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Introduction: Hawaii is a multicultural state with many differ-
ent ethnicities, including Native Hawaiians and other Pacific
Islanders (NHOPI). This demographic has not been thor-
oughly studied, despite its significantly higher prevalence of
stroke. This study aimed to characterize risk factors for ische-
mic stroke in NHOPI compared to other ethnicities.
Methods: An Institutional Review Board (IRB) sanctioned ret-
rospective chart review was conducted at a multi-site com-
munity neurology clinic from June 2017 through June 2019.
Prospective patients were identified from the database using
the International Classification of Diseases 10th Edition (ICD-
10) codes for ischemic stroke. 326 patients (99 NHOPI, 116
Asian, 111 Caucasian) with a history of ischemic stroke met
the inclusion criteria. Risk factors were determined based on
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the American Stroke Association guidelines; ethno-racial
grouping was based on self-identification; and average
household income levels were estimated based on patient zip
codes US Census Bureau data. Continuous variable risk fac-
tors were analyzed using an analysis of variance (ANOVA)
and post-hoc pairwise comparisons using Tukey-Kramer; a
multivariate analysis was conducted. Results: Compared to
Asians and Caucasians, NHOPI patients were on average
11 years younger at the onset of stroke and more likely to be
women. The NHOPI group also had the highest rates of dia-
betes and obesity. NHOPI average income was significantly
lower compared to the Caucasian group. Hypertension and
hyperlipidemia were found to be higher in the Asian popula-
tion. Alcohol consumption was reported more frequently
among Caucasian patients. Conclusions: These results better-
characterized risk factors for ischemic stroke among NHOPI
in Hawaii. The younger age of stroke onset in NHOPI
patients is likely due to the higher burden of cardiovascular
risk factors like obesity, smoking, and diabetes. Identifying
such disparities in associated risk for NHOPI and other eth-
nicities can allow targeted stroke prevention and outpatient
care in a multicultural setting.
Key Words: Ischemic stroke—Cerebrovascular disease—
Risk factors—Native Hawaiian—Pacific islander—Hawaii
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Introduction

Cerebrovascular disease or stroke is the third major
cause of death in Hawaii.1 In 2017, about 1 out of every 10
deaths in Hawaii were caused by a stroke, or about 800
deaths that year.1 Although Hawaii has relatively lower
rates of death of stroke compared to half of the other
states,1 a disproportionate number of Native Hawaiians
are four times as likely as non-Hispanic Caucasians to be
diagnosed with stroke.2 Hawaii is a multicultural state,
home to many different ethnicities, including Native
Hawaiians and other Pacific Islanders (NHOPI). This
demographic has not been thoroughly studied, despite
the significantly higher prevalence of stroke in this popu-
lation. NHOPI have been historically aggregated with
Asians into a single ethnic group in most prior studies
assessing risk factors for ischemic stroke.3 This study char-
acterizes the incidence of specific risk factors for ischemic
stroke in Native Hawaiian/other Pacific Islanders
(NHOPI) compared to other ethnicities within the context
of outpatient care.

Methods

A retrospective chart review with data collection from
patients followed at HPN with the diagnosis of ischemic
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stroke during June 2017 through June 2019 was con-
ducted. University of Hawai’i at Manoa, Office of
Research Compliance (protocol number: 2020-01010), pro-
vided IRB exemption. The study proceeded from a clinical
practice quality improvement (QI) retrospective chart
review intended to seek detailed insights on symptom-
atology and risk factors among various neurological diag-
noses, including ischemic stroke, and use the results to
tailor clinical practice with the purpose of improving clini-
cal services offered. All patient data were de-identified;
patient anonymity was assured. Inclusion criteria estab-
lished prior to data collection were as follows: (1) patients
must be hospitalized for a stroke on Oahu, (2) patients
must be followed-up by a physician for the finalized diag-
nosis of ischemic stroke, (3) patients’ records must include
demographic, clinical history, and follow-up data. Pro-
spective patients were identified from the database using
the International Classification of Diseases 10th Edition
(ICD-10) codes for ischemic stroke. All codes under the
header for ischemic stroke were searched (I63, I65, I66,
I67, I68, and I69), and the most common codes collected
were I69.393, I69.354, I69.351, I69.30, and I67.89. Risk fac-
tors were determined based on the American Stroke Asso-
ciation guidelines; included hypertension, diabetes, body
mass index (BMI), hyperlipidemia, heart disease, tobacco
use (smoking), alcohol consumption, age, gender, and his-
tory of previous cerebrovascular events. Smoking and
alcohol use were categorized as none/former consumer
and current consumer. Ethnicity and information pertain-
ing to race were collected based on voluntary self-identifi-
cation during office visits or from other available
documents such as hospital records. Average household
income levels were estimated based on patient zip codes
using data from the 2017 United States Census Bureau.4

Area-based socioeconomic status indicators, such as zip
code average household income, have been shown to be
best suited to monitor health care disparities.5 HPN has
comprehensive medical records on all its patients, includ-
ing hospital charts and admission records. In addition,
comprehensive histories and follow up are also indepen-
dently taken at HPN using a multidisciplinary team
approach. Patient’s risk factors were thus obtained using
a manual review of each patient’s records, which were
supplemented by chart abstraction from hospitals when
necessary.
In the primary analysis, continuous variable risk factors

were analyzed using an analysis of variance (ANOVA)
and post-hoc pairwise comparisons using Tukey-Kramer;
all other categorical variables were analyzed using Chi-
squared analysis with post-hoc pairwise comparisons
between each ethnicity. In the multivariate analyses, three
separate logistic regression models were developed to
compare 1) NHOPI with Caucasian, 2) Asian with Cauca-
sian, and 3) NHOPI and Asian. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated from the b
coefficients and their standard errors. The R Foundation
for Statistical Computing software - version 3.6.2 (R Foun-
dation for Statistical Computing, Vienna, Austria) was
used for statistical analysis.
Results

Of the 363 medical records reviewed, 326 patients met
the inclusion criteria. 30% self-identified as NHOPI
(N = 99), 36% as Asian (N = 116), and 34% as Caucasian
(N = 111). Primary analysis showed statistically signifi-
cant differences in age, median household income, gen-
der, obesity, hypertension, diabetes, hyperlipidemia,
alcohol consumption, and BMI based on ethnicity
(Table 1). NHOPI patients were, on average, 11 years
younger at the onset of stroke, and they were more likely
to be women (52.5%), whereas Asian and Caucasian
patients were predominantly men (59.5% and 64%,
respectively). Results were notable for NHOPI being sig-
nificantly more obese than Asians and Caucasians, fol-
lowed by higher rates of comorbidities like diabetes and
hypertension. The most significant differences between
ethnicities were diabetes and BMI (P < 0.001). Both risk
factors were the most prevalent in the NHOPI. It is also
significant that the average household income of NHOPI
patients is $8000 lower than the income of Caucasian
patients. The Asian population had the highest rate of
hypertension (P = 0.0079) and hyperlipidemia
(P = 0.0436), compared to NHOPI and Caucasians. Alco-
hol use was highest among Caucasian subjects (P=0.002).
All results from logistic regression models are shown in

Table 2. NHOPI were less likely to be male (OR 2.47, 95%
CI 1.27- 4.94), more likely to have diabetes (OR 0.30, 95%
CI 0.15-0.59), and less likely to consume alcohol (OR 2.74,
95% CI 1.11-7.22) than Caucasians. In the logistic regres-
sion model, Asians were less likely to be obese (OR 0.15,
95% CI 0.06-0.33), more likely to have hypertension (OR
3.13, 95% CI 1.33-7.70), and diabetes (OR 2.05, 95% CI
1.04-4.17), and less likely to consume alcohol (OR 0.22,
95% CI 0.08-0.52) than Caucasians. Finally, NHOPI were
younger (OR 1.04, 95% CI 1.02-1.07), more obese (OR
0.21, 95% CI 0.09-0.47), and more likely to have coronary
artery disease (OR 0.42, 95% CI 0.21-0.83) than Asians.
Discussion

There are a variety of established risk factors contribut-
ing to stroke, including arterial hypertension, hyperlipid-
emia, diabetes, smoking, and alcohol consumption, which
are not equally shared between ethnicities due to genetic
and cultural modulation.6,7 Other risk factors include age
and gender, as well as personal and family history.
Higher income is positively correlated with improved lon-
gevity, which may be due to better access to healthcare,
information, and healthy lifestyle options.8 Moreover, it is
estimated that about 80% of all strokes could be prevented
through improved management of risk factors.9



Table 1. Demographics and risk factors of ischemic strokes by ethnicity.

Patient demographics

and risk factors

Overall Statistical

Significance (p-value)

NHOPI Asians Caucasians

Number of patients 99 116 111

Age < 0.001 62 § 14a 73 § 14b 73 § 13

Median Income, $ 0.003 84310 § 16300a 89073 § 17000 92561 § 18000

Gender

Men 0.046 47 (47.5%)a 69 (59.5%) 71 (64.0%)

Women 52 (52.5%)a 47 (40.5%) 40 (36.0%)

Obesity < 0.001 47 (47.5%)a 12 (10.3%)a, b 31 (28.0%)

BMI, kg/m2
< 0.001 31.9 § 9a 25 § 4a, b 27 § 5

Hypertension 0.008 85 (85.9%) 104 (89.7%)a 83 (74.8%)

Diabetes mellitus < 0.001 52 (52.5%)a 43 (37.1%)a, b 25 (22.5%)

Hyperlipidemia 0.044 75 (75.8%) 95 (81.9%)a 75 (67.6%)

Coronary artery dis-

ease or prior MI

0.089 43 (43.4%) 37 (31.9%) 50 (45.0%)

Previous stroke or TIA 0.794 50 (51.5%) 58 (50.0%) 49 (44.1%)

Smoking 0.322 14 (14.2%) 9 (7.8%) 12 (10.8%)

Alcohol 0.002 11 (11.1%) 8 (6.9%)a 25 (22.5%)

Abbreviations: BMI = body mass index; MI = myocardial infarction; NHOPI = Native Hawaiians or other Pacific Islanders;

TIA = transient ischemic attack.

Data are n (%) or mean § SD.
apairwise p < 0.05 compared with Caucasians
bpairwise p <0.05 compared with NHOPI
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In our study, NHOPI patients showed a higher index
for obesity, diabetes mellitus, and BMI compared to other
racial groups. The variations in ischemic stroke risk fac-
tors among Asians, Caucasians, and NHOPI that were
observed in outpatients are consistent with prior reports
of acute stroke inpatients.3,10 These studies complement
our study in terms of the patient population of outpatient
and inpatients. An unhealthy diet and poor nutrition are
risk factors for obesity, diabetes, and high blood pres-
sure.11 A partial explanation for why these risk factors
tend to occur more often in the NHOPI could be caused
by the adaptation of the Westernized diet and sedentary
lifestyle.3 Hypertension and hyperlipidemia are signifi-
cant risk factors for the Asian population in Hawaii; this
is consistent with a previous meta-analysis of studies con-
ducted in Asian countries (China, Taiwan, and Mongo-
lia).12 Hypertension and hyperlipidemia are nevertheless
also prevalent risk factors for the NHOPI community and
are interrelated to obesity and diabetes.13

NHOPI women showed a higher incidence of ischemic
stroke in comparison with Caucasian women. It has been
reported that NHOPI women have a lower resting meta-
bolic rate than Caucasian women14 which may contribute
to the significant risk factors for obesity, higher BMI, and
consequently, stroke. Obesity and physical inactivity are
common stroke risk factors for females shared across the
various Pacific Islander communities across Oceania.15

Our NHOPI population has the highest smoking rates
among the ethnicities. A higher prevalence of tobacco use
compared to Asian Americans has been reported in the
general population.16 Ignorance or lack of culturally
appropriate smoking cessation resources could be the
cause of this health risk disparity. In contrast, our NHOPI
population did not have the highest alcohol consumption
in comparison to Asians and Caucasians. Consistent with
other reports, the highest prevalence of alcohol consump-
tion among our stroke patients was Caucasians, with
Asians having the lowest.17 Important to note that Hawaii
has about 30% higher prevalence of ‘heavy drinking’ than
that for the general US population.18 Therefore, excessive
alcohol consumption cannot be discarded as a target risk
factor for the NHOPI population.
NHOPI average income was significantly lower com-

pared to the Caucasian group. Certain risk factors signifi-
cant to NHOPI, such as obesity and diabetes, may be
related to barriers of low-income level groups, including
lack of social support, access to health care, knowledge of
treatment, and unhealthy diet.19 This study’s results fur-
ther underscore the importance of focusing on social
determinants and community health aspects when
addressing risk factors for ischemic strokes.
NHOPI patients presented with a stroke on average

11 years earlier than their counterparts, and this observa-
tion has been captured by other studies.10,20 The younger
age of stroke onset in NHOPI patients is likely due to the
higher burden of cardiovascular risk factors, i.e., high
BMI, obesity, and diabetes. Younger onset of stroke ver-
sus Caucasian peers has also been reported in Maoris
from New Zealand, a minority population with an analo-
gous history to Native Hawaiians (21). Maori population



Table 2. Multivariable logistic regression models.

Patient demographics and

risk factors

NHOPI and Caucasian

OR (95% CI)

Asian and Caucasian OR

(95% CI)

NHOPI and Asian OR

(95% CI)

Age 1.07 (1.04-1.10)a 0.98 (0.96-1.01) 1.04 (1.02-1.07)a

Male sex 2.47 (1.27- 4.94)a 0.85 (0.44-1.62) 1.53 (0.80-2.96)

Obesityb 1.10 (0.54- 2.30) 0.15 (0.06-0.33)a 0.21 (0.09-0.47)a

Hypertension 0.56 (0.22-1.34) 3.13 (1.33-7.70)a 1.46 (0.52-4.06)

Diabetes mellitus 0.30 (0.15-0.59)a 2.05 (1.04-4.17)a 0.70 (0.36-1.36)

Hyperlipidemia 0.90 (0.42-1.93) 1.59 (0.77-3.31) 1.53 (0.66-3.54)

Coronary artery disease or

prior MI

0.73 (0.37-1.42) 0.64 (0.33-1.22) 0.42 (0.21-0.83)a

Previous stroke or TIA 0.70 (0.27-1.80) 1.00 (0.40-2.57) 0.87 (0.33-2.26)

Smoking 1.48 (0.52-4.21) 0.65 (0.23-1.81) 0.92 (0.31-2.71)

Alcohol 2.74 (1.11-7.22)a 0.22 (0.08-0.52)a 0.52 (0.16-1.63)

Abbreviations: BMI = body mass index; MI = myocardial infarction; NHOPI = Native Hawaiians or other Pacific Islanders;

TIA = transient ischemic attack; OR = odds ratio.
aORs were statistically significant at p < 0.05.
bObesity = body mass index > 30 kg/m2.
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shares some of the same risk factors as our NHOPI popu-
lation, e.g., hypertension, cardiac disease, diabetes, hyper-
cholesterolemia, smoking, obesity.21

Reasons for racial disparities in ischemic strokes are
numerous and sometimes difficult to explain. One study
suggests that while disparities in stroke risk factors
among racial groups might arise due to genetic factors,
such as C-reactive protein polymorphisms, gene-environ-
ment interactions also play an important role.8 Further-
more, there is evidence of disparities in stroke
characteristics/risk factors even within the NHOPI group-
ing, suggesting that there are significant gene-environ-
ment interactions beyond genetic differences that can
change an individual's risk level for stroke.3,7 Further-
more, there is also an increasing acceptance in the litera-
ture that race is a social construct.22 As such, these
disparities in stroke risk factors and health outcomes can
also be attributed to differences and inequalities in the
social aspects of the race. For example, it has been shown
that NHOPI suffer a disproportionate number of poor
health outcomes such as obesity and hypertension com-
pared with Caucasians and Asians due to social and
financial barriers to health care access.23 It has been sug-
gested that risk factors and prevalence of ischemic stroke
may differ between Asians living in Asia and Asian
Americans living in the United States due to regional
diets, environmental factors, or cultural divergence.24

Hawaii’s Asian majority demographics and strong cul-
tural ties could be minimizing the divergence of stroke
risk factors among its Asian population.
This study has several limitations. First, ethnicities were

obtained via standard questionnaire answered voluntarily
during visits to Hawaii Pacific Neuroscience which can be
subjective given the high prevalence of interracial mixing
and multiethnic populations in Hawaii. Second, smoking
and alcohol consumption were also self-reported and
have the potential to under-estimate (or over-estimate)
patients’ habits. Third, this study has the limitation of a
single-center study; however, HPN takes all types of
insurance policies and patients with no medical insurance,
welcoming the economically disadvantaged patient popu-
lation. HPN has a primary center in Honolulu and satel-
lite centers across the state, taking in patients discharged
from multiple hospitals, which may help with issues of
generalizability. Because our center is an outpatient Neu-
rology center, there might have been referral bias toward
stroke of less severity and less extensive comorbidities.
Lastly, though the research team retrieved data of patients
of other ethnicities such as Hispanic and African Ameri-
can, those were excluded from the study due to insuffi-
cient representation.
Conclusion

Future studies could explore potential differences
between NHOPI and their counterparts in different geog-
raphies than Hawaii. For example, states like California,
Washington, Utah, and Nevada are known to have rela-
tively large populations of NHOPI constituents. Thus,
understanding differences in the level of stroke risk of
NHOPI, a key ethnographic group in the State of Hawaii,
will allow a more tailored approach targeting this under-
studied ethnocultural racial group and leading towards
better stroke prevention and post-stroke care.
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