = 1.65). Short-
delay free recall (RAVLT Trial 6) significantly differed between
groups, with main effects for impairment status [F(;;57) =
62.71, p < 0.001] and geographic cohort [F(; 57y = 5.65, p
< 0.05]. A significant interaction was also found [F(; 57y =
6.68, p < 0.05] such that the rural group performed better
than the urban group in the overall comparisons (d = 0.13)
and the cognitively normal group (d = 0.57); however, within
the impaired group, the rural cohort performed significantly
worse (d = 0.28). As with the learning trials, the effects of
cognitive impairment were more pronounced in the rural group
(d = 2.00) than the urban group (d = 1.20). After a longer
delay, a similar pattern emerged with significant main effects of
impairment group [F(; 57y = 57.16, p < 0.001] and geography
[Fa,157y = 14.20, p < 0.001], but there was no interaction
between impairment status and geography. For delayed recall,
the effects of cognitive impairment on memory testing were
notably larger for the rural cohort (d = 2.06) than the urban
cohort (d = 1.45). Comparisons between groups on overall
recognition accuracy (RAVLT Recognition % Correct) showed
significant main effects of both geography [F(; 57y = 5.54, p
< 0.05] and impairment status [F(; ;57 = 36.92, p < 0.001],
but no interaction was found. The effects of impairment in the
urban cohort (d = 0.80) were half the size of effect in the rural
cohort (d = 1.62).

3.4. Non-verbal learning and memory

Total acquisition across learning trials for non-verbal
information (BVMT Total Trials 1-3) significantly differed
35.48,
p < 0.01] but did not differ between urban and rural groups
[Fa,155 = 3.80, p = 0.05] after accounting for the effects of
and education. There was no interaction between

between impaired and unimpaired groups [F(j 55 =

age, sex,
impairment status and geographical cohort. Comparing the
impaired and unimpaired groups in each cohort finds larger
effects for the rural group (d = 1.75) than the urban group
(d = 1.31). Learning over trials, delayed recall, and delayed
recognition followed the same pattern, with no differences
observed between urban and rural groups, and no interaction
between cohort and impairment status, though main effects of
impairment status were found, as expected. Delayed recall effect
sizes were again larger in the rural cohort (d = 1.79) than the urban
cohort (d = 1.43).
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3.5. Neighborhood disadvantage

To assess the relative influence of neighborhood disadvantage
on cognitive function, several linear regression models were fit
using age, education, sex and ADI to predict each of the primary
memory variables; model summary statistics are presented in
Table 4. For the combined cohort, each regression model fit was
significant, except for RAVLT recognition; however, the total
proportion of variance accounted for by each model was small
(R? = 0.07-0.19). Age was a significant predictor for all variables,
as expected, and sex was associated with RAVLT learning and
delayed recall. Education was only associated with RAVLT delayed
recall. ADI was not a significant predictor in any of the models
fit after demographic variables were included. Within the urban
cohort, models predicting RAVLT learning and delayed recall,
and BVMT learning were the only significant models. Age was
the only significant predictor of BVMT learning and sex was the
only significant predictor of RAVLT delayed recall. None of the
individual predictors of RAVLT learning were significant.

All models fit predicting memory outcomes in the rural cohort
were significant, with larger proportions of variance accounted
for than models fit in the urban cohort. Age was a significant
predictor in all models, except for RAVLT learning and recognition.
As was the case in the overall cohort, sex was associated with
RAVLT learning and education was only associated with RAVLT
delayed recall. ADI was not a significant predictor in any model,
though the standardized coefficients were all inversely associated
with memory, as expected, with absolute values comparable to
demographic variables.

4. Discussion

Rural-dwelling older adults are underrepresented in aging
research, though evidence suggests that they face greater risk for
developing AD/RD. In our initial characterization of memory in
the rural-dwelling cohort prospectively followed by the Nevada
Exploratory Alzheimers Disease Research Center, we found
meaningful differences between urban and rural-dwelling adults
on primary indices of learning, recall, and recognition for verbal
list learning such that rural-dwelling older adults demonstrated
a memory advantage relative to urban-dwelling adults on most
measures. Given the putative risk for dementia that rural living may
pose for some individuals, this was unexpected. The magnitude of
advantage was small to medium in overall comparisons, but when
stratified by impairment status, the magnitude of advantage was
quite large for those in the cognitively normal group relative to
the impaired group. In the impaired group, a small to medium
rural advantage was still observed for most indices. We did not find
any significant differences in learning and memory for non-verbal
information, though a trend of small to medium rural advantage
was again evident.

We also found that the relative magnitude of impairment
was substantially larger for every measure among rural-dwellers
compared to urban-dwellers. In some instances, the difference in
memory between impaired and unimpaired groups in the rural
cohort was double that observed in the urban cohort. As there were
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no differences in clinical summary measures between urban and
rural cohorts, it is unlikely that the greater differences in memory
are attributable to the impaired individuals in the rural cohort
having more advanced disease. Given the lower levels of education
in the rural impaired group, however, memory differences could
reflect a lower level of cognitive reserve among some rural-dwelling
older adults. Though this would not explain the memory advantage
we found, it could potentially contribute to an accelerated rate
of decline for older adults in a rural community once disease
becomes clinically manifest and explain the greater magnitude of
impairment in the rural cohort. If this is the case, this also may
contribute to the higher mortality rates that have been reported
(Weden et al.,, 2018; Rahman et al., 2021; Liu et al., 2022). Taken
together, our findings suggest that late-life rural residence in this
geographical region is not necessarily associated with an increased
burden of memory impairment when compared cross sectionally
and leaves open the possibility that late-life rural living may be
protective for some individuals, especially those who intentionally
choose to live in a rural community. For example, those with
exceptional health and fewer cognitive symptoms may have the
flexibility of choosing to live in a rural community with fewer
structural and healthcare supports.

It is also possible that memory may not be the primary driver
of cognitive decline in rural communities and other domains
like attention, working memory, and or executive functioning
may reveal more differences. Given that cardiovascular disease
is more prevalent in rural communities (Aggarwal et al.,, 2021),
a mixed dementia profile reflecting subcortical dysfunction may
be evident. Not only does this warrant further investigation,
this also reinforces the notion that biomarker characterization
is critically important, especially in rural cohorts. Given their
relatively low cost, minimal invasiveness, and ease of use, blood-
based markers are well-suited for use in rural communities.
In addition to studying cognitive domains beyond memory,
biomarker characterization and examining the association between
cardiovascular risk factors and cognition in rural older adults are
key areas for further research.

Another factor to be considered is time. All individuals in
the NVeADRC currently live in a rural community outside of a
metropolitan area, and in the present analyses, we are only able
to ascertain the effects of current rural living on memory. We are
not, however, able to explore the potential influence of rural living
over the life course. As recently suggested by Peterson et al. (2023),
there may be differential effects of rural living for those with early-
vs. late-life exposure, and for some individuals, late-life exposure
may be protective. Our findings may potentially support this
notion. Each individual’s self-reported lifetime residential history
is recorded at their initial visit for those in the NVeADRC and
these data are currently being compiled, which will allow us to
explore how differences in timing (e.g., early vs. middle vs. late life),
dose (e.g., neighborhood disadvantage and contextual factors), and
exposure (e.g., time spent in rural community) relate to cognitive
outcomes in late life.

Differences in recruitment strategies in the NVeADRC and
CNTN also must be considered. By actively engaging with rural-
dwelling older adults directly through community outreach efforts,
the cohort followed by the NVeADRC may be more representative
of the broader rural Southwest communities where people live.
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TABLE 4 Linear regression models including demographics and ADI.

Standardized coefficients

Age Sex Education ADI
Overall
RAVLT T1-5 0.18 | —0.22 0.29 0.15 0.03
RAVLT delayed recall | 0.19 | —0.24 0.25 0.20 0.09
RAVLT recognition 0.05 —0.09 0.17 0.02 —0.04
BVMT learning 0.15 —0.32 0.09 0.14 —0.01
BVMT delayed recall 012 | —0.32 0.06 0.12 0.01
BVMT recognition 007 | —0.25 0.05 0.07 —0.04
Rural
RAVLT T1-5 025 | —0.18 0.27 0.17 —0.19
RAVLT delayed recall | 027 | —0.31 0.18 0.21 —0.16
RAVLT recognition 0.14 —0.14 0.16 0.11 —0.20
BVMT learning 0.20 —0.31 0.07 0.18 —0.18
BVMT delayed recall 0.17 | —0.38 | —0.01 0.15 —0.06
BVMT recognition 0.14 | —0.36 | —0.08 0.06 —0.10
Urban
RAVLT T1-5 0.14 | —0.22 0.22 0.12 0.11
RAVLT delayed recall | 0.16 | —0.13 0.26 0.21 0.20
RAVLT recognition 0.02 —0.02 0.11 —0.05 0.02
BVMT learning 0.13 | —031 0.07 0.09 0.07
BVMT delayed recall 0.10 | —0.27 0.09 0.10 0.01
BVMT recognition 0.06 —0.15 0.15 0.08 —0.01

ADI, Area Deprivation Index; RAVLT Recognition, Percent Correct.

The urban-dwelling cohort followed by the CNTN on the other
hand, is more of a convenience sample followed in a clinical setting
that may more closely represent individuals who have already
engaged with a medical provider and are actively seeking care.
In our analyses, we find that demographics and neighborhood
disadvantage account for a larger proportion of variance in memory
in the rural cohort compared to the urban cohort. Although
in both cohorts, the overall proportion of variance explained is
small, a larger portion of variance is attributed to factors beyond
demographics and neighborhood disadvantage in the urban cohort,
which could include clinical factors. Furthermore, more impaired
rural-dwelling individuals may be less likely to participate in
research, given challenges of transportation to an urban center
for participation and difficulties associated with spending a day
away from home. Alternatively, the lack of specialty providers in
their community may encourage participation, even for those with
more advanced disease. As there were no differences in overall
cognitive functioning (as measured by MoCA) or functional status
(as measured by CDR), and there were no differences in the
prevalence of subjective memory complaints in the overall group or
when stratified by impairment, differences in clinical status are an
unlikely explanation. We may, however, see greater discrepancies in
memory emerge if we were to follow individuals that have already
established care in a rural-based clinical setting.
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We also did not find any significant influence of neighborhood
disadvantage on either verbal or non-verbal learning and memory.
Although there is a wide range of neighborhood disadvantage
in our cohorts, as measured by ADI, the relationships between
neighborhood disadvantage and memory were small. Notably,
the influence of neighborhood disadvantage was comparable to
the influence of individual demographics on memory outcomes,
reinforcing the importance of including socioeconomic context
in aging research. In our present dataset, we may not have
enough statistical power to evaluate the influence of neighborhood
disadvantage, especially since we currently have a relatively small
number of people in the most disadvantaged neighborhoods. The
average level of rurality (RUCA score of 4) of the NVeADRC
cohort is also a factor that may be contributing to the current
results. The RUCA scale ranges from 1 to 10, with 10 being
the most rural areas. Most participants live 1-2h away from Las
Vegas, and although this distance can present barriers to receiving
healthcare, it may be that the disparities experienced by more rural
and isolated areas are not fully represented by this cohort. While
we believe that our sample is representative of older adults who
currently live in rural and non-metropolitan areas in the Desert
Southwest, we cannot say whether our sample is representative of
the broader rural population, especially when considered from a
lifetime risk/resilience perspective.

There are some notable limitations to the present study that
limit generalizability. First and foremost, we do not currently have
sufficient longitudinal data available that would allow us to explore
the influence of rural living on aging over time. As it has been
suggested that living in a rural community can increase the rate of
decline (Rahman et al., 2020), this is a critical area for future study.
It is also possible that the people enrolled in our cohort are able
to travel independently to Las Vegas, which could bias our sample
toward those with higher cognitive functioning in this cross-
sectional baseline; however, over time, we expect to see different
trajectories. We also have limited representation of racial and
ethnic minorities in our cohort, which does not allow study of the
intersection between race, ethnicity, and geography. Although rural
communities in the United States are predominantly non-Hispanic
white (U.S. Census Bureau, 2020), the enthoracial diversity is
increasing and there are concerning trends of rising morbidity
and mortality rates in rural communities (Cross and Warraich,
2021; Ho and Franco, 2022), with the greatest increases among
rural Black and Hispanic communities (Cross and Warraich,
2021). We also have not yet fully characterized our cohort with
AD/RD biomarkers, which is essential for identifying underlying
etiology, though these data are forthcoming. We also have a limited
representation of the full spectrum of AD/RD disease severity.
As our cohort grows, we will be able to explore more nuanced
differences between those with mild cognitive impairment and
dementia. And while more rural areas (i.e., higher RUCA codes)
are at greater neighborhood disadvantage, as measured by the
Area Deprivation Index (ADI), disentangling differences in ADI
as a function of RUCA codes is an empirical question that goes
beyond the scope of the present paper, but is an important point
for future inquiry.

Although rural-dwelling older adults are underrepresented
in AD/RD research and critical knowledge gaps remain, the
NVeADRC is working to address these gaps through prospective,
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longitudinal observation that includes systematic characterization
of key clinical outcomes and relevant individual and contextual
social determinants of health. We believe that living in a rural
community presents a complex set of contextual factors that
may both promote, as well as undermine, healthy aging. For
many individuals, the combined influence of these exposures will
increase risk for developing dementia while for others, it may
promote resilience.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional
Review Board at Cleveland Clinic. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

M, CW, JC, §J, and AR contributed to the conception
and design of this study. JM and JR organized the database.
JM performed the statistical analysis. JM and CW wrote
the first draft of the manuscript. All authors contributed
submitted
version, and agree to be accountable for the content of

to manuscript revision, read,

approved the

the work.

Funding

Research reported in this publication was supported (in full or
in part) by the National Institutes on Aging (P20AG068053
and RO1AGO074392), the National Institute of General
Medical Sciences (P20GM109025), the Women’s Alzheimer’s
Movement at Cleveland Clinic, and the Keep Memory Alive
Foundation. Funding agencies had no part in study design;
in the collection, analysis and interpretation of data; in the
writing of the report; or in the decision to submit the article
for publication.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of

frontiersin.org


https://doi.org/10.3389/frdem.2023.1236039
https://www.frontiersin.org/journals/dementia
https://www.frontiersin.org

Miller et al.

their those of the
the editors and the reviewers. Any product that may be

affiliated organizations, or publisher,

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

References

Abner, E. L., Jicha, G. A., Christian, W. J., and Schreurs, B. G. (2016). Rural-
urban differences in Alzheimer’s disease and related disorders diagnostic prevalence
in Kentucky and West Virginia. J. Rural Health. 32, 314. doi: 10.1111/jrh.12155

Aggarwal, R., Chiu, N., Loccoh, E. C., Kazi, D. S., Yeh, R. W.,, Wadhera, R.
K., et al. (2021). Rural-urban disparities: diabetes, hypertension, heart disease, and
stroke mortality among black and white adults, 1999-2018. J. Am. Coll. Cardiol. 77,
1480-1481. doi: 10.1016/j.jacc.2021.01.032

Benedict, R. H. B. (1997). Brief Visuospatial Memory Test - Revised: Professional
Manual. Lutz, FL: Psychological Assessment Resources.

Cato, S., Ramer, S., Hajjar, I, and Kulshreshtha, A. (2022). Alzheimer’s disease
mortality as a function of urbanization level: 1999-2019. J. Alzheimers Dis. 87,
1461-1466. doi: 10.3233/JAD-215586

Cross, S. H., and Warraich, H. J. (2021). Rural-urban disparities in mortality from
Alzheimer’s and related dementias in the United States, 1999-2018. J. Am. Geriatr. Soc.
69, 1095-1096. doi: 10.1111/jgs.16996

Danek, R., Blackburn, J., Greene, M., Mazurenko, O., and Menachemi, N. (2022).
Measuring rurality in health services research: a scoping review. BMC Health Serv. Res.
22, 1340. doi: 10.1186/512913-022-08678-9

Hart, L. G., Larson, E. H., and Lishner, D. M. (2005). Rural definitions for health
policy and research. Am. J. Public Health. 95, 1149. doi: 10.2105/AJPH.2004.042432

Ho, J. Y., and Franco, Y. (2022). The rising burden of Alzheimer’s disease mortality
in rural America. SSM Popul. Health. 17, 101052. doi: 10.1016/j.ssmph.2022.101052

Hunt, J. F. V., Buckingham, W., Kim, A. J., Oh, ], Vogt, N. M., Jonaitis, E.
M,, et al. (2020). Association of neighborhood-level disadvantage with cerebral and
hippocampal volume. JAMA Neurol. 77, 451-460. doi: 10.1001/jamaneurol.2019.4501

Hunt, J. F. V., Vogt, N. M., Jonaitis, E. M., Buckingham, W. R,, Koscik, R.
L., Zuelsdorff, M., et al. (2021). Association of neighborhood context, cognitive
decline, and cortical change in an unimpaired cohort. Neurology. 96, €2500-2512.
doi: 10.1212/WNL.0000000000011918

Kind, A. J. H, and Buckingham, W. R. (2018). Making neighborhood-
disadvantage metrics accessible—the neighborhood atlas. N. Engl. J. Med. 378, 2456.
doi: 10.1056/NEJMp1802313

Kind, A.J. H, Jencks, S., Brock, J., Yu, M., Bartels, C., Ehlenbach, W, et al. (2014).
Neighborhood socioeconomic disadvantage and 30 day rehospitalizations: an analysis
of medicare data. Ann. Intern. Med. 161, 765. doi: 10.7326/M13-2946

Kinsella, K. (2001). Urban and rural dimensions of global population aging: an
overview. J. Rural Health. 17, 314-322. doi: 10.1111/j.1748-0361.2001.tb00280.x

Li, B, Liu, D., Wan, Q., Sheng, C., Wang, X,, Leng, F., et al. (2022). Differences
in treatment for Alzheimer’s disease between urban and rural areas in China. Front.
Neurol. 13, 996093. doi: 10.3389/fneur.2022.996093

Liu, C. C, Liu, C. H, Sun, Y., Lee, H. J,, Tang, L. Y., Chiu, M. J, et al
(2022). Rural-urban disparities in the prevalence of mild cognitive impairment and
dementia in Taiwan: a door-to-door nationwide study. J. Epidemiol. 32, 502-509.
doi: 10.2188/jea.JE20200602

Long, A. S., Hanlon, A. L., and Pellegrin, K. L. (2018). Socioeconomic variables
explain rural disparities in US mortality rates: implications for rural health research
and policy. SSM Popul. Health. 6, 72. doi: 10.1016/j.ssmph.2018.08.009

Morris, J. C. (1993). The clinical dementia rating (CDR): current version and
scoring rules. Neurology. 43, 2412-2414. doi: 10.1212/WNL.43.11.2412-a

Nasreddine, Z. S., Phillips, N. A., Bedirian, V., Charbonneau, S., Whitehead,
V., Collin, I, et al. (2005). The montreal cognitive assessment, MoCA: a brief
screening tool for mild cognitive impairment. J. Am. Geriat. Soc. 53, 695-699.
doi: 10.1111/§.1532-5415.2005.53221.x

Pase, M. P., Rowsthorn, E., Cavuoto, M. G., Lavale, A., Yassi, N., Maruff, P., et al.
(2022). Association of neighborhood-level socioeconomic measures with cognition
and dementia risk in Australian adults. JAMA Netw. Open. 5, €224071-¢224071.
doi: 10.1001/jamanetworkopen.2022.4071

Peterson, R. L., Gilsanz, P, Lor, Y., George, K. M., Ko, M., Wagner, J., et al.
(2023). Rural residence across the life course and late-life cognitive decline in

Frontiersin Dementia

10.3389/frdem.2023.1236039

Author disclaimer

The content is the sole responsibility of the authors and should
not be taken to reflect the official views of the National institutes
of Health.

KHANDLE: a causal inference study. Alzheimers Dement. 15,12399. doi: 10.1002/dad2.
12399

Powell, W. R., Buckingham, W. R., Larson, J. L., Vilen, L., Yu, M., Salamat, M. S.,
et al. (2020). Association of neighborhood-level disadvantage with Alzheimer disease
neuropathology. JAMA Netw. Open. 3, 7559. doi: 10.1001/jamanetworkopen.2020.7559

Powell, W. R., Zuelsdorff, M., Keller, S. A., Betthauser, T. J., Rissman, R. A.,
Bendlin, B. B., et al. (2022). Association of neighborhood-level disadvantage with
neurofibrillary tangles on neuropathological tissue assessment. JAMA Netw. Open. 5,
E228966. doi: 10.1001/jamanetworkopen.2022.8966

Rahman, M., White, E. M., Mills, C., Thomas, K. S., and Jutkowitz, E. (2021). Rural-
urban differences in diagnostic incidence and prevalence of Alzheimer’s disease and
related dementias. Alzheimers Dement. 17, 1213. doi: 10.1002/alz.12285

Rahman, M., White, E. M., Thomas, K. S., and Jutkowitz, E. (2020). Assessment of
rural-urban differences in health care use and survival among medicare beneficiaries
with Alzheimer disease and related dementia + supplemental content. JAMA Netw.
Open. 3,2022111. doi: 10.1001/jamanetworkopen.2020.22111

Ritter, A., Cummings, J., Nance, C., and Miller, J. B. (2018). Neuroscience learning
from longitudinal cohort studies of Alzheimer’s disease: lessons for disease-modifying
drug programs and an introduction to the Center for Neurodegeneration and
Translational Neuroscience. Alzheimer’s Dement. Transl. Res. Clin. Interv. 4, 350-356.
doi: 10.1016/j.trci.2018.06.006

Schmidt, M. (1996). Rey Auditory Verbal Learning Test: A Handbook. Vol 17.
Torrance, CA: Western Psychologica.l Services.

Sheikh, J. L, and Yesavage, J. A. (1986). Geriatric depression scale (GDS):
recent evidence and development of a shorter version. Clin. Gerontol. 5, 165-173.
doi: 10.1300/J018v05n01_09

Shora, L., Friberg, E., Park, L. T., DeGennaro, R, Hinton, I, Zarate, C. A.,
et al. (2023). Assessing geographic disparities in mental health research participation.
Contemp. Clin. Trials. 131, 107244. doi: 10.1016/j.cct.2023.107244

Singh, G. K. (2003). Area deprivation and widening inequalities in US mortality,
1969-1998. Am. J. Public Health. 93, 1137-1143. doi: 10.2105/AJPH.93.7.1137

U.S. Census Bureau. (2020). Racial and Ethnic Diversity in the United States:
2010 Census and 2020 Census. Available online at: https://www.census.gov/library/
visualizations/interactive/racial-and- ethnic- diversity-in- the- united- states-2010-
and-2020- census.html

United Nations, Department of Economic and Social Affairs, Population Division.
(2019). World Urbanization Prospects: The 2018 Revision (ST/ESA/SER.A/420).
New York, NY: United Nations.

USDA ERS (2020). Rural-Urban Commuting Area Codes. Available online
at: https://www.ers.usda.gov/data- products/rural-urban- commuting- area- codes.aspx
(accessed October 23, 2022).

Vassilaki, M., Petersen, R. C., and Vemuri, P. (2022). Area deprivation index
as a surrogate of resilience in aging and dementia. Front. Psychol. 13, 930415.
doi: 10.3389/fpsyg.2022.930415

Weden, M. M., Shih, R. A., Kabeto, M. U., and Langa, K. M. (2018). Secular trends in
dementia and cognitive impairment of U.S. Rural and urban older adults. Am. J. Prev.
Med. 54, 164-172. doi: 10.1016/j.amepre.2017.10.021

Weintraub, S., Besser, L., Dodge, H. H., Teylan, M., Ferris, S., Goldstein, F. C,,
et al. (2018). Version 3 of the Alzheimer disease centers’ neuropsychological test
battery in the uniform data set (UDS). Alzheimer Dis. Assoc. Disord. 32, 10-17.
doi: 10.1097/WAD.0000000000000223

Wilkinson, G. S., and Robertson, G. J. (2006). WRAT 4: Range Achievement Test. 4th
Edn. Lutz, FL: Psychological Assessment Resources.

Xu, W. Y, Jung, J., Retchin, S. M., Li, Y., and Roy, S. (2022). Rural-urban
disparities in diagnosis of early-onset dementia. JAMA Netw. Open. 5, €2225805.
doi: 10.1001/jamanetworkopen.2022.25805

Zhang, X., Dupre, M. E,, Qiu, L., Zhou, W., Zhao, Y., Gu, D., et al. (2017).
Urban-rural differences in the association between access to healthcare and health

outcomes among older adults in China. BMC Geriatr. 17, 151. doi: 10.1186/s12877-017-
0538-9

frontiersin.org


https://doi.org/10.3389/frdem.2023.1236039
https://doi.org/10.1111/jrh.12155
https://doi.org/10.1016/j.jacc.2021.01.032
https://doi.org/10.3233/JAD-215586
https://doi.org/10.1111/jgs.16996
https://doi.org/10.1186/s12913-022-08678-9
https://doi.org/10.2105/AJPH.2004.042432
https://doi.org/10.1016/j.ssmph.2022.101052
https://doi.org/10.1001/jamaneurol.2019.4501
https://doi.org/10.1212/WNL.0000000000011918
https://doi.org/10.1056/NEJMp1802313
https://doi.org/10.7326/M13-2946
https://doi.org/10.1111/j.1748-0361.2001.tb00280.x
https://doi.org/10.3389/fneur.2022.996093
https://doi.org/10.2188/jea.JE20200602
https://doi.org/10.1016/j.ssmph.2018.08.009
https://doi.org/10.1212/WNL.43.11.2412-a
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1001/jamanetworkopen.2022.4071
https://doi.org/10.1002/dad2.12399
https://doi.org/10.1001/jamanetworkopen.2020.7559
https://doi.org/10.1001/jamanetworkopen.2022.8966
https://doi.org/10.1002/alz.12285
https://doi.org/10.1001/jamanetworkopen.2020.22111
https://doi.org/10.1016/j.trci.2018.06.006
https://doi.org/10.1300/J018v05n01_09
https://doi.org/10.1016/j.cct.2023.107244
https://doi.org/10.2105/AJPH.93.7.1137
https://www.census.gov/library/visualizations/interactive/racial-and-ethnic-diversity-in-the-united-states-2010-and-2020-census.html
https://www.census.gov/library/visualizations/interactive/racial-and-ethnic-diversity-in-the-united-states-2010-and-2020-census.html
https://www.census.gov/library/visualizations/interactive/racial-and-ethnic-diversity-in-the-united-states-2010-and-2020-census.html
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes.aspx
https://doi.org/10.3389/fpsyg.2022.930415
https://doi.org/10.1016/j.amepre.2017.10.021
https://doi.org/10.1097/WAD.0000000000000223
https://doi.org/10.1001/jamanetworkopen.2022.25805
https://doi.org/10.1186/s12877-017-0538-9
https://www.frontiersin.org/journals/dementia
https://www.frontiersin.org

	Cognitive aging in rural communities: preliminary memory characterization of a community cohort from Southern Nevada
	1. Background
	2. Materials and methods
	2.1. Participants
	2.1.1. Rural cohort
	2.1.2. Urban cohort

	2.2. Measures
	2.2.1. Demographic data
	2.2.2. Neuropsychological testing

	2.3. Procedure
	2.4. Analyses

	3. Results
	3.1. Sample characteristics
	3.2. Clinical characteristics
	3.3. Verbal learning and memory
	3.4. Non-verbal learning and memory
	3.5. Neighborhood disadvantage

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Author disclaimer
	References


