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ABSTRACT

Objectives: To evaluate disparities in cardiovascular risk factors among Asians andNativeHawaiians
and other Pacific Islanders (NHPI) in Hawaii who are hospitalized with ischemic stroke.

Methods: We performed a retrospective study on consecutive patients hospitalized for ischemic
stroke at a single tertiary center in Honolulu between 2004 and 2010. The prevalence of cardi-
ovascular risk factors was compared for NHPI, Asians, and whites who were hospitalized for
ischemic stroke.

Results: A total of 1,921 patients hospitalized for ischemic stroke were studied. NHPI were less
likely to be older (odds ratio [OR] 0.95, 95% confidence interval [CI] 0.94–0.96), more likely to be
female (OR 1.55, 95% CI 1.07–2.24), and more likely to have diabetes (OR 2.74, 95% CI 1.87–
4.00), hypertension (OR 1.98, 95% CI 1.27–3.10), and obesity (OR 1.82, 95% CI 1.25–2.65)
than whites. NHPI had higher low-density lipoprotein levels (114 6 50 mg/dL vs 103 6 45 mg/
dL, p 5 0.001) and lower high-density lipoprotein levels (38 6 11 mg/dL vs 45 6 15 mg/dL,
p,0.0001) than whites. Compared with Asians, NHPI were less likely to be older (OR 0.95, 95%
CI 0.94–0.97) and more likely to have diabetes (OR 1.88, 95%CI 1.35–2.61), previous stroke or
TIA (OR 1.57, 95% CI 1.09–2.25), and obesity (OR 6.05, 95% CI 4.31–8.48).

Conclusions: Asians, NHPI, and whites with ischemic stroke have substantially different cardio-
vascular risk factors. Targeted secondary prevention will be important in reducing disparities
among these racial groups. Neurology� 2013;80:839–843

GLOSSARY
BMI 5 body mass index; CI 5 confidence interval; GWTG-Stroke 5 Get With the Guidelines–Stroke; HDL 5 high-density
lipoprotein; LDL 5 low-density lipoprotein; NHPI 5 Native Hawaiians and other Pacific Islanders; OR 5 odds ratio;
QMC 5 Queen’s Medical Center.

Stroke occurs in approximately 800,000 people annually in the United States and is the leading
cause of disability among adults.1 Recent evidence suggests that the burden of ischemic stroke is
not borne equally by all, with racial minority groups reported to have a higher burden of stroke
risk factors2–7 and younger age of stroke onset compared with non-Hispanic whites.4,8 However,
these studies mainly focused on blacks and Hispanics, leaving a paucity of data on other racial/
ethnic groups with ischemic stroke. Specifically, Asian Americans and Native Hawaiians and
other Pacific Islanders (NHPI) are underrepresented in many stroke studies.9 Furthermore,
NHPI have been historically aggregated with Asians into a single racial/ethnic category in many
clinical studies, which masks differences that may, at times, be substantial.

For example, NHPI in the community have been shown to have higher prevalence of major
cardiovascular risk factors10–15 and die at a younger age from various cardiovascular disease–related
complications compared with other major racial groups.16,17 However, the specific disease burden
related to ischemic stroke in the NHPI and Asian populations has not been studied.18 Therefore,
we sought to assess racial disparities in risk factors among an ischemic stroke patient population
that predominantly consists of NHPI, Asians, and whites. We hypothesized that NHPI with
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ischemic stroke are younger and have a higher
burden of cardiovascular risk factors compared
with whites and have different characteristics
compared with Asians.

METHODS We conducted a single-center, observational study

using the Get With the Guidelines–Stroke (GWTG-Stroke) registry,

a national quality-improvement initiative and stroke registry used by

many participating hospitals nationwide.19 Since its inception in 2004,

the GWTG-Stroke registry has been used in our institution to mea-

sure and monitor the quality of hospital-based stroke-care delivery.

Patients. TheQueen’s Medical Center (QMC) is a 505-bedmed-

ical center located on Oahu, the largest hospital in Hawaii and the

tertiary referral center for the Pacific Basin (Hawaii, American

Samoa, the Commonwealth of the Northern Mariana Islands,

Micronesia, and the US territories of Guam). QMC has the only

Joint Commission–certified Primary Stroke Center and the only

Neuroscience Intensive Care Unit for the state of Hawaii.

All patients hospitalized at QMC with a diagnosis of ischemic

stroke between January 1, 2004 and August 31, 2010 were iden-

tified using the QMC GWTG-Stroke database. This database

includes all patients with ischemic stroke, hemorrhagic stroke,

or TIA, identified at the time of hospital admission through imaging

results and admission diagnosis, with confirmation of eligibility

based onmedical record review by a trained nurse reviewer (S.M.A.).

Baseline characteristics. Patient demographics and whether the

patient was transferred from another hospital were obtained

through the database. The race and ethnicity information was col-

lected from the hospital’s administrative database and obtained

during the registration or admission process according to a standard

protocol. Race was initially categorized as NHPI, Asian, white,

black, American Indian/Alaska native, or “other” race. Because

of the low number of black and American Indian/Alaska native

patients, these racial groups were combined with the “other” group.

Because a mixed racial background is relatively common in Hawaii,

race was defined as the racial background that the patient most

closely associated with and was based on patient self-identification

or family’s identification if the patient was incapacitated. Additional

data on body mass index (BMI), total cholesterol, low-density lipo-

protein (LDL), high-density lipoprotein (HDL), and triglycerides

were also collected if they were available. The patients were con-

sidered to be obese if BMI was $30 kg/m2.20

Outcome measures. The prevalence of cardiovascular risk fac-

tors including history of diabetes mellitus, hypertension, atrial

fibrillation/atrial flutter, congestive heart failure, prior stroke or

TIA, coronary artery disease or prior myocardial infarction, periph-

eral vascular disease, smoking, dyslipidemia, and prosthetic valve

replacement were the selected clinical outcomes.

Standard protocol approvals, registrations, and patient
consents. We received approval from the QMC Research and

Institutional Review Committee to conduct this retrospective

review of the prospectively collected QMC GWTG-Stroke data-

base. Waiver of consent was obtained to conduct this study.

Statistical analysis. Data were analyzed using commercially avail-

able statistical software (SPSS 19.0; SPSS, Inc., Chicago, IL). Patient

characteristics were summarized using descriptive statistics appro-

priate to variable type. The prevalence of each cardiovascular risk

factor was estimated for NHPI, Asians, and whites. In the pri-

mary analysis, NHPI and Asians were compared with whites (ref-

erence group) using x2 test or Fisher exact test for categorical data

and 2-tailed t test for normally distributed, continuous variables.

In the multivariable analyses, we developed 2 separate logistic

regression models to compare 1) NHPI with whites, and 2) Asians

with whites, after incorporating age, sex, and each of the cardiovas-

cular risk factors in the 2 models. Odds ratios (ORs) and 95%

confidence intervals (CIs) were calculated from the b coefficients

and their standard errors. In secondary analyses, NHPI were com-

pared with Asians (reference group) using univariate and multivar-

iable analyses similar to the above approach. Data are presented as

means 6 SD, and levels of p , 0.05 were considered statistically

significant.

RESULTS Between January 2004 and August 2010, a
total of 1,921 consecutive patients hospitalized for
ischemic stroke (NHPI 20%, Asians 53%, whites 24%,
and others 3%) were identified. Unadjusted analyses
showed that NHPI were younger (60 6 14 years vs
71 6 14 years, p , 0.0001) and more likely to have
diabetes, hypertension, dyslipidemia, and obesity
than whites (table 1). NHPI also had higher LDL, lower
HDL, and higher BMI than whites (table 1). Asians were
more likely to have diabetes, hypertension, and dyslipide-
mia than whites, but less likely to have atrial fibrillation/
atrial flutter and obesity (table 1). Asians had higher total
cholesterol, LDL levels, and triglyceride levels, and lower
BMI than whites (table 1).

Table 1 Cardiovascular risk factors among ischemic stroke patients at The
Queen’s Medical Center: 2004–2010a

Patient characteristics NHPI Asians Whites

No. of patients 378 1,025 468

Risk factors

Age, y 60 6 14b 72 6 14 71 6 14

Female 190 (50) 504 (49) 217 (46)

Diabetes mellitus 200 (53)b 349 (34)b 104 (22)

Hypertension 309 (82)b 802 (78)b 311 (67)

Atrial fibrillation/atrial flutter 56 (15) 149 (15)b 91 (19)

Congestive heart failure 7 (2) 12 (1) 7 (2)

Previous stroke or TIA 112 (30) 237 (23) 115 (25)

Coronary artery disease or prior MI 75 (20) 204 (20) 114 (24)

Smoking 72 (19) 141 (14) 73 (16)

Dyslipidemia 161 (43)b 452 (44)b 158 (34)

Obesityc 167 (55)b 92 (12)b 92 (26)

Total cholesterol, mg/dL 177 6 51 182 6 48b 170 6 43

LDL, mg/dL 114 6 50b 111 6 48b 103 6 45

HDL, mg/dL 38 6 11b 46 6 14 45 6 15

Triglycerides, mg/dL 137 6 90 139 6 106b 125 6 102

BMI, kg/m2 31 6 7b 24 6 5b 27 6 6

Abbreviations: BMI 5 body mass index; HDL 5 high-density lipoprotein; LDL 5 low-density
lipoprotein; MI 5 myocardial infarction; NHPI 5 Native Hawaiians and other Pacific
Islanders.
aNHPI and Asians were compared with whites (reference group). Data are n (%) or mean6 SD.
bp , 0.05 compared with whites.
cObesity 5 body mass index $30 kg/m2.
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All results from logistic regression models, compar-
ing NHPI with whites and Asians with whites, are
shown in table 2. NHPI were less likely to be older
(OR 0.95, 95% CI 0.94–0.96), more likely to be
female (OR 1.55, 95% CI 1.07–2.24), and more likely
to have diabetes (OR 2.74, 95%CI 1.87–4.00), hyper-
tension (OR 1.98, 95% CI 1.27–3.10), and obesity
(OR 1.82, 95% CI 1.25–2.65) than whites. Asians
were more likely to have diabetes (OR 1.76, 95% CI
1.29–2.40) and hypertension (OR 1.74, 95% CI
1.28–2.36) but less likely to have atrial fibrillation/atrial
flutter (OR 0.63, 95% 0.43–0.90), coronary artery
disease or prior myocardial infarction (OR 0.62, 95%
CI 0.45–0.85), and obesity (0.31, 95% 0.22–0.44)
than whites.

Secondary analyses, comparing NHPI with Asians,
showed that NHPI were younger (p , 0.0001) and
had higher prevalence of diabetes (p , 0.0001), prior
stroke or TIA (p5 0.01), smoking (p5 0.01), obesity
(p, 0.0001), and had lower HDL levels (p, 0.0001)
and higher BMI (p , 0.0001) compared with Asians
in the univariate analyses. In the logistic regression
model, NHPI were less likely to be older (OR 0.95,
95% CI 0.94–0.97) and more likely to have diabetes
(OR 1.88, 95% CI 1.35–2.61), previous stroke or TIA
(OR 1.57, 95% CI 1.09–2.25), and obesity (OR 6.05,
95% CI 4.31–8.48) than Asians.

DISCUSSION Our study demonstrates that NHPI
and Asians hospitalized for ischemic stroke substan-
tially differ from whites, and from each other, support-
ing recent recommendations for the need to further

study these underrepresented populations.9 We found
that NHPI are younger and have a higher burden of
cardiovascular risk factors compared with whites. Fur-
thermore, NHPI have a higher prevalence of metabolic
syndrome characteristics (diabetes, obesity, and/or
lower HDL levels) compared with whites, which is
consistent with prior studies.10–15

In our study, NHPI with ischemic stroke were a
decade younger than whites, a finding similar to the
results of other observational ischemic stroke studies
that compared non-Hispanic whites to Maoris from
New Zealand,21 Hispanics,4,22 and blacks.4,22 The higher
burden of cardiovascular risk factors seen in NHPI is
similar to the disparities seen among Hispanics and
blacks,5–7,22 and supports the idea that minority racial
groups overall have a younger age of stroke onset and
higher burden of cardiovascular risk factors compared
with whites.18 Importantly, in our study, the clinical
characteristics of NHPI substantially differ from those
of the Asians.

Asians in our study who experienced ischemic
stroke were more likely to have hypertension and dia-
betes compared with whites, but were less likely to have
atrial fibrillation/atrial flutter, coronary artery disease or
prior myocardial infarction, and obesity. In contrast
with NHPI, there was no difference in the age of pre-
sentation between Asians and whites. Although there
were prior studies that characterized Asian stroke
patients, many focused on Asians living outside of
the United States, rather than Asian Americans living
in the United States.23–28 Because the incidence of
ischemic stroke and the prevalence of cardiovascular
risk factors are known to differ between Asians living
in Asia and Asian Americans living in the United
States,29 possibly through the effect of diet and other
environmental factors, it is difficult to generalize the
results of these prior studies to the Asian Americans.
One study that compared the stroke incidence between
first- or second-generation Japanese-American men
in the Honolulu Heart Program and white men
in the Framingham Study showed that the incidence
of thromboembolic stroke was significantly less among
Japanese-American men than white men after adjusting
for traditional risk factors.30 Another study showed that
Asian Americans have more severe stroke complica-
tions, such as dysphagia, hemiplegia, and aphasia, com-
pared with whites.31 Nevertheless, the paucity of data
on the burden of stroke among a more diverse and
acculturated population of Asian Americans emphasizes
the need for further studies in this racial group.

Reasons for racial disparities in ischemic stroke are
complex, and likely involve both biological and social
determinants of the disease. The disparities in cardio-
vascular risk factors may partially be attributed to the
biological differences in genetic polymorphisms among
the different racial groups, which may predispose one

Table 2 Multivariable models comparing NHPI and Asians with whitesa

NHPI OR (95% CI) Asians OR (95% CI)

Age 0.95 (0.94–0.96)b 1.00 (0.99–1.01)

Female sex 1.55 (1.07–2.24)b 1.12 (0.86–1.48)

Diabetes mellitus 2.74 (1.87–4.00)b 1.76 (1.29–2.40)b

Hypertension 1.98 (1.27–3.10)b 1.74 (1.28–2.36)b

Atrial fibrillation/atrial flutter 1.06 (0.64–1.75) 0.63 (0.43–0.90)b

Congestive heart failure 1.91 (0.50–7.23) 0.79 (0.28–2.26)

Previous stroke or TIA 1.31 (0.87–1.97) 0.90 (0.66–1.24)

Coronary artery disease or prior MI 0.76 (0.49–1.16) 0.62 (0.45–0.85)b

Peripheral vascular disease 0.77 (0.30–1.97) 0.78 (0.37–1.62)

Smoking 0.88 (0.54–1.43) 0.95 (0.63–1.41)

Dyslipidemia 1.19 (0.82–1.73) 1.28 (0.96–1.70)

Prosthetic heart valve 1.23 (0.39–3.86) 1.17 (0.48–2.89)

Obesityc 1.82 (1.25–2.65)b 0.31 (0.22–0.44)b

Abbreviations: CI = confidence interval; MI 5 myocardial infarction; NHPI 5 Native Hawai-
ians and other Pacific Islanders; OR 5 odds ratio.
a Logistic regression model comparing NHPI and Asians with whites (reference group).
bORs were statistically significant at p , 0.05.
cObesity 5 body mass index $30 kg/m2.
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racial group to be more susceptible to developing a car-
diovascular disease compared with another racial group.
Furthermore, the response to cardiovascular prevention
drugs may be influenced by variability in drug metab-
olism due to genetic polymorphisms.32 However, more
recent studies suggest that many of these differences in
cardiovascular disease burden may be attributed to the
consequences of gene-environment interactions,9 and
emphasize the complex effect of the social environ-
ment. Indeed, significant racial disparities in awareness
of stroke symptoms and signs, attitude and beliefs
toward health care, health literacy, medication adher-
ence, access to care, and primary prevention have been
reported in a number of stroke studies.18 Although
addressing each of these factors is important in the
future endeavor to reduce stroke disparities, little
emphasis has been placed on developing a culturally
specific secondary stroke prevention program. Because
NHPI and Asians with ischemic stroke in our study
had a substantially different cardiovascular disease bur-
den compared with whites, a uniform approach to sec-
ondary stroke prevention may not adequately address
the health care needs in these populations. Therefore,
a future, culturally sensitive, and targeted secondary
stroke prevention trial may be warranted to effectively
reduce the burden of stroke in these unique racial
groups that have a different cardiovascular disease bur-
den than whites.

This study has several limitations. First, the data on
the pattern of the ischemic strokes and intracranial/
extracranial vascular anatomy were not available, and
thus it is unclear whether there are racial disparities in
stroke etiologies (i.e., lacunar strokes, intracranial/extra-
cranial large-artery diseases, and cardioembolic strokes).
Second, Asian ethnicity was not further specified (i.e.,
Japanese, Filipino, Chinese, Korean, etc.), and thus it
is unclear whether there are disparities between each
of the specific Asian ethnic groups. Third, we were
unable to assess for potential disparities in long-term
outcome among the NHPI with ischemic stroke as pre-
viously shown in black stroke patients in the United
States33,34 and the Pacific people in New Zealand.35

Fourth, our database did not exclude repeat hospital-
izations, and it is possible that individual patients were
included in the database more than once. Fifth, we did
not have sufficient data on insurance status, and thus
we were unable to assess its impact on the observed
disparities. Sixth, due to the single-center study design,
our results may not be generalizable to other popula-
tions. Overall, our institution captures approximately
21% of all ischemic stroke hospitalization for the state
of Hawaii (data from Hawaii Health Information Cor-
poration). Because our institution is a tertiary referral
center, there may have been a referral bias toward
patients with more severe stroke and more extensive
comorbidities. Also, it is possible that older stroke

patients with preexisting do-not-resuscitate orders or
those with terminal illness may not have transferred
to our facility, creating a possible selection bias toward
younger stroke patients. Although we acknowledge the
limitation of a single-center study, we believe this is an
important first glance at the possible racial disparities in
stroke risk factors seen in the state of Hawaii.

Asians, NHPI, and whites with ischemic stroke
have substantially different cardiovascular risk factors.
Our study highlights the importance of not aggregat-
ing NHPI with Asians in future stroke studies given
their marked differences in the burden of risk factors.
A culturally sensitive and targeted secondary preven-
tion strategy will be important in reducing disparities
among these racial groups.
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