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RACIAL DISPARITIES IN STROKE RECOVERY
PERSISTENCE IN THE POST-ACUTE STROKE
RecOVERY PHASE: EVIDENCE FROM THE
HEALTH AND RETIREMENT STUDY

Background and Purpose: Blacks have

a higher burden of post-stroke disability.
Factors associated with racial differences

in long-term post-stroke disability are not
well-understood. Our aim was to assess the
long-term racial differences in risk factors
associated with stroke recovery.

Methods: We examined Health and Retire-
ment Study (HRS) longitudinal interview
data collected from adults living with stroke
who were aged >50 years during 2000-
2014. Analysis of 1,002 first-time, non-
Hispanic, Black (210) or White (792) stroke
survivors with data on activities of daily liv-
ing (ADL), fine motor skills (FMS) and gross
motor skills (GMS) was conducted. Ordinal
regression analysis was used to assess the
impact of sex, race, household residents,
household income, comorbidities, and the
time since having a stroke on functional
outcomes.

Results: Black stroke survivors were young-
er compared with Whites (69 = 10.4 vs

75 = 11.9). The majority (~65%) of Black
stroke survivors were female compared with
about 54% White female stroke survivors
(P=.007). Black stroke survivors had more
household residents (P<.001) and comor-
bidities (P<.001). Aging, being female,
being Black and a longer time since stroke
were associated with a higher odds of hav-
ing increased difficulty in ADL, FMS and/or
GMS. Comorbidities were associated with
increased difficulty with GMS. Black race
increased the impact of comorbidities on
ADL and FMS in comparison with Whites.

Conclusion: Our data suggest that the
effects of aging, sex and unique factors
associated with race should be taken
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INTRODUCTION

Stroke is a leading cause of se-
vere long-term disability that mani-
fests as cognitive and mobility im-
pairments. It is well-established
that disparities in stroke incidence
and prevalence persist within the
Black population in the United
States.” Evidence also suggests
that Blacks experience more se-
vere post-stroke disability in am-
bulatory settings compared with
Whites.> Although racial dispari-
ties in stroke-related illness per-
sists throughout the continuum
of care, the differential impacts of
community-living, co-morbid con-
ditions, sex and sociodemographic

factors*> on the chronic phase of
stroke are not well-understood.

The World Health Organization’s
international classification of func-
tioning, disability, and health (ICF)
is a framework that describes func-
tioning and disability as a universal
experience involving complex inter-
actions between health conditions,
personal factors, and environmental
factors that impact functioning at
an individual’s daily activity level
as well as community-level func-
tioning. Evidence suggests that
Black patients are more limited in
activities of daily living (ADL)” and
generally experience slower and
less complete recovery,® a phe-
nomenon not fully accounted for

into consideration for future studies of
post-stroke recovery and therapy. Ethn
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by increased stroke severity. Social
support protects against a variety of
chronic and behavioral diseases and
the lack thereof has been associated
with hospital re-admittance,'®!" de-
pression, and poorer outcomes due
to stress.'! The literature suggests
that social support in the form of
a large household, or professional
or family caregivers, is positively as-

Identification of
potentially modifiable
Jactors on the family/

community and

environmental levels that
improve stroke recovery
outcomes are critical
for the development of
strategies to reduce racial
disparities in stroke-

induced disability.

sociated with successful discharge
from hospital or rehabilitation,'®!
and with more recovery of motor
function.”'  Further, decreased
family support and increased fam-
ily dysfunction are associated with
poorer stroke recovery outcomes.'

Sex in racial disparities is also an

important factor. Women experience
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increased difficulties with stroke re-
covery due to various factors. First,
at the time of stroke, women have
a higher burden of pre-morbid dis-
abilities which increases vulnerabil-
ity to stroke-related motor function
decline.'® Irrespective of pre-stroke
disability status, the longer life-
span of women may render recovery
more difficult when they do have
stroke.'”” Moreover, some elements
within the scope of the socioeco-
nomic status (SES) paradigm have
been associated with post-stroke re-
covery.'® Lower income patients are
less likely to access outpatient and
ambulatory health care services.”
In addition, these patients are pre-
sented with challenges regarding
medication acquisition and proper
nutrition optimal for recovery.?’*?
Collectively, these findings suggest
that modifiable and non-modifi-
able risk factors may contribute to
long-term  post-stroke outcomes.
Whether these factors impact Black
stroke survivors’ recovery is unclear.

Typically, stroke-related hospital
data collection ends 90 days after
discharge, limiting a more compre-
hensive assessment of recovery.?>*
Documentation of longitudinal
stroke outcomes and factors asso-
ciated with long-term stroke prog-
nosis is an important consideration
when seeking to understand factors
emerging after hospitalization that
impact stroke recovery in specific
populations. The Health and Retire-
ment Study (HRS) is a longitudinal
dataset with unique epidemiologi-
cal variables that may be important
in understanding stroke recovery
disparities. Thus, identification of
potentially modifiable factors on
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the family/community and environ-
mental levels that improve stroke re-
covery outcomes are critical for the
development of strategies to reduce
racial disparities in stroke-induced
disability. This study assessed the ra-
cial disparities in post-stroke func-
tional outcomes in the HRS dataset.

METHODS

Data Source

The HRS is a nationally rep-
resentative longitudinal study of
37,495 US residents aged >50 years
with 11,094 variables as of 2016.%
Chronic disease variables were se-
lected based on the reliability of
these variables in past major health
surveys. At the time of this analy-
sis, the HRS dataset contained 12
biennial interviews conducted be-
tween 1992 and 2014 over the tele-
phone or in person throughout all
48 contiguous states and the Dis-
trict of Columbia. Methodology
and consent for the original proto-
col was approved by the University
of Michigan institutional review
board. The HRS includes a multi-
stage area probability sample design
and oversamples households with
Black adults. The self-reported dis-
ease survey model shares high corre-
spondence with physician reports.?
The HRS also has a well-document-
ed procedure of recruitment and
retention of minority participants
with incident stroke.”” More impor-
tantly, HRS participants were in-
terviewed about sociodemographic
and environmental variables as well
as economic resources, social ties,
and household composition. These



parameters are assessed with the
stroke participant physical health,
functioning and disability indica-
tors. The sample used in the current
analyses was limited to community-
dwelling adults who self-reported
first-time stroke and who participat-
ed in at least two waves of observa-
tion between 2000 and 2014. This
time frame was selected because it
coincides with initial approval and
clinical implementation of intrave-
nous tissue plasminogen activator
(IV tPA) for treatment of stroke.?5-3
Survey design, questionnaires, and
additional details about HRS can
be found on the HRS web portal
(http://hrsonline.isr.umich.edu/).

Participants

For the current study, data
from 1,002 HRS participants or
a proxy for the person living with
stroke who met specific criteria
were included in the analysis. Non-
Hispanic Blacks (210) and Whites
(792) with baseline data who re-
ported a first-ever stroke during the
interview calendar year and who
volunteered information about de-
mographic, socioeconomic status,
and health variables of interest were
included. Participants who were not
classified as respondents or a proxy
for the stroke participant were ex-
cluded from the analyses. Individu-
als who had a stroke at baseline or
in the last wave were also excluded.

Function Outcome Variables

Functional recovery outcomes
data were collected using self-re-
ported scores of post-stroke motor
function difficulty. Due to the ab-
sence of the FIM score within the
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HRS dataset, we assessed functional
recovery using three categories from
the HRS data based on validated in-
dices' as a proxy for the FIM score.
These included: 1) activities of daily
living (walking across a room, get-
ting into and out of bed, dressing,
bathing, and eating); 2) fine motor
skills (FMS) (picking up a dime, eat-
ing, and dressing); and 3) gross mo-
tor skills (GMS) (walking one block,
walking across the room, climbing
one flight of stairs, and bathing).
These indices were assessed for each
qualified participant during the
year the stroke was reported. The
ADL difficulty score, which mea-
sures general functional status, was
the sum of answers to five yes-or-no
questions (“yes” recorded as 1, “no”
recorded as 0) about whether pa-
tients experienced “some difficulty”
in performing certain daily-living
activities. The five questions corre-
sponded to five activities: bathing,
dressing, eating, entering or exiting
bed, and walking across a room. Ac-
cordingly, ADL scores ranged from
0 to 5, with larger numbers indi-
cating difficulty in more activities.
The fine motor skills difficulty score
also combined answers to yes-or-no
questions, but applied to three ac-
tivities (picking up a dime, eating,
and dressing) and ranged from 0
to 3. The 0-to-5 range of the gross
motor skills difficulty score is based
on the five activities of walking
one block, walking across a room,
walking up one flight of stairs, en-
tering or exiting bed, and bathing.

Independent Variables

Non-Hispanic Black and White
racial groups were identified based
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on self-reported race and ethnicity.
Sex, number of people in house-
hold, and comorbidities were in-
cluded in the analyses as factors that
contribute to post-stroke function
difficulty. The number of people in
the household served as a proxy for
social support of the patient. The
comorbidity score was derived from
five validated chronic conditions
shown to impede stroke recovery.'
Included in the score was diabetes,
hypertension, heart disease (heart
attack, coronary heart disease, an-
gina, congestive heart failure, or
other heart illnesses), obesity (body
mass index [BMI] >30) and ciga-
rette smoking. The comorbidity
score was calculated for patients
summarizing responses to five bi-
nary questions (“yes” recorded as
1, “no” recorded as 0), with a fi-
nal composite score ranging from
0 to 5. Covariates included age at
the time of reported stroke (calcu-
lated in years and measured from
birth year), household income, and
time since stroke (time in years be-
tween the calendar year of the in-
terview and stroke occurrence the
time of function difficulty score).

Stroke Assessment

The analysis included ten bienni-
al interview waves (IW). Stroke sub-
jects were defined as subjects who
had a first-ever nonfatal stroke in
one of the interview waves between
2000 (5th IW) and 2014 (12th I'W).
The stroke diagnosis was acquired
through self-report of a doctor’s di-
agnosis of stroke (Has a doctor ever
told you that you had a stroke?”)
and subsequent self-report of ever
having a stroke or transient isch-
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All respondents included in the Health and Retirement
study database from 2000-2014 (n=37,495)

—_— Excluded due to missing data on

race and ethnicitx gn=702

Racial group other than Black or White (n=1,075)

v

—p | Excluded due to Hispanic ethnicity (n=4,197)

All NH-White and NH-Black participants (n=32,153)

A 4

Households without stroke information (n=28,119)

Stroke respondents (n=4,034)

Stroke event date and last date of
HRS participant missing (n=2471)

v

Respondents with missing data (n=254)

. | Respondents with first ever stroke outside of the
2000 2014 range (n=307)

A 4

Study population (n=1,002)

Whites Blacks
(n=792) (n=210)

Figure 1. Flowchart for the selection of stroke respondents and/or proxies from the Health and Retirement Study database.
Inclusion and exclusion criteria based on race and ethnicity, stroke status, and availability of specific measures were utilized to
select the study population.
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emic attack (TTA). Previous analysis
of the validity of reliability of stroke
reports with the HRS study showed
that the frequency was similar to
other cohort database studies using
physician-verified stroke.”® Stroke
survivors were identified as respon-
dents reporting a stroke during a
follow-up interview and completed
the interview in a later interview.

Statistical Analysis

Statistical analyses were per-
formed using R statistical pack-
age, version 3.4.3 (R Foundation,
https://www.r-project.org/founda-
tion/). To analyze the demographic
and health-related risk variables
collected during the interview when
stroke was initially reported, per-
centages (for categorical variables)
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or medians and the median abso-
lute deviations (for continuous vari-
ables) were calculated and compared
across race using chi-square (c?) test
or a 2-sample t-test where appro-
priate. Ordinal logistic regression
analysis was used to model the re-
lationship between motor function
difficulty scores (dependent vari-
ables) and sociodemographic factors
(independent variables). Log odds
ratios (ORs) and 95% Cls were cal-
culated for function difficulty score
in each functional recovery mea-
surement for each of the predictors
that included factors such as race,
number of people in household, and
sex as well as covariates such as age,
household wealth,
and time since stroke. Values were

converted to OR and 95% CI OR:s.

comorbidities

RESsuULTS

Background Characteristics of
the Study Population

A flow diagram outlining inclu-
sion and exclusion criteria for the
analytic sample included in our
analysis is outlined in Figure 1.
From the 37,495 total participants
who completed the telephone in-
terview and surveys, complete da-
tasets for Whites and Blacks living
with stroke was 1,002. The analytic
sample consisted of 210 Black and
792 White respondents. Compared
with Whites, Blacks were younger
(69 £ 10.4 vs 75 + 11.9 median
years, P<.001). Blacks also reported
more household residents (P<.001),
less household wealth (P<.001), and
higher comorbidity scores (P<.001)

Table 1. Baseline characteristics of study sample by race (N=1002)

Variables Total, N=1002 Blacks, N=210 Whites, N=792 P

Age, in years <.001?
Median (MAD) 74 (11.9) 69 (10.4) 75 (11.9)

Sex, n (%) .007>
Male 437 (43.6%) 74 (35.2%) 363 (45.8%)
Female 565 (56.4) 136 (64.8%) 429 (54.2%)

Number of household residents, n (%)
1-5
6-9
10-13

Household wealth, in thousands
Median (MAD)

Comorbidity score, n (%)
0-2
3-5

Time since stroke, in years
Median (MAD)

978 (97.6%) 195 (92.9%)

22 (2.2%) 13 (6.2%)
2 (0.2%) 2 (1%)
118 (174) 26 (38.9)

698 (69.7%)
304 (30.3%)

119 (56.7%)
91 (43.3%)

3.9 (1.5) 3.4 (1.5)

<.001°
783 (98.9%)
9 (1.1%)
0 (0%)
167 (234) <.001°
<.001*
579 (73.1%)
213 (26.9%)
.032°

3.9 (1.5)

These data are acquired from the Health and Retirement Study, 2000-2014. Data are calculated from individual-level and household-level responses in the HRS database.
The number of observations for each variable is represented by “n.” All variables are based on self-reported information.

a. 2-sided Student’s T-test was used for continuous variables to determine significant differences
b. Chi-Square was used to determine significant differences in categorical variables.

MAD, median absolute deviation.
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compared with Whites. The time
since stroke (median years) was sig-
nificantly lower for Black respon-
dents compared with Whites (3.4 +
1.5 vs 3.9+ 1.5; P=.032) (Table 1).

Covariates of Function
Difficulty Status

The crude odds ratios of func-
tional status based on activities of
daily living, fine motor skills and
gross motor skills are presented
in Table 2. The factors associated
with more difficulty in activities of
daily living were aging (although
small but significant), (OR: 1.05;
95% CI: 1.04-1.07), being female
(OR: 1.50; 95% CI: 1.1-1.82), be-
ing Black (OR: 1.49; 95% CI: 1.1-
2.05) and time since stroke (OR:
.99; 95% CI: .91-.93). The factors
associated with higher fine motor
skill difficulty scores included aging
(OR: 1.04; 95% CI: 1.03-1.06),
being female (OR: 1.35; 95% CI:
1.03-1.68) and being Black (OR:

1.34; 95% CI: 1.01-1.86). Lastly,
factors associated with more dif-
ficulty with gross motor skills in-
cluded aging (OR: 1.05; 95% CI:
1.04-1.07), being female, (OR:
1.65; 95% CI: 1.35-2.13), being
Black (OR: 1.35; 95% CI: 1.03-
1.82), and having a higher number
of comorbidities (OR: 1.22; 95%
CI: 1.11-1.31). Household size
(OR: 1.10; 95% CI: .99-1.22) also
trended toward a significant asso-
ciation with GMS difficulty score
(P=.054). Surprisingly, household
wealth did not impact the odds of
having a higher or lower function
difficulty score. Examining two-way
interactions of race, age, sex, num-
ber of household residents, house-
hold wealth, number of comorbidi-
ties, and time since stroke and their
association with function difficulty
score, we found that the impact
of comorbidities on activities of
daily living and fine motor skills
was shown to be more detrimental

for Blacks compared with Whites
(OR: 1.49; 95% CI: 1.11-2.14 and
OR: 1.49; 95% CI: 1.11-1.95, re-
spectively) in the full model (these
data are not presented in Table
2). We did not identify any other
significant interactions with race.

DiscussioN

Our analysis of stroke survivors
within the HRS cohort revealed
that Blacks living with stroke had
increased odds of experiencing dif-
ficulty with ADL, FMS and GMS
function. Black race was also found
to increase the detrimental impacts
of comorbidities on post-stroke
function, specifically ADL and FMS.
These analyses further refined and
confirmed existence of racial dispar-
ities after a stroke.®3%3! In addition,
these findings suggest that factors
associated with Black race must be
taken into consideration when iden-

Table 2. Ordinal logistic regression analysis summary for age, sex, race, socioeconomic factors, and interaction terms
predicting post-stroke function difficulty scores

Post-Stroke Motor Function Difficulty Odds Ratio (95%Cl)

Variable

ADL OR (95% CI) P FMS OR (95% Cl) P GMS OR (95% ClI) P
Age, in years 1.05 (1.04-1.07) <.001 1.04 (1.03-1.06) <.001 1.05 (1.04,1.07) <.001
Sex

Male 1 (reference) 1 (reference) 1 (reference)

Female 1.50 (1.1-1.82) .002 1.35 (1.03-1.68) .027 1.65 (1.35- 2.13) <.001
Race

White 1 (reference) 1 (reference) 1 (reference)

Black 1.49 (1.1, 2.05) .005 1.34 (1.01, 1.86) .042 1.35(1.03,1.82) .033
Household size 1.10 (.96-1.18) .23 1.04 (.93-1.15) 48 1.10 (.99-1.22) .054
Household wealth .99 (.9997- 1.00) .23 .999 (.9997-1.00) .18 19998 (.9996-1.00) .083
Comorbidities 1.01 (.98-1.22) N 1.10 (.99-1.23) .078 1.22 (1.11-1.31) .002
Time since stroke (in years) .99 (.91-.93) <.001 .99 (.9-1.08) 0.85 1.03 (.9-1.11) 0.51

This table represents crude odds ratios (ORs) and 95% Cls. Household size refers to the number of people living in the household at the time of the survey and
comorbidities refers to the number of comorbidities present at the time of the survey.
ADL, activities of daily living; FMS, fine motor skills; GMS, gross motor skills.
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tifying post-stroke therapy options.
Our results contribute new find-
ings of racial disparities in long-term

difficulty

scores and further confirm previ-

post-stroke  functional
ous studies that identified poorer
outcomes in stroke recovery for
Blacks.?*** The finding that Blacks
with comorbidities were more likely
to have higher post-stroke motor
function difficulties may be due to
the early development of comor-

Our analysis of stroke
survivors within the
HRS cohort revealed that
Blacks living with stroke
had increased odds of
experiencing difficulty
with ADL, FMS and
GMS function.

bidities such as hypertension at a

' Moreover, specific

younger age.’
comorbid conditions such as hy-
pertension and diabetes tend to be
more severe in Blacks and stem from
the presence of modifiable risk fac-
tors present in young adulthood.?"*?

In addition to race, our study
confirmed that being female was
also a major factor that was associ-
ated with increased odds of diffi-
culty in post-stroke ADL, FMS and
GMS function. This is significant

because the Black population in the
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analytic cohort was approximately
Thus,

gender may partially explain the in-

two-thirds female. female
creased odds of experiencing post-
stroke function difficulty among
Blacks. Unfortunately, we did not
adjust for age or sex in our analy-
sis. Still, male vs female disparities
in stroke recovery have been previ-
ously reported.” A previous study
showed that declines in estrogen
and subsequent androgen excess
makes women more susceptible to
the development of cardiovascular
3335 stud-

ies suggest that women are more

risk factors. Moreover,
likely to report depression after
a stroke, a factor that influences
the rate and quality of recovery.*
Women stroke survivors tend to
outlive their spouses, often plac-
ing them in a one-person house-
hold with less social support.”

Wealth is a correlate of access
to quality health care and quantity
of services. Similarly, low socioeco-
nomic status is commonly associ-
ated with increased cardiovascular
disease events and poorer health
outcomes.”””*? In our current study,
Blacks had significantly lower house-
hold wealth compared with Whites.
However, wealth was not identified
as a predictor of post-stroke motor
function difficulty scores, which is
different from previous studies.**

High levels of physical and emo-
tional support contribute to im-
provements in functional outcomes
post-stroke, but mainly in severely
impaired patients.'® In the current
analyses, the number of people liv-
ing in the household did not in-
crease the odds of experiencing
post-stroke motor function difficul-
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ty. Multiple stroke studies suggest
that social support networks, rep-
resented by the number of house-
hold residents, are conducive for
improvements in function after a
stroke.”® Social support was not di-
rectly assessed in the HRS analysis,
which may explain the lack of par-
ity between our results and others.

Study Limitations

While our current analysis has
the strength of long-term post
stroke follow-up, there are several
HRS database
study is based on self-report surveys

limitations. The

and lacks information on stroke
subtypes. Other studies suggest that
the validity and reliability of self-
report is high, as much of the data
presented within large databases
corresponds to physician reports
and matches percentages within the
larger population.?® While some of
the results aligned with the litera-
ture, the internal and external va-
lidity were limited by the number
of stroke-related data records in the
HRS. In addition, the HRS lacked
dates for critical stroke events such
as onset, hospital discharge, and
rehabilitation discharge. To es-
tablish the year of stroke onset, it
was necessary to estimate the year
based on patient answers to three
onset-related questions. In addi-
tion, since the full dataset was a
national sample with census region
as the geographic unit, stroke sur-
vivors were in various hospitals and

with dif-

40,41

rehabilitation facilities
ferent levels of quality of care.
The HRS data have inconsistent
assessment time periods for inter-
views, which limits the time se-
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quence of the data. Nonetheless,
the HRS provides data on long-

term stroke follow-up and recovery.

CONCLUSIONS

Post-stroke disability is complex,
multifaceted, and may result from
an array of contributing sociode-
mographic and environmental fac-
tors.®>* However, there remains a
paucity of literature examining the
presence of disparities and potential
factors associated with long-term
functional  outcomes, particularly
among community-dwelling stroke
survivors.*4 Future studies examin-
ing differences in common environ-
mental (individual/community level)
barriers in stroke recovery are needed.
Moreover, modifications to exist-
ing databases that focus on a longer
follow-up period with specific ques-
tions around recovery and functional/
cognitive outcomes in stroke patients
are needed. These current results in-
dicate that Blacks with comorbidi-
ties are more likely to have poorer
post-stroke function outcomes than
Whites. The findings support the
need for future studies focused on
factors associated with the racial dis-

parities in long-term stroke recovery.

ACKNOWLEDGMENTS AND FUNDING
SOURCES

This work was supported by the
American Heart Association-Funded Wide
Spectrum Investigation of Stroke Outcome
Disparities on Multiple Levels (WISSDOM)
(NCT02982278). This work was also sup-
ported by the Hypertension Initiative of
South Carolina.

CONFLICT OF INTEREST
No conflicts of interest to report.

346

AutHOR CONTRIBUTIONS

Research concept and design: Buie,
Zhao, Adams, Sims-Robinson, Lackland;
Acquisition of data: Zhao, Lackland; Data
analysis and interpretation: Buie, Zhao,
Burns, Magwood, Adams, Lackland; Manu-
script draft: Buie, Zhao, Burns, Magwood,
Lackland; Statistical expertise: Zhao, Lack-
land; Acquisition of funding: Magwood, Ad-
ams, Lackland; Administrative: Buie, Zhao,
Burns, Magwood, Adams, Sims-Robinson;
Supervision: Lackland

REFERENCES

1. Benjamin EJ, Muntner P, Alonso A, et
al; American Heart Association Council
on Epidemiology and Prevention Sta-
tistics Committee and Stroke Statistics
Subcommittee. Heart Disease and Stroke
Statistics-2019 Update: A report from
the American Heart Association. Circula-
tion. 2019;139(10):¢56-¢528. hteps://doi.
org/10.1161/CIR.0000000000000659
PMID:30700139

2. Watanabe R, Kawakami I, Onaya M, et al.
Frontotemporal dementia with trans-acti-
vation response DNA-binding protein 43
presenting with catatonic syndrome. Neuro-
pathology. 2018;38(3):281-287. hteps://doi.
org/10.1111/neup.12442 PMID:29110334

3. Carnethon MR, Pu J, Howard G, et al;
American Heart Association Council on
Epidemiology and Prevention; Council
on Cardiovascular Disease in the Young;
Council on Cardiovascular and Stroke
Nursing; Council on Clinical Cardiol-
ogy; Council on Functional Genomics
and Translational Biology; and Stroke
Council. Cardiovascular Health in African
Americans: A scientific statement from
the American Heart Association. Circula-
tion. 2017;136(21):e393-e423. heeps://
doi.org/10.1161/CIR.0000000000000534
PMID:29061565

4. Graham JE, Ripsin CM, Deutsch A,
et al. Relationship between diabetes
codes that affect Medicare reimburse-
ment (tier comorbidities) and outcomes
in stroke rehabilitation. Arch Phys Med
Rehabil. 2009;90(7):1110-1116. heeps://
doi.org/10.1016/j.apmr.2009.01.014
PMID:19577023

5. Reistetter TA, Karmarkar AM, Graham
JE, et al. Regional variation in stroke
rehabilitation outcomes. Arch Phys Med
Rehabil. 2014;95(1):29-38. hteps://
doi.org/10.1016/j.apmr.2013.07.018
PMID:23921200

6. O’Brien EC, Xian Y, Xu H, et al.
Hospital variation in home-time after
acute ischemic stroke: insights from
the PROSPER study (patient-centered

Ethnicity & Disease, Volume 30, Number 2, Spring 2020

10.

11.

12.

13.

14.

15.

research into outcomes stroke patients
prefer and effectiveness research). Stroke.
2016;47(10):2627-2633. https://doi.
org/10.1161/STROKEAHA.116.013563
PMID:27625383

Deutscher D, Horn SD, Smout R], DeJong
G, Putman K. Black-white disparities

in motor function outcomes taking into
account patient characteristics, non-
therapy ancillaries, therapy activities, and
therapy interventions. Arch Phys Med
Rehabil. 2010;91(11):1722-1730. heeps://
doi.org/10.1016/j.apmr.2010.08.007
PMID:21044717

Hinojosa MS, Rittman M, Hinojosa R,
Rodriguez W. Racial/ethnic variation in
recovery of motor function in stroke survi-
vors: role of informal caregivers. J Rehabil
Res Dev. 2009;46(2):223-232. heeps://
doi.org/10.1682/JRRD.2008.10.0175
PMID:19533536

Roth DL, Haley WE, Clay O], et al.
Race and gender differences in 1-year
outcomes for community-dwelling

stroke survivors with family caregivers.
Stroke. 2011;42(3):626-631. https://doi.
org/10.1161/STROKEAHA.110.595322
PMID:21257820

Ottenbacher KJ, Graham JE, Otten-
bacher AJ, et al. Hospital readmission in
persons with stroke following postacute
inpatient rehabilitation. / Gerontol A

Biol Sci Med Sci. 2012;67(8):875-881.
https://doi.org/10.1093/geronal/glr247
PMID:22389457

Mizrahi EH, Waitzman A, Arad M,
Adunsky A. Gender and the functional
outcome of elderly ischemic stroke patients.
Arch Gerontol Geriatr. 2012;55(2):438-
441. https://doi.org/10.1016/j.arch-
ger.2011.11.002 PMID:22153979
Griffen JA, Rapport L], Bryer RC,

Scott CA. Driving status and commu-
nity integration after stroke. 7op Stroke
Rehabil. 2009;16(3):212-221. heeps://doi.
org/10.1310/tsr1603-212 PMID:19632966
Ng YS, Stein ], Salles SS, Black-Schaffer
RM. Clinical characteristics and rehabili-
tation outcomes of patients with poste-
rior cerebral artery stroke. Arch Phys Med
Rehabil. 2005;86(11):2138-2143. https://
doi.org/10.1016/j.apmr.2005.07.289
PMID:16271561

Tsouna-Hadjis E, Vemmos KN, Za-
kopoulos N, Stamatelopoulos S. First-
stroke recovery process: the role of
family social support. Arch Phys Med
Rehabil. 2000;81(7):881-887. https://
doi.org/10.1053/apmr.2000.4435
PMID:10895999

Kane JM. Compliance issues in outpa-
tient treatment. / Clin Psychopharmacol.
1985;5(3) (suppl):22S-27S. https://doi.
org/10.1097/00004714-198506001-00005


https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1161/CIR.0000000000000659
https://www.ncbi.nlm.nih.gov/pubmed/30700139
https://doi.org/10.1111/neup.12442
https://doi.org/10.1111/neup.12442
https://www.ncbi.nlm.nih.gov/pubmed/29110334
https://doi.org/10.1161/CIR.0000000000000534
https://doi.org/10.1161/CIR.0000000000000534
https://www.ncbi.nlm.nih.gov/pubmed/29061565
https://doi.org/10.1016/j.apmr.2009.01.014
https://doi.org/10.1016/j.apmr.2009.01.014
https://www.ncbi.nlm.nih.gov/pubmed/19577023
https://doi.org/10.1016/j.apmr.2013.07.018
https://doi.org/10.1016/j.apmr.2013.07.018
https://www.ncbi.nlm.nih.gov/pubmed/23921200
https://www.ncbi.nlm.nih.gov/pubmed/27625383
https://doi.org/10.1016/j.apmr.2010.08.007
https://doi.org/10.1016/j.apmr.2010.08.007
https://www.ncbi.nlm.nih.gov/pubmed/21044717
https://doi.org/10.1682/JRRD.2008.10.0175
https://doi.org/10.1682/JRRD.2008.10.0175
https://www.ncbi.nlm.nih.gov/pubmed/19533536
https://doi.org/10.1161/STROKEAHA.110.595322
https://doi.org/10.1161/STROKEAHA.110.595322
https://www.ncbi.nlm.nih.gov/pubmed/21257820
https://doi.org/10.1093/gerona/glr247
https://www.ncbi.nlm.nih.gov/pubmed/22389457
https://doi.org/10.1016/j.archger.2011.11.002
https://doi.org/10.1016/j.archger.2011.11.002
https://www.ncbi.nlm.nih.gov/pubmed/22153979
https://doi.org/10.1310/tsr1603-212
https://doi.org/10.1310/tsr1603-212
https://www.ncbi.nlm.nih.gov/pubmed/19632966
https://doi.org/10.1016/j.apmr.2005.07.289
https://doi.org/10.1016/j.apmr.2005.07.289
https://www.ncbi.nlm.nih.gov/pubmed/16271561
https://doi.org/10.1053/apmr.2000.4435
https://doi.org/10.1053/apmr.2000.4435
https://www.ncbi.nlm.nih.gov/pubmed/10895999
https://doi.org/10.1097/00004714-198506001-00005
https://doi.org/10.1097/00004714-198506001-00005

16.

17.

18.

19.

20.

21.

22.

23.

24.

PMID:2860139

Petrea RE, Beiser AS, Seshadri S, Kelly-
Hayes M, Kase CS, Wolf PA. Gender dif-
ferences in stroke incidence and poststroke
disability in the Framingham heart study.
Stroke. 2009;40(4):1032-1037. hteps://doi.
org/10.1161/STROKEAHA.108.542894
PMID:19211484

Reeves MJ, Bushnell CD, Howard G, et

al. Sex differences in stroke: epidemiology,
clinical presentation, medical care, and
outcomes. Lancet Neurol. 2008;7(10):915-
926. https://doi.org/10.1016/S1474-
4422(08)70193-5 PMID:18722812

De Wit L, Putman K, Schuback B,

et al. Motor and functional recovery

after stroke: a comparison of 4 Eu-

ropean rchabilitation centers. Stroke.
2007;38(7):2101-2107. heeps://doi.
org/10.1161/STROKEAHA.107.482869
PMID:17540968

Kullgren JT, Galbraith AA, Hinrichsen
VL, et al. Health care use and decision
making among lower-income families in
high-deductible health plans. Arch Intern
Med. 2010;170(21):1918-1925. hteps://
doi.org/10.1001/archinternmed.2010.428
PMID:21098352

Tappenden KA, Quatrara B, Parkhurst ML,
Malone AM, Fanjiang G, Ziegler TR. Criti-
cal role of nutrition in improving quality
of care: an interdisciplinary call to action

to address adult hospital malnutrition. /
Acad Nutr Diet. 2013;113(9):1219-1237.
https://doi.org/10.1016/j.jand.2013.05.015
PMID:23871528

Hill VA, Vickrey BG, Cheng EM, etal. A
Pilot Trial of a Lifestyle Intervention for
Stroke Survivors: Design of Healthy Eating
and Lifestyle after Stroke (HEALS). J Stroke
Cerebrovasc Dis. 2017;26(12):2806-2813.
https://doi.org/10.1016/j.jstrokecerebrovas-
dis.2017.06.058 PMID:28823491
Towfighi A, Markovic D, Ovbiagele B.
Impact of a healthy lifestyle on all-cause
and cardiovascular mortality after stroke

in the USA. J Neurol Neurosurg Psy-
chiatry. 2012;83(2):146-151. https://
doi.org/10.1136/jnnp-2011-300743
PMID:22019548

Stein MS, Kilbride C, Reynolds FA.

What are the functional outcomes of right
hemisphere stroke patients with or without
hemi-inattention complications? A critical
narrative review and suggestions for further
research. Disabil Rehabil. 2016;38(4):315-
328. https://doi.org/10.3109/09638288.20
15.1037865 PMID:25893401

Hannon N, Arsava EM, Audebert HJ, et al.
Antithrombotic treatment at onset of stroke
with atrial fibrillation, functional out-
come, and fatality: a systematic review and
meta-analysis. Int J Stroke. 2015;10(6):808-
814. https://doi.org/10.1111/ijs.12473

26.

27.

28.

29.

30.

31.

32.

33.

Ethnicity & Disease, Volume 30, Number 2, Spring 2020

Factors Associated with Disparities in Stroke Recovery - Buie et al

PMID:25808552

. Sonnega A, Faul JD, Ofstedal MB, Langa

KM, Phillips JW, Weir DR. Cohort pro-
file: The Health and Retirement Study
(HRS). Int ] Epidemiol. 2014;43(2):576-
585. https://doi.org/10.1093/ije/dyu067
PMID:24671021

Glymour MM, Avendano M. Can self-
reported strokes be used to study stroke
incidence and risk factors?: evidence

from the health and retirement study.
Stroke. 2009;40(3):873-879. hteps://doi.
org/10.1161/STROKEAHA.108.529479
PMID:19150869

Ofstedal MB, Weir DR. Recruitment

and retention of minority participants in
the health and retirement study. Ger-
ontologist. 2011;51 (suppl 1):58-S20.
https://doi.org/10.1093/geront/gnq100
PMID:21565822

Johnston SC, Fung LH, Gillum LA, et

al. Utilization of intravenous tissue-type
plasminogen activator for ischemic stroke
at academic medical centers: the influence
of ethnicity. Stroke. 2001;32(5):1061-1068.
hteps://doi.org/10.1161/01.STR.32.5.1061
PMID:11340210

Guidelines 2000 for Cardiopulmonary
Resuscitation and Emergency Cardiovas-
cular Care. Part 6: advanced cardiovascular
life support: 7D: the tachycardia algo-
rithms. The American Heart Association

in collaboration with the International
Liaison Committee on Resuscitation.
Circulation. 2000;102(8) (suppl):1158-1165.
PMID:11001640

Kothari RU, Hacke W, Brott T, et al;
American Heart Association; Interna-
tional Liaison Committee on Resuscita-
tion. Cardiopulmonary resuscitation and
emergency cardiovascular care. Stroke. Ann
Emerg Med. 2001;37(4) (suppl):S137-S144.
https://doi.org/10.1067/mem.2001.114171
PMID:11290977

Lackland DT. Racial differences in
hypertension: implications for high

blood pressure management. Am J Med
Sci. 2014;348(2):135-138. hteps://doi.
org/10.1097/MAJ.0000000000000308
PMID:24983758

Bancks MP, Kershaw K, Carson AP, Gor-

don-Larsen P, Schreiner PJ, Carnethon MR.

Association of modifiable risk factors in
young adulthood with racial disparity in in-
cident type 2 diabetes during middle adult-
hood. JAMA. 2017;318(24):2457-2465.
https://doi.org/10.1001/jama.2017.19546
PMID:29279935

Sutton-Tyrrell K, Lassila HC, Meilahn

E, Bunker C, Matthews KA, Kuller LH.
Carotid atherosclerosis in premenopausal
and postmenopausal women and its as-
sociation with risk factors measured after
menopause. Stroke. 1998;29(6):1116-1121.

34.

35.

36.

37.

38.

39.

40.

https://doi.org/10.1161/01.STR.29.6.1116
PMID:9626281

Wildman RP, Colvin AB, Powell LH,

et al. Associations of endogenous sex
hormones with the vasculature in meno-
pausal women: The Study of Women’s
Health Across the Nation (SWAN).
Menopause. 2008;15(3):414-421. hteps://
doi.org/10.1097/gme.0b013e318154b6f5
PMID:18209686

Sutton-Tyrrell K, Wildman RP, Mat-
thews KA, et al; SWAN Investigators.
Sex-hormone-binding globulin and

the free androgen index are related to
cardiovascular risk factors in multieth-

nic premenopausal and perimenopausal
women enrolled in the Study of Women
Across the Nation (SWAN). Circulation.
2005;111(10):1242-1249. hteps://doi.
org/10.1161/01.CIR.0000157697.54255.
CE PMID:15769764

Gray L], Sprigg N, Bath PM, et al;

TAIST Investigators. Sex differences in
quality of life in stroke survivors: data
from the Tinzaparin in Acute Isch-

aemic Stroke Trial (TAIST). Stroke.
2007;38(11):2960-2964. hteps://doi.
org/10.1161/STROKEAHA.107.488304
PMID:17901387

Havranek EP, Mujahid MS, Barr DA, et
al; American Heart Association Council on
Quality of Care and Outcomes Research,
Council on Epidemiology and Prevention,
Council on Cardiovascular and Stroke
Nursing, Council on Lifestyle and Cardio-
metabolic Health, and Stroke Council. So-
cial Determinants of Risk and Outcomes for
Cardiovascular Disease: A Scientific State-
ment From the American Heart Association.
Circulation. 2015;132(9):873-898. https://
doi.org/10.1161/CIR.0000000000000228
PMID:26240271

Stringhini S, Carmeli C, Jokela M, et

al; LIFEPATH consortium. Socioeco-
nomic status and the 25 x 25 risk factors
as determinants of premature mortality:

a multicohort study and meta-analysis

of 1.7 million men and women. Lancet.
2017;389(10075):1229-1237. https://doi.
org/10.1016/50140-6736(16)32380-7
PMID:28159391

Rosengren A, Smyth A, Rangarajan S,

et al. Socioeconomic status and risk of
cardiovascular disease in 20 low-income,
middle-income, and high-income
countries: The Prospective Urban Rural
Epidemiologic (PURE) study. Lancet Glob
Health. 2019;7(6):¢748-¢760. https://doi.
org/10.1016/52214-109X(19)30045-2
PMID:31028013

Ouyang F, Wang Y, Huang W, et al. As-
sociation between socioeconomic status and
post-stroke functional outcome in deprived
rural southern China: a population-based

347


https://www.ncbi.nlm.nih.gov/pubmed/2860139
https://doi.org/10.1161/STROKEAHA.108.542894
https://doi.org/10.1161/STROKEAHA.108.542894
https://www.ncbi.nlm.nih.gov/pubmed/19211484
https://doi.org/10.1016/S1474-4422(08)70193-5
https://doi.org/10.1016/S1474-4422(08)70193-5
https://www.ncbi.nlm.nih.gov/pubmed/18722812
https://doi.org/10.1161/STROKEAHA.107.482869
https://doi.org/10.1161/STROKEAHA.107.482869
https://www.ncbi.nlm.nih.gov/pubmed/17540968
https://doi.org/10.1001/archinternmed.2010.428
https://doi.org/10.1001/archinternmed.2010.428
https://www.ncbi.nlm.nih.gov/pubmed/21098352
https://doi.org/10.1016/j.jand.2013.05.015
https://www.ncbi.nlm.nih.gov/pubmed/23871528
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.06.058
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.06.058
https://www.ncbi.nlm.nih.gov/pubmed/28823491
https://doi.org/10.1136/jnnp-2011-300743
https://doi.org/10.1136/jnnp-2011-300743
https://www.ncbi.nlm.nih.gov/pubmed/22019548
https://doi.org/10.3109/09638288.2015.1037865
https://doi.org/10.3109/09638288.2015.1037865
https://www.ncbi.nlm.nih.gov/pubmed/25893401
https://doi.org/10.1111/ijs.12473
https://www.ncbi.nlm.nih.gov/pubmed/25808552
https://doi.org/10.1093/ije/dyu067
https://www.ncbi.nlm.nih.gov/pubmed/24671021
https://doi.org/10.1161/STROKEAHA.108.529479
https://doi.org/10.1161/STROKEAHA.108.529479
https://www.ncbi.nlm.nih.gov/pubmed/19150869
https://doi.org/10.1093/geront/gnq100
https://www.ncbi.nlm.nih.gov/pubmed/21565822
https://doi.org/10.1161/01.STR.32.5.1061
https://www.ncbi.nlm.nih.gov/pubmed/11340210
https://www.ncbi.nlm.nih.gov/pubmed/11001640
https://doi.org/10.1067/mem.2001.114171
https://www.ncbi.nlm.nih.gov/pubmed/11290977
https://doi.org/10.1097/MAJ.0000000000000308
https://doi.org/10.1097/MAJ.0000000000000308
https://www.ncbi.nlm.nih.gov/pubmed/24983758
https://doi.org/10.1001/jama.2017.19546
https://www.ncbi.nlm.nih.gov/pubmed/29279935
https://doi.org/10.1161/01.STR.29.6.1116
https://www.ncbi.nlm.nih.gov/pubmed/9626281
https://doi.org/10.1097/gme.0b013e318154b6f5
https://doi.org/10.1097/gme.0b013e318154b6f5
https://www.ncbi.nlm.nih.gov/pubmed/18209686
https://doi.org/10.1161/01.CIR.0000157697.54255.CE
https://doi.org/10.1161/01.CIR.0000157697.54255.CE
https://doi.org/10.1161/01.CIR.0000157697.54255.CE
https://www.ncbi.nlm.nih.gov/pubmed/15769764
https://doi.org/10.1161/STROKEAHA.107.488304
https://doi.org/10.1161/STROKEAHA.107.488304
https://www.ncbi.nlm.nih.gov/pubmed/17901387
https://doi.org/10.1161/CIR.0000000000000228
https://doi.org/10.1161/CIR.0000000000000228
https://doi.org/10.1016/S0140-6736(16)32380-7
https://doi.org/10.1016/S0140-6736(16)32380-7
https://www.ncbi.nlm.nih.gov/pubmed/28159391
https://doi.org/10.1016/S2214-109X(19)30045-2
https://doi.org/10.1016/S2214-109X(19)30045-2
https://www.ncbi.nlm.nih.gov/pubmed/31028013

Factors Associated with Disparities in Stroke Recovery - Buie et al

41.

42.

43.

44.

45.

46.

348

study. BMC Neurol. 2018;18(1):12. hteps://
doi.org/10.1186/s12883-018-1017-4
PMID:29370778

Kapral MK, Wang H, Mamdani M, Tu
JV. Effect of socioeconomic status on
treatment and mortality after stroke.
Stroke. 2002;33(1):268-273. https://
doi.org/10.1161/hs0102.101169
PMID:11779921

Elloker T, Rhoda AJ. The relationship
between social support and participation in
stroke: A systematic review. Afr ] Disabil.
2018;7:357. https://doi.org/10.4102/ajod.
v7i0.357 PMID:30349808

Ellis C, Breland HL, Egede LE. Racial/
ethnic differences in utilization of post-
stroke rehabilitation services: a systematic
review. Ethn Dis. 2008;18(3):365-372.
PMID:18785453

Ellis C, Boan AD, Turan TN, Ozark S,
Bachman D, Lackland DT. Racial differ-
ences in poststroke rehabilitation utiliza-
tion and functional outcomes. Arch Phys
Med Rehabil. 2015;96(1):84-90. https://
doi.org/10.1016/j.apmr.2014.08.018
PMID:25223490

Horn SD, Deutscher D, Smout RJ, DeJong
G, Putman K. Black-white differences in
patient characteristics, treatments, and
outcomes in inpatient stroke rehabilitation.
Arch Phys Med Rehabil. 2010;91(11):1712-
1721. https://doi.org/10.1016/j.
apmr.2010.04.013 PMID:21044716
Reistetter TA, Graham JE, Deutsch A,
Granger CV, Markello S, Ottenbacher KJ.
Utility of functional status for classifying
community versus institutional discharges
after inpatient rehabilitation for stroke.
Arch Phys Med Rehabil. 2010;91(3):345-
350. https://doi.org/10.1016/j.
apmr.2009.11.010 PMID:20298822

Ethnicity & Disease, Volume 30, Number 2, Spring 2020


https://doi.org/10.1186/s12883-018-1017-4
https://doi.org/10.1186/s12883-018-1017-4
https://www.ncbi.nlm.nih.gov/pubmed/29370778
https://doi.org/10.1161/hs0102.101169
https://doi.org/10.1161/hs0102.101169
https://www.ncbi.nlm.nih.gov/pubmed/11779921
https://doi.org/10.4102/ajod.v7i0.357
https://doi.org/10.4102/ajod.v7i0.357
https://www.ncbi.nlm.nih.gov/pubmed/30349808
https://doi.org/10.1016/j.apmr.2014.08.018
https://doi.org/10.1016/j.apmr.2014.08.018
https://www.ncbi.nlm.nih.gov/pubmed/25223490
https://doi.org/10.1016/j.apmr.2010.04.013
https://doi.org/10.1016/j.apmr.2010.04.013
https://www.ncbi.nlm.nih.gov/pubmed/21044716
https://doi.org/10.1016/j.apmr.2009.11.010
https://doi.org/10.1016/j.apmr.2009.11.010
https://www.ncbi.nlm.nih.gov/pubmed/20298822

