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Background: We evaluated 3-month neurologic, functional, cognitive, and quality of
life (QOL) outcomes in intracerebral hemorrhage (ICH) overall, and by sex and eth-
nicity in a population-based study. Methods: Spontaneous ICH patients were identi-
fied from the Brain Attack Surveillance in Corpus Christi project (November 2008
to December 2013). Outcomes included neurologic (National Institutes of Health
Stroke Scale: range 0-42), functional (activities of daily living/instrumental activities
of daily living score: range 1-4, higher worse), cognitive (Modified Mini-Mental
State Examination [3MSE]: range 0-100), and QOL (short-form stroke-specific QOL
scale: range 0-5, higher better). Ethnic and sex differences were assessed with Tobit
regression adjusted for age, sex, or ethnicity, and presenting Glasgow coma scale.
Results: A total of 245 patients completed baseline interviews, with 103 (42%) dying
prior to follow-up, leaving 142 eligible for outcome assessment. Three-month fol-
low-up was completed in 100 (neurologic), 107 (functional), 79 (cognitive), and 83
(QOL) participants. Median age was 66 years (interquartile range 58.0-77.0). Cogni-
tive outcomes were worse in Mexican Americans (MA) compared to non-Hispanic
whites (NHW) after multivariable adjustment (MA scoring 13.3 3MSE points lower
than NHW [95% confidence interval: 5.8, 20.7; P =.0005]). There was no difference
by sex or ethnicity in neurological, functional, or QOL outcomes, and no sex differ-
ences in cognitive outcomes. Conclusions: In this population-based study, worse
cognitive outcomes were found in MAs compared with NHW. There were no dif-
ferences between neurologic, functional, and QOL outcomes in ICH survivors
based on sex or ethnicity.
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Introduction

Intracerebral hemorrhage (ICH) remains a pervasive mortality are well documented.'” However, there are lit-
public health problem with substantial morbidity. Race- tle data evaluating disparities in patient-centered out-
ethnic disparities in ICH presentation and post-ICH comes, such as functional, neurologic, cognitive, and
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quality of life (QOL) outcomes, following ICH. Mexican
Americans (MA) are the largest subgroup of Hispanics,
which encompass the largest minority group in the United
States.” MAs are at increased risk of ICH when compared
with non-Hispanic whites (NHW).”' Also, MAs have
lower poststroke mortality, experience ICH at a younger
age, and are less likely to have a do-not-resuscitate (DNR)
order after ICH than NHWs.!%1° Similarly, data address-
ing ICH outcomes based on sex are limited."" Studies,
which have addressed sex differences in ICH, have shown
variable and contradictory results.'"'® The objective of
this population-based study was to evaluate neurologic,
functional, cognitive, and QOL outcomes following ICH
and determine if an ethnic or sex disparity exists.

Materials and Methods

Cases of nontraumatic ICH in Nueces County, Texas
between November 2008 and December 2013 were identi-
fied through the Brain Attack Surveillance in Corpus
Christi (BASIC) Project. BASIC is a population-based sur-
veillance in a community comprised predominantly of 2
ethnicities, MA and NHW. Complete methods of the
BASIC project were addressed previously."* Nontrau-
matic ICH cases were identified through screening of
daily hospital admission logs as well as evaluation of
International Classification of Diseases-9 codes. Potential
cases selected through screening were validated by stroke
fellowship trained physicians blinded to age and ethnic-
ity. Baseline characteristics, including demographic data
(age, sex, education [less than high school/high school or
more], health insurance [yes/no], and ethnicity), relevant
medical comorbidities (hypertension, atrial fibrillation,
diabetes mellitus, history of stroke, and smoking status),
pre-ICH cognitive status utilizing the informant question-
naire on cognitive decline in the elderly (IQCODE), pre-
ICH disability utilizing the modified Rankin Scale, pre-
senting Glasgow coma scale score (GCS), and DNR status,
were obtained through medical records and baseline
interviews with the patient or a proxy.'” The IQCODE has
been validated in both English and Spanish and has been
shown to have high accuracy and reliability for the assess-
ment of dementia.'®"” Ethnicity was defined by partici-
pant report.

Outcome Measures

A follow-up interview was performed at approximately
90 days following the ICH. Interviews were conducted in
the language preferred by the respondent (English or
Spanish). Neurologic status was assessed using the
National Institutes of Health Stroke Scale (NIHSS; 0-42)
by certified personnel. Functional status was self-assessed
by patients (or proxy) according to the difficulty of per-
forming activities of daily living (ADLs) and instrumental
activities of daily living (IADLs) by themselves utilizing a
Likert scale with responses including 1 (no difficulty), 2
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(some difficulty), 3 (a lot of difficulty), and 4 (can only do
with help). ADLs included 7 items related to basic func-
tion including walking, bathing, dressing, self-feeding,
grooming, moving, and toileting. IADLs include 15 items
related to daily function (i.e., managing finances, shop-
ping, preparing meals, managing medications, etc.).
Responses of the 22 ADL/IADLs were averaged by sum-
ming the numerical value of each response and dividing
by the total number of responses yielding a score of 1-4."°
Cognitive function was assessed utilizing the Modified
Mini-Mental State Examination (3MSE)."” 3MSE is a vali-
dated and widely accepted screening tool for dementia
within the community setting with scores ranging from 0
to 100.”” The 3MSE has been extensively used to assess
cognition in both English and Spanish in Mexican-Ameri-
can populations.”’ A 3MSE score of 80 or below was used
as the cut-point for dementia. Cases were excluded from
the cognitive outcome assessment if the interview was
completed by proxy, or if the patient was unable to cor-
rectly answer a brief screening for language dysfunction.
QOL assessments began as of July 2010; therefore, the
available sample size for this measure is smaller than
other assessments. QOL was self-assessed by patients (or
proxy) utilizing the 12-item version of the stroke-specific
QOL scale (SSQOL). SSQOL is a validated QOL scale that
evaluates 12 domains: energy, family roles, language,
mobility, mood, personality, self-care, social roles, think-
ing, upper extremity function, vision, and productiv-
ity.”»* Scores in each domain range from 1 (total help), 2
(a lot of help), 3 (some help), 4 (a little help), and 5 (no
help). The scores of all 12 domains were summed and
divided by 12 to obtain an average overall SSQOL score.

Statistical Analysis

Descriptive statistics were calculated for baseline char-
acteristics and outcome measures. Data were calculated
for the entire cohort and for ethnicity and sex subgroups.
Differences in descriptive characteristics between sub-
groups were evaluated using chi-square and Krusal-
Wallis tests for categorical and continuous variables,
respectively. Tobit regression was used to assess unad-
justed associations between ethnicity or sex and 90-day
outcomes in patients with complete data. Tobit models
were then adjusted for age, sex or, ethnicity, and present-
ing GCS. Tobit models were used to minimize bias in
scores constrained to a finite range.”* Because of the lack
of normality of the residuals for the NIHSS model, we
used ordinary linear regression with robust standard
errors for this outcome only. NIHSS was modeled as natu-
ral logarithm of NIHSS plus one due to skewness.

Due to concerns that differential mortality by sex or eth-
nicity could influence our primary associations of interest
(for example, if ethnic differences in use of life-sustaining
treatment lead to more deaths among severely affected
NHWs), sensitivity analyses were conducted with inverse
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probability weighting to account for the probability that
an individual was alive at the time of the assessment.
Weights were defined by the ratio of model-predicted
probabilities as follows: probability of remaining alive at
90 days as predicted by the variables included in the fully
adjusted models divided by the probability of remaining
alive at 90 days as predicted by these same factors in addi-
tion to DNR status (defined as a categorical variable: <24-
hour DNR, >24-hour DNR, with no DNR as the reference
group), ICU admission, length of stay, and NIHSS.
Weights ranged from .25 to 5.56. We constructed 95%
bootstrap confidence intervals (ClIs) for all regression
coefficients.

This study was approved by the Institutional Review
Boards at the University of Michigan and the participating
hospitals. Written informed consent was obtained from
the patient or a proxy for participation.

Results

There were 346 MA and NHW patients with first ICH
during the study period (November 2008 to December
2013), with 245 (70.8%) completing the baseline interview.
Among these patients, 245 subjects (74.0%) completed the
baseline interview. Mortality at 90 days was 42.0%
(n=103), resulting in 142 patients (103 MAs and 39
NHWs) eligible for the outcome interview. Of the 142
patients, 17 (12.0%) refused participation in the outcome
interview and 18 (12.7%) could not be located, leaving 107
patients who completed the outcome interview. There
were no differences in sex, ethnicity, age, and GCS
between the 107 participants completing the outcome
interview and the 35 who were alive but did not complete
the interview.

Table 1 displays baseline characteristics for patients
with outcome data (n=107) by sex and ethnicity, respec-
tively. MAs had a higher mean BMI, they were more
likely to carry a diagnosis of diabetes mellitus, and they
were less likely to have completed a high school educa-
tion than NHWs in this population. Females were more
likely to be married and living with their spouse than
males. Outcome interview was completed by a proxy in
45 of 107 (42.1%) with no differences in proxy completion
by sex (P =.72) or ethnicity (P = .85).

Neurological Outcomes

Complete NIHSS data were available for 100 of 107
(93%) patients (53 males, 47 females, 30 NHWs, and 70
MAs). Median NIHSS was 2 (interquartile range [IQR] 1-
6) for the entire cohort, 2 (IQR 1-6) for males, 2 (IQR 1-7)
for females, 1 (IQR 1-6) for NHWs, and 2.5 (IQR 1-6) for
MAs. In unadjusted and adjusted models, no differences
were found between sex and ethnic groups (Table 2).
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Functional Outcomes

Complete ADL/IADL data were available for 107 of
107 (100%) patients (57 males, 47 females, 32 NHWs, and
75 MAs). Median ADL/IADL was 2.8 (IQR 1.8-3.5) for the
entire cohort, 2.6 (IQR 1.6-3.5) for males, 2.9 (IQR 1.8-3.6)
for females, 2.7 (IQR 1.3-3.6) for NHWs, and 2.8 (IQR 1.9-
3.5) for MAs. In other words, the majority of patients
tended to report a score of at least 2 (indicating “some dif-
ficulty") across the ADL and IADL items. In unadjusted
and adjusted models, no differences were found between
sex and ethnic groups (Table 2).

Cognitive Outcomes

Complete 3MSE data were available for 79 of 107 (74%)
patients (42 males, 37 females, 24 NHWs, and 55 MAs).
Cognitive outcome interviews were done in Spanish in 5
of 79 cases (6%). Among the 28 cases with missing cogni-
tive outcomes, 21 failed the language screen (15 MAs
[71%)]land 6 NHWSs [29%]). The other 7 cases were
excluded from cognitive outcomes because they were
completed by proxy interviews (5 MAs and 2 NHWs).
Median 3MSE was 88 (IQR 76-95) for the entire cohort, 91
(IQR 78-94) for males, 84 (IQR 75-96) for females, 93.5
(IQR 80.5-97) for NHWs, and 84 (IQR 75-93) for MAs.
Details of cognitive outcomes by sex and ethnicity are
shown in Table 2. In unadjusted and adjusted models, no
differences were found between sex groups. In unad-
justed models, MAs had a 3MSE score that was 8.96 (95%
CI: 1.40, 16.52) points lower than NHWs (P =.020). After
adjustment for age, ethnicity, and GCS, the ethnic associa-
tion became stronger with MAs having on average 13.38
(95% CIL: 5.96, 20.79) 3MSE points lower than NHWs
(P=.0004). A greater proportion of MAs (41.8%) met the
criteria for poststroke dementia (score of 80 points or
lower) than NHWs (25.0%).

QOL Outcomes

Because QOL assessments began as of July 2010, a
smaller number of participants were eligible for QOL
assessment (n=84). Of these patients, 1(1.2%) did not
complete the QOL assessment, leaving 83 patients with
QOL data (44 males, 39 females, 26 NHWs, and 57 MAs).
Median SSQOL was 2.9 (IQR 2.1-3.9) for the entire cohort,
2.8 (IQR 2.1-3.9) for males, 2.9 (IQR 2.0-3.9) for females,
3.0 (IQR 2.3-4.1) for NHWs, and 2.8 (IQR 2.0-3.7) for MAs.
In unadjusted and adjusted models, no differences were
found between sex and ethnic groups (Table 2).

Sensitivity Analysis

After using weights to account for differential post-
stroke mortality by sex and ethnicity, there were no mean-
ingful changes in the associations between sex or ethnicity
and the outcome measures. The ethnic difference in cogni-
tion remained, with MAs having a 9.5 (95% CI: 4.4, 16.9)



Table 1. Baseline characteristics overall and by sex or ethnicity (n = 107)

Overall % Female Male NHW MA
or median (Q1, Q3) (n=50)% n=57) % n=32)% (n=75) %
or median (Q1, Q3) or median (Q1, Q3) or median (Q1, Q3) or median (Q1, Q3)

Age (years) 68.0 (58.0, 78.0) 70.0 (60.0, 81.0) 66.0 (58.0,71.0) 70.0 (62.5, 80.0) 66.0 (57.0, 75.0)
Ethnicity (% MA) or sex (% female)*! 70.1 60.0 78.9 62.5 40.0
Marital status
Married/living together* 55.1 44.0 64.9 53.1 56.0

Single 9.4 10.0 8.8 3.1 12.0

Widow 18.7 30.0 8.8 21.9 17.3

Divorced/separated 16.8 16.0 17.5 21.9 14.7
Education'

Less than high school 22.4 24.0 21.1 0 32.0

High school 35.5 40.0 31.6 28.1 38.7

Vocational/some college 25.2 20.0 29.8 34.4 21.3

College or more 16.8 16.0 17.5 37.5 8.0
Pre-ICH mRS

0-1 439 42.0 45.6 50.0 41.3

2-3 46.7 48.0 45.6 40.6 493

4+ 9.4 10.0 8.8 9.4 9.3
Health insurance (% uninsured) 12.2 16.0 8.8 9.4 13.3
Atrial fibrillation (%) 3.7 6.0 1.8 6.3 2.7
CAD (%) 15.9 20.0 12.3 18.8 14.7
Diabetes mellitus (%)’ 33.6 28.0 38.6 12.5 42.7
Hypertension 85.1 78.0 91.2 75.0 89.3
History of stroke 19.6 20.0 19.3 15.6 21.3
Current/former smoker 29.0 26.0 31.6 31.3 28.0
GCS score 15.0 (14.0, 15.0) 15.0 (13.0, 15.0) 15.0 (14.0, 15.0) 14.0 (12.5, 15.0) 15.0 (14.0, 15.0)
Pre-ICH IQCODE 3.1(3.0,3.3) 3.1(3.0,3.3) 3.0(3.0,3.3) 3.0(3.0,3.3) 3.1(3.0,3.3)
BMI' 28.4(24.7, 32.0) 27.6 (22.5,31.1) 29.1(25.7,33.4) 24.9 (21.7,29.7) 29.1 (26.3, 32.2)
DNR 9.9 7.0 12.5 14.3 7.9

Abbreviations: BMI, body mass index; CAD, Coronary Artery Disease; DNR, do not resuscitate; GCS, Glasgow coma scale score; ICH, intracerebral hemorrhage; IQCODE, informant question-
naire on cognitive decline in the elderly; mRS, modified Rankin Scale; NHW, non-Hispanic whites.
*Denotes a difference by sex (P < .05).
*Denotes a difference by ethnicity (P < .05).
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identified sex disparities in poststroke QOL, as well as
functional and neurologic outcomes.'®*>* Our findings
are corroborated by recent studies, which reported no
sex-related difference in long-term functional outcomes or
adjusted poor outcomes following ICH.'*"? One popula-
tion-based study from China identified worse functional
outcomes in females 3 months after ICH, this difference
did not persist at 6 and 12 months.”” While the reasons for
the differences in outcomes by sex among hemorrhagic
and ischemic stroke are unknown, these findings under-
score the inherent differences in the poststroke course of
survivors of ischemic and hemorrhagic stroke.

Our study has several important limitations. First, due
to the small sample size we were limited in our ability to
adjust for many confounders, including psychosocial fac-
tors such as education. Second, our finding of an ethnic
disparity in cognitive outcome was dependent on perfor-
mance on the 3MSE test. Scores on the Mini-Mental State
Exam and its variants have been shown to be susceptible
to cultural, language, socioeconomic, educational, and
other noncognitive factors.”**' Third, our study is suscep-
tible to selection bias in the population of patients agree-
ing to 3-month outcome assessments. While those lost to
follow-up may contribute to an overall favorable outcome
profile in this study, we are reassured that there was no
difference in demographics or ICH severity between those
completing the outcome interview and those alive but not
completing the interview. Finally, because our study
focused on a single community in Texas and a small num-
ber of NHWSs were included, its results may not be gener-
alizable to the entire United States.

Conclusion

MAs experienced worse cognitive outcomes following
ICH than NHWs. Our findings highlight the need for
continued research to identify factors contributing to eth-
nic disparities in ICH outcomes, particularly in larger
samples that can adjust for a multitude of potential con-
founders. Further studies may identify medical, psycho-
social, and socioeconomic factors that contribute to
ethnic cognitive outcome disparities, allowing for tar-
geted interventions in ICH survivors.
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