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RACE-ETHNIC DISPARITIES
IN HosPITAL ARRIVAL TIME

AFTER ISCHEMIC STROKE

Objective: Conflicting reports exist about
hospital arrival time after stroke onset in
Hispanics compared with African Americans
and Caucasians. Our current study inves-
tigates race-ethnic disparities in hospital
arrival times after stroke onset.

Methods: We performed a retrospective
analysis of hospital arrival times in Hispanic,
African American, and Caucasian acute
ischemic stroke patients (N=1790) present-
ing to a tertiary-care hospital in the Bronx,
New York. A multivariable logistic regression
model was used to identify the association
between race-ethnicity and hospital arrival
time adjusting for age, sex, socioeconomic
status (SES), NIH stroke scale (NIHSS),
history of stroke, preferred language and
transportation mode to the hospital.

Results: There were 338 Caucasians, 662
Hispanics, and 790 African Americans in the
cohort. Compared with Caucasians, African
Americans and Hispanics were younger
(P<.0001 respectively), had lower SES
(P<.001 respectively) and were less likely
to use EMS (P=.003 and P=.001, respec-
tively). A greater proportion of Hispanic and
African American women had delayed hos-
pital arrival times (=3 hours) after onset of
stroke symptoms compared with Caucasian
women (74% of Hispanic, 72% of African
American, and 59% of Caucasian women),
but this difference between race-ethnicities
is no longer present after adjusting for
socioeconomic status. Compared with Cau-
casian men, hospital arrival >3 hours after
symptom onset was more likely for African
American men (OR 1.72, 95% Cl:1.05-
2.79) but not Hispanic men (OR .80, 95%
Cl .49-1.30).

Conclusions: African American men and
socially disadvantaged women delay in
presenting to the hospital after stroke onset.
Future research should focus on identify-

BACKGROUND

Stroke is the leading preventable
cause of disability worldwide. Tis-
sue plasminogen activator (tPA) is an
acute stroke treatment that reduces
disability after stroke. However, a low
percentage of stroke patients are treat-
ed with tPA each year with estimates
as low as 7%,' in part because many
patients do not arrive in time to be el-
igible for treatment.” African Ameri-
cans have a higher stroke incidence
than Caucasians, but are less likely to
receive tPA treatment that can reduce
their disability from stroke.*” Afri-
can American patients are less likely
than Caucasians to arrive within the
3-hour tPA treatment window.>®

Hispanics also have higher stroke
incidence than Caucasians,'"'? but
some studies suggest that they are
less likely than Caucasians to re-
ceive tPA for acute stroke.*” Many
studies on race-ethnic variations in
tPA treatment have either included
small numbers of Hispanics or ex-
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reason for the discrepancy in treat-

them completely.*® The
ment with tPA between Hispanics
and Caucasians remains unexplored.

One possibility for the treatment
disparity in Hispanics is a delay in
hospital arrival as has been shown in
African Americans. In a recent study
examining the effect of an education-
al program on hospital arrival times
after onset of symptoms of stroke
or TIA,"” 51% of the study partici-
pants were Hispanic. The proportion
of Hispanics who arrived within 3
hours of symptom onset prior to the
educational intervention was similar
to the proportion of early arriving
Caucasian patients (27% Hispanic
vs 28% White). Whether this find-
ing applies to other Hispanic popula-
tions is not clear, because the arrival
time after symptom onset in African
Americans was also similar to Cauca-
sians in this study (26% of African
Americans arrived within 3 hours)
suggesting that the Hispanics and Af-
rican Americans in this sample were

ing the factors contributing to pre-hospital
delay among race-ethnic minorities. Ethn
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more similar to the Caucasians than
in other studies. In a different study
that included only Hispanics and
Caucasians, hospital arrival times af-
ter onset of stroke symptoms did not
differ between the groups." In con-
trast, other investigators have shown
a trend for earlier hospital arrival after
symptom onset in Mexican Ameri-
cans compared with Caucasians.” To
reconcile these conflicting reports,
additional studies on hospital arrival
time after onset of stroke symptoms

Our current study
investigates disparities
in hospital arrival times
among Hispanics and
African Americans vs
Caucasians after stroke

symptom onset.

in Hispanics are needed. Our cur-
rent study investigates disparities in
hospital arrival times among Hispan-
ics and African Americans vs Cau-
casians after stroke symptom onset.

METHODS

We conducted a retrospective
analysis of acute ischemic stroke pa-
tients hospitalized at an urban aca-
demic hospital in Bronx, New York
from January 1, 2012- December
31, 2015. Patients aged >17 years
were ascertained by discharge ICD 9
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/ ICD 10 code for ischemic stroke,
which was then confirmed by chart
review. Demographic and clinical
information was obtained through
hospital records. Patients residing
in a health care facility, transferred
from an outside hospital, or who
had a stroke while hospitalized were
excluded. Patients who identified as
a race or ethnicity other than His-
panic, Caucasian, or African Ameri-
can were excluded from the sample.
In addition, patients who were alone
and too disabled to seek help on
their own, or who awoke with their
symptoms were also excluded. The
project was deemed exempt from the
need to obtain patient consent by
the local institutional review board.

Data analysis was performed us-
ing STATA software, version 14. So-
ciodemographic covariates included
age in years, race or ethnicity (African
American, Caucasian, or Hispanic),
sex, and socioeconomic status (SES).
To facilitate comparison with previ-
ous studies, Hispanic White and His-
panic Black were categorized as His-
panic. Race/ethnicity is self-reported
by the patient or family. The patient’s
age in years was retained as a continu-
ous variable. Using the patient’s home
ZIP code to identify the patient’s cen-
sus block, socioeconomic status (SES)
was a variable that used census block
information to determine 1) log of
median household income; 2) log
of median value of housing units; 3)
the percentage of households receiv-
ing interest, dividend, or net rental
income; 4) the percentage of adults
aged >25 years who completed high
school; 5) the percentage of adults
who completed college; and 6) the
percentage of employed individuals
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in executive, managerial, or profes-
sional positions. A z-score for each of
the 6 variables was created using the
New York State average as the com-
parison group. The six z-scores were
combined to generate a single z-score
representing the patient’s socioeco-
nomic status.'® The z-scores for the
population were divided into quar-
tiles, with increasing quartiles rep-
resenting higher SES. The patient’s
preferred language of communica-
tion was self-reported. If the patient
reported a preferred language other
than English or Spanish, the value
was set to missing. Clinical covariates
included prior history of stroke and
NIH stroke scale (NIHSS), which is
scored from 0 to 42 with higher num-
bers indicating more severe stroke
signs. The NIHSS is scored by the
neurology physician who first exam-
ines the patient upon hospital arrival.
If the NIHSS was not documented,
it was calculated post-hoc by chart
review of the patients documented
neurological exam upon hospital ar-
rival.'”” The patient’s mode of hospi-
tal arrival was an additional covariate
that was categorized as ambulance vs
private transportation. The outcome
of interest was time between symp-
tom onset and hospital arrival that
was dichotomized into <3 hours vs
>3 hours. The time of symptom onset
was originally obtained by the neurol-
ogy physician who first interviewed
the patient and was documented in
the electronic medical record. If the
patient was not sure of the time of
onset, the time the patient was last
known to be well was used as the time
of onset. Hospital arrival time is the
time at which the patient is triaged
in the emergency department. Race/



ethnicity was the exposure of interest
and was coded as a dummy variable
using Caucasian race as the reference.
data

Missing were ex-
cluded from analyses.
Characteristics of the sample

were summarized using a mean and
standard deviation for continuous
variables that were normally distrib-
uted. The median and interquar-
tile range was used to summarize
continuous variables that deviated
from the normal distribution. Cat-
egorical variables were summarized
with frequencies and percentages.

Bivariate associations between
race and each independent vari-
able was assessed. The relationship
between a continuous independent
variable and race was assessed with
ANOVA when the assumptions of
normality and equal variances were
met. Normality was evaluated by vi-
sual inspection of the histogram for
that variable. Equality of variance
was assessed with Levene’s robust test
statistic for equality of variances. If
the continuous independent variable
did not appear normally distributed,
the Kruskal-Wallis test was used. The
relationship between categorical in-
dependent variables and race/ethnic-
ity (consisting of 3 levels, Caucasian,
African American and Hispanic) was
assessed with the chi-square test. If
the association was found to be statis-
tically significant at P <.05, the race/
ethnicity variable was then dichoto-
mized and separate 2 x 2 chi square
tests were performed between race/
ethnicity (eg, African American vs
Caucasian, African American vs His-
panic, Caucasian vs Hispanic) and
the independent variable. Bonfer-
roni correction was made for mul-

Disparities in Arrival Time after Stroke - Springer et al

tiple testing with significance set at
P=.017, which equals .05 divided
by 3, [the number of comparisons]).

A multivariable logistic regression
model (model 1) was constructed
using time between symptom onset
and hospital arrival (<3 hours vs 23
hours) as the dependent variable. All
independent variables that had a bi-
variate association with race at P<.05
were included as covariates. Variables
that had an association with arrival
time at a P<.05 were retained in the
full model but age, sex, and NIHSS
were included in the final model re-
gardless of the statistical significance.
Variables identified as confounders
were also retained in the full model.
Confounding was evaluated by re-
moving independent variables indi-
vidually from the full model. If there
was a 15% or greater change in the
b coefficient of race with removal of
an independent variable, that variable
was considered to be a confounder
and was included in the full model.'

Interactions between race and select-
ed independent variables were evalu-
ated. Only independent variables that
could have a potentially clinically
significant interaction with race were
evaluated. P<.1 was interpreted as be-
ing suggestive of interaction and the
model was stratified on the indepen-
dent variable. An additional multi-
variable logistic regression model was
constructed (model 2) excluding SES
to determine how SES influences the
association between race-ethnicity
and time of hospital arrival. A post-
hoc analysis was performed to evalu-
ate whether patients included in the
multivariable regression analysis (ie,
patients who had data on all covari-
ates and the outcome) differed from
patients who were excluded from the
multivariable regression analysis. The
final multivariable model was evaluat-
ed for influential and outlying values
by assessing covariate patterns that
had values of delta chi-squared >4,
delta-beta >.3, and delta-deviance >4.

Ischemic Stroke Discharges

(n=3341)

Excluded (n=1551)

e Nursing home residents (n=434)

e Hospital transfers (n=143)

e Awoke with deficits (n=541)

e Found down (n=141)

e Race/ ethnicity other or unknown (n=292)

Enrolled

(n=1790)

Figure 1. Excluded patients
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RESsuULTS

There were 1790 people included
in the sample. Figure 1 shows the
number of patients excluded based on
the aforementioned exclusionary cri-
teria. Of the 1790 patients included in
the cohort, 161 patients had missing
data on time of symptom onset and
were excluded from the analysis. A to-
tal of 300 patients were not included
in the final multivariable model due
to missing data on at least one of the
covariates or on the outcome. For ex-
ample, 131 patients were missing data
on SES (68 women and 63 men).

The bivariate associations between
race/ethnicity and the other covari-
ates of interest are presented in Table
1. P-values for post-hoc two group
comparisons are not shown in the
table, but are indicated in parenthe-
ses in the text below. The race-ethnic
breakdown of the sample is approxi-
mately 19% Caucasian, 37% His-
panic, and 44% African American.
Caucasians were older than African
Americans (P<.001) and Hispanics
(P<.001) in this population. 47%

of Hispanics preferred to communi-
cate in Spanish compared with 1%
of African Americans (P<.001) and
1% of Caucasians (P<.001). The
proportion of males and females did
not significantly differ between race-
ethnicities (P=.05). Caucasians had
higher SES than Hispanics (P<.001)
(P<.001).
A greater proportion of Caucasians
than Hispanics (P=.001) and Afri-
can Americans (P=.003) used EMS
for transportation to the hospital vs

and African Americans

using private transportation. There
was no statistically significant dif-
ference between African Americans
and Hispanics in the mode of trans-
portation used to get to the hospital
(P=.61). More African Americans
and Hispanics had a prior history
of stroke compared with Caucasians
(P=.001 and P<.001, respectively).
There was no statistically significant
difference between the proportion
of African Americans and Hispanics
with a prior history of stroke (P=.46).

The majority of patients had mild
strokes with median NIHSS <5 in all
race-ethnic groups. Specifically, 66%

of Caucasians, 72% of Hispanics, and
69% of African Americans had a NI-
HSS of <5. NIHSS values were retro-
spectively calculated by the investiga-
tor for 55% of patients. A different
investigator retrospectively calculated
10% of the missing NIHSS values.
There was almost perfect agreement
between the two investigators in the
retrospective calculation of the NI-
HSS (Cohen’s Kappa=.88). In the
unadjusted model (Table 2), more Af-
rican American and Hispanic women
delayed in hospital arrival compared
with Caucasian women (P=.003 and
P=.001, respectively). 72% of African
American women, 74% of Hispanic
women, and 59% of Caucasian wom-
enarrived >3 hours after symptom on-
set. For men, African Americans were
more likely to delay than Caucasians
(75% of African American vs 62%
of Caucasian men arrived >3 hours;
P=.003). There was no significant dif-
ference in time of hospital arrival be-
tween Hispanic and Caucasian men
(64% of Hispanic vs 62% of Cauca-
sian men arrived >3 hours; P=.72).

The independent variables in-

Table 1. Sociodemographic and clinical characteristics of acute ischemic stroke patients by race-ethnicity, N=1790

African American,

Caucasian, n=338 Hispanic, n=662 n=790 P

Age, years 75 14 68 = 15 67 = 14 <.0001
Women 166 (49%) 344 (52%) 446 (56%) .05
Mode of arrival .003

EMS 250 (75%) 425 (65%) 518 (66%)

Private 83 (25%) 230 (35%) 265 (34%)
SES <.001

st quartile 27 (9%) 209 (34%) 168 (23%)

2nd quartile 42 (14%) 197 (32%) 197 (27%)

3rd quartile 97 (33%) 143 (23%) 238 (32%)

4th quartile 132 (44%) 71 (11%) 138 (19%)
Prior stroke 75 (22%) 225 (34%) 254 (32%) <.001
NIHSS 3 (1-8) 3 (1-6) 3(1-7) .53

Data are presented as means =+ standard deviations, medians (interquartile range) or n (%).
EMS, emergency medical services; NIHSS, National Institutes of Health stroke scale; SES, socioeconomic status.
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Table 2. Relationship between race-ethnicity and hospital arrival time in women and men

Women
N (%) arriving in <3 hrs
N (%) arriving in 23 hrs
Men:
N (%) arriving in <3 hrs
N (%) arriving in >3 hrs

Caucasian Hispanic African-American Omnibus P
n=159 n=307 n=397 .02
65 (41) 80 (26) 110 (28)
94 (59) 227 (74) 287 (72)
n=162 n=295 n=309 .002
61 (38) 106 (36) 76 (25)
101 (62) 189 (64) 233 (75)

cluded in the
model were age, race, mode of trans-
portation to the hospital, NIH stroke
and

final multivariable

scale, socioeconomic status.
There were no outlying or influential
covariate patterns identified in the
final regression model. The variables
of past history of stroke and pre-
ferred language were not confound-
ers of the association between race
and time of hospital arrival when ad-
justed for the other covariates in the
model and were therefore excluded
from the model. The association be-
tween race and time of hospital ar-
rival did not depend on the patient’s
age (P=.66). There was a statistically
significant interaction between sex
and race (P=.02). The model was

therefore stratified by sex. Tables 3

and 4 show the multivariable logistic
regression analyses for women and
men respectively.  Univariate esti-
mates for the relationship between
each variable and time of hospital ar-
rival (<3 hours vs =3 hours) are also
shown in Tables 3 and 4. African
American and Hispanic women did
not differ from Caucasian women
(P=.2 for each comparison) in time
of hospital arrival after stroke symp-
tom onset when adjusted for age,
stroke severity, EMS use, and SES
(Table 3, model 1). African Ameri-
can men were 72% more likely to
arrive 3 hours or later from symp-
tom onset compared with Cauca-
sian men (P=.03; Table 4, model 1).
There was no significant difference
between Hispanic men and Cauca-

sian men in time to hospital arrival
(P=.36; Table 4, model 1). Exclud-
ing socioeconomic status from the
model (model 2 in Tables 3 and
4), Hispanic (P=.027) and African
American (trend of P=.056) wom-
en delay compared with Caucasian
women. For men, the inferences are
the same as when SES is included.

Patients who were excluded from
the final multivariable model used
EMS slightly less for hospital trans-
port than included patients (P=.047;
62% of the excluded vs 68% of the
included group used EMS). All oth-
er baseline characteristics including
race-ethnic distribution and hospi-
tal arrival within 3 hours of symp-

tom onset were similar between

included and excluded patients.

Table 3. Women: multivariable logistic regression model for hospital arrival > 3 hours from symptom onset, N=790

Univariate OR (95% CI)

Multivariable: Model 1 OR (95% CI)

Multivariable: Model 2 OR (95% CI)

1.01 (.99-1.02)

1.67 (1.06-2.63)*

1.53 (.99-2.35)®

3.60 (2.34-5.54)
.96 (.94-.99)°

Age .99 (.98-1.00) 1.01 (.99-1.02)
Race/Ethnicity
Caucasian reference reference
Hispanic 1.96 (1.31-2.94)° 1.39 (0.86-2.24)
African American 1.80 (1.23-2.65)° 1.37 (0.88-2.15)
EMS use 4.10(2.77-6.07)? 3.66 (2.37-5.64)°
NIHSS .93 (.91-.96)* .96 (.94-.99)*
SES
st quartile reference reference
2nd quartile .79 (.50-1.25) 0.82 (0.51-1.33)
3rd quartile .62 (.40-.95)° 0.65 (0.41-1.03)
4th quartile .49 (.31-.78)* 0.53 (0.32-0.88)*
EMS, emergency medical services; NIHSS, national institutes of health stroke scale; SES, socioeconomic status.
a. P<.05
b. P=.056.
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DiscussioN

The novel contribution of the
current study is that a greater pro-
portion of Hispanic and African
American women delay in hospital
arrival after onset of stroke symp-
toms compared with Caucasian
women, but this difference between
race-ethnicities is no longer statisti-
cally significant after adjusting for
SES. Our findings suggest that SES
in women may be more important
than race-ethnicity in determining
time of arrival after stroke. A prior
study showed that Mexican Ameri-
can women did not differ in time
of hospital arrival compared with
Caucasian women after adjusting for
insurance, education and other clini-
cal and demographic variables.”” In
a study that did not adjust for SES,
African American women were less
likely to arrive within 3 hours of
symptom onset compared with all
other patients.® Prior studies have
used education or insurance as a
proxy for SES and have not found
SES to be independently associated
with delay in hospital arrival.*'° The

six variables combined to represent
SES in this study were derived from
factor analysis of data from census
blocks'® and therefore may be a bet-
ter representation of economic and
social position than insurance status.
Perhaps the influence of SES on hos-
pital arrival is mediated by health lit-
eracy. The ability to obtain, process,
and understand basic health infor-
mation and services is central to mak-
ing appropriate health decisions."
Both non-Caucasian ethnicity and
low level of education have been
associated with low levels of health
literacy.® Non-Caucasians had lower
SES in this sample. Poorer health
literacy in non-Caucasian women
might be a possible explanation for
the observed association between
SES and delay in hospital arrival.

Our study adds to prior research
showing no difference in hospital ar-
rival between Hispanic and Cauca-
sian men," but delayed arrival in Af-
rican American men.>'*?! Although
higher SES was independently asso-
ciated with early arrival, the relation-
ship between race-ethnicity and delay
in African American men remained

even after adjusting for SES. Per-
haps African American men are more
likely than Hispanics and Caucasians
to possess attitudes and behaviors
that result in delayed hospital arrival.
Perceived control of symptoms, not
perceiving symptoms as serious, and
waiting for symptoms to resolve have
all been associated with delay after
onset of stroke symptoms.”*** More
research is needed to determine the
factors that contribute to the ob-
served race-ethnic variation in delay.

Pre-hospital delay in Hispanic
men and women differed in our
study. In a cohort of stroke patients
in Texas, Mexican American men
showed a trend for faster hospital
arrival than their female counter-
parts.”” Although men and women
were not directly compared in our
study, Hispanic women demon-
strated pre-hospital delay in the un-
adjusted model but Hispanic men
did not. Being married or living
with a partner has been shown as an
important determinant of early hos-

1.24

pital arriva Information about

marital status was not available

for the participants of our study.

Table 4. Men: multivariable logistic regression model for hospital arrival > 3 hours from symptom onset, N=700

Univariate OR (95% CI)  Multivariable: Model 1 OR (95% CI) Multivariable: Model 2 OR (95% CI)

Age .99 (.98-1.01) 1.01 (.99-1.02) 1.01 (.99-1.02)
Race/Ethnicity

Caucasian reference reference

Hispanic 1.08 (.72-1.60) .80 (.49-1.30) 1.02 (.65-1.62)

African American 1.85 (1.23-2.79)? 1.72 (1.05-2.79)2 1.99 (1.24-3.19)2
EMS use 3.50(2.38-5.15)? 3.02 (1.96-4.67)° 3.01 (1.95-4.63)°
NIHSS .91 (.89-.94)° .93 (.90-.96)° .93 (.91-.96)°
SES

st quartile reference reference -

2nd quartile .78 (.48-1.26) 71 (.42-1.19) -

3rd quartile .54 (.34-.85)° 45 (.27-.74)° -

4th quartile .55 (.33-.89) 49 (.28-.85) -
EMS, emergency medical services; NIHSS, national institutes of health stroke scale; SES, socioeconomic status.
a. P<.05.
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Perhaps more Hispanic men were
married or living with a partner
than Hispanic women in this study,
thereby leading to faster hospital ar-
rival than their female counterparts.

Arrival by ambulance is another
factor that has been consistently as-
sociated with early hospital arrival
after stroke onset.>®%?1%%7 Accord-
ingly, we found that women us-
ing EMS were 3.7 times and men
were 3.0 times more likely to arrive
to the hospital early. In this study,
more Caucasians than Hispanics
and African Americans called 911
rather than used private transpor-

The novel contribution
of the current study is
that a greater proportion
of Hispanic and African
American women delay
in hospital arrival after
onset of stroke symptoms
compared with Caucasian

womern. ..

tation, as has been reported previ-
ously.'*?! The association between
race-ethnicity and delay in hospi-
tal arrival in this sample remained
significant even after adjusting for
EMS use, suggesting that factors
other than EMS use contribute to
pre-hospital delay in African Ameri-
can men and Hispanic women.

Disparities in Arrival Time after Stroke - Springer et al

This study has limitations. First,
17% of patients were excluded
from the multivariable model due
to missing data. However, the race-
ethnic distribution and the major-
ity of baseline characteristics of ex-
cluded patients did not differ from
included patients. It is possible that
adjusting for SES eliminated the
race-ethnic disparity in hospital ar-
rival time in women, because miss-
ing data on this variable reduced
the sample size. However a similar
number of men were missing data
on the SES variable and adjustment
for SES in men did not alter the as-
sociation between African American
race and delay in arrival. Second,
55% of NIH stroke scale values
were retrospectively determined by
the investigator from an examina-
tion performed by a neurology resi-
dent upon presentation. However,
this approach has been validated

7" Furthermore, the val-

previously.
ues obtained by two independent
scorers showed almost perfect agree-
ment. Third, our findings may not
be generalizable to stroke patients
who live in non-urban populations.

In summary, African American
men are less likely to arrive at the
hospital within 3 hours of stroke
symptom onset. The effect of SES
appears to be more important than
race-ethnicity in women in predict-
ing pre-hospital delay. Additional
research is needed to identify the
barriers to early hospital arrival
in African American men and so-
cially disadvantaged women so that
the content of educational cam-
paigns can focus on those aspects
of stroke preparedness that are
likely to lead to behavioral change.
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