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Abstract

Background and Purpose—Current literature provides mixed evidence on disparities by race/
ethnicity and socioeconomic status (SES) in discharge outcomes following hospitalization for
acute ischemic stroke. Using comprehensive data from eight states, we sought to compare
inpatient mortality and length of stay (LOS) by race/ethnicity and SES.

Methods—We examined all 2007 hospitalizations for acute ischemic stroke in all non-Federal
acute care hospitals in AZ, CA, FL, MA, NJ, NY, PA and TX. Population was stratified by race/
ethnicity (non-Hispanic Whites, non-Hispanic Blacks and Hispanics) and SES, measured by
median income of patient zip code. For each stratum we estimated risk-adjusted rates of inpatient
mortality and longer LOS (> median LOS). We also compared the hospitals where these
subpopulations received care.

Results—Hispanic and Black patients accounted for 14 and 12 percent of all ischemic stroke
admissions (N=147,780) respectively and had lower crude inpatient mortality rates
(Hispanic=4.5%, Blacks=4.4%; all p-values < 0.001) compared to White patients (5.8%). Hispanic
and Black patients were younger and fewer had any form of atrial fibrillation. Adjusted for patient
risk, inpatient mortality was similar by race/ethnicity, but was significantly higher for low area-
income patients than that for high area-income patients (Odds Ratio=1.08, 95% confidence
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interval=[1.02, 1.15]). Risk-adjusted rates of longer LOS were higher among minority and low
area-income populations.

Conclusions—Risk adjusted inpatient mortality was similar among patients by race/ethnicity
but higher among patients from lower income areas. However, this pattern was not evident in
sensitivity analyses including the use of mechanical ventilation as a partial surrogate for stroke
severity.
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Although key to understanding the long-standing racial/ethnic disparities in stroke mortality
rates, evidence on differences in case fatality following stroke has remained mixed.l: 2 Death
certificate data have long indicated that the national death rate from stroke is higher (+48%
in 2007) among non-Hispanic Blacks (henceforth referred to as Blacks) and lower (—20% in
2007) among Hispanics than among non-Hispanic Whites (henceforth referred to as
Whites).2 Higher stroke mortality can arise from higher incidence or higher case fatality or
both.# ® Findings from several well-known epidemiologic studies over the last two decades
have uniformly indicated that stroke incidence rate is higher among Blacks and Hispanics
compared to Whites®11; however, the magnitude of disparity in stroke incidence is much
smaller than that in stroke mortality.% > While this would suggest higher case fatality rates
among Blacks compared to Whites, prior studies have been largely inconclusive with studies
finding higher, similar or lower case fatality among Blacks compared to Whites across
different study populations.#-8 10. 12-15 Evidence on differences between Hispanics and
Whites is also mixed.12: 16 |n the absence of a population-representative data source that is
both national in scope and has sizable number of minority patients, these differing findings
could plausibly be reflective of regional differences, unrepresentative convenience patient
cohorts or inadequate sample size, thereby limiting comparability and generalizability.* Of
particular importance is the need to accurately capture low income cohorts in the study
population; due to higher incidence of low incomes among racial and ethnic minorities, they
may be underrepresented in survey-based population studies.?

With a view to capture a broader national population including larger numbers of minority
populations, we pooled administrative data all ischemic stroke discharges from eight states
which together accounted for 73% of national Hispanic and 37% of national Black
populations. We examined inpatient mortality as the indicator of case fatality; in addition,
length of stay (LOS) was also examined as a secondary patient outcome measure.12 13 We
compared outcomes by race/ethnicity and SES. We examined for systematic differences in
the type of hospitals where minority and low area-income patients received care.

METHODS

Data Sources

The primary data sources were the state-level inpatient discharge databases (2007) from
Arizona, California, Florida, Massachusetts, New Jersey, New York, Pennsylvania and
Texas. These cover the universe of all admissions to all non-Federal acute care hospitals.1’
These states were selected based on their sizable minority population and completeness of
race and ethnicity data; the proportion of acute ischemic stroke admissions with patient race
or ethnicity missing (or coded as unknown) was 2.8% and ranged from 0.3% (Texas) to
7.6% (New York). In addition, we obtained zip code-level data on median household
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income from the 2000 Census.18 We obtained data on hospital characteristics from the
American Hospital Association Annual Survey (2007).19

Study Population

Measures

Estimation

To identify acute ischemic stroke admissions for adults aged 18 and older, we followed
other recent studies by including admissions with the principal discharge code (ICD-9-CM)
of 433.x1, 434.x1 and 436.12: 13 To minimize confounding from scheduled admissions for
discretionary treatment (for instance, carotid endarterectomy), we only considered inpatient
admissions arising either from admission to the Emergency Department or transfer from
another acute care facility. To avoid two admissions being associated with the same
outcome, we excluded hospitalizations that resulted in transfer to another acute care
hospital. For comparability of patient outcomes by subpopulations, especially by SES, we
included admissions of patients who were state residents. From the resulting cohort, we
excluded 4.9% admissions with missing key measures; compared with the included cohort,
patients in this 4.9% excluded cohort were broadly similar (see Appendix).

The primary outcome measures were inpatient death and length of stay (LOS) of the index
hospitalization for acute ischemic stroke. We examined LOS as a dichotomous measure
indicating longer LOS (i.e., 1 = LOS > median LOS) as it is more robust to outliers and
skewed distribution.12 Patient risk factors were characterized by comorbid conditions
captured by the secondary discharge diagnosis codes (ICD-9-CM).13: 20 We identified
patients with the following comorbid conditions: atrial fibrillation, coronary heart disease,
congestive heart failure, diabetes and hypertension.?! Indications for other comorbid
conditions were collectively grouped using the Charlson comorbidity index.22 Discharge
data from all states included separate indicators of race and ethnicity, which were together
used to uniformly define four population cohorts: Hispanics, non-Hispanic Whites, non-
Hispanic Blacks and Others; the Others included those with missing race or ethnicity.23
Given the absence of individual measures of SES, we followed prior research and used the
Census-based median zip code income, matched with patient residence zip code, to stratify
patients from each state into three groups based on population quartiles24 25: lowest quartile
zip codes (“low area-income™), second lowest quartile (“medium™) and top two quartiles
(“high”).2> Based on prior research on the role of hospital characteristics, we examined
several structural measures: number of inpatient beds, number of intensive care unit (ICU)
beds, nursing staff (# patients per nurse), mean daily Emergency Department (ED)
admission volume, ownership, teaching status and safety-net status (defined as >20 percent
of discharges from the hospital covered by Medicaid).26

The unit of all analyses was the index patient admission for acute ischemic stroke. We
performed bivariate comparisons of patient and hospital characteristics by race/ethnicity and
SES. We obtained two sets of risk-adjusted estimates of differences in the outcomes across
population subgroups stratified by race/ethnicity and SES; in the first, we adjusted for
patient risk factors, and in the second we also adjust for hospital characteristics.12 Each was
estimated by hierarchical logistic regression to adjust for clustering within hospitals. We
estimated these models for all patients and for subgroups formed by the interaction of race/
ethnicity and SES. Standard errors and confidence intervals were estimated to account for
heterogeneity across subpopulations. Statistical significance was defined as p-value < 0.05.

Across patient risk factors, we found relatively larger differences in age and co-morbidity of
atrial fibrillation between Whites and minorities. To assess their relative impact on
outcomes, we estimated racial/ethnic differences in outcome rates adjusted for only these
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two factors. Sensitivity Analyses: Ideally, we would have liked to adjust for initial stroke
severity. In the absence of available data on stroke severity, we performed a post-hoc
sensitivity analysis adjusted instead for the use of mechanical ventilation, which has been
previously shown to be a valid proxy for stroke severity.2” In addition, we also examined if
LOS differences by cohorts were associated with inpatient mortality rate differences; for this
we re-estimated the LOS regression model including inpatient mortality as a covariate. Due
to space limitation, additional findings are reported in an Appendix. All the statistical
analyses were performed using Stata Version 12.1. This study was approved by the Boston
University Institutional Review Board.

We identified 147,780 hospitalizations for acute ischemic stroke during 2007 in the eight
states. Their distribution by race and ethnicity was: Whites =67%, Blacks =14%,
Hispanics=11% and Others=8% (Table 1).

Patient Risk Factors by Race/Ethnicity & SES

Comparing Whites vs. minorities, we found relatively larger differences in age and
prevalence of atrial fibrillation (Table 1). While 58% of Whites were =75 years, this
proportion was 29% and 37% for Blacks and Hispanics respectively (p<0.001). Among
individuals aged 18-64 years, Whites comprised 23% of all admissions, compared to 48%
and 40% among Blacks and Hispanics respectively. Prevalence of atrial fibrillation was
significantly higher among Whites (27%) than Blacks (12%) and Hispanics (15%; p<0.001).
This pattern in the two factors was persistent in every state (Figure 1). Patients also
exhibited considerable differences by SES (Table 1). Low income area patients were more
often younger and had a higher prevalence of hypertension, diabetes and congestive heart
failure, but lower prevalence of atrial fibrillation and coronary heart disease.

Hospital Characteristics

Systematic differences were also found in the hospitals where Whites and minorities
received care (Table 1). Out of the 1,282 hospitals with acute ischemic stroke admissions in
the eight states, all admissions for Blacks and Hispanics occurred in 954 and 892 hospitals
respectively. In terms of hospital size, Blacks and low income-area patients more frequently
received care in teaching and safety-net hospitals and hospitals with higher bed size, more
ICU beds and ED volume, compared to Whites and Hispanics.

Differences in Inpatient Mortality Rate

The overall average crude inpatient mortality rate was 5.5%; it was significantly lower for
Blacks (OR=0.75; 95%CI=[0.70, 0.80]) and Hispanics (OR=0.76; 95%CI=[0.70, 0.82]) than
for Whites (Tables 1 and 2). The hierarchical logistic regression model to adjust for patient
risk factors indicated very good discrimination (c-statistic=0.74); it also indicates that only a
small share (3.0%) of the residual inpatient mortality differences across patients were
associated with the hospital where patients were treated (see Appendix). Adjusting for
patient risk factors, inpatient mortality rates for Blacks (OR=1.02, 95%CI=[0.94, 1.10]) and
Hispanics (OR=0.98, 95%CI=[0.91, 1.07]) were similar to that for Whites. In assessing the
impact of different risk factors in mitigating observed differences in inpatient mortality, we
note that Whites have higher prevalence of older age, atrial fibrillation, coronary heart
disease and congestive heart failure; in addition, hypertension and diabetes - conditions for
which prevalence was higher among minorities - were either protective or equivocal of
inpatient mortality risk.
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We also performed comparisons by race/ethnicity separately among patients stratified by
SES. Across all three SES cohorts, crude inpatient mortality rates were significantly lower
for Blacks and Hispanics relative to that for Whites (see Appendix). However, adjusted
inpatient mortality was generally similar by race/ethnicity among all SES strata; one
exception was medium area income Hispanics who had significantly lower mortality
(OR=0.80, 95%CI1=[0.67, 0.96]) relative to Whites. We repeated this comparison analysis
separately for each of the eight states and found similarity in risk-adjusted inpatient
mortality rates among Blacks in all states and among Hispanics in seven states; however,
due to smaller cohort sizes, precision of estimates was lower (see Appendix).

Similar comparison by SES indicated a converse pattern; while crude inpatient mortality
rates were similar by SES cohorts, adjusted rate was higher among low area-income patients
(OR=1.08, 95%CI1=[1.02, 1.15]) when compared to high area-income patients (Table 2). A
similar pattern of higher adjusted inpatient mortality for low area-income patients was found
among Whites, Blacks and Hispanics, although statistical significance was present only for
Whites, the largest cohort.

The hierarchical logistic regression model to adjust for hospital structural factors and patient
risk factors indicated similar discrimination (c-statistic=0.74) compared to the model
adjusting for patient factors. Further, additional adjustment for hospital factors had little
impact on the relative differences in inpatient mortality compared to those obtained by
adjusting only for patient risk factors.

Differences in Length of Stay

While overall mean LOS was 6.2 days, differences by race/ethnicity were significant:
Whites=5.9, Blacks=7.4 and Hispanics=6.3 (p=0.003; Table 1). Correspondingly, rate of
longer LOS (LOS > 4 days, the median LOS) was significantly higher among Blacks
(OR=1.41, 95%CI=[1.37, 1.46]) and Hispanics (OR=1.08, 95%CI=[1.04, 1.11]) compared
to Whites (Table 3). The regression model to adjust for patient risk factor indicated good
discrimination (c-statistic=0.70; see Appendix). Adjusting for patient risk factors, the
relative rate of longer LOS remained higher among Blacks (OR=1.36, 95%CI=[1.31, 1.41])
and Hispanics (OR=1.19, 95%CI=[1.14, 1.24]). This pattern of higher rate of longer stays
among minorities was persistent among subpopulations stratified by SES. Further,
comparison among all patients of rates of longer LOS indicated higher crude and adjusted
rates of longer stay among low SES patients (OR=1.15, 95%CI=[1.12, 1.19]) than among
high SES patients; this pattern was persistent separately among Whites, Blacks and
Hispanics (see Appendix). Further adjustment to also account for differences in hospital
characteristics, using hierarchical logistic regression model, indicated little change in the
relative rates of longer stay by race/ethnicity and SES. Sensitivity analyses indicated that
aforementioned cohort differences in LOS were not associated with differences in inpatient
mortality.

Role of Older Age and Atrial Fibrillation

In mitigating the observed differences in inpatient mortality, we evaluated the relative role
of the two risk factors — older age and presence of atrial fibrillation — whose prevalence was
markedly lower among Blacks and Hispanics, compared to Whites (Table 4). Re-estimating
the regression, with adjustment made only for these two patient factors, we found similar
inpatient mortality by race/ethnicity. In contrast, a converse specification with adjustment
made for all patient factors excluding age and presence of atrial fibrillation indicated
persistence of lower inpatient mortality among Blacks (OR=0.76, 95%CI=[0.71, 0.83]) and
Hispanics (OR=0.83, 95%CI=[0.78, 0.91]; Table 4).
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Sensitivity Analyses

When added to the model, use of mechanical ventilation was highly correlated with inpatient
death (OR=28.9, 95% CI =[27.1, 30.9]; see Appendix). The pattern of disparities in
adjusted inpatient mortality rates was different from that without including use of
mechanical ventilation: adjusted inpatient mortality rates are significantly lower for Blacks
and Hispanics (compared to Whites) but similar for lower area-income patients (compared
to high area-income patients).

DISCUSSION

Comparing patient outcomes from acute ischemic stroke by race/ethnicity and SES, this
study indicates that, after adjusting for patient risk factors: (a) inpatient mortality rates are
similar among Whites, Blacks and Hispanics, but 8% higher among low area-income
patients compared to high area-income patients and (b) rates of LOS > 4 days are higher
among Blacks (+36%) and Hispanics (+19%) compared to Whites, and among low area-
income patients (+15%) compared to high area-income patients. Minorities and lower area-
income patients more frequently received care at hospitals with larger bed capacity and
patient volumes, as well as those with teaching and safety-net status. However, differences
in hospital setting were not associated with differences in patient outcomes by race/ethnicity
or SES.

Compared to Whites, while observed inpatient mortality rates were 27% and 25% lower
among Blacks and Hispanics, respectively, they were almost completely mitigated after
adjusting for patient risk factors. Among the risk factors that differed between Whites and
minorities, most significant were older age and atrial fibrillation, both of which were
markedly less prevalent among Blacks and Hispanics. We found that adjusting only for age
and atrial fibrillation contributed to most of the mitigation of differences in inpatient
mortality by race/ethnicity.

Our findings of lower observed inpatient mortality rates among Blacks are qualitatively
similar to previously reported differences in stroke subtypes among Blacks and Whites.14 28
One recent study, based on brain imaging, found fewer cardio-embolic strokes and fewer
strokes from large vessel atherosclerosis among Blacks compared to Whites.28 As in our
study, Blacks were younger and had a higher prevalence of hypertension and diabetes and a
lower prevalence of atrial fibrillation, which lends support to the etiologic subtype of small
vessel disease.> 1429

Comparisons performed for subpopulations stratified by SES produced the same pattern of
racial and ethnic differences in observed inpatient mortality rates which were nearly
completely mitigated after adjustment for patient risk factors (except for medium area-
income Hispanics). Our findings of higher rates of LOS > 4 days among Blacks and
Hispanics, relative to Whites, are consistent with previous findings.12 13

In contrasting our findings with those from previous studies we distinguish studies based on
population-representative data sources (for instance, administrative data) from those based
on convenience data (for instance, registry of voluntarily participating providers). Evidence
from the former data source type indicates mixed patterns of similar3? or lower?3. 30 31
inpatient mortality among minorities. Of particular relevance are studies that examined
administrative data from some of the same states as in this study.13: 30 Using administrative
data from New York (2005-06), a recent study found lower risk-adjusted inpatient mortality
among Blacks (OR=0.77, 95%CI=[0.61, 0.98]) compared to Whites.13 This contrasts with
the finding of similar mortality among Blacks (OR=1.0, 95%=[0.87, 1.17]) for the NY
patient subgroup in our study; this may be due to differences in study design and methods.
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Specifically, that study excluded 39% admissions from 57% hospitals based on rural
hospital location or low hospital volume (<10) of black and white stroke patients; in
contrast, no such exclusions are made in the current study since our interest is in
epidemiologic outcome differences regardless of the hospital setting where care was
received. Evidence using convenience data on disparities in outcomes is also mixed.12: 14, 32
Based on data from a large national registry of 1,181 hospitals, a recent study found lower
inpatienltzmortality among Blacks and similar mortality among Hispanics, relative to that for
Whites.

Our findings of higher risk-adjusted inpatient mortality among lower area-income patients
are consistent with most previous studies, although these studies are based on non-U.S.
data.33: 34 Mechanisms underlying this association are not well known and appear complex,
as noted in the broader literature on disparities by income.3> 36 Unobserved patient factors,
including higher stroke severity or lower health literacy and different attitudes toward life-
sustaining therapies among lower area-income populations, may underlie higher risk-
adjusted inpatient mortality; however, this finding has also been noted in other studies using
more detailed clinical indications, including stroke severity.3

Our finding of more frequent LOS > 4 days among Blacks and Hispanics, compared to
Whites, is consistent with previous studies.1?: 13 Stratified analysis also indicated that these
differences are prevalent among all three area-income groups. The factors underlying these
differences are now well understood. Longer LOS among minorities could be due to
unmeasured confounders of small vessel stroke or socio-economic factors (including
insurance coverage) that may affect timing of discharge to home or sub-acute care.38

Previous studies have noted the potential role of hospital factors in modifying subgroup
differences in stroke outcomes.12 13. 34 Racial and ethnic differences in structural
characteristics of hospitals found in this study mirror those in the other studies; minority
patients are more likely to receive care in larger hospitals (# beds, #/CU beds and admission
volume), including teaching and safety-net hospitals.12: 13 However, these differences were
not associated with a measurable change in the pattern of differences in outcomes by race/
ethnicity or SES.

This study has several limitations. Firstly, the administrative data used contains limited
clinical information on stroke severity. Sensitivity analysis with use of mechanical
ventilation as a proxy indicator of patient severity affects the trends in disparities for
adjusted inpatient mortality, indicating lower rates for Blacks and Hispanics compared to
Whites and similar rates by SES. Use of mechanical ventilation as measured in the study
may not be an accurate proxy of initial stroke severity since it is not possible to distinguish
between mechanical ventilation on admission vs. as a later complication. When present at
admission, it may be a valid marker of severe stroke or perhaps of severe comorbid lung
disease which is decompensated even by minor stroke. Alternatively, if it results from poor
oral hygiene, inadequate dysphagia screening and aspiration pneumonia, then adjusting for
its presence may in fact adjust away markers of poor stroke care. Nevertheless, these results
point to the potential sensitivity of our main findings to unobserved stroke severity. Another
limitation is that the diagnosis codes are not confirmed by patient charts.3? However, we
found that patient differences in only two of the risk factors — age and presence of atrial
fibrillation — mitigated most of the observed differences in inpatient mortality; additional
patient comorbidity indicators did not influence relative differences markedly. Also our data
does not capture important behavioral risk factors (smoking, physical activity and obesity).2
Not only is smoking strongly associated with stroke severity, its prevalence also varies
considerably by race/ethnicity and SES. Our cases of acute ischemic strokes, identified by
administrative diagnosis codes, were not confirmed by patient charts.*? Another limitation is
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that our data cannot distinguish first strokes from secondary strokes. Even though secondary
strokes are associated with higher mortality,2 previous evidence indicates only a moderate
Black-White difference (33% vs. 30%) in the rate of secondary strokes.12 Also our data does
not include out-of-hospital strokes. Two prior studies similar rates (nearly 10%) of strokes
(all subtypes) ascertained only in out-of-hospital setting® 28; these rates were similar among
Whites and Blacks.28 The accuracy and consistency of race and ethnicity information,
including the extent to which they are patient-reported, is also likely to vary across hospitals.
Our selection of the eight states was partly based on completeness of race and ethnicity data;
also, all these states had adopted the current federal guidelines for reporting race and
ethnicity information.1”- 23 Also, our measure of SES is not an individual measure but based
on area-level (zip code) income; also, zip codes are more heterogeneous than census tract or
block area units,*! the latter are not available in the inpatient discharge data.

To summarize, we found that the significantly lower rates of observed inpatient mortality
among Blacks and Hispanics, compared to that among Whites, is primarily associated with
differences in patient risk factors; specifically, adjusting for younger age and lower rate of
atrial fibrillation among Blacks and Hispanics completely mitigates the differences in
observed inpatient mortality. Also, we found significantly higher risk-adjusted rates among
low area-income patients compared to high area-income patients. However, this pattern was
not evident in sensitivity analyses including the use of mechanical ventilation as a partial
surrogate for stroke severity. Further research in potential differences in patient severity or
process of care is needed to identify the sources of this differential outcome rate by race/
ethnicity and SES.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Prevalence of Older Age and Atrial Fibrillation by Race & Ethnicity, 2007
Note: Reported figures are average prevalence rates (%) and 95% confidence intervals.
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