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Abstract

Background—Mexican Americans (MAs) have shown lower post-stroke mortality compared to
non-Hispanic whites (NHWS). Limited evidence suggests race/ethnic differences exist in intensive
care unit (ICU)admissions following stroke. Our objective was to investigate the association of
ethnicity with admission to the ICU following stroke.

Methods—Cases of intracerebral hemorrhage and acute ischemic stroke were prospectively
ascertained as part of the Brain Attack Surveillance in Corpus Christi (BASIC) project for the
period January, 2000 through December, 2009. Logistic regression models fitted within the
generalized additive model framework were used to test associations between ethnicity and ICU
admission and potential confounders. An interaction term between age and ethnicity was
investigated in the final model.

Results—A total 1,464 cases were included in analysis. MAs were younger, more likely to have
diabetes, and less likely to have atrial fibrillation, health insurance, or high school diploma than
NHWSs. On unadjusted analysis, there was a trend toward MAs being more likely to be admitted to
ICU than NHWs (34.6% versus 30.3%; OR=1.22; 95% CI 0.98-1.52; p=0.08). However, on
adjusted analysis, no overall association between MA ethnicity and ICU admission (OR=1.13;
95% CI 0.85-1.50) was found. When an interaction term for age and ethnicity was added to this
model, there was only borderline evidence for effect modification by age of the ethnicity/ICU
relationship (p=0.16).

Conclusions—No overall association between ethnicity and ICU admission was observed in
this community. ICU utilization alone does not likely explain ethnic differences in survival
following stroke between MAs and NHWs.
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Introduction

Multiple studies have demonstrated that minorities are more likely than non-Hispanic
whites(NHWSs) to utilize life sustaining measures during critical illness [1-4]. However,
only a few studies have investigated possible race/ethnic differences in intensive care
unit(ICU) admission [1, 5-9]. These studies are conflicting and it is unclear whether
differential utilization of the ICU exists between minorities and NHWSs during critical illness
[1, 5-9]. Even less attention has been given to ICU admission specifically after stroke [7-9].
Existing studies have focused on comparisons between African Americans and NHWs and
suggest either that there is no racial difference in ICU admission or that African Americans
are less likely than NHWs to be admitted to the ICU [2, 7, 8]. Little is known about possible
differences in ICU admission between Mexican Americans (MAs) and NHWs after stroke.
MAs represent the largest sub-population of Hispanics, the largest minority group in the
United States [10].

Compared to NHWs, MAs have an increased incidence of stroke, greater burden of risk
factors such as diabetes, but a paradoxically lower post-stroke mortality [11, 12].
Differences in intensity of medical treatment could be one possible explanation for this
paradox. We have previously shown that MAs are less likely to have a do-not-resuscitate
order following intracerebral hemorrhage than NHWs; however, ethnic differences in other
indices of intensity of medical treatment following stroke have not been well-studied
[13].Patients with stroke are often admitted to the ICU for close monitoring and treatment of
their brain injury or management of concurrent medical illness. Thus, ICU utilization could
be viewed as one index of intensity of medical treatment following stroke.

The objectives of this study were to investigate the association of ethnicity with admission
to the ICU after stroke in a bi-ethnic, population-based study and explore factors that may
confound this association. We also explored whether the association between ethnicity and
ICU admission was modified by age, based on a hypotheses that any ethnic differences
would be less prominent at younger ages when most individuals would tend to opt for full
intensive care. Better understanding of possible ethnic differences in ICU admission might
help explain the survival advantage of MAs compared to NHWs following stroke and
provide further data on whether previously observed ethnic differences in do-not-resuscitate
orders extend to other indices of treatment intensity [12, 14].

Materials and Methods

Case Identification and Data Collection

The study population included individuals with acute ischemic stroke or intracerebral
hemorrhage who were identified as part of the Brain Attack Surveillance in Corpus Christi
(BASIC) project between January 1, 2000 and December 31, 2009. The BASIC project is an
ongoing population-based stroke surveillance study conducted in Corpus Christi, Nueces
County, Texas. Ninety percent of the county’s population resides within the city of Corpus
Christi. Nueces County is an urban, bi-ethnic, non-immigrant community located over 120
miles from San Antonio and Houston. This distance affords complete case capture for initial
stroke contact. The community is devoid of an academic medical center and none of the 7
area hospitals have specialized neuro-intensive care units. The project’s surveillance
techniques and study methods have been previously published [12, 15]. Briefly, active and
passive surveillance are used to identify all patients evaluated for stroke who present to any
emergency department or hospital. Board-certified neurologists blinded to patient age and
ethnicity validated all cases using source documentation, published criteria, and definitions.
If an individual had multiple hospitalizations during the study period, only the first
hospitalization was included in this analysis. Ethnicity was determined from the medical
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record, as we have previously identified good agreement (kappa = 0.94) between medical
record and patient self-reported ethnicity in this community [12, 15]. A small number of
patients with race/ethnicity other than MA or NHW were excluded. National Institutes of
Health Stroke Scale (NIHSS) score was collected from the medical record or abstracted
from the chart based on a previously validated method [16]. Glasgow Coma Scale (GCS)
score was similarly obtained from the medical record or retrospectively abstracted from data
in the chart if not available. Excessive alcohol use was ascertained from the medical record.

During the time of the study, two methods were used to identify subjects that had an
extended abstraction. From January 1, 2000 to June 30, 2007,a random selection of subjects
were asked to participate in an interview and a random sample of those interviewed had an
extended abstraction. From July 1, 2007 to December 21, 2009, all subjects were
approached for an interview and all subjects that participated in the interview had an
extended abstraction. The extended abstraction includes information on whether the
individual was admitted to the ICU at any point during their hospitalization. Only patients
with an extended abstraction were included in our analysis, as ICU admission status would
otherwise not have been recorded. Patients with subarachnoid hemorrhage were excluded
from analysis due to the expected frequent admission to the ICU as part of routine care.

Statistical Methods

Baseline characteristics were tabulated by ethnicity and by ICU admission status and
summarized as frequency and percent for categorical variables and by mean and standard
deviation or median and interquartile range (IQR) for continuous variables. Categorical
variables were compared by ethnicity and ICU admission status using chi-square statistics.
Continuous variables were compared by ethnicity or ICU admission status by Kruskal-
Wallis non-parametric tests owing to the skewedness of some variables. The distribution of
each variable was examined. Glucose levels demonstrated a particularly skewed distribution
with several outliers at higher values; therefore, values greater than the 99t percentile were
re-coded to the 99th percentile value (438 mg/dL).

Potential confounders of the relationship between ethnicity and ICU admission were
identified in a 2-stage process starting with an a priorilist of variables expected to be
associated with ICU admission or ethnicity based on known associations or biological
plausibility (Table 1). Potential confounders were identified as variables that were
associated with both ethnicity and ICU admission in unadjusted analysis using a liberal cut-
point for significance (p<~0.2). Next, we constructed separate bivariate logistic regression
models predicting ICU admission with ethnicity and each of the potential confounding
variables included as covariates. We calculated the percent change in the odds ratio (OR)
from the unadjusted association between ethnicity and ICU admission to the adjusted OR for
ethnicity in each bivariate model after inclusion of the potential confounder. Confounders
were defined as variables that altered the OR for the association between ethnicity and ICU
admission by more than 10%. The logistic models were fitted within the generalized
additive model (GAM) framework. This approach allows the model to flexibly adjust for a
continuous variable without forcing a linear form, since we suspected that certain predictor
variables (such as mean arterial pressure) would have a non-linear U-shaped association
with admission to the ICU.

A final multivariable model was constructed using confounders identified from the prior 2-
stage process as well as variables associated with ICU admission on unadjusted analysis (at
p<0.2). A GAM approach was again used for continuous variables. GCS score and glucose
did not have significant deviation from linear associations with ICU admission, so these
variables were entered into the final model as linear terms. Based on an a priori hypothesis
that age may modify the association between ethnicity and ICU admission, an interaction
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term between age (centered at the mean value) and ethnicity was also investigated in the
final model. A plot demonstrating the interaction of age and ethnicity was generated.
Statistical analysis was performed using SAS software, version 9.2 (SAS Institute, Cary,
NC) and R 2.13.1 for Windows. This project was approved by the Institutional Review
Board of the University of Michigan and the individual Corpus Christi hospitals.

During the study period, BASIC identified a total of 4,077 cases of acute ischemic stroke
and intracerebral hemorrhage. Of these, 1,464 were randomly chosen for extended chart
abstractions and were included in the analysis. There was no difference between the study
population and those who did not undergo extended abstraction in age (p = 0.93), ethnicity
(p=10.69) gender (p=0.31), NIHSS (p=0.30), or the proportion with GCS less than or equal
to 8 (p=0.50). Demographic and baseline characteristics by ethnicity and by ICU admission
status are shown in Table 1. MAs were younger, more likely to have diabetes, and less likely
to have atrial fibrillation, health insurance, and less likely to have completed a high school
education than NHWs. There was a trend toward MAs being more likely to be admitted to
the ICU than NHWs in unadjusted analysis (34.6% versus 30.3%; OR = 1.22; 95% CI 0.98-
1.52; p=0.08; Table 1).

The analysis of potential confounders of the ethnicity/ICU relationship is shown in Table 2.
Each row displays the OR for the association between ethnicity and ICU admission, when
adjusted for each of the potential confounding variables individually in a bivariate model. Of
the potential confounding variables identified on unadjusted analysis (Table 1), only age,
NIHSS score, and glucose approached our pre-specified definition of a confounder (a 10%
change in the OR). The relationship between ethnicity and ICU admission was attenuated
when including either age or glucose in the model. In contrast, adjusting for NIHSS score
strengthened the association between ethnicity and ICU admission and the relationship
became significant (OR =1.33; 95% CI 1.05-1.69).

An adjusted model containing the identified confounders of the ethnicity/ICU relationship
and factors independently associated with ICU admission found no overall association
between MA ethnicity and ICU admission (OR = 1.13; 95% CI 0.85-1.50). When an
interaction term for age and ethnicity was added to this model, there was only borderline
evidence for effect modification by age of the ethnicity/ICU relationship (p = 0.16). There
did not appear to be an association between ethnicity and ICU admission at younger ages
(age 56, MA OR =0.89; 95% CI 0.58-1.37), though there was a trend toward MAs being
more likely to be admitted to the ICU at older ages (age 86, MA OR = 1.43; 95% CI 0.93-
2.20). The results of this final model with the interaction term are shown in Table 3, and the
interaction is shown graphically in Figure 1.

Discussion

We did not find an association between ethnicity and ICU admission following stroke
between MAs and NHWs in the Corpus Christi community. The borderline association
between ethnicity and ICU admission on unadjusted analysis was eliminated when adjusting
for confounders and independent predictors of ICU admission. Previous studies focusing on
race/ethnic differences in utilization of the ICU following stroke are limited and have
focused on differences between African Americans and NHWSs with conflicting results[7-9].
Based on our results, it seems unlikely that differences in ICU utilization are a major
contributor to the overall survival advantage of MAs compared with NHWs after stroke
[14].
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We examined potential confounding variables individually to determine whether the
potential confounder strengthened or attenuated the relationship between ethnicity and ICU
admission. Results of this analysis found that adjustment for age or glucose attenuated this
association. Confounding of the ethnicity/ICU relationship by age could be expected, as
MAs were younger than NHWSs. Younger stroke patients may be more likely to be admitted
to the ICU due to a tendency to accept a higher intensity of medical treatment among
younger individuals. Similarly, confounding of the ethnicity/ICU relationship by glucose
could be explained if the higher glucose is representative of a higher non-stroke severity of
illness [17-20]. In contrast to age and glucose, adjustment for NIHSS score strengthened the
association between ethnicity and ICU. Although the median NIHSS score was similar
across ethnic groups, the relationship between ethnicity and the NIHSS score distribution
was found to be complex. MAs tended to be more likely to have low (0-10) NIHSS scores,
while NHWs were more likely to have moderate (11-20)NIHSS scores, with no ethnic
difference seen at higher (>20) NIHSS scores.

We also investigated whether any ethnic difference in admission to the ICU after stroke may
vary with age by including an interaction term for age and ethnicity in our final model. This
analysis was based on a hypothesis that any ethnic differences would be less prominent at
younger ages, when individuals of both ethnic groups may tend to opt for full intensive care.
We found that there was only borderline evidence for effect modification of the ethnicity/
ICU relationship by age (p = 0.16 for interaction), with MAs possibly more likely than
NHWs to be admitted to the ICU at older ages. This finding should be interpreted with
caution due to the exploratory nature of this analysis and the need for a large sample size to
formally assess for effect modification. Future studies with larger sample sizes may wish to
investigate this possibility further to determine whether ethnic differences in ICU admission
are more prominent at older ages.

Our study has several limitations. Data was obtained from one county in Texas and regional
differences in healthcare have been shown to potentially confound the relationship between
race/ethnicity and healthcare, which may compromise external validity [5]. However, the
fact that this study was in a community without an academic center may make it more
representative of real-world treatment. Additionally, we did not have data on other indices of
intensity of medical treatment or socioeconomic data such as family income, which would
be important to obtain in future studies evaluating ethnic differences in intensity of medical
care. Similarly, we did not have data on other potentially important confounding factors
such as religiosity, pre-existing do-not-resuscitate orders, or other advance directives.
Finally, we assessed ICU admission at any time during the hospitalization, while severity
measures (mean arterial pressure, glucose, NIHSS score) were only assessed on hospital
admission.

Conclusions

In summary, we did not find an ethnic difference between MAs and NHWs in ICU
admission following stroke in the Corpus Christi community. This suggests ICU utilization
alone does not likely explain the ethnic difference in survival following stroke; however,
other measures of life-sustaining therapy in these populations should be explored.
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Figure 1.
Effect modification of age on the ethnicity/ICU relationship.
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Bivariate models of potential confounders in the ethnicity/ICU relationship

Table 2

Odds 95% % Changein MA
Potential Confounding Ratiofor Confidence P-value OddsRatiowith
Variables MA Interval for MA Adjustment
None * 122 098-152  0.08 NA
Agef 1.10 0.88-1.38 0.41 -9.54%
NIHSS score 1.33 1.05-1.69 0.02 9.37%
Glucose 111 0.88-1.39 0.39 -9.13%
Hypertension 121 0.97-1.51 0.09 -0.25%
Atrial fibrillation 1.24 0.99-1.54 0.06 1.56%
Diabetes 1.29 1.03-1.62 0.03 5.92%
Treated with tPA 1.28 1.02-1.60 0.04 5.02%
Insurance 1.17 0.94-1.47 0.16 -3.54%
High school education 1.16 0.91-1.50 0.23 -4.36%
Glasgow Coma Scale score 1.29 1.02-1.62 0.03 5.76%

Cl, confidence interval; ICU, intensive care unit; MA, Mexican American; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue

plasminogen activator

*
Unadjusted model with MA as the only predictor of ICU admission

Page 9

fNote that this association should be interpreted with caution due to possible effect modification of age on the ethnicity/ICU relationship. See
Table 3 and text for additional details.
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Table 3

Final model including confounders, independent predictors of ICU admission, and interaction between age
and Mexican- American ethnicity

95% Confidence

Odds Ratio Interval P-value
Age/MA ethnicity interaction term 0.16
MA at age = 56(mean minus 15) 0.89 0.58-1.37
MA at mean age= 71 1.13 0.85-1.50
MA at age = 86(mean plus 15) 1.43 0.93-2.20
Age effect for MA, 10- year increase 0.82 0.70-0.96
Age effect for NHW, 10- year increase 0.70 0.59-0.83
Glucose 1.00 1.00-1.00 0.82
Intracerebral hemorrhage(ref. ischemic stroke) 7.44 5.08-10.88 <0.001
tPA 36.38 10.94-120.91 <0.001
Insurance 0.70 0.45-1.11 0.13
Glasgow Coma Scale score 0.90 0.85-0.97 0.003
Diabetes 0.90 0.65-1.22 0.49
Excessive alcohol use 0.98 0.57-1.69 0.94
NIHSS score (spline, df=2.8) <0.001
10vs. 0 2.82 1.17-6.83
20 vs. 10 1.76 0.72-4.42
30 vs. 20 0.64 0.24-1.76
MAP (spline, df=2.5) 0.01
100 vs. 70 mm Hg 0.74 0.29-1.89
130 vs. 100 mm Hg 1.33 0.64-2.73

df, degrees of freedom; ICU, intensive care unit; MA, Mexican American; MAP, mean arterial pressure; NHW, non- Hispanic White; NIHSS,
National Institutes of Health Stroke Scale; ref., reference; tPA, tissue plasminogen activator

*
Values over 99th percentile re-coded to 99th percentile value due to skewed distribution
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