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Abstract

Background: Higher neighborhood socioeconomic status has been favorably associated with
stroke outcomes. This may be due to these areas having more beneficial resources such as
recreational centers. We aimed to determine if neighborhood density of recreation centers is
favorably associated with stroke outcomes.

Methods: We conducted analyses of data from the Brain Attack Surveillance in Corpus Christi
(BASIC) project, a cohort of stroke-survivors =45 years of age residing in Nueces County, Texas
(2009-2020). We included non-Hispanic Whites and Mexican Americans with incident stroke,
who were not institutionalized pre-stroke and completed baseline and follow-up assessments
(N=1,392). We calculated the density of fitness and recreational sports centers within their
residential census tract during year of their stroke. Outcomes included function (self-ratings

on activities of daily living (ADL) and instrumental ADL), cognition (modified mini-mental
state exam), depression (Patient Health Questionnaire 8), and quality of life (abbreviated Stroke-
Specific Quality of Life scale (SS-QoL)). We fit confounder-adjusted gamma distributed mixed
generalized linear models with a log link for each outcome and considered an interaction with
stroke severity.

Results: On average, participants were 65 years old, 53% male, and 63% Mexican American.
Median recreational centers was 1.60 per square mile (IQR: 0.41 to 3.06). Among moderate-severe
stroke survivors, greater density of recreation centers (75th versus 25th percentile) was associated
with more favorable function and possibly quality of life (ADL/Instrumental ADL.: - 4.8% change;
95% ClI: -0.11, —-9.27%; SS-QoL: 3.7% change, 95% CI: —0.7%, 8.2%). Minimal non-significant
differences were observed among the overall stroke population and those with mild stroke.

Conclusions: Availability of recreation centers may be beneficial for post-stroke function and
quality of life among those with moderate-severe stroke. If further research confirms recreation
centers to be beneficial, this could inform rehabilitation following stroke.

Corresponding author: Leanna Delhey, Imdelhey@umich.edu, Mailing Address: 1415 Washington Heights, Ann Arbor, MI, 48109.
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Introduction

Methods

Approximately 7.6 million non-institutionalized Americans (2.7% of adults) report surviving
a stroke; by 2030, this number is expected to rise to 11 million (National Health

and Nutrition Examination Survey 2011-2018).1:2 Stroke survivors have higher rates of
functional and cognitive impairment, depression, and decreased quality of life than stroke-
free adults.! Given the rising prevalence and high burden of stroke, it’s crucial to increase
our understanding of what factors may improve outcomes following stroke.

Community factors likely influence post-stroke outcomes.3-> Many stroke survivors reside
in the community (non-institutionalized settings).6.” Often community-dwelling survivors
report they do not have sufficient opportunities for social or physical activities beneficial
for recovery.3 Studies have demonstrated that lower neighborhood socioeconomic status
(SES) is associated with worse post-stroke outcomes, particularly among those with
moderate-severe stroke severity.>8:9 This association may result from fewer beneficial
establishments, such as recreation centers. Recreation centers may benefit recovery by
providing opportunities for physical activity, socialization, and cognitive practice.10.11

Few studies have considered the influence of recreation centers on stroke outcomes.11-15
Two review papers of primarily qualitative studies reported shorter distance to destinations
and places to exercise and walk were beneficial for recovery.1415 An exploratory study
reported that the number of and distance to recreational facilities were among top self-
reported barriers for exercise among stroke survivors.1! Three studies investigated the effect
of recreation centers on post-stroke physical activity among stroke survivors capable of
walking.11-13 Since the study populations were restricted to those capable of walking their
findings may not reflect the broader population of stroke survivors, particularly those with
more severe stroke.12.13

To overcome these limitations and build on existing research, we studied the associations
between availability of recreation centers and stroke outcomes in a population-based stroke
cohort. We hypothesized greater availability of recreation centers would be associated with
more favorable post-stroke outcomes. We further hypothesized these associations would be
stronger among those who had a moderate-severe stroke, as observed with neighborhood
SES.

Study Population

We included non-Hispanic White and Mexican American first-time stroke (ischemic or
intracerebral hemorrhage) survivors enrolled in the Brain Attack Surveillance in Corpus
Christi (BASIC) project from 2009-2020, a population-based surveillance cohort in Nueces
County, Texas. Potential stroke cases =45 years of age who reside in Nueces County are
identified through active surveillance of daily admission logs, medical and intensive care
units, and passive surveillance of discharges.® All identified stroke cases were validated

by a stroke fellowship-trained physician.18 The institutional review board at the University
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of Michigan and the two local hospital systems approved the BASIC project and written
informed consent was obtained from all participants.

Prevalent stroke cases were excluded based on medical record documentation of prior
stroke. Non-Hispanic Black, Asian, American Indian, and unknown race/ethnicity survivors
were excluded due to small sample size (figure 1). Most of Nueces County, Texas residents
are Hispanic (65.2%) or non-Hispanic White (28.0%).17 We further excluded those who
resided in an institutionalized setting prior to stroke, those who did not complete or had

a proxy (e.g., relative) interview at baseline or follow-up, and those whose residence was
not matched to a census tract (figure 1). For analysis specific to outcomes of cognition,
quality of life, and depression we further excluded participants enrolled in year(s) when
these measures were not collected (2020, 2009, and 2009-2010, respectively).

We assessed availability of recreation centers by density per square land mile within census
tracts using data publicly available from the National Neighborhood Data Archive (NaNDA;
URL: https://nanda.isr.umich.edu/), described elsewhere.18 The stroke survivors’ physical
address was abstracted from their medical records and geocoded to identify the census

tract 2010 FIPS code. We matched recreation center density by census tract and year of
stroke for those that occurred from 2009-2017. Those that occurred from 2018-2020 (351
eligible participants) were matched with 2017, the most recent year available. Recreation
centers were defined by the North American Industry Classification System code “7139”
indicating all fitness and recreational sports centers (e.g., health clubs, exercise facilities, and
recreational sports centers).18

Post-stroke outcomes were assessed approximately 3-months following stroke.>16 Function
was assessed by average score (range 1-4, lower is better) of self-reported ratings for 7
activities of daily living (ADL) items and 15 instrumental ADL items (IADL).5:16 Cognitive
performance was assessed using the Modified Mini-mental State Exam (3MSE), a measure
of global cognitive function (range 0-100, higher is better).18 Depressive symptoms were
assessed by self-report on the Patient Health Questionnaire Eight (PHQ-8; range 0-24,
lower is better).>19 Average score from the abbreviated Stroke-Specific Quality of Life scale
(SS-QoL) was used to assess physical and psychosocial dimensions of quality of life (range
1-5, higher is better).5:20

We reviewed previous related publications and created a directed acyclic graph to identify
confounders to adjust for in the multivariable models.?1:22 Selected confounders were
assessed at baseline (shortly following the stroke).

Individual level variables were assessed by interview or medical record abstraction.
Demographic variables consisted of age in years (categorized by quartiles), sex (male

or female), and self-reported race/ethnicity (non-Hispanic White or Mexican American).
Measures of SES included: self-reported educational attainment (less than high school,
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high school, post-high school) and insurance status (insured or not). Pre-stroke disability
was assessed with the modified Rankin scale (range 0—4+, lower is better).23 Pre-stroke
cognition was assessed by the informant questionnaire on cognitive decline in the elderly
(IQCODE; range 1-5, lower is better).24 Pre-stroke depression was present if self-reported
ever told by provider had depression or ever taken medication for depression. Medical
records were used to determine comorbidity score and smoking status (ever smoker or

not). The comorbidity score was a count of the following conditions present: amyotrophic
lateral sclerosis (ALS), atrial fibrillation, cancer, chronic obstructive pulmonary disease,
coronary heart disease or myocardial infarction, dementia or Alzheimer’s disease, diabetes,
end-stage renal disease, epilepsy, excessive alcohol use, heart failure, hyperlipidemia, and
Parkinson’s disease.” Stroke type was classified as ischemic or intracerebral hemorrhage
using standard clinical definitions.16 Initial stroke severity was scored using the NIH stroke
scale (NIHSS) abstracted from medical records or determined by validated algorithm.25 This
score was categorized as mild (<5) or moderate-severe (>5) to facilitate evaluation of effect
modification, as done previously.>26.27

Interpersonal variables were assessed during the interview. Self-reported marital status

was categorized as single/never married, married/living with someone, widowed, divorced/
separated. A 7-item questionnaire was used to assess social support, as described previously
(range 0-14, higher is better).?

Neighborhood disadvantage and affluence scores were ascertained from NaNDA.28 The
disadvantage score reflects proportions of households in poverty, unemployed, female-
headed, and receiving public assistance income.28:29 The affluence score reflects proportions
of households with college education, incomes of at least $75,000, and employed in
managerial /professional occupations.28:29 These scores were computed with data available
from the US Census Bureau’s American Community Survey and provides estimates for
5-year periods (2008-2012 and 2013-2017).28 This score was linked by census tract and
5-year period closest to the year of stroke.

Data Analyses

We conducted descriptive analysis for the overall population and stratified on recreation
center density quartile. Means/standard deviations, medians/interquartile ranges (IQR),

and counts/percentages are provided for normally or not normally distributed continuous
variables and categorical variables, respectively. Differences by recreation center density
quartile were assessed by XZ or analysis of variance tests for categorical and continuous
variables, respectively. Participant population density and recreation center density quartiles
were graphed by census tract.

To minimize potential selection bias due to excluding participants who did not complete an
assessment or completed by proxy we applied an inverse probability weighting approach to
increase the contribution of participants in the study who were similar to those excluded.>-30
We applied chained multiple imputation to retain participants with partial missing data.>-30
Missing values were imputed using data from study populations for each outcome (Table
S1). Only IQCODE was missing for >5% of participants (17-19%).
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We conducted a series of generalized linear regression models with the gamma family, log
link function, and exchangeable working correlation structure to predict each outcome, using
generalized estimating equations to account for clustering within census tract. Recreation
center density was centered at the median (1.60) and rescaled by the IQR (0.41, 3.06).

We assessed model fit by plotting raw and Pearson residuals against fitted values. We
assessed the functional form of continuous variables and selected linear, quadratic, or
categorized terms as appropriate. Covariates were sequentially added to models to observe
their impact on the effect of the exposure, as specified herein: 1) unadjusted, 2) age, sex,
and race/ethnicity, 3) educational attainment and insurance status, 4) pre-stroke: modified
Rankin scale, IQCODE, depression, comorbidity score, , and smoking status, 5) marital
status and social support score, 6) neighborhood affluence and disadvantage score, 7) stroke
type and severity, and 8) interaction of the exposure and stroke severity. We tested for
multi-collinearity between covariates by considering the variance inflation factors of the
covariates. For ease of interpretation, estimated model parameters are exponentiated. These
represent predicted proportional difference in the outcome between neighborhoods with
high versus low density of recreation centers (75t versus 25™ percentile). For model 8,
parameters are computed for each stratum of stroke severity using the obtained coefficients
for the exposure and interaction terms. To assess significance, we considered the magnitude
of the coefficient for recreation center density, 95% confidence intervals (CI), and p-values.
A priori, a value of p=0.05 was set for main effects and p=0.15 for effect modification.531
We did not adjust for multiple comparisons as this study was restricted to four planned
outcomes and interpretation was not based solely on statistical testing.32 To consider the
effect size of each outcome regardless of scale, we computed Hedges’ g, a standardized
mean difference between two groups.

We conducted sensitivity analysis to determine robustness of results. 1) To consider potential
exposure misclassification, we restricted the study population to those who reported they
had not moved at follow-up. This information was available for survivors from 2014-2020.
2) To control for urbanicity we excluded persons residing in rural census tracts (<25%

of the tract population resided in an urbanized area — area containing =2,500 people) 3)

We repeated analyses for only those with complete data. 4) We considered interactions
between race/ethnicity and sex with recreation center density. 5) We considered the effect

of confounders within stroke severity strata for outcomes where effect modification was
identified by repeating the analysis after stratifying by stroke severity.

We conducted statistical analyses and created figures with SAS 9.4 (SAS, Institute, Inc,
Cary, NC). This manuscript follows the STROBE reporting guideline.33

From 2009-2020, 4,331 incident strokes were identified. The final analytic sample included
1,392 stroke survivors from 78 census tracts (MSE: 1,299, SS-QoL.: 1,293, and PHQ-8:
1,188; figure 1). Figure 2 maps the relative population density of stroke survivors and
quartiles of recreation center density by census tract. Table 1 provides study population
characteristics overall and by quartile of recreation center density. Overall, median
recreation center density was 1.60 per square mile (IQR= 0.41-3.06). Figure S1 displays
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the recreation centers by type (health and fitness centers was the most common identified
type). On average, participants were 65 years old (standard deviation=11.1), 53% male,

and 63% Mexican American. In general, the population within neighborhoods with the
greatest density of recreation centers was older, had a higher proportion of non-Hispanic
white stroke survivors, higher educational attainment and neighborhood affluence and lower
neighborhood disadvantage. The median post-stroke outcomes for the overall population
were ADL/IADL:1.77 (IQR:1.23-2.48), 3MSE:81 (IQR:73-85), SS-QoL:3.75 (IQR:2.83-
4.50), and PHQ-8:5 (IQR:1-11). In general, neighborhoods with the highest density of
recreation centers had more favorable scores (Table 1).

The sequentially adjusted associations between recreation center density and post-stroke
outcomes are shown in Table 2. In unadjusted analyses (model 1), we observed non-
significant associations between density of recreation centers and all post stroke outcomes
except for depression (Table 2, PHQ-8: 0.951, 95% CI: 0.907-0.998). These were attenuated
after adjusting for confounders (Table 2, model 7, PHQ-8: 0.974, 95% ClI: 0.930-1.020).
Stroke severity modified the effect of neighborhood recreation center density on post-stroke
function and quality of life (ADL/IADL: p=0.044; SS-QoL: p=0.137 3MSE: p=0.702;
PHQ-8: p=0.698). Residing in neighborhoods with greater density of recreation centers was
associated with improved function and possibly quality of life among those with moderate-
severe stroke (Table 2, figures 3 and S2; —4.8% change in ADL/IADL, 95% CI: -0.11 to
-9.27%; 3.7% change in SS-QoL., 95% CI: —0.7% to 8.2%). We observed small effect sizes
for function, cognition, and quality of life (Hedges’ g> 0.2, Table S2).34

In sensitivity analyses, we obtained similar conclusions. We observed possible proportional
differences for ADL/IADL and SS-QoL among survivors of moderate-severe stroke in
2014-2020 and after restricting to those who did not move (figures S3-4). Excluding
persons from the primary study population who resided in rural areas (n=55) yielded
comparable results to the primary analyses (figure S5). Table S3 presents results from the
complete case analyses, which were similar to the primary analyses. Race/ethnicity and

sex did not modify the associations of interest overall or within severity strata, except for

a stronger observed association with cognition among Mexican Americans with moderate-
severe stroke and function among females with moderate-severe stroke (Tables S4-6). Table
S7 portrays the results of stratified analyses for ADL/IADL and SS-QoL. Among moderate-
severe stroke, we observed varying small impacts of identified confounders by outcome and
level (individual, interpersonal, and neighborhood).

Discussion

We did not observe an association between recreation center density and post-stroke
outcomes in the overall population of stroke survivors; however, we observed effect
modification of the association by stroke severity for function and quality of life.

Among those with moderate-severe stroke, recreation center density was associated with

a small increase in function and quality of life. This study extends previous research by
considering the outcomes of function, cognition, depression, and health-related quality of
life, considering stroke severity as an effect modifier, using methods to minimize potential
selection bias due to differential attrition, and controlling for confounding on multiple levels.
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Two previous studies investigating the effect of neighborhood recreation centers on physical
activity among stroke survivors limited their study population to stroke survivors capable of
walking.1213 Kanai et al. further restricted their study population to those without dementia,
moderate-severe aphasia, or moderate-severe disability.12 These restrictions meant the study
populations may not be generalizable to the overall stroke population.1213 Both may have
selection bias due to the inclusion of prevalent stroke survivors and differential participation
potentially related to health/disability. In this study, we observed no to minimal effects
among those with mild stroke, consistent with these two previous studies.12 Furthermore, the
associations we observed may be due to other mechanisms such as increased socialization,
rather than physical activity.

The current study findings of an interaction between stroke severity and neighborhood
recreation centers support the World Health Organization International Classification of
Functioning, Disability, and Health (ICF) model which posits that individual-level and
environmental-level factors interact to influence disability.3® Stulberg et al. suggested
neighborhood effects on post-stroke outcomes may be greater among those with more
severe stroke due to greater dependence on their immediate surroundings and more room for
improvement.® The current results further support this hypothesis.

This study has some limitations to consider. The BASIC project was conducted in Nueces
County, Texas and findings may not be generalizable to other regions with different racial/
ethnic distributions or more rural environments. Furthermore, these results may not be
generalizable to non-Hispanic Black, Asian, or American Indian survivors in the study
community as these individuals had to be excluded due to small numbers. We do not know
if participants used the neighborhood recreation centers or their physical/social activity
levels. We chose not to adjust for multiple comparison because of pre-planned analyses and
consideration of more than p-values. It’s still possible that our results are due to chance.
We may have had differential participation related to stroke severity; however, we used
inverse probability weighting to account for this. We used initial stroke severity as a proxy
for severity at discharge. While stroke severity at admission is a predictor of disability at
discharge, the capacity of participants to benefit from recreational centers may have been
misclassified. We considered effect modification by initial stroke severity, sex, and race/
ethnicity based on existing evidence in the literature; it’s possible other factors may modify
these effects, (e.g., pre-existing depression or cognitive impairment). There is potential
misclassification of our exposure due to use of census tract to define neighborhood, the use
of neighborhood level data from 2017 for strokes occurring in 2018-2020, and inclusion of
participants who were discharged to short-term care before arriving home. These sources
of misclassification are likely non-differential and would be expected to bias our results
towards the null.

There is also potential uncontrolled confounding and index event bias. Neighborhood
factors such as racial/ethnic segregation, sidewalks/accommodations, and safety in the
neighborhood have been associated with post-stroke outcomes and may be associated with
recreation center availability.36:37 Individual characteristics may influence exposure due to
self-selection into the neighborhood and may also be associated with post-stroke outcomes
resulting in confounding.38:39 Furthermore, residual confounding may be present due to
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assessing pre-existing depression by self-report and comorbidities by medical record. Index
event bias may be present due to restricting our study population to stroke survivors.4? Our
comprehensive control of many common risk factors of post-stroke outcomes (models 1-7)
should reduce these potential biases.

Neighborhood availability of recreation centers may be associated with post-stroke function
and quality of life among those with moderate-severe stroke. Further prospective studies are
needed to confirm these findings and to explore potential mechanisms by which availability
of recreation centers may improve post-stroke outcomes. If availability of recreation centers
is determined beneficial, this knowledge may inform discharge planning since most stroke
survivors in this community and nationally are discharged directly home or to short-term
rehabilitation and then home.5:” Furthermore, rehabilitation efforts may be targeted to take
advantage of or address a lack of recreation centers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Eligibility flow chart.
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Figure2.
Maps 78 census tracts within Nueces County, Texas. (A) Relative stroke case population

density by quartile. (B) Relative recreation center density by quartile.
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Figure 3.

Proportional difference of 90-day post-stroke outcomes associated with IQR increase in
neighborhood recreation center density by stroke severity.

*Adjusted for demographics (age, sex, race/ethnicity), individual socioeconomic status
(education, health insurance), pre-stroke health (comorbidities, function, cognition,
depression, smoking), interpersonal factors (marital status, social support), neighborhood
socioeconomic status (neighborhood disadvantage, neighborhood affluence), stroke type and

severity.

**Additionally adjusted for interaction between religious organization density and stroke

severity.
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