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Abstract

Objectives: Socialization predicts cognitive aging outcomes. Neighborhoods may facilitate
socially engaged aging and thus shape cognition. We investigated places where older adults
socialized and whether availability of these sites was associated with cognitive outcomes.

Methods: Qualitative analysis of interviews and ethnography with 125 older adults (mean age
71 years) in Minneapolis identified where participants socialized outside of home. This informed
quantitative analysis of a national sample of 21,151 older Americans (mean age at baseline

67 years) from the Reasons for Geographic and Racial Differences in Stroke study. Multilevel
generalized additive models described associations between access to key social places and
cognitive function and decline.
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Results: Qualitative analysis identified eateries, senior centers, and civic groups as key places to
socialize. We identified significant positive associations between kernel density of senior centers,
civic/social organizations, and cognitive function.

Discussion: Specific neighborhood social infrastructures may support cognitive health among

older adults aging in place.
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environment; neighborhoods; social support; cognitive function; well-being

Introduction

Urban neighborhood environments are social determinants of cognitive aging. Increased
density of infrastructure and destinations has been associated with better cognition in older
adults (Besser et al., 2019; Besser et al., 2017). Neighborhood greenness (Brown et al.,
2018) and access to a community center (Clarke et al., 2015) were associated with lower
risks of Alzheimer’s disease and slower cognitive decline, respectively. A greater land use
mix of residential and retail/commercial has been associated with lower odds of dementia
(Wu et al., 2015) and access to coffee shops and fast-food restaurants associated with higher
cognitive functioning among older adults (Finlay et al., 2020). Neighborhoods may be linked
to cognition through effects on individual behaviors or exposures, such as walking, diet,
mental stimulation, social engagement, and pollution. For example, access to nearby transit
stops may increase physical activity (through active transit), diet (via access to grocery
stores), and cognitive stimulation navigating the neighborhood environment (Besser et al.,
2019). In sum, urban environments influence individual behaviors, constrain choices, and
structure immediate access and exposure to shared resources and hazards, which may impact
cognitive health among aging residents.

The potential role of neighborhood social infrastructure to boost cognitive function and
protect against cognitive decline is not yet known. Sustained social engagement and strong
social support networks are important predictors of health and well-being in later life.
Conversely, loneliness and social isolation are linked to increased risk for depression
(Cacioppo et al., 2010; Cacioppo et al., 2006), cardiovascular disease (Valtorta et al., 2016),
and all-cause mortality (Blazer, 2020; Holt-Lunstad et al., 2015). Prior research finds that
higher social participation and perceived support are linked to better cognitive function in
older adults, whereas social isolation, loneliness, and poor social relationships are associated
with cognitive decline, dementia, and Alzheimer’s disease (Evans et al., 2018; Kuiper

et al., 2016; Sundstrom et al., 2020). There are multiple pathways through which social
engagement may support cognitive functioning and protect against cognitive decline over
time. Decreased engagement in everyday activities may result in disuse of the brain (Hultsch
et al., 1999), which in turn may contribute to cognitive decline. Social support networks may
prevent or modulate responses to stressful events that are damaging to health (Kawachi &
Berkman, 2001), including the brain directly through inflammatory pathways (Sundstrom et
al., 2020). Social engagement has also been proposed as a form of cognitive reserve as it
may help older adults to maintain day-to-day cognitive function in the face of brain aging,
pathology, or insults (Fancourt et al., 2018; Scarmeas & Stern, 2003; Stern et al., 2020).
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Furthermore, social networks may motivate positive health behaviors that are beneficial to
cognitive functioning, such as regular exercise and non-smoking (Kuiper et al., 2016).

This study bridges neighborhood-health, environmental gerontology and cognitive aging
literatures. We questioned where diverse older adults socialize outside of the home

and whether availability of social places is associated with better cognitive function.
Neighborhood contexts may be pivotal to supporting socially engaged aging in place (Finlay
et al., 2018). “Third places” within neighborhoods facilitate social interaction, community
building, inclusion, and social support (Oldenburg, 1999). These ordinary and often in-
expensive places to “hang out” include formal organizations such as community centers
and churches; and neighborhood public places such as parks, cafes, bars, and shopping
malls. This social infrastructure (Klinenberg, 2018) may be particularly important to older
adults who are at increased risk for social isolation and loneliness (Blazer, 2020; Finlay

& Kobayashi, 2018). Older adults in urban areas may have unique opportunities for daily
socialization in neighborhood places that can help buffer against loneliness (Torres, 2018),
which by extension may support cognitive function and protect against cognitive decline.

In this mixed-methods study, thematic analysis of interviews and ethnographic fieldwork
across the Minneapolis (MN) metropolitan area explored how and where older adults
socialize and engage with others. The qualitative findings extend understanding of
perceptions and usage of social infrastructure in a large, socioeconomically, and racially
diverse sample of older adults living in a range of urban and suburban neighborhoods.

The widespread popularity of both public and private local places such as coffee shops,
senior centers, and civic groups to regularly gather and interact with others prompted

new questioning into how social infrastructure might impact cognitive health in later

life. The qualitative findings inspired novel exploratory investigation into whether access
to these places was associated with cognitive functioning in a large, national sample

of aging Americans in the REasons for Geographic And Racial Differences in Stroke
(REGARDS) study. To our knowledge, this study is the first to examine potential links
between avail-ability of social infrastructure and cognitive function by integrating evidence
from qualitative fieldwork with quantitative survey data. It contributes new evidence to an
emerging ecological model of cognitive health (Cerin, 2019) and highlights the importance
of specific neighborhood amenities to support socially engaged aging in place.

We conducted an exploratory sequential mixed-methods study (Figure 1; Creswell et al.,
2011). In Phase I, we analyzed qualitative data from the Aging in the Right Place study. The
qualitative results generated the hypothesis that access to social places boosts socialization,
which positively impacts cognitive function and protects against cognitive decline. In Phase
I1, we tested this hypothesis in a national sample of older Americans followed since 2003

in the REGARDS study. We examined whether residential proximity to and availability of
senior centers, civic and social organizations, and food and drinking places (the three key
qualitative themes) was associated with cognitive functioning and cognitive decline.

J Aging Health. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Finlay et al.

Page 4

Phase I: Aging in the Right Place Study

This research aimed to examine how older adults perceive and navigate aging in place.
Situated in the Minneapolis (MN) metropolitan area, the purposive design of three case
study areas selected for sociodemographic and geographic variability (Supplementary Figure
1). Potential participants volunteered in response to project flyers placed in local shops,
senior centers, residential buildings, newsletters, and health fairs. Eligibility included self-
identifying as an older person and at least 55 years old, not institutionalized in a care

setting, residence in a case study area, and demonstrated cognitive capacity to participate.
The University of Minnesota Institutional Review Board approved study procedures, and all
participants provided written informed consent.

Methods.—The lead author (JF) conducted semi-structured interviews with 125 older
adults from June to October 2015. Questions probed for daily routines, social interactions,
housing quality, service provision, and perceived well-being (details previously published:
Finlay, 2017, 2018; Finlay & Kobayashi, 2018; Finlay et al., 2018, 2019; see Supplementary
Table 1). Interviews were audio-recorded and ranged in duration from 30 to 90 minutes.
Ninety-six participants volunteered to engage immediately afterward in a mobile interview
(Finlay & Bowman, 2017), which were on average 17 minutes in duration and .86 km

in length. Participants determined the route, mode of transit, and pace of movement to

tour their home and neighborhood environments. This method produced spatially grounded
and place-specific data, accessed subtler and more complex meanings of place, created
opportunities for flexible and collaborative conversation with participants in situ, built
rapport, and efficiently produced rich geographic data (Finlay & Bowman, 2017, p. 263).
To capture broader spatial and temporal scales, a subset of six participants engaged in
ethnographic fieldwork over 12 months (September 2015 to August 2016). Participants
represented a variety of socioeconomic backgrounds, health statuses, and locations (details
previously published: Finlay, 2018, 2021). At least once a month, JF spent time with
participants at home, in grocery stores, senior centers, coffee shops, sites of worship,

and parks. They conversed often between sessions by phone and email. JF employed
unstructured interview techniques to seek personal accounts and perceptions and recorded
notes in a small notebook and photography.

Qualitative analysis.—We organized qualitative material, including professionally
transcribed audio files, in NVivo 12. The guiding research question for this analysis was:
Where and how did participants socialize with others outside of their homes?\We analyzed
the qualitative data according to Braun and Clarke’s (2006) six steps of thematic analysis:
familiarization, generation of initial codes, search for themes, review, define and name
themes, and write-up. All authors first read through the material and generated initial codes.
We met to compare interpretations and points of divergence in order to refine and clarify
the coding structure. After test-coding and finalizing the codebook, the first author (JF)
coded all material. The second and senior authors (ME and PC) reviewed all coding to
ensure completeness and accuracy. The authorship team met to review the coding and define
and name themes. JF wrote the results with substantive input from all coauthors. Regular
debriefing among coauthors, negative case analysis, member checking, and audit trails

J Aging Health. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Finlay et al. Page 5

enhanced transparency and credibility in identifying themes, linkages, and explanations
(Marshall & Rossmann, 2016).

Phase Il: REGARDS Study

The REGARDS study is an ongoing, national prospective cohort study. Investigators
recruited community-dwelling adults aged 45 years or older from January 2003 to October
2007 by mail and telephone. The cohort includes 30,239 Black and white individuals with
a mean baseline age of 64 years (details previously published: Howard et al., 2005). The
baseline telephone interview collected demographics, behavioral and lifestyle information,
and medical history. In 2006, a cognitive battery was implemented during follow-up.
Investigators recorded and geocoded residential addresses over the follow-up period.

Measures

Cognitive Function.: Measures of verbal learning, memory, and executive function were
administered biannually using the Consortium to Establish a Registry for Alzheimer’s
Disease Word List Learning (WLL) and Word List Delayed Recall (WLD), as well as the
Animal Fluency Test (AFT) and Letter Fluency Test (LFT) (Moms et al., 1989; Morris et
al., 1989). These cognitive measures were validated for Black and white individuals (Lucas
et al., 2005). In addition, a 5-minute battery was administered beginning in 2009, consisting
of selected Montreal Cognitive Assessment ([MoCA] Nasreddine et al., 2005) items (see
Supplementary Table 2).

We did not have a hypothesis for which specific cognitive function domains may be
associated with frequenting social places. Therefore, to capture global cognitive function
and use multiple sources of information from the REGARDS cognitive assessment with
minimal measurement error, we used a factor score derived from a confirmatory factor
analysis of all 5 cognitive tests (WLL, WLD, AFT, LFT, and MoCA) across all assessments
in the REGARDS follow-up period. The model fits the data well (root mean square error

of approximation = .013; comparative fit index=.999). Further details on the cognitive tests
and the factor structure of the model are provided in Supplementary Table 2. We output
standardized factor scores for each participant at each assessment to use in analyses.

Social Infrastructure.: The National Establishment Time-Series (NETS) database provides
annual records of the US economy with detailed business microdata for more than 60
million private for-profit and nonprofit establishments, in addition to government agencies
(Finlay et al., 2019; Hirsch et al., 2020; Walls, 2007). We selected establishments that were
open from 2006 to 2017 belonging to three categories in the North American Industry
Classification System ([NAICS] US Census Bureau, 2019) based upon the key qualitative
themes: (1) civic and social organizations, such as clubs and veterans’ membership
organizations; (2) food and drinking places, including restaurants and bars; and (3) services
for the elderly and persons with disabilities, largely composed of senior centers (see
Supplementary Table 3).

We created three measures to describe REGARDS participants’ annual social infrastructure
environments through a kernel density method (Guagliardo, 2004). If a participant moved
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within the study period (2006-2017), we updated their social infrastructure kernel density
measurements accordingly. Because participants in the qualitative analysis stated that
residential proximity was important to usage, we fit a smoothly curved surface over each
establishment location: the surface value was highest at the exact location and diminished
over a 1-mile circular buffer to zero. Since qualitative results suggested that availability

was also important (e.g., having multiple eateries to gather and socialize), we summed
overlapping kernel values at each REGARDS participant’s home location. A high kernel
value represented multiple sites in close proximity, while a kernel value of zero reflected
the absence of such establishments within the participant’s surrounding area. Densities were
cube-root transformed to help rein in potentially high-leverage values.

Covariates.: Control variables included individual-level characteristics associated with
cognitive function, including: age (at first assessment; centered at 65 years), gender (male,
female), race (Black; white), highest level of educational attainment (/ess than high school
diploma, high school dijploma, some college, college degree or more), marital status
(single, divorced, or widowed,; married), and years of follow-up from the first cognitive
test. Neighborhood-level covariates—derived from the 2008-2012 and 2013-2017 5-year
estimates from the American Community Surveys (US Census Bureau, 2013)—included
census tract population density (log-transformed), proportion of a census tract population
living below the poverty line, proportion of tract’s residents who were non-Hispanic Black,
and pro-portion of housing units in a tract that were owner-occupied.

Analytical Sample.: REGARDS study respondents who participated in at least one data
collection time point between 2006 and 2017 comprised our sample. Respondents varied in
when they contributed their first cognitive test score within this period, with the majority
(82%) contributing their first score between 2006 and 2008. Most respondents were tested
3-5 times over this interval. We included individuals with at least one cognitive test score
and a valid kernel density score in the analyses. The years of follow-up from baseline

test ranged from 0 years (among participants with only a baseline cognitive test) to 11.6
years. To match the qualitative data, we restricted the sample to individuals living in urban
areas (identified as “urban core” or “other urban” by Rural-Urban Commuting Area Codes
[United States Department of Agriculture, 2019]). Our final analytic sample included 21,
151 individuals with 73,228 observations.

Quantitative Analysis.: We used Gaussian generalized additive multilevel models to
examine two ways in which neighborhood social infrastructure may be related to cognition:
cognitive function and cognitive decline. All models were fit using gamm4 (Wood &
Scheipl, 2017) in the R statistical programming language (R Core Team, 2020).

In the first set of models, we examined whether cognitive function varied between
individuals who resided in neighborhoods with different levels of access to social
infrastructure. For this analysis, we regressed respondents’ cognitive test scores on each
of the social infrastructure density measures described above.1 To allow for nonlinear

L.\We chose to it separate models for each social infrastructure measure. In sensitivity analyses, we found that each kernel density
measure was relatively highly correlated with one another, as well as with population density—uwhich is a key feature to account for in
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associations among neighborhood social resources and individual cognitive function, we

fit each kernel density measure as a smooth term, using thin-plate regression splines (Wood,
2017). To assess whether social infrastructure kernel density was significantly associated
with cognitive function, we calculated the p-values described in Wood (2012) for each of the
focal smooth terms.

To help account for demographic and neighborhood features that might alternatively explain
variation in cognitive function among REGARDS participants, we included the covariates
described above (e.g., age, race, and neighborhood poverty) as controls in this analysis.
Further, to account for the fact that observations were not independent—that is, respondents
were both clustered within tracts and contributed multiple test scores to the sample across
time—we included person-specific intercepts; person-specific time slopes; and census
tract-specific intercepts as additional, random model parameters. Altogether, this analysis
allowed us to investigate whether respondents who lived in neighborhoods that were densely
populated by sites that facilitate social interaction experienced higher levels of cognitive
function than adults who lived in areas that lacked said resources.

In the second set of models, we examined whether neighborhood social infrastructure was
related to how individuals experienced cognitive decline. For this analysis, we fit two
models for each social infrastructure measure: one that constrained cognitive trajectories
across the course of the sample to be equal among all respondents, regardless of their
neighborhood environment (i.e., Mode/ 1); and one that allowed for cognitive trajectories to
vary among individuals according to their access to neighborhood social infrastructure (i.e.,
Model 2). Model 1 was produced by regressing cognitive test scores on social infrastructure
kernel density, years of follow-up from baseline test, and the controls and random terms
described above. Model 2 was produced under a similar specification, except that we also
fit an interaction among years from baseline test and social infrastructure kernel density.
Interaction terms between time and social infrastructure densities were estimated as tensor-
product smooths to allow for increased model flexibility (Wood, 2017).

We used Akaike information criterion (AIC) to assess which of the two model specifications
better represented how cognitive function changed over time for REGARDS participants
(Wood, 2017). A lower AIC generally indicates that a model more accurately reflects the
true underlying data generating process; as such, a lower AIC for Model 2 would provide
evidence to suggest that access to neighborhood social infrastructure played a meaningful
role in shaping how respondents experienced cognitive decline over the course of the
REGARDS study.

the analysis. Models that simulta-neously included all three kernel densities measures and population density yielded nearly identical
results to what is presented in the main results—save for the result around eating/ drinking establishment kernel density, which
changed from sharing a null to a negative association with cognitive function. In the interest of being conservative, we attribute this
change in signs to instability born from multicollinearity and/or concurvity, rather than to a true, substantively interesting description
of the process linking cognition to social infrastructure (Gelman & Hill, 2007).
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Characteristics of the qualitative sample are shown in Table 1. The average age at
assessment was about 71 years, and 57% of participants were white. Two-thirds of the
sample were female, about one-third were married, and 43% had at least some college
education. Thematic analysis generated three main categories of social infrastructure that
participants frequented to gather and interact with others outside of the home: senior centers,
civic and social organizations, and food and drinking places. Additional sites among select
participants included sites of worship, personal care, recreation, arts and culture, sports, and
retail/services.

Senior centers.—When asked who she talks to on a regular basis, Barbara (67 y)2—who
lived alone and was not close to her family—replied that it was people in her local senior
center:

It’s a very active senior center. We have our coffee every Monday. We have lunch
every other Thursday. There’s lots of other things that go on there. When | retired a
year ago, the senior center saved me. It really did. I went from all my friends being
work friends to nobody in a day. | immediately started going to the coffee [group].
At least | had somebody to talk to once a week. Because when you first retire, the
first week | had no one to talk to, not a soul.

Senior centers were often discussed as important places for regular social activities including
cards and games, clubs, gatherings, and classes. As Denise (72 y) explained:

I do a lot of things with the senior center. | signed up for their memory class that’s
coming up... | belong to the book club there, a wonderful group of really sharp
women from all kinds of backgrounds.

Given that Denise could not drive following a stroke, she was happy to “pile into” the senior
center’s van for outings. Isolated and lonely female participants like Barbara and Denise
went two to five times a week to engage with others. Male participants often mentioned
spending time “with the guys” at senior centers, such as David (75 y) who had attended a
men’s coffee group for 10 years. Thomas (67 y) frequented a center’s woodshop daily and
formed close relationships with the people there. During ethnographic sessions, JF listened
to good-natured banter and witnessed strong social bonds between Thomas and his male
woodshop friends. Thomas shared that he felt less lonely through daily social connection at
the senior center.

Senior centers were low-cost spaces to socialize and spend time among both high- and
low-income participants. For homeless and low-income participants, a downtown senior
center anchored social connection, stability, and daily routine. Iris (68 y), Louis (57 y),
Emma (58 y ), and Jim (55 y) countered insecure living situations and loneliness by focusing
on positive connections formed through this place. They traveled there daily from homeless
shelters to take advantage of free coffee and cookies, socialize with friends and staff, and

2.Bracketed information following participant pseudonyms represent age (in years) at time of interview.
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enjoy a supportive environment. JF spent extended time in this senior center with Frank (77
y) and engaged regularly with fellow attendees of diverse ages, genders, racial and ethnic
identities, and physical and cognitive abilities. For a breadth of participants, senior centers
were valued places to make new friends and interact regularly with others.

Civic and social groups.—Affluent participants often discussed their involvement in
committees and volunteer organizations such as parks and civic boards, planning advisory
committees, neighborhood block groups, charities, political campaigns, and veterans’
organizations. Oliver (73 y) explained his involvement in multiple civic groups: “I like
volunteering. You might say | am a volunteer junkie.” Aside from his wife, these groups
contained the few people whom Oliver engaged with on a regular basis. For participants
living alone and lonely such as Trudy (60 y), volunteering in a nearby center was an
essential social activity and reason to get out the door: “I felt that it was better than me just
sitting here all the time.” Nearby participant Joey (89 y) expressed:

I don’t do a lot here in the neighborhood—shopping and everything—but | belong
to [a refugee committee]. | just came from a great meeting of theirs last week...
Fantastic! | don’t do a lot down here other than that socially, but | like to go to these
things.

In addition to providing opportunities to socialize, volunteering and participation in civic
groups enabled a sense of purpose and regular activity.

Several low-income Black female participants residing in lower socioeconomic status
(SES) areas expressed the importance of their neighborhood block clubs. They collectively
watched local streets to enhance safety, fundraised for local improvements (e.g., speed
bumps and park refurbishment), and organized neighborhood activities (e.g., street potluck
barbeques and litter pickup). Multiple downtown-residing affluent participants belonged
to a community aging organization providing social programs and classes for fee-paying
members. Blanche (74 y) explained: “Intellectually they have things going on all the

time that are wonderful.” Fellow members Cindy (72 y) and Bob (78 y) defined their
neighborhood based upon the people they knew and regularly interacted with from this
organization. Male participants such as William (71 y) sought out community and social
opportunities through military and veteran associations. Overall, the breadth of civic

and social organizations available nurtured social engagement among a wide range of
participants by age, gender, race, income, and hobbies.

Food and drinking places.—Coffee shops, cafes, restaurants, and bars were highly
discussed places to socialize. Participants such as Deborah (78 y) attended regular coffee
gatherings with retired peers: “I got out to lunch maybe once a month. Coffee once a week,
just to socialize and be with people my own age.” Fast-food restaurants and bars were
multigenerational environments to meet up with younger family members, such as Ruth (70
y) and Harry (75 y): “There’s a real neat bar that has blues on Monday nights. They have

a great group... and it’s just fun! Our daughter lives close to that, so we meet up with them
and often go together.” Participants such as Warren (65 y) attended happy hours at local
eateries to meet other single older adults. Fellow widow Nancy (77 y), a recent Minnesota
transplant, went out regularly to make new friends and feel less lonely. Whether seeking
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new romantic relationships or friendships, meeting for snacks, meals, and beverages in local
establishments was widely perceived as a low-pressure way to do so.

Both male and female participants also enjoyed socializing with staff and soaking up
ambient contact. Cindy (72 y) related: “If you go into [the bar down the street], you’re

going to run into people that are from all walks of life.” Though her husband could not travel
far given severe disability, they enjoyed sitting in the local bar for impromptu encounters
with neighbors, fellow customers, and staff. When Ellen (73 y) walked to the local shop for
her daily coffee, ethnographic field notes reflect the welcoming social atmosphere:

The staff clearly knew her, and already had the coffee waiting for her by the time
we got through the line to pay. They knew her regular routine, and were friendly
and chatty. Ellen clearly enjoyed talking to them and being social with the young
barista staff.

During Rachel’s (74 y) mobile interview, the local coffee shop staff greeted her with warmth
and familiarity. While preparing her usual order, they inquired about upcoming medical
appointments and art shows. Estranged from her children and living alone, this shop was an
anchor of social connection and care and place to feel less lonely.

Black female participants residing in low SES neighborhoods, including Raquel (74 y),
lamented the lack of such establishments:

There are a lot of seniors that are our friends who are isolated. | think it’s because
we don’t have places where you can just go sit down, have a cup of coffee, see who
comes in, visit with one another.

Local eateries represented comfortable, low-pressure, and affordable places to socialize
for both high- and low-income participants. They represented generally welcoming multi-
generational spaces to engage with others through both planned and impromptu social
interactions.

Additional social places.—Sites of social engagement that were mentioned but less
universal among participants (i.e., less frequent and generalizable by age, gender, race,
and SES) included arts and culture venues (e.g., museums, theaters, and art galleries),
sporting arenas (e.g., basketball and football games), and retail/service environments (e.g.,
grocery stores, bakeries, second-hand clothing stores, pharmacies, and post offices). Some
participants shared encountering others and socializing in recreational amenities such as
parks, gyms, pools, tennis courts, and golf courses. Susan (80 y) expressed: “I start out my
week by walking [in a nearby park], and then we always stop and have coffee and catch up
on everybody’s news and gossip.” Her husband Brad (81 y) played tennis several times a
week with nine other men.

For religious participants, churches, synagogues, mosques, and temples were essential places
for social well-being. Some participants worshiped at least once a week, in addition to
attending choir, fellowship, Bible study, luncheons, and volunteer programs. Warren (65 y)
attended his synagogue regularly, and labeled it as a major source of support and community
throughout his life, including after his wife’s death. For Salma (67 y), the local church
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welcomed her family into a “big, big community” after immigrating to the US Brenda (73
y), who navigated chronic health conditions and had recently left an abusive relationship,
expressed: “I’m dealing with [pain] without having a bunch of help. But I’ve got my
Minister, we’ve talked about a lot of things.” Brenda was appreciative of the strong support
system through her faith community and opportunities to leave home to engage with others.
Ingrid (66 y) commented: “My church is here; my whole life is here.” For some, including
Black female participants like Ingrid residing in a lower SES area, faith communities
provided meaningful social connections and supportive long-term service networks.

Affluent female participants such as Michelle (74 y) regularly frequented hair salons: “I
have a hair appointment once a week now, that’s one of my little indulgences.” She

also took her teenage granddaughters to get manicures and pedicures together. Michelle
lacked friends, felt lonely, and commented how much she enjoyed talking to her hairdresser
and outings with her granddaughters. For male participants such as Timothy (77 y), the
barbershop two blocks away was a regular spot to “hang out.” He socialized there with

his barber and other customers in attendance, many of them regulars who had become
friends. While overall not that many participants described personal care sites as places for
socialization, for participants such as Michelle and Timothy they were anchors of social
bonding, support, and care.

Phase Il: Quantitative

Table 2 provides descriptive statistics for the REGARDS analytical sample. The mean
cognitive score, averaged over time, was approximately .015 (SD = 2.335). Forty percent

of the sample was Black; more than half identified as female; and the average respondent
was about 67 years old (SD = 8.825) at the time of their first cognitive test. Two-thirds of
the sample had at least some college education. Respondents were situated in 12,669 unique
metropolitan census tracts with varying levels of social infrastructure.

Cognitive function and neighborhood social infrastructure.—Table 3 displays
parameter estimates for our analysis of between-person variation in cognitive function.

The smooth terms in the bottom panel of Table 3 capture the association among social
infrastructure kernel densities and cognitive function. While direct interpretation of these
smooth terms is somewhat uninformative, their associated significance tests suggest that
certain dimensions of the neighborhood social infrastructure environment are significantly
associated with cognitive function. In particular, neighborhood civic and social organization
kernel density (p-value < .001) and senior center kernel density (p-value = .004) were
estimated to be significantly associated with individuals’ overall level of cognitive function.
Local access to eating and drinking establishments was not significantly associated with
cognitive function (p-value = .996).

To further unpack the associations implied by our models, we used the models presented
in Table 3 to generate predicted cognitive test scores across a range of observed kernel
density values, while holding all other variables in the model constant. Figure 2 displays
these predictions, along with corresponding uncertainty intervals.
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The first panel in Figure 2 demonstrates a positive association between civic/social
organization kernel density and cognitive function. Individuals residing in neighborhoods
with little to no access to civic or social organizations (i.e., areas with kernel densities near
0) had predicted cognitive scores of approximately .42. In contrast, individuals residing

in areas with high levels of access to civic and social organizations (i.e., areas at .018,

the 99th percentile of civic/ social densities observed in the sample) had predicted scores
of approximately .71. For context, this .29 difference in predicted cognitive scores among
individuals residing in starkly different neighborhood environments was equivalent to a
3-year difference in age (1 year of age = an estimated .09-point difference in scores).

Figure 2 also demonstrates a moderate association among senior center infrastructure

and cognitive function. Individuals living in areas with minimal levels of senior center
infrastructure displayed predicted cognitive scores of .49, while individuals residing in areas
with very high levels of infrastructure had estimated cognitive scores of approximately .57.
Additionally, as indicated by the significance tests mentioned above, Figure 2 demonstrates
a null association among eating and drinking establishment kernel density and cognitive
function: individuals near the lowest and highest levels of this broad type of social
infrastructure were predicted to have nearly identical cognitive test scores.

Cognitive decline and neighborhood social infrastructure.—We next present the
results for our analysis of cognitive trajectories. For parsimony, we only display AIC scores
for: (1) Model 1, which constrained the rate of cognitive decline across the length of the
study to be identical across all respondents, and (2) Mode/ 2, which allowed for the rate of
cognitive decline to fluctuate across individuals who were situated in neighborhoods with
varying levels of social infrastructure. Table 4 provides this summary information.

As indicated in Table 4, the AICs of models with no interaction between years of follow-up
time from baseline test and social infrastructure were universally smaller than models that
incorporated this interaction. These results suggest that older adults’ rates of cognitive
decline were independent of access to neighborhood social infrastructure sites in the
REGARDS sample.

Discussion

This mixed-methods approach to understanding the potential role of neighborhood social
infrastructure in later-life cognitive function and decline contributes novel evidence on
contextual influences on cognitive health (Cerin, 2019). Consistent with prior research
(Besser et al., 2019; Besser et al., 2017; Clarke et al., 2015; Finlay et al., 2020), our

results suggest that urban infrastructure impacts cognitive health among older adults. By
offering places to sustain positive social engagement and maintain social ties, neighborhood
contexts appear implicitly involved in shaping cognitive function. Our results combine

rich, subjective insights into complex urban realities and lived experiences from qualitative
investigation with standardized and more generalizable findings derived through quantitative
inquiry (Regnault et al., 2017). Mixing these data together generated novel inquiry and more
comprehensive understanding of a multifaceted health research question (Creswell et al.,
2011; Tariq & Woodman, 2013).
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The qualitative analysis identified specific neighborhood places where urban older adults
socialized. Senior centers were highly discussed places for connection to others, social
support, and sense of community. This finding reflects previous research on organized
institutional settings among older adults (Loe, 2011; Weil, 2014), in which senior centers
structured social networks, routine interpersonal activities, cohesion, and opportunities for
friendship. REGARDS respondents living in areas with greater access to senior centers
demonstrated elevated levels of cognitive function relative to their peers, which confirmed
our qualitatively derived hypothesis. We also observed strong convergence between the
qualitative and quantitative results for civic and social organizations. In the qualitative
results, local civic groups enabled participants to regularly engage with others (Greenfield
etal., 2012), build a sense of community, and “get out the door.” These sites supported
regular social activities, which can enhance cognitive reserve and improve cognitive
function (Krueger et al., 2009; Kuiper et al., 2016). In subsequent quantitative analyses,

the association between individual cognitive function and availability of local civic/social
organizations was particularly pronounced. The convergent mixed-methods findings for both
civic/social organizations and senior centers suggest that sites explicitly devoted to social
interaction, relationships, civic engagement, and cohesion may protect cognitive functioning
among older adults. These venues nurture social engagement, support, and connectedness
among a breadth of older adults (Finlay et al., 2018) and thereby reduce risk for social
isolation and associated poorer cognitive outcomes (Evans et al., 2018).

In the qualitative results, participants also valued coffee shops, restaurants, and bars as
familiar third places to gather and “hang out,” Consistent with previous research among
older adults (Torres, 2018; Broughton et al., 2016; Cheang, 2002; Finlay et al., 2020),
eateries anchored social contact through planned gatherings with friends and family,
informal interactions, and ambient contact with others. Eateries close to home were daily
places to gossip with other regulars (Torres, 2018), seek laughter and fun (Cheang, 2002),
be part of the community (Finlay et al., 2020), and engage in other forms of social support.
Contrary to our initial predictions, local availability of food and drinking places played
little to no role in shaping individual cognitive function in the quantitative analysis. Several
factors may account for divergence between the qualitative and quantitative results. The
NAICS codes we used to capture this social infrastructure category may be too broad.
Qualitative participants discussed frequenting coffee shops and fast-food restaurants more
often than bars and formal dining options, but our kernel density measure additionally
incorporated full-service restaurants and bars to incorporate the full breadth of suggested
social eating places. In previous research with REGARDS participants (Finlay et al., 2020),
we found a positive association between the kernel density of coffee shops and fast-food
restaurants with cognitive functioning. Further, some eateries may be less accommodating
and comfortable to older adults, such as noisy and crowded restaurants and bars. They
may also be too expensive for low-income individuals or not as supportive of social group
gatherings around tables and booths.

We did not observe a relationship between social infrastructure and cognitive decline over
time. This finding is consistent with those previously observed for education, which has
been shown to play a strong role in shaping level of cognitive function in mid-to-later life,
but not decline over time (Alley et al., 2007; Clouston et al., 2020; Zahodne et al., 2011).
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Future research should extend longitudinal follow-up to investigate whether the onset of
rapid cognitive decline is delayed among those with greater access to neighborhood social
infrastructure.

These results should be considered hypothesis-generating for further investigation. Both
samples do not include rural perspectives, nor those living in residential long-term care.

For the qualitative study, MN is generally supportive to older adults through investment in
services and amenities such as parks, active transit, and care provision. The findings may
not apply to other settings with distinct built, social, and natural environments. We did

not explicitly ask participants about how neighborhood features impact lifestyle protective
and risk factors for cognitive decline. Our exploratory analysis prompts future research
directions into how these associations may further vary by person and place. The process by
which adults maintain cognitive function as they age is heterogeneous and likely conditional
on other social factors that confer power and privilege—such as gender, race, ethnicity,
education, and income (Besser et al., 2019; Brewster et al., 2019; Lovden et al., 2020).
While investigating these higher-order complexities is beyond the scope of the current
manuscript, we strongly encourage future researchers to build upon our work and examine
if and how the association between cognitive function and neighborhood social resources
varies according to other social conditions. We provide a brief example of this line of
investigation in the Supplementary Materials, drawing upon the qualitative results which
suggested that SES shapes older adults’ abilities to use civic organizations for social support.

Several limitations of our quantitative analysis should be noted. Key confounding individual
factors such as personal wealth—which may drive a participant’s place of residence,

access to resource-rich environments, and level of cognitive functioning—are unavailable

in REGARDS and thus un-accounted for in our models. Similarly, important measures

of health and well-being that may jointly shape cognitive out-comes and influence

how individuals engage with their surrounding environments (e.g., general health status;
functional limitations; and living alone) are either not measured or only measured at the two
in-home visits and are not available as repeat assessments across the period of observation in
our analyses. As such, we caution readers to interpret our results as descriptive associations,
rather than as causal processes. Additional concerns in this area involve selection and/or
reverse causation: for instance, due to broad systems of overlapping inequality that govern
both well-being and residential mobility, individuals that experience better overall cognitive
health may be more readily able to select into neighborhood spaces with plentiful social
resources (James et al., 2015). In future work, researchers might utilize REGARDS data
with detailed information on the residential histories of respondents to better tease apart

the process by which older adults come to live in different neighborhood environments as

a function of their cognitive function over time—and make more definitive causal claims
about how neighborhood social infrastructure is tied to cognitive outcomes.

Further, we could not determine REGARDS participants’ utilization of social infrastructure,
so our results should be interpreted with respect to proximity and density of local
infrastructure, as a marker of access. The kernel density method accounted for the proximity
and density of nearby establishments, but nearby access to and options for socialization
does not necessarily mean that participants frequented these establishments over time.
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Additional limitations of the quantitative analysis involve the coding of the NETS data.

The NAICS categories chosen here may include a handful of organizations that are
irrelevant to older adults, such as fraternities and sororities for civic/social organizations.
Further, some businesses in the NETS data may be not included, misclassified, or
inaccurately geocoded (Finlay et al., 2019; Hirsch et al., 2020). While we adjusted for
neighborhood contextual variables, we did not account for some characteristics that may
modify the effects of neighborhood social infrastructure, such as walkability, safety, business
establishment quality, and proximity to other destinations (e.g., retail, healthcare providers,
and recreational amenities).

Conclusions

Using an innovative mixed-methods approach, we identified that neighborhood social
infrastructure is strongly related to level of cognitive function among older American adults
but not change over time. Given that availability of civic/social organizations and senior
centers was associated with higher cognitive functioning, future research investigating causal
mechanisms can inform policy decisions and community interventions regarding resource
allocation and urban development to support aging populations. Examples may include
social programs for older adults hosted in coffee shops or eating establishments. Investment
in neighborhood social infrastructure may help protect against cognitive impairment by
promoting social engagement, physical and leisure activity, and intellectual stimulation
among aging residents.

In 2019, nearly one-third of community-dwelling older adults in the United States lived
alone, half for those aged over 85 (Kaplan & Berkman, 2020). It is important to conclude

by noting that social isolation and loneliness have become increasingly common among
older adults during the coronavirus disease 2019 (COVID-19) pandemic (Blazer, 2020;
Morrow-Howell et al., 2020). As businesses and civic centers close or operate with tight
restrictions, the temporary and permanent losses of community resources may further isolate
older adults with adverse consequences for cognitive health. Virtual programs such as online
religious services, civic groups, and coffee clubs are on the rise (Brooke & Jackson, 2020).
While many older adults are proficient online, there remain disparities in access and ability.
In the uncertainty of what lies ahead and potentially long-term social activity restrictions,

it is critical for older adults to have access to local resources that facilitate connection and
engagement with the outside world.
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PHASE ONE :> PHASE TWO > INTERPRETATION

qual data collection:
Purposeful sampling; semi-structured
seated and mobile interviews;

QUAN data collection:
REGARDS + NETS (senior centers, food
services, and civic organizations)

[ Triangulation of qual and QUAN results ]

ethnography
4 P k'
QUAN data analysis:
qual data analysis: Social infrastructure kernel densities;
Coding; thematic analysis descriptive statistics; inferential statistics
(multilevel generalized additive models) )
qual results: 4 QUAN results: A
Key themes of places to socialize: 1) Living in areas with greater access to
senior centers, 2) civic and social civic/social organizations and senior
organizations, 3) food and drinking centers associated with higher levels of
places cognitive function
A /
Figure 1.

Exploratory sequential mixed-methods study design.
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Civic and social organizations. Eating and drinking establishments. Senior centers

Predicted cognitive function score

0.000 0.005 0.010 0015 0.00 0.01 0.02 003 0.000 0.005 0010
Social infrastructure kernel density

Figure 2.
Predicted cognitive factor scores across a range of social infrastructure kernel densities.

Note. Predictions are derived from the models presented in Table 3 and made for the 0-99th
percentile of each observed kernel density score. All additional model covariates are held
constant at their medians (for continuous features) or modes (for categorical features). The
50%, 75%, and 90% uncertainty intervals are marked by shaded regions.
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Table 1.
Descriptive Statistics for Qualitative Sample (7= 125): Aging in the Right Place Study (2015-2016).

Measure Mean + SD or %
Age (years) 71.3 (£7.8)
Female 67
Race/ethnicity: white 57
Race/ethnicity: Black 25
Race/ethnicity: other 18

Married 34

Education: high school or less 57

Note. SD = standard deviation. “Other” self-identified races/ethnicities include (in alphabetical order) African, American Indian, Arabic, Asian,
Bohemian, French, German, Hispanic/Latin American, Irish, Jewish, Norwegian, Polish, and Swedish.
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