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Abstract

Background and Purpose—Stroke is the leading cause of serious, long-term disability in the 

United States and the number of stroke survivors is projected to rise. Physical functioning status 

may be compromised in survivors living in low socioeconomic status environments in comparison 

to higher socioeconomic status environments. Higher socioeconomic status environments may 

include benefits in the built environment such as sidewalks, accessible transit, or low traffic 

volume. Investigation is needed to understand the effects of the socioenvironmental context on 

trajectories of stroke survivors’ physical health-related quality of life (PH-QOL) over time.

Methods—Participants from the REasons for Geographic and Racial Differences in Stroke 

(REGARDS) study enrolled in the ancillary Caring for Adults Recovering from the Effects of 

Stroke (CARES) project completed the SF-12 around 6–12, 18, 27, and 36 months post-stroke. 

Measures of area-level income, wealth, education, and employment at the census tract level were 

combined to represent participants’ neighborhood socioeconomic status (nSES). Linear mixed 

models were used to predict trajectories of PH-QOL over time, controlling for individual 

characteristics.

Results—The average trajectory of PH-QOL was flat over time. However, women and younger 

stroke survivors had better trajectories over time than men and older stroke survivors. Higher 
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nSES was significantly associated with better PH-QOL across all time points (β=1.73, 95% CI: 

0.17, 3.30), after controlling for demographic variables and severity of stroke.

Conclusions—Our findings demonstrate that nSES, gender, and age are associated with the 

post-stroke recovery process. The results of this study suggest the importance of evaluating the 

environment surrounding stroke survivors when they return to their home communities. Future 

research should identify specific features of the environment within different socioeconomic status 

neighborhoods to better understand how they contribute to PH-QOL among stroke survivors.
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INTRODUCTION

Stroke is a leading cause of serious long-term disability within the United States.1, 2 

Individuals that continue to live within their community with the residual effects of a stroke 

often experience change in their health-related quality of life.3, 4 Stroke survivors have often 

reported lower physical health-related quality of life (PH-QOL) in comparison to non-stroke 

community-dwelling seniors.3, 5, 6 PH-QOL theoretically reflects elements of physiologic 

reserve and has been shown to be a powerful predictor of health outcomes, such as mortality 

and physical function.7, 8 Acquired functioning limitations due to a stroke, such as physical 

and cognitive limitations, have repeatedly been found to reduce stroke survivors’ PH-QOL.
4, 6, 9

However, some individuals appear to adapt to ongoing cognitive and mobility limitations 

and report a high PH-QOL.4, 5, 10 Most often, higher PH-QOL is achieved through continued 

engagement in social interactions and participation in valued life activities.5, 10 To minimize 

the decline in PH-QOL, stroke survivors can increase social support, access educational 

resources, or decrease social isolation.3–5, 10 Pearlin’s theory of sociology of stress suggests 

that attributes of the built and social environment may serve as buffers by moderating the 

relationship between stressful life events and health outcomes.11 After a stroke, individuals 

may be more or less susceptible to indirect negative health consequences as a function of the 

built and social environment surrounding them. Hence, it is important to investigate if 

structural characteristics surrounding stroke survivors play a role in trajectories of 

engagement and participation within their community.

Approximately 20% of PH-QOL within the general United States population can be 

attributed to direct clinical care.12 The remaining 80% of PH-QOL can be attributed to 

social and economic factors, the physical environment, and health behaviors. There is a need 

to identify areas outside of clinical care, within the socio-environmental context, that 

influence individual PH-QOL post-stroke. Previous studies have observed that women have 

lower PH-QOL than men post-stroke, and that gender differences in PH-QOL widen over 
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time.13 Age has also been identified as an important socio-environmental characteristic, 

whereby strokes at a later age result in worse PH-QOL and declining PH-QOL trajectories.
14 Lastly, neighborhood socioeconomic status (nSES) captures the context in which people 

live and possess both physical and social attributes which has been previously shown to 

predict stroke mortality.15 Our goal is to examine long-term trajectories of PH-QOL and 

determine if socio-environmental characteristics shape PH-QOL trajectories. To accomplish 

this goal, we investigated stroke survivors’ change in PH-QOL over time, the effects of 

demographic characteristics (i.e., age, gender) and nSES on change in PH-QOL over time, 

and explored the interaction of these factors.

METHODS

To abide by its obligations with the National Institutes of Health/National Institute of 

Neurological Disorders and Stroke, the Reasons for Geographic and Racial Differences in 

Stroke (REGARDS) study facilitates data sharing through formal data use agreements. Any 

investigator is welcome to access the REGARDS data through this process. Requests for 

data access may be sent to regardsadmin@uab.edu.

Study Population

Study participants were randomly selected from a commercially available list of individuals 

living within the United States. Through a stratified random sampling design REGARDS 

aimed to enroll half African American participants and half White participants, half male 

participants and half female participants, and half of the participants holding residence 

within the “stroke belt” region (states of AL, AR, GA, LA, MS, NC, SC, and TN) and half 

of the participants holding residence within the other 48 contiguous states. Potential 

participants were invited via mail and then followed up with attempted contact through 

phone calls. Initial screening for eligibility was completed. In order to be eligible for the 

parent REGARDS study, all participants needed to be: age 45 or older; self-identify as 

African American or White and not Hispanic; no previous diagnosis of cancer; ability to 

communicate in English; and not hold residence or be on a waiting list for a nursing home. 

The proportion of known eligible participants who agreed to be interviewed was over 60%.
16 The sampling, recruitment, and telephone interviewing procedures for REGARDS have 

been described in additional detail elsewhere.16 After enrollment, REGARDS administered 

a computer-assisted telephone interview to obtain baseline information included in this 

analysis: race, gender, age, education, and income. Participants were contacted every six 

months to collect information about incident stroke.

Those who self-reported stroke symptoms during a follow-up call within the parent 

REGARDS study were potential participants for the Caring for Adults Recovering from the 

Effects of Stroke (CARES) ancillary study.17, 18 Beginning in August of 2005, trained 

interviewers contacted potential participants from the parent REGARDS cohort and 

established eligibility for the CARES study. Participants were eligible for the CARES study 

if they were community-dwelling, active participants within REGARDS, self-reported 

incident stroke, and had a primary family caregiver who would agree to participate.17, 18
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Within the current project, participants were excluded from the study sample if there was no 

confirmation of stroke through medical record review. Within REGARDS, two trained 

adjudicators with expertise in stroke, including one neurologist, reviewed and adjudicated 

index hospitalization event medical records. The same two adjudicators used diagnostic data 

and imaging to confirm stroke and record stroke severity. The CARES enrollment goal was 

to complete baseline interviews 6 to 12 months post-stroke.17, 18 Follow-up assessments 

were then scheduled around 18, 27, and 36 months after the stroke date, totaling up to four 

longitudinal data points collected within the CARES study.17, 18 Participants provided 

written informed consent to be a part of both CARES and REGARDS, and studies were 

approved by all participating Institutional Review Boards.

Measures

The main exposure variable, nSES, was calculated based on participants’ census tract. To 

obtain nSES, each participant’s baseline address was geocoded using ArcGIS. Only results 

where geocoding could match an address to a longitude/latitude with 80% or higher 

probability were included in this study. The geocoded address was linked to its respective 

census tract based on the 2013 Census TIGER/Lines (US Census Bureau, Geography 

Division). An index of nSES used in previous research was calculated based on six census 

variables from the 2013 American Communities Survey including: log of median household 

income, log of median value of owner-occupied housing units, proportion of households 

receiving interest, dividend, or net rental income, proportion of adults aged ≥25 years with a 

high school diploma, proportion of adults aged ≥25 years with college degree, and 

proportion of people employed in executive, managerial, or professional occupations.19, 20 

The composite nSES variable is a standard score according to the United States nSES 

distribution. When considering all tracts in the United States, the nSES variable had a mean 

of 0 and a standard deviation of 1, with higher scores indicating higher socioeconomic status 

of the neighborhood.

The main outcome of this study, PH-QOL, was self-reported using the SF-12 around 6–12, 

18, 27, and 36 months post-stroke. A physical composite score representing PH-QOL was 

calculated using weighted item composites from the SF-12. The score was then standardized 

to have a population mean of 50 and standard deviation of 10, with higher scores indicating 

better self-reported functioning. PH-QOL has been shown to be valid and reliable measure 

of health-related quality of life.21 The time of each PH-QOL observation was calculated by 

taking the date of observation and subtracting the stroke date, resulting in the number of 

days since stroke. For ease of interpretation, the number of days was divided by 30 to 

provide an estimate of time that indicates the months since the stroke date, and time 

(months) was centered at six months post-stroke.

Confounders included in this analysis are age, gender, race, education, and income. In 

addition, we adjusted for stroke severity so that PH-QOL is comparable across subjects. 

Stroke severity and age at the time of stroke were obtained through medical record review. 

The National Institute of Health Stroke Scale (NIHSS) is a measure of stroke severity that is 

widely used and has shown to be a reliable, valid, and responsive tool to measure stroke 

severity.22 Scores on NIHSS range from 0 to 42, with higher scores indicating a more severe 
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stroke. Age was centered at age 75, the overall mean of the study population for 

interpretability of the intercepts. Self-reported gender (male, female), race (white, black), 

education (less than high school, high school graduate, some college, college graduate or 

more), and income (less than $20,000, $20,00-$34,999, $35,000-$74,999, $75,000 or more) 

were obtained through the parent REGARDS study during the baseline assessment.

Statistical Analysis

Demographic, health, and neighborhood characteristics were summarized for the total study 

sample and stratified by tertile of nSES. Participants whose first observation date was greater 

than 36 months post-stroke, were excluded from the analysis (N=11). Three participants 

(1%) were missing nSES and 48 participants (17%) were missing NIHSS. Multiple 

imputation techniques were used to classify missing data in predictor variables to reduce 

potential biases and improve precision in our estimates.23 This model included nSES, stroke 

severity, education, income, race, gender, and age as predictors. One hundred datasets 

including imputed outcomes were generated, with estimates produced using the STATA 

procedure MI ESTIMATE. Details of this approach are available elsewhere.24

To estimate the trajectories of the PH-QOL over time post-stroke we utilized linear mixed 

modeling. Using linear mixed modeling procedures we first estimated the average trajectory 

of the PH-QOL with time (months) as a predictor, accounting for the correlation of variance 

of observations within an individual. Models were estimated using maximum likelihood 

estimation. Within the first model we assessed the correlation of observations over time and 

different functional forms of time. The second model included characteristics of the 

individual (i.e.., age, gender), testing for their influence on the trajectories of PH-QOL over 

time (i.e.., age by time interaction, gender by time interaction). Gender and age associations 

with PH-QOL trajectories were identified a priori as important socio-environmental 

characteristics of post-stroke health.13, 14 The third model included a main effect of nSES on 

the PH-QOL intercept. Within our final, and fourth model, we assessed the interaction 

between nSES and time to examine the influence of nSES on the trajectories of PH-QOL 

over time. The association between nSES and trajectories of PH-QOL was identified a priori 
given the social and physical attributes of neighborhoods that have been previously 

associated with overall health and wellbeing.25 Throughout the model fitting process 

Bayesian Information Criterion (BIC) was assessed to provide evidence for the fit of the 

model, with lower BIC values indicating a better model fit.26

RESULTS

A total of 360 participants were enrolled into the CARES sample. Of the 360 participants, 

55 did not have an adjudicated stroke, 11 participants first observation was beyond 36 

months post-stroke, and 10 participants’ stroke event occurred after the follow-up 

observations. This resulted in a total sample size of 284 participants in our analytic sample. 

Stroke participants within our analytic sample completed their first CARES questionnaire an 

average of five months after their first self-reported stroke symptoms, and 69 months after 

their initial baseline assessment from the REGARDS parent study. As shown in Table 1, the 

average age of participants at the time of their stroke was 74 years of age, those living in 
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high nSES environments tended to be older than those living in mid or low nSES 

environments. Approximately half of our study sample were female, the proportion of which 

decreased with increasing nSES. Approximately 60% of the sample self-identified as white, 

the proportion of which drastically increased with increasing nSES. The proportion of 

participants with higher individual-level education and income increased with increasing 

nSES. Self-reported PH-QOL was somewhat stable over time for the study sample, but 

varied between tertiles of nSES (Table 1).

As shown in Table 2, Model 1, the overall average predicted value of PH-QOL for the study 

population at six months post-stroke was 40.1, approximately one standard deviation below 

the mean. When examining the population PH-QOL, it appears as if PH-QOL stays 

relatively constant over time (β = −0.03, SE = 0.2). With the inclusion of individual-level 

characteristics in Model 2, we see trajectories of PH-QOL are significantly different by 

gender and age at the time of stroke. Women have much lower values of PH-QOL at six 

months post-stroke than men (β = −3.96, SE = 1.33). However, women tend to increase over 

time (β = 0.12, SE = 0.05) and men decline over time (β = −0.09, SE = 0.03). Additionally, 

we observe an inverse relationship between stroke severity and PH-QOL. With the addition 

of nSES in Model 3, we observe that with a one standard deviation increase in nSES there is 

a 1.79 (SE = 0.71) increase in PH-QOL score, independent of individual-level 

characteristics. Relationships described in Model 2 persist within Model 3. Within Model 4 

there is not a significant interaction between nSES and time, after controlling for all other 

variables within the model.

DISCUSSION

There is minimal research on the role of neighborhood context on post-stroke outcomes. Our 

results feature the neighborhood context, an important and often overlooked component of 

the stroke recovery process. Our goal was to examine trajectories of PH-QOL and determine 

if socio-environmental characteristics shape PH-QOL trajectories. The results provided 

descriptive evidence of the long-term post-stroke PH-QOL recovery process. When 

examining the overall average PH-QOL among participants post-stroke, it appears there is 

no change in population recovery over time. However, the population average trajectory 

masked changes in PH-QOL over time by different subgroups. We observed drastic 

differences in observed PH-QOL recovery for women and men and for people who have 

their stroke at younger ages in comparison to older ages. While estimates for one month 

appear small, when examined over the entire study period the changes in PCS are similar in 

magnitude to what others have described as clinically meaningful.27 For example, the 

intercept for men is 3.6 units higher than the intercept for women; however, over a three year 

period men decrease by 3.24 units (−0.09*36), whereas women improve by 1.08 units 

((−0.09+0.12)*36). Therefore, the average group trajectory among women surpassed the 

average group trajectory among men over the study period (Figure 1). Younger stroke 

survivors had trajectories suggesting improvement over time, contrasted with decline over 

time in older stroke survivors (Figure 2). We found nSES was significantly associated with 

PH-QOL as a main effect, with stroke survivors living in high nSES showing better function 

at all time points, but these results show no interaction with time. Those living in more 
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advantaged neighborhoods had higher levels of PH-QOL post-stroke, independent of 

individual functioning, individual socioeconomic status, and demographic characteristics.

This was one of few studies to describe trajectories of quality of life beyond one-year post-

stroke.28, 29 We found that recovery post-stroke overall was quite flat, but uncovered that 

these trajectories varied by socio-demographic characteristics. Our findings confirm 

previous work reporting lower levels of quality of life 6–12 months post-stroke among 

women in comparison to men, after accounting for age differences.13, 30, 31 The 

underpinnings of our observed differences in trajectories of PH-QOL between women and 

men are not clear. Future research should explore if these effects are the result of differing 

social networks among women and men during long-term stroke recovery. We also observed 

differences in recovery post-stroke by age at the time of stroke. It is possible that these 

differing trajectories are due to differences in physiologic reserve among older adults and 

differing vulnerability when responding to a stroke event.32

Environmental attributes have been shown to influence the disabling process.33 Within this 

study we observed nSES was positively associated with PH-QOL. A one standard deviation 

increase in nSES resulted in a 1.79 unit increase in PH-QOL, above and beyond individual-

level characteristics (Figure 3), a result that was maintained at three years post-stroke. In 

comparison, a one standard deviation increase in nSES is similar in magnitude to the 

protective effects of decreasing the age at stroke by 36 years. This supports previous work 

which has found nSES to be an independent predictor of post-stroke mortality, above and 

beyond individual characteristics.34 However, we did not observe a statistical interaction 

between stroke severity and time on PH-QOL outcomes, as hypothesized (Table 2, Model 4). 

This may be explained by nSES serving as a proxy measure of important underlying 

neighborhood characteristics, which could drive an interaction. Given high-quality care 

varies by neighborhood context, it is possible that access to high-quality care is the 

mechanism through which nSES shifted our population intercept, but not population 

trajectories.35 Future research should examine the specific components of neighborhood 

environments and if specific features (e.g. social support, built environment, high-quality 

care) contribute to differing recovery post-stroke.

This study had a number of strengths in its design and analytic approach. Within the 

REGARDS study there is a rigorous stroke identification process with medical chart review. 

The CARES study includes a population-based sample that is culturally and geographically 

diverse. In addition, our sample was made up of community-dwelling stroke survivors who 

would be the most likely to be impacted by the surrounding outdoor environment. Lastly, 

given the longitudinal data collection, we were able to estimate long-term trajectory of 

recovery post-stroke. However, our study does have notable limitations. This study 

population excludes individuals who died or were placed in a nursing home and is likely to 

be a healthier sub-sample of stroke survivors within the overall REGARDS cohort. Given 

PH-QOL is self-reported by the stroke survivors there is a potential for bias in our outcome 

ascertainment, including differential item functioning by nSES group. A substantial 

proportion of participants (17%) were missing the NIHSS. There are also potential factors 

that were not included in this analysis that may serve as confounders of the relationship 

between nSES and PH-QOL. nSES is a proxy measure for more specific features within the 
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environment. Important components of the neighborhood context were not captured within 

this study (e.g. social support, built environment, high-quality care). The composite nSES 

may conceal true relationships between components of neighborhood and trajectories of PH-

QOL over time. Additional research is needed to understand the role specific components of 

the neighborhood context have on the post-stroke recovery process.

CONCLUSIONS

This study found age and gender were significantly associated with trajectories of PH-QOL, 

where women and younger-aged stroke survivors fared better over time than men and older-

aged stroke survivors. On average, participants living in more advantaged neighborhoods 

had higher levels of quality of life post-stroke, independent of individual functioning, 

individual socioeconomic status, and demographic characteristics. There is a pressing need 

to have a greater understanding of the environment’s role in long-term post-stroke 

participation and quality of life. Studies exploring the specific components of advantaged 

neighborhoods that are beneficial for post-stroke health are needed to inform effective 

environmental interventions.
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Figure 1. 
Predicted trajectories of post-stroke physical health-related quality of life from the SF-12 

among men and women over time, as shown in Table 2, Model 4, setting all other variables 

within the model at their average value.
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Figure 2. 
Predicted trajectories of post-stroke physical health-related quality of life from the SF-12 

among participants with varying levels of age at time of stroke, as shown in Table 2, Model 

4, holding all other variables within the model at their average value.
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Figure 3. 
Predicted trajectories of post-stroke physical health-related quality of life from the SF-12 

among participants living in low socioeconomic neighborhoods, medium socioeconomic 

neighborhood, and high socioeconomic neighborhoods based off United States standardized 

cut-points, as shown in Table 2, Model 4, holding all other variables within the model at 

their average value.
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Table 1.

Demographic, functioning, and socioeconomic characteristics by neighborhood socioeconomic status (nSES) 

tertile
a
 among participants included in the study sample who were enrolled in the CARES ancillary study.

Overall

(n = 284
b
)

Low nSES
(n = 131)

Mid nSES
(n = 88)

High nSES
(n = 65)

Variable Mean/% SD Mean/% SD Mean/% SD Mean/% SD

Age at stroke 74.3 0.4 73.3 0.7 74.4 0.8 76.2 0.8

Female 49.6 59.5 40.9 41.5

White 59.5 35.1 73.9 89.2

NIHSS 2.0 0.2 2.2 0.3 2.5 0.5 0.9 0.3

Education

 < HS 13.7 20.6 10.2 4.6

 HS graduate 26.4 29.0 27.3 20.0

 Some college 27.5 27.5 30.7 23.1

 College graduate + 32.4 22.9 31.8 52.3

Income

 Refused 11.3 13.7 10.2 7.7

 < $20,000 21.5 32.8 18.2 3.1

 $20,000 - $34,999 31.0 29.0 34.1 30.8

 $35,000 - $74,999 26.4 18.3 25.0 44.6

 $75,000 and above 9.9 6.1 12.5 13.8

nSES −0.3 0.1 −1.0 0.0 −0.2 0.0 1.0 0.1

PH-QOL post-stroke

 6–12 months 39.9 0.6 38.6 0.9 38.6 1.1 44.3 1.3

 18 months 39.9 0.8 37.7 1.2 39.3 1.3 45.3 1.6

 27 months 40.6 0.8 39.5 1.3 39.5 1.4 44.4 1.7

 36 months 40.1 0.9 40.4 1.2 37.3 1.5 43.4 1.8

Note. CARES = Caring for Adults Recovering from the Effects of Stroke; nSES = neighborhood socioeconomic status; NIHSS = National 
Institutes of Health Stroke Scale; HS = high school; PH-QOL = physical health-related quality of life;

a
nSES tertile cut points were generated based on tertiles of nSES for the contiguous United States

b
Of the 360 participants within the Caring for Adults Recovering from the Effects of Stroke (CARES) project, 55 did not have an adjudicated 

stroke, 11 participants first observation was beyond 36 months post-stroke, and 10 participants’ stroke event occurred after the follow-up 
observations.
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Table 2.

Effect estimates of neighborhood socioeconomic status (nSES) on trajectories of physical health-related 

quality of life following a stroke.

Model 1
a

Model 2
b

Model 3
c

Model 4
d

Variable β SE β SE β SE β SE

Intercept (6 months PS) 40.11*** 0.67 47.07*** 2.19 47.57*** 2.17 47.57*** 2.17

Individual Effects

 Age at stroke
e −0.02 0.09 −0.05 0.09 −0.04 0.09

 Female −3.96** 1.33 −3.82** 1.31 −3.84** 1.32

 White 0.16 1.22 −0.84 1.26 −0.84 1.26

 Education

  < HS 0.09 1.91 0.48 1.89 −0.49 1.89

  HS graduate −2.93 1.51 −2.67 1.49 −2.67 1.49

  Some college −1.33 1.43 −1.11 1.41 −1.11 1.41

  College graduate + − − − − − −

 Income

  Refused −3.16 2.43 −2.48 2.41 −2.49 2.41

  < $20,000 −4.56* 2.30 −3.72 2.30 −3.72 2.30

  $20,000 - $34,999 −2.50 2.02 −2.06 2.00 −2.06 2.00

  $35,000 - $74,999 −2.70 1.98 −2.84 1.95 −2.84 1.95

  $75,000 and above − − − − − −

 NIHSS −0.61*** 0.17 −0.62*** 0.17 −0.62*** 0.17

Neighborhood Effects

 nSES 1.79* 0.71 1.73* 0.80

Time (months PS)

 Time (months)
f −0.03 0.2 −0.09** 0.03 −0.09** 0.03 −0.09** 0.03

 Female × Time 0.12* 0.05 0.11* 0.05 0.12* 0.05

 Age × Time −0.01** 0.00 −0.01* 0.00 −0.01* 0.00

 nSES × Time 0.00 0.03

*
p < .05;

**
p < .01;

***
p < .001

Note. PS = post-stroke; NIHSS = National Institutes of Health Stroke Scale; HS = high school; nSES = neighborhood socioeconomic status

a
Model 1 estimates the grand mean of physical quality of life among participants, after accounting for the random effect of the intercept

b
Model 2 estimates the effects of individual characteristics on the intercept and the slope of physical quality of life post-stroke

c
Model 3 estimates the effects of individual characteristics on the slope and intercept of physical quality of life, and effects of neighborhood 

socioeconomic status on the intercept of physical quality of life post-stroke
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d
Model 4 estimates the effects of individual characteristics, neighborhood socioeconomic status, and the effects of these parameters on the intercept 

and the slope of physical quality of life post-stroke

e
Age centered at 75 years of age

f
Time measured as months since stroke occurrence
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