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Abstract

impact on annual healthcare costs.

research is needed to explain these differences.

Background Over the last decade, the prevalence of young stroke has increased 40% particularly among vulnerable
populations. These strokes are often more severe with worse outcomes. However, few studies have examined the

Methods Data from the 2008 to 2018 Medical Expenditure Panel Survey (MEPS) was used to identify a sample of
female stroke survivors aged 18 and 60. MEPS includes demographics, health status, healthcare use, and expenditures
for all participants providing the largest nationally representative data source of healthcare costs in the US. First, dif-
ferences in racial and ethnic healthcare expenditure among young women with stroke were evaluated controlling

for insurance type and demographic characteristics. Second, the relationship between healthcare expenditure and 1)
time post stroke, 2) comorbidities, 3) healthcare utilization, and 4) post-stroke functional status was assessed. Finally,
differential healthcare quality was tested as a potential mitigating differential.

Results Young Black women with stroke spend roughly 20% more on healthcare than White women after controlling
for insurance, time post-stroke, healthcare utilization, and demographic differences. Costs remain 17% higher after
controlling for comorbidities. Differences in expenditure are larger if survivors have diabetes, high blood pressure, or
high cholesterol (78%, 24%, and 28%, respectively). Higher expenditure could not be explained by higher healthcare
utilization, but lower quality of healthcare may explain part of the differential.

Conclusion Young Black women with stroke have 20% greater healthcare expenditure than other groups. Cost dif-
ferentials cannot be explained by differentials in comorbidities, utilization, time post stroke, or functionality. Additional

Keyword Stroke, Health disparities, Race, Health care costs, Young women

Background

Trends of increasing stroke incidence at younger ages
coupled with improvements in technology and treatment
interventions reducing stroke fatalities have resulted
in a larger population of people living post-stroke [28].
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Depending on stroke severity, an individual experienc-
ing a stroke at age 70 can expect to live between five- and
13-years post-stroke [32]. Those surviving a stroke often
suffer from residual functional disabilities, emotional
problems, and cognitive deficits [2, 27]. Advances in
stroke care and the rising incidence of stroke at younger
ages are expected to increase the lifetime cost of care
from $36.7 to $94.3 billion between 2015 and 2035 [7,
34].

While evidence suggest that the prevalence of young
stroke is increasing among individuals below age 65,
stroke risk is not increasing uniformly among demo-
graphic groups [4]. Studies note higher rates of increase
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in the prevalence of young stroke among women com-
pared to men citing variation in age-based risk fac-
tors such as taking oral contraception containing
estrogen, experiencing gestational hypertension, or
use of menopausal hormone therapy as the cause of
the disparity [6]. Racial disparities in the incidence of
first stroke among those age 20 to 54 increased from
26 to 48 among whites and 83 to 128 among blacks
per 100,000 population between 1993 and 2005 [18].
The higher prevalence of stroke risk factors, including
hypertension, diabetes mellitus, and smoking coupled
with lower socioeconomic status, lower access to care,
genetic predisposition, and limited awareness has con-
tributed to these disparities [3, 17].

Despite the increasing cost of care and rising preva-
lence among young women, few studies have assessed
the impact that these trends have on the individual
cost of healthcare [1]. Evidence suggests that minor-
ity patients often face longer emergency department
wait times, poor care quality, and biases in care deliv-
ery [4], but it remains unknown whether these inequi-
ties result in differential expenditures. Furthermore,
young women, who do not meet age requirements for
Medicare (a federal health insurance for people 65
and older), are often participating in the labor market
and reliant on their employment for both income and
health care coverage. Therefore, costly treatment and
rehabilitation services can compound the economic
burden if coupled with lost productivity. It follows that
having a better understanding of the financial burden of
post-stroke healthcare among patients below 60 could
inform the burden of stroke faced by marginalized
groups.

Using 10 years of data from the Medical Expenditure
Panel Survey (MEPS), analysis quantifies disparities in
the cost of healthcare by race/ethnicity, socioeconomic
status, and household characteristics [25]. The role of
comorbidities, post-stroke functional status, and health-
care utilization is enumerated while controlling for
demographic variables, including age, employment, and
regions [36].

Methods

This study used the Medical Expenditure Panel Survey
(MEPS), a household survey of U.S. noninstitutional-
ized populations. The Agency for Healthcare Research
and Quality (AHRQ) has administered and maintained
the MEPS since 1996. The MEPS collects information on
variety of areas including demographics, health status,
healthcare use, and expenditures of all participants. This
analysis utilizes MEPS data collected between 2008 and
2018.
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Study population

This study included participants 18 years of age or older
who provided a valid yes or no response to the question,
“{Have/Has} {you/{PERSON}} ever been told by a doc-
tor or other health professional that {you/he/she} had a
stroke or TIA? A TIA is a transient ischemic attack which
is sometimes referred to as a ministroke” during the
study period. When a respondent reported having been
diagnosed with stroke, the interviewer also asks about
the date of diagnosis. Since we are unable to determine
whether respondents who answered “I don’t know” had
ever been diagnosed with stroke, we limited our sample
to only individuals who answered yes regarding stroke
diagnosis.

Outcome measure

The main dependent variable is total annual healthcare
expenditure which includes expenditures for eight types
of medical events: hospital stays, emergency room visits,
outpatient department visits, office-based medical pro-
vider visits, dental visits, home health care, other medi-
cal expenses, and prescription medicines. Expenditures
include all direct payments to providers by individuals,
private insurance (including TRICARE), Medicaid, and
other public sources such as the Veterans Administra-
tion and Workers’ Compensation. The MEPS expenditure
data are based on household-reported information on
health care use and expenditures supplemented with data
obtained through a survey of providers.

In modeling consumer expenditure, a standard
approach is to apply a natural log transformation to
prices then fitting either a generalized linear or gamma
regression model with a log-link function. Using the log-
arithmic transformation of healthcare expenditure, we
evaluated the association between individual healthcare
expenditure and insurance type, time post-stroke, demo-
graphic characteristics, and race/ethnicity using weighted
least squares regression. Measures of healthcare utiliza-
tions, comorbidities, and functionality were iteratively
added to the model to test the sensitivity and robustness.
Finally, we tested for racial/ethnic differences in quality
of care using logistic regression. Since quality of care is
difficult to quantify and often requires subjective tools of
measurement, two possible indicators of quality of care
were used—having blood pressure checked by a health
professional within the last two years and having a rou-
tine checkup within the last within the past 3 years.

Covariates

Covariates included in the analysis were: age in years
(18-85), family income (in logarithmic form), family
size (1-14), year of survey completion, body mass index
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(BMI), education (years of post-primary schooling), and
race/ethnicity (white, blacks, Hispanic and others). The
“other” race category included those reporting being
Asians, American Indians, native Hawaiian, and those
reporting multiple races. Binary variables included an
indicator for being a regular smoker, covered by Medic-
aid health insurance, married, and employed. An indica-
tor for Medicaid was used since women aged 18 to 60 are
not yet eligible for Medicare and, therefore, this was the
second most common form of health insurance with pri-
vate insurance being the most prevalent.

Conditions

We considered a set of indicator variables for several
health conditions that are known to affect health status.
These included diabetes, hypertension, and high choles-
terol. Participants were asked if they had ever been diag-
nosed with the condition (yes or no). The selection of
these potential risk factors was based on prior literature
[5, 10, 35].

Functionality

To assess the association between healthcare cost and
functional limitation, we used two survey questions.
Limitations in physical activities are measured by asking,
“{Do/Does} {you/{PERSON}} have difficulties walking,
climbing stairs, grasping objects, reaching overhead, lift-
ing, bending, or stooping, or standing for long periods of
time?” Limitations in mental or cognitive functioning are
assessed by asking, “{Do/Does} {you/{PERSON}} expe-
rience confusion or memory loss such that it interferes
with daily activities?”.

Healthcare utilization

Additionally, we considered a set of indicator variables
for utilization of various types of health services. These
included office-based, emergency room, outpatient, and
inpatient visits as well as the total number of home health
provider days and number of monthly prescription medi-
cations including refills. These comprise the primary
forms of healthcare measured by MEPS and cover most
major types of respondent healthcare utilization [30].

Quality of care

Quality of care is highly correlated with health outcomes
and healthcare utilization [33]. Prior research suggests
that historically oppressed populations are significantly
more like to receive lower quality healthcare than Whites
[31]. This lower quality healthcare is associate with worse
health outcomes in primary, acute, and post-acute care
settings particularly among disadvantaged and margin-
alized groups [19]. While conventional wisdom suggests
that lower quality of care will cost less, and higher quality
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care will cost more, only 34 percent of studies examining
the relationship between quality and cost found a posi-
tive relationship while 30 and 36 percent reported a nega-
tive or negligible difference, respectively [14].

Despite mixed results, variation in quality of care
received by racial and ethnic groups of young women
post stroke could help to explain a portion of the varia-
tion in health care expenditure. To test this hypothesis, a
measure of health care quality is needed. However, qual-
ity of care is often difficult to measure particularly in the
absence of dedicated surveys about the patient and fam-
ily experience [20]. Therefore, proxies are an important
source of information given that most patients or survey
respondents cannot be re-interviewed [26]. We use two
previously tested instruments which have been shown
to be highly correlated with quality of care [29]. Having
a blood pressure check by a health professional within
the last two years and having a routine checkup within
the last within the past 3 years are used as general indi-
cators of quality of healthcare. These items were drawn
from the MEPS Self-Administered Questionnaire (SAQ),
a paper-and-pencil questionnaire consisting of items
from the Consumer Assessment of Healthcare Provid-
ers and Systems (CAHPS) and the Columbia Impairment
Scale (CIS), designed to collect annual health status and
health care quality and preventive health care measures
of adults aged 18 and older in MEPS households. After
2018, these questions were only administered every other
year.

Statistical analysis

The MEPS survey has a complex survey design, which
considers survey weights, strata, and clustering of indi-
viduals to provide nationally representative results of U.S.
non-institutionalized populations. Therefore, all analyses,
including standard errors, were adjusted for the design
using SAS 9.4 and its survey procedures [16]. First,
descriptive characteristics by race/ethnicity were calcu-
lated. Bivariate analyses were explored using Chi-squared
tests with cluster and stratification parameters and a
p-value of p<0.05 was considered statistically significant.
Second, weighted least squares (WLS) regression models
were constructed with total healthcare expenditure (in
logarithmic form) adjusting for potential confounders.
Initially, only demographics (age, marital status), health
behaviors (smoking status, BMI), and human capital
(insurance, family size, income, educational attainment,
employment) characteristics were included. A second
model was estimated to include time post stroke. A third
and fourth model included comorbidities (diabetes, high
blood pressure, high cholesterol) and healthcare utiliza-
tion (office visits, emergency room visits, inpatient visits,
outpatient visits, home health visits), respectively. Finally,



Jacobs and Ellis International Journal for Equity in Health (2023) 22:69

the last set of estimates included an indicator of physical
limitations (difficulty walking).

Results

Descriptive statistics

The sample consists of longitudinal data for 1,597
(unweighted) young women (age<60) with stroke.
As seen in Table 1, the average age of the sample is 48
(sd=9.7) with an average BMI of 30 and roughly a
high school education. Women are roughly nine years
(sd=8.4) post stroke living in household between two
and three people (sd=1.6) with average household
incomes $52,252 (sd =$1,274.33). Average annual health-
care expenditure by all payers is $14,297 (sd =$851.42)
and average out of pocket expenditure is $1,058.57
(sd=$3451.16). Roughly half of women are married,
and 32 percent are covered by Medicaid. Over half of
women were employed and one-third smoke regularly.
Sixty percent of young women had high blood pressure,
half had been diagnosed with high cholesterol, and a
quarter had diabetes. On average, healthcare utilization
patterns reflected frequent usage: 11.1 (sd=0.55) office-
based provider, 0.8 (sd=0.04) emergency department,

Page 4 of 9

1.5 (sd=0.16) outpatient, 0.4 (sd=0.03) inpatient, and
12.0 (sd=1.60) home health visits each year. While only
81 percent of the sample had a routine checkup within
the 2 last years, 93 percent reported having their blood
pressure checked.

The sample is 30 percent Hispanic, 48.5 percent non-
Hispanic White, 15 percent, non-Hispanic Black, and five
percent other races. As seen in Fig. 1, Black women have
lower income than women of other races, but the highest
annual healthcare expenditure. Despite the high expendi-
ture, Blacks do not have the highest utilization.

Regression analysis

To better understand the relationship between expendi-
ture and race, healthcare utilization, and prevalence of
comorbidities, WLS regression analysis is run on all five
sets of covariates described above. Results are listed in
Table 2.

(a) Base model: As expected, healthcare expenditure
increases significantly with age by roughly one per-
cent per year. It is also higher for individuals who are
married, have higher educational attainment, and

Table 1 Descriptive statistics for key covariates related to cost of healthcare among young women with stroke

Mean Std Dev Min Max Hispanic White Black Other

N=1,597 N=536 N=601 N=379 N=81
Age 48.04 9.27 18 59 47.59 48.01 47.98 49.59
Age at Stroke 39.16 1234 0 59 37.71 39.26 394 42.08
Years Post Stroke 8.78 843 -1 57 9.81 8.68 849 7.54
BMI 31.08 857 0.2 69.4 3091 31.71 31.88 27.31
Years of education 12.52 3.71 0 17 10.65 12.51 12.02 12.39
Family Size 277 1.62 1 14 3.07 2.71 2.79 2.35
Family Income 52,252.07 44,442.92 -2150 346,617 41,5487 43,556.91 30,260.33 38,257
Total Self Payment 1058.57 3451.16 0 103,015 1135.72 1183.34 671.21 57587
Total Healthcare Expenditure 14,296.96 27,3594 0 423,121 12,736.49 14,891.37 14,352.41 11,114.93
Office Visits 11.39 17.7 0 176 10.97 11.68 10.29 11.25
ER Visits 0.72 1.41 0 1 0.79 0.76 0.87 0.62
Outpatient Visits 1.36 6.13 0 140 147 1.82 123 0.73
Inpatient Visits 0.38 0.93 0 9 04 04 0.39 0.33
Home Health Visits 10.22 52.78 0 475 14.11 11.05 1042 11.89
Smoker 31% 22% 36% 32% 36%
Medicaid 32% 38% 39% 49% 41%
Married 47% 45% 38% 20% 30%
Employed 54% 48% 46% 44% 58%
High BP DX 62% 56% 67% 77% 74%
High Cholesterol DX 50% 48% 54% 56% 41%
Diabetes DX 24% 25% 24% 30% 25%
Walking Limitations 43% 40% 46% 47% 43%
Doctor Check BP in last 2 years 93% 89% 94% 92% 94%
Routine Checkup in last year 81% 78% 83% 86% 74%
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Fig. 1 Income and Healthcare Expenditure by Race/Ethnicity

Table 2 Healthcare expenditure among young women with stroke: health, demographic, and utilization correlates

N 1096 1010 1010 1005 999
R? .10 a1 a7 A48 49
Base Model (a) Years Post Stroke (b) Comorbidities (c) Healthcare Utilization  Physical
(d) Limitations (e)
B Std Err B Std Err B Std Err B Std Err B Std Err

Intercept -146 5.65 -2.53 8.67 11.67 7.99 -49.51 6.26 -5.34 6.21
Age .01 .00 .01 .00 .00 .00 .01 .00 .01 .00
Smoker -.20 .09 -.23 .10 -.23 07 -19 .07 -.20 07
BMI 05 04 03 04 -02 03 =11 02 -12 02
Medicaid .62 07 .66 07 51 .09 .18 .06 .16 .07
Time .00 .00 .00 .00 .00 .00 .03 .00 .03 .00
Family Size =11 01 -.10 02 -11 02 -.04 01 -.04 01
Family Income .20 02 .21 .02 .25 .02 a7 01 .16 .01
Married 12 04 08 .05 03 04 18 04 .21 04
Years of Education .06 01 .06 01 .04 01 .00 .00 .00 .00
Employed -73 08 -71 08 -57 07 -17 .06 -09 06
Years Post Stroke -.02 .00 -.01 .00 -.01 .00 -.01 .00
Diabetes DX .84 .06 49 .06 48 .06
High BP DX 27 B 08 AN 08 10
High Cholesterol DX .28 04 .23 02 .23 02
Office Visits .03 .00 .03 .00
ER Visits A7 01 .16 01
Outpatient Visits .05 .00 .04 .00
Inpatient Visits .56 01 57 01
Home Health Visits .01 .00 .01 .00
Walking Limitations 27 03
Hispanic 12 .08 13 09 14 10 .07 07 04 07
Black .20 07 22 .08 13 10 .16 .07 A7 .06
Other Race .25 07 22 08 .20 10 1 07 Bh 08

Dependent Variable: Total Healthcare Expenditure
Reference Group: Non-Hispanic White

Indicates Significant at 95% Confidence Level

Data Source: Medical Expenditure Panel Survey 2008-2018
Estimates are weighted using longitudinal sampling weights
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income. Individuals with more financial resources
can spend more on their health and are able to
purchase additional preventative health services.
Healthcare expenditure is lower for those in larger
families suggesting that family members might pro-
vide care informally in the home thus alleviating
the need to pay for outside services. Women who
are employed spend significantly less than those
who are not employed since they are likely health-
ier and require fewer healthcare services. Smokers
spend less each year on healthcare. This result likely
reflects a lower level of concern for their level of
physical health which is reflected in their smoking
behavior.

Years post stroke: Results show little change when
the number of years post-stroke is added to the
model. Healthcare expenditure appears to decline
roughly two percent with each additional year after
the stroke even for women under 60 suggesting that
they have likely completed acute and post-stroke
rehabilitation care. Even after controlling for time
post stroke, Blacks still have significantly higher
healthcare expenditure than other racial groups.
Comorbidities: Diagnosis with diabetes, high blood
pressure, and high cholesterol increases healthcare
expenditure by 84 percent, 27 percent, and 28 per-
cent respectively. Not surprisingly, women with dia-
betes had significantly higher expenditures than those
with other comorbidities given the numerous costly
medications often required to control diabetes and
the cost of managing long term diabetes related com-
plications. Relative healthcare expenditure for Blacks
remains significantly higher despite accounting for
the impact of comorbidities on healthcare expendi-
ture.

Healthcare utilization: Parameters denoting the
level of annual healthcare utilization are positively
related to healthcare expenditure since high levels
of utilization increase costs. Each additional office,
emergency, outpatient, inpatient, and home health-
care visit increases annual healthcare expenditure
by 3 percent, 17 percent, 5 percent, 56 percent, and
1 percent respectively. Even after the additional of
comorbidity and healthcare utilization covariates,
racial, human capital, and demographic character-
istics remain statistically significant.

Physical limitations: Women who report difficulty
walking post-stroke, not surprisingly have health-
care expenditure 27 percent higher than those with-
out impaired mobility.
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Quality of Care

To evaluate racial and ethnic differences in quality of care
received by young women post-stroke, logistic regression
compared the likelihood of having had a blood pressure
check by a health professional within the last two years
and having had a routine checkup within the last within
the past 3 years—two metrics which instrument for care
quality—between racial and the ethnic groups controlling
for demographics (age, marital), health behaviors (smok-
ing status, BMI), and human capital (insurance, fam-
ily size, income, educational attainment, employment).
Results listed in Table 3 indicate no racial/ethnic differ-
ences in the likelihood of blood pressure screening and
suggest that Blacks have a higher likelihood (OR =1.604,
CI=0.751, 3.449) of receiving a routine checkup while
other racial groups have a lower likelihood (OR=0.489,
CI=0.193, 0.842). BMI, age, marital status, and years of
education appear to be more highly correlated with these
quality-of-care indicators.

Discussion

Using a nationally representative sample of young women
with stroke, this study showed that annual healthcare
expenditure was higher for Black women and women of
other historically oppressed racial groups than Whites.
Results were robust to inclusion of demographic, health-
care utilization, comorbidity, and physical limitation
controls. Black women had between 15 and 20 percent
greater annual healthcare expenditures than White
women with the same frequency of care and confound-
ing conditions. These results are troubling given the
lower average income (Black: $30,260.33, sd =33,605.75;
White: $43,556.91, sd =51,323.89) and education attain-
ment (Black: 12.0, sd =3.7; White: 12.5, sd =2.8) of Black
women compared to White. These disparities in health-
care expenditure could neither be explained by variability
in the time post stroke, nor differential patterns of health-
care utilization. While racial difference in the quality
of healthcare could explain a portion of the differences,
variation is quality was difficult to estimate using MEPS
data. While some studies have used other covariates as
“instruments” for healthcare quality, only one of those
instruments used here (receiving routine care within the
last three years) showed a statistically significant differ-
ence between demographic subgroups.

To the authors knowledge, this is the first study exam-
ining racial disparities in healthcare expenditure among
young women with stroke. Husaini and co-authors (2013)
examined racial differences in healthcare costs using an
age-inclusive, mixed gender cohort of stroke survivors.
Using data from 2008, their results showed that treat-
ment costs associated with stroke were higher among
Blacks than Whites ($41,370 versus $30,215, P<0.001).
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Table 3 Indicators of quality of healthcare: blood pressure and routine checkups

Routine Check in the Last Year Blood Pressure Checked in Last 2 Years
N 873 831

B Std Err OR 95% Cl B Std Err OR 95% Cl
Intercept -52.08 126.80 -210.50 205.20
Age .03 01 1.03 1.01 1.06 02 02 1.02 98 1.06
Hispanic =11 21 79 44 1.44 01 37 83 28 246
Black .59 26 1.60 291 345 02 31 84 29 2.50
Other Race -.60 30 49 19 084 -22 52 66 14 3.14
Smoker -64 .36 53 26 1.08 -79 46 46 18 1.13
BMI 66 59 1.94 60 6.27 1.53 58 4.62 147 14.54
Medicaid 13 .16 1.30 69 244 .16 17 138 71 2.66
Year 02 .06 1.02 .90 1.16 .10 .10 .11 91 1.36
Family Size 01 .10 1.01 83 1.22 -06 .10 94 78 1.15
Family Income 14 13 1.15 88 1.51 -26 .36 77 .38 157
Married -25 39 78 36 1.69 .85 42 234 1.01 541
Years of Education .08 .04 1.08 1.01 1.16 13 04 1.13 1.05 1.23
Employed -57 33 56 29 1.09 -36 57 .70 22 218
Dependent Variable: Routine checkup in the last year Dependent Variable: Blood pressure check in the last

2 years

Reference Group: Non-Hispanic White

Indicates Significant at 95% Confidence Level

Data Source: Medical Expenditure Panel Survey 2008-2018
Estimates are weight using longitudinal sampling weights

Reference Group: Non-Hispanic White

Indicates Significant at 95% Confidence Level

Data Source: Medical Expenditure Panel Survey 2008-2018
Estimates are weight using longitudinal sampling weights

The expenditure differential persisted when they com-
pared average annual healthcare costs for the entire year
of 2008 and remained intact when the comparisons were
made simply for stroke cost ($74,338 for blacks versus
$55,884 for whites, P<0.001). While their analysis did
not specifically focus on women, they observed similar
trends of Black males ($74,006 versus $59,403, P<0.001)
and Black females ($74,589 versus $52,877, P<0.001)
compared to Whites—a differential that they attributed
to higher comorbidity prevalence and longer hospitaliza-
tions for Blacks. While information on stroke type was
not available for the present study, other researchers
have noted persistence of racial disparities among both
ischemic and hemorrhagic stroke [13].

While age was not a criterion used in their sample,
Yu, et al. noted gender related cost differentials using a
sample of Canadian men and women [37]. Their find-
ings showed that in the year prior to stroke, women had
higher unadjusted healthcare costs compared to men
and this differential persisted in the year following stroke
onset. They suggested that moderate and severe stroke
(versus mild stroke), intracerebral hemorrhage (ver-
sus ischemia), and higher baseline frailty (versus lower
frailty) were associated with increased cost, while rural
residence was associated with lower cost compared to

those living in non-rural areas. While the analysis pre-
sented here indicated that utilization did not mitigate
disparities in healthcare expenditure, the authors noted
that acute care accounted for most healthcare care dur-
ing the first-year post-stroke while home care and long-
term care comprised healthcare costs in later years [37].

While variation in the quality of care received was one
possible explanation for the higher healthcare expendi-
ture that we examined, variation in the severity of
comorbidities could also have contributed. Additionally,
disparities in the timing when Black women with chronic
conditions sought medical services could lead to higher
cost of care if they obtained care later in the disease pro-
gression than Whites [12]. Finally, the higher cost among
Black females may exist because, as suggested by previ-
ous studies, they are more likely to discontinue behav-
ioral and pharmacological therapies which can, in turn,
lead to more complications [22].

However, determination of which factor(s) contribute
to racial disparities in post-stroke healthcare expendi-
ture is outside the scope of this analysis. Nevertheless,
the expenditure differentials identified are significant
given that the costs and lifelong morbidity associated
with stroke are great when stroke occurs in the young [9].
This information is important for several reasons. First,
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the cost stroke care and the distribution of the economic
burden of stroke is necessary to inform cost-effectiveness
studies of treatments and interventions. Second, identify-
ing racial differences in cost may highlight areas of ineq-
uity or generate opportunities to reduce costs, which are
relevant for policy makers and health system planning.

Limitations

Despite the importance of the findings presented here,
this study and the data used in this analysis face several
limitations. First, MEPS contains no information on
the type of stroke or stroke severity. Furthermore, both
strokes and TIAs are grouped together as a single sur-
vey item, but prior research has shown racial differences
in TIAs similar to stroke [11, 15, 21]. Subsequently, the
sample likely contains both individuals with little or no
stroke-related impairments as well as individual with
severe or debilitating post-stroke conditions. While
efforts were made to account for this variability in the
analysis, the data contains no indicator of stroke impact.

Second, MEPS does not contain any information on the
total number of strokes or stroke-like event experienced
by respondents. The duration post stroke is calculated as
the difference between the respondent current age and
the age at which they reported experiencing a stroke.
However, we are unable to determine if this duration is
measured from the first ever or most recent stroke. Since
we cannot determine how individuals reported their age
at stroke, we are unable to guarantee that our interpreta-
tion of this covariate reflects accurately reflects respond-
ent reporting intention.

Third, the authors of this study hypothesize that racial
disparities in healthcare expenditure could be related
to differences in the quality of healthcare received by
women of different racial and ethnic groups. MEPS incor-
porates the Consumer Assessment of Healthcare Provid-
ers and Systems (CAHPS®) into the self-administered
questionnaire (SAQ) to measure quality of care from the
consumer’s perspective. However, CAHPS® only refers
to events which occurred over the last 12 months that
involve immediate or specific types of care. Addition-
ally, these CAHPS® questions elicit subjective responses
making it difficult to compare between individuals who
might have different standards of care. Instead, this study
elected to use more objective metrics, but these measures
are imperfect.

Finally, like with many other federally administered
surveys, race/ethnicity data in MEPS is limited with
regards to completeness and accuracy and subject to
recall bias. While race/ethnicity data is available, race/
ethnicity data are problematic for Asian Americans and
Pacific Islanders (AAPIs), and for American Indians and
Alaskan Natives (AIANs). These groups are collapsed
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into a single category, along with multiracial respondents,
labeled as “Other Race” As a result, incomplete and inac-
curate race/ethnicity data limit our understanding of the
sources of disparities in health care cost, quality, and out-
comes. Because of these limitations, analyses using race/
ethnicity data from MEPS are generally restricted to the
identification of differences between Blacks and Whites.

Conclusion

Even though stroke is the third leading cause of death in
women, relatively few studies focus exclusively on women
with stroke and even fewer among young women with
stroke [24]. This study examined healthcare expenditure
among young women with stroke and identified signifi-
cant racial disparities. Identification and characteriza-
tion of these cost disparities was the goal of the current
study, but additional research is needed to fully explain
cost differentials [8]. Since both the quality of care and
facility play a role in the cost of care, these factors should
be potential targets for projects designed to improve out-
comes and to decrease the risk of stroke racial minorities.
While the data used in this analysis precluded the exami-
nation of the severity of illness as well as postoperative
complications, these can be critical determinates of the
cost of healthcare [23]. To explore these and other fac-
tors related to the cost of stroke, additional research is
needed.

Acknowledgements
None.

Authors’ contributions

MJ analyzed and interpreted the data. CE interpreted results and synthesized
current literature. Both authors contributed to the writing and editing of the
manuscript. The author(s) read and approved the final manuscript.

Funding
No funding was received to conduct this research.

Availability of data and materials

This study utilizes the Medical Expenditure Panel Survey (MEPS). Lynn A.
Blewett, Julia A. Rivera Drew, Risa Griffin and Kari C.W. Williams. IPUMS Health
Surveys: Medical Expenditure Panel Survey, Version 1.1 [dataset]. Minneapolis,
MN: IPUMS, 2019. https://doi.org/10.18128/D071.V1.1. Data can be found at
https://www.meps.ahrg.gov/mepsweb/data_stats/download_data_filesjsp.

Declarations

Ethics approval and consent to participate

This manuscript utilized secondary data from the Medical Expenditure Panel
Survey (MEPS) collected by the Agency for Healthcare Research and Quality
(AHRQ). Data were used in accordance with Sects. 308 (d) and 903 (c) of the
Public Health Service Act (42 US.C. 242 m and 42 U.S.C. 299 a-1) and used only
for the purposes outlined therein. All respondents to MEPS questionnaires
provided written acknowledgement of their consent to participate. This study
was conducted in accordance with the Declaration of Helsinki.

Consent for publication
Not Applicable.


https://doi.org/10.18128/D071.V1.1
https://www.meps.ahrq.gov/mepsweb/data_stats/download_data_files.jsp

Jacobs and Ellis International Journal for Equity in Health

Competing interests
The authors declare that they have no competing interests.

Received: 24 February 2022 Accepted: 5 April 2023
Published online: 21 April 2023

References

1.

Adigun RO, Boler AN, Mankad R. Disparities in Cardiac Care of Women:
Current Data and Possible Solutions. Curr Treat Options Cardiovasc Med.
2018;20(11):87. https://doi.org/10.1007/511936-018-0688-x.

Bell JA, Wolke ML, Ortez RC, Jones TA, Kerr AL. Training Intensity Affects
Motor Rehabilitation Efficacy Following Unilateral Ischemic Insult of

the Sensorimotor Cortex in C57BL/6 Mice. Neurorehabil Neural Repair.
2015;29(6):590-8. https://doi.org/10.1177/1545968314553031.

Boan AD, Feng WW, Ovbiagele B, Bachman DL, Ellis C, Adams RJ,
Lackland DT. Persistent racial disparity in stroke hospitalization and
economic impact in young adults in the buckle of stroke belt. Stroke.
2014;45(7):1932-8. https://doi.org/10.1161/STROKEAHA.114.004853.
Cruz-Flores S, Rabinstein A, Biller J, Elkind MSV, Griffith P. Gorelick PB, Val-
derrama AL. Racial-ethnic disparities in stroke care: the American experi-
ence: a statement for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2011;42(7):2091-116.
https://doi.org/10.1161/STR.0b013e3182213e24.

Decker JJ, Norby FL, Rooney MR, Soliman EZ, Lutsey PL, Pankow JS, Chen
LY. Metabolic syndrome and risk of ischemic stroke in atrial fibrillation:
ARIC study. Stroke. 2019;50(11):3045-50.

Diaz-Guzman J, Egido J-A, Gabriel-Sdnchez R, Barberd-Comes G,
Fuentes-Gimeno B, Ferndndez-Pérez C. Stroke and transient ischemic
attack incidence rate in Spain: the IBERICTUS study. Cerebrovasc Dis.
2012;34(4):272-81. https://doi.org/10.1159/000342652.

Dunbar SB, Khavjou OA, Bakas T, Hunt G, Kirch RA, Leib AR, Whitsel LP.
Projected Costs of Informal Caregiving for Cardiovascular Disease: 2015 to
2035: A Policy Statement From the American Heart Association. Circula-
tion. 2018;137(19):e558-77. https://doi.org/10.1161/CIR.0000000000
000570.

Faiz KW, Labberton AS, Thommessen B, Renning OM, Dahl FA, Barra M.
The burden of stroke mimics: present and future projections. J Stroke
Cerebrovasc Dis. 2018;27(5):1288-95.

Fox CK, Fullerton HJ. Recent advances in childhood arterial ischemic
stroke. Curr Atheroscler Rep. 2010;12(4):217-24.

George MG. Risk factors for ischemic stroke in younger adults: a focused
update. Stroke. 2020;51(3):729-35.

Howard VJ, McClure LA, Meschia JF, Pulley L, Orr SC, Friday GH. High
Prevalence of Stroke Symptoms Among Persons Without a Diagnosis of
Stroke or Transient Ischemic Attack in a General Population: The REasons
for Geographic And Racial Differences in Stroke (REGARDS) Study. Arch
Intern Med. 2006;166(18):1952-8. https://doi.org/10.1001/archinte.166.18.
1952.

Hsia AW, Castle A, Wing JJ, Edwards DF, Brown NC, Higgins TM, Sdnchez
BN. Understanding reasons for delay in seeking acute stroke care in an
underserved urban population. Stroke. 2011;42(6):1697-701.

Husaini B, Levine R, Sharp L, Cain V, Novotny M, Hull P, Moonis M. Depres-
sion increases stroke hospitalization cost: an analysis of 17,010 stroke
patients in 2008 by race and gender. Stroke Res Treat. 2013;2013:846732.
Hussey PS, Wertheimer S, Mehrotra A. The association between

health care quality and cost: a systematic review. Ann Intern Med.
2013;158(1):27-34.

Judd SE, Kleindorfer DO, McClure LA, Rhodes JD, Howard G, Cushman
M, Howard VJ. Self-Report of Stroke, Transient Ischemic Attack, or Stroke
Symptoms and Risk of Future Stroke in the Reasons for Geographic And
Racial Differences in Stroke (REGARDS) Study. Stroke. 2013;44(1):55-60.
https://doi.org/10.1161/STROKEAHA.112.675033.

Khademi A. Complex Survey Data Analysis with SAS. J Stat Softw.
2018;84(1):1-4.

Khan SU, Khan MZ, Khan MU, Khan MS, Mamas MA, Rashid M, Shapiro
MD. Clinical and Economic Burden of Stroke Among Young, Midlife, and
Older Adults in the United States, 2002-2017. Mayo Clin Proc Innov Qual
Outcomes. 2021;5(2):431-41.

(2023) 22:69

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Page 9 of 9

Kissela BM, Khoury JC, Alwell K, Moomaw CJ, Woo D, Adeoye O, La Rosa
FDLR. Age at stroke: temporal trends in stroke incidence in a large, bira-
cial population. Neurology. 2012;79(17):1781-7.

Kruk ME, Gage AD, Joseph NT, Danaei G, Garcia-Saisé S, Salomon JA.
Mortality due to low-quality health systems in the universal health cover-
age era: a systematic analysis of amenable deaths in 137 countries. The
Lancet. 2018;392(10160):2203-12.

Kruk ME, Kelley E, Syed SB, Tarp F, Addison T, Akachi Y. Measuring quality
of health-care services: what is known and where are the gaps? Bull
World Health Organ. 2017,95(6):389.

Lau K-K, Li L, Lovelock CE, Zamboni G, Chan T-T, Chiang M-F, Rothwvell

PM. Clinical Correlates, Ethnic Differences, and Prognostic Implications

of Perivascular Spaces in Transient Ischemic Attack and Ischemic Stroke.
Stroke. 2017;48(6):1470-7. https://doi.org/10.1161/STROKEAHA.117.
016694.

Lesser IM, Zisook S, Gaynes BN, Wisniewski SR, Luther JF, Fava M, Rush AJ.
Effects of race and ethnicity on depression treatment outcomes: the CO-
MED trial. Psychiatric Services. 2011,62(10):1167-79.

Levinsky NG, Yu W, Ash A, Moskowitz M, Gazelle G, Saynina O, Emanuel EJ.
Influence of age on Medicare expenditures and medical care in the last
year of life. JAMA. 2001,286(11):1349-55.

Lundberg GP, Volgman AS. Burden of stroke in women. Trends Cardiovasc
Med. 2016;26(1):81-8.

Lynn Blewett, Julia Rivera Drew, Risa Griffin, K. W. (2019). IPUMS Health
Surveys: Medical Expenditure Panel Survey, Version 1.1 . Minneapolis, MN.
https://doi.org/10.18128/D071.V1.1

McPherson CJ, Addington-Hall JM. Judging the quality of care at the

end of life: can proxies provide reliable information? Soc Sci Med.
2003;56(1):95-109.

Norrving B, Barrick J, Davalos A, Dichgans M, Cordonnier C, Guekht A,
Richard E. Action plan for stroke in Europe 2018-2030. Eur Stroke J.
2018;3(4):309-36.

Rimmele DL, Schrage T, Brettschneider C, Engels A, Gerloff C, Hérter M,
Thomalla G. Rationale and design of an interventional study of cross-
sectoral, coordinated treatment of stroke patients with patient-orientated
outcome measurement (StroCare). Neurol Res Pract. 2021;3(1):1-9.
Rodriguez MA, Bustamante AV, Ang A. Perceived quality of care, receipt of
preventive care, and usual source of health care among undocumented
and other Latinos. J Gen Intern Med. 2009;24(3):508-13.

Roth DL, Sheehan OC, Huang J, Rhodes JD, Judd SE, Kilgore M, Haley WE.
Medicare claims indicators of healthcare utilization differences after hos-
pitalization for ischemic stroke: Race, gender, and caregiving effects. Int J
Stroke. 2016;11(8):928-34. https://doi.org/10.1177/1747493016660095.
Schwamm LH, Reeves MJ, Pan W, Smith EE, Frankel MR, Olson D, Fonarow
GC. Race/ethnicity, quality of care, and outcomes in ischemic stroke.
Circulation. 2010;121(13):1492-501.

Shavelle RM, Brooks J, Strauss D. Life Expectancy After Stroke: The Effect
of Rankin Grade. Arch Phys Med Rehabil. 2018;99(10):e107.

Sochalski J. Quality of care, nurse staffing, and patient outcomes. Policy
Polit Nurs Pract. 2001;2(1):9-18.

Theis KA, Steinweg A, Helmick CG, Courtney-Long E, Bolen JA, Lee R.
Which one? What kind? How many? Types, causes, and prevalence of
disability among US adults. Disabil Health J. 2019;12(3):411-21.

Varbo A, Nordestgaard BG. Remnant cholesterol and risk of ischemic
stroke in 112,512 individuals from the general population. Ann Neurol.
2019;85(4):550-9.

Wang G, Zhang Z, Ayala C, Dunet DO, Fang J, George MG. Costs of
hospitalization for stroke patients aged 18-64 years in the United States. J
Stroke Cerebrovasc Dis. 2014;23(5):861-8.

Yu AYX, Krahn M, Austin PC, Rashid M, Fang J, Porter J, Kapral MK. Sex dif-
ferences in direct healthcare costs following stroke: a population-based
cohort study. BMC Health Serv Res. 2021;21(1):619. https://doi.org/10.
1186/512913-021-06669-w.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/s11936-018-0688-x
https://doi.org/10.1177/1545968314553031
https://doi.org/10.1161/STROKEAHA.114.004853
https://doi.org/10.1161/STR.0b013e3182213e24
https://doi.org/10.1159/000342652
https://doi.org/10.1161/CIR.0000000000000570
https://doi.org/10.1161/CIR.0000000000000570
https://doi.org/10.1001/archinte.166.18.1952
https://doi.org/10.1001/archinte.166.18.1952
https://doi.org/10.1161/STROKEAHA.112.675033
https://doi.org/10.1161/STROKEAHA.117.016694
https://doi.org/10.1161/STROKEAHA.117.016694
https://doi.org/10.18128/D071.V1.1
https://doi.org/10.1177/1747493016660095
https://doi.org/10.1186/s12913-021-06669-w
https://doi.org/10.1186/s12913-021-06669-w

	Healthcare cost and race: analysis of young women with stroke
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study population
	Outcome measure
	Covariates
	Conditions
	Functionality
	Healthcare utilization
	Quality of care
	Statistical analysis

	Results
	Descriptive statistics
	Regression analysis
	Quality of Care

	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References


