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Abstract
Background Cardiovascular disease (CVD) is the leading cause of death in the US. In Hawai‘i, Filipinos and Native Hawaiians
have the highest rates of CVD-related risk factors. CVD risk across these ethnic groups has not been examined. This crosssectional study examines 10-year CVD risk as determined by the Framingham Risk Score (FRS) across ethnic groups in Hawai‘i,
controlling for clinical, demographic, and psychosocial factors.
Methods This study includes secondary data analysis of the Kohala Health Research Project dataset. All non-pregnant adults (≥
18 years of age) who resided in the community of interest during the study period were eligible to participate with 1462
participants completing the clinical examination and surveys. This analysis included clinical, demographic, and psychosocial
variables. Ethnic differences were examined using the chi-squared test and one-way ANOVA. Multiple linear regression on FRS
was conducted and least square means of FRS were calculated.
Results Data from 1146 individuals were analyzed. Participants were 44.4% Native Hawaiian, 15.4% Filipino, 15.3% Japanese,
and 25% non-Hispanic White; 55.4% were female and had a mean age of 48.8 years. For males, the unadjusted Japanese mean
FRS was significantly higher compared with the other ethnic groups. For females, Filipino and Japanese mean FRS were
significantly higher compared with Native Hawaiians and non-Hispanic Whites. In the fully adjusted model, there were no
ethnic group differences in FRS among males and Filipinos had significantly higher FRS compared with non-Hispanic White
among females.
Conclusions This cross-sectional community-based epidemiological study examined ethnic differences in CVD risk after
adjusting for age, depression, social support, and acculturation. The results suggest that some ethnic differences in CVD risk
persist even after controlling for confounders but that recalibration of risk assessment is necessary.
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Background
Cardiovascular disease (CVD) is the leading cause of death in
the United States (US), accounting for more deaths than homicide, suicide, automobile accidents, HIV/AIDS, alcohol
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use, and drug use combined [1]. The current total cost, including medical and indirect costs, of CVD conditions (i.e., hypertension, coronary heart disease, coronary heart failure,
stroke, and other heart diseases) is $555 billion, which is
projected to more than double by 2035 [2]. Addressing
CVD is a major public health, economic, and research priority
[2, 3]. Biologic risk factors for CVD, including hypertension,
obesity, and cholesterol, are well documented. For instance,
hypertension causes 50% of ischemic strokes, elevates risk for
hemorrhagic stroke and coronary heart disease, and accounts
for almost half of CVD deaths [3, 4]. Both the degree of
obesity (i.e., body mass index (BMI) ≥ 30 kg/m2) and the
length of time an individual has been obese influence their
risk of CVD [5]. High-density lipoprotein cholesterol and
low-density lipoprotein cholesterol are independent predictors
of CVD [6–8].
Psychosocial factors are increasingly being recognized for
their impact on CVD risk. Such factors include depression,
social support, and ethnic identity. It is well documented that
individuals with severe depression are at increased risk of
developing a CVD and have higher CVD mortality rates than
the general population [9, 10]. Some studies indicate that high
levels of social support lead to longevity, better prognosis in
depressed cardiac patients, successful recovery from a cardiac
event, and efficacious coping methods [11–13]. A 13-year
longitudinal study found that depression increased the risk
for coronary heart disease among persons with low social
support whereas it was not related to coronary heart disease
risk in those with high levels of social support [14]. Authors of
a 10-year literature review found that studies suggest depressive symptoms and a lack of social support are risk factors,
potentially independent of each other, for adverse outcome in
patients with heart disease [15]. Additionally, some evidence
suggests that depressive symptoms and social support are independent predictors of adverse outcomes [15]. Acculturation
has also been linked to CVD conditions. A study among adult
Native Hawaiians found an association between having a
stronger identification with the American culture/lifestyle
and having hypertension when compared with those who do
not, suggesting that acculturative factors may play a role in
CVD risk [16].
Like many chronic diseases, the burden of CVD and its
associated risk factors are not equally distributed across racial
and ethnic groups. Despite Hawai‘i’s reputation as one of the
healthiest states in the US, over one-third of all deaths in
Hawai‘i are attributable to CVD [17, 18]. Data from the
2017 Hawai‘i Behavioral Risk Factor Surveillance Survey
suggests difference in prevalence of hypertension, 31% in
Japanese, 31% in Filipinos, 33% in Native Hawaiians, and
22% in non-Hispanic Whites [19]. Data from the National
Health Interview Survey shows that Native Hawaiians have
a greater prevalence of heart disease relative to non-Hispanic
Whites, non-Hispanic Blacks, and Asians [20]. Analysis of

health care data in Hawai‘i indicates that Filipinos and
Native Hawaiians have the highest prevalence of type 2 diabetes compared with Asians and non-Hispanic Whites across
age groups [21]. However, Native Hawaiians have the highest
rates of myocardial infarction, CVD, and stroke of any ethnic
group and are 3 to 4 times more likely to be afflicted with
CVD and stroke, relative to non-Hispanic Whites [19, 21, 22].
One measure of CVD risk that takes specific behavioral
and biological factors into account is the Framingham Risk
Score (FRS). It estimates gender-specific, individual 10-year
risk according to the level of exposure to different risk factors
incorporated in a mathematical function [23, 24]. The FRS
takes into account gender, smoking, total cholesterol, highdensity lipoprotein cholesterol, age, and use of hypertension
medication in determining CVD risk [24, 25]. The FRS is a
point-based system that then turns the score into a percentage
representing the likelihood of developing CVD in the next
10 years. For example, for females, a score of 14 translates
to an 11.7% chance of developing CVD in the next 10 years.
That same score translates to an 18.4% chance in males.
The purpose of this study is to examine differences in CVD
risk across the four largest ethnic groups in Hawai‘i, after
accounting for relevant sociodemographic, biological, and
psychosocial factors that may explain differences.
Understanding ethnic differences in CVD risk can aid in developing targeted prevention programs. No study to date has
conducted cross-ethnic comparisons that included a diverse
sample of disaggregated Asian and Pacific Islanders populations regarding CVD risk.

Methods
Secondary data analysis of the Kohala Health Research
(KHR) Project dataset is the basis for this study. KHR was a
cross-sectional, community-based epidemiological study conducted between 1994 and 2001 in the North Kohala district on
the island of Hawai‘i. Approximately 3000 people were invited to participate. This represented all non-pregnant adults (≥
18 years of age) who resided in the community of interest
during the study period. A total of 1462 participants completed the entire clinical examination and surveys. All participants
provided written informed consent prior to participating in
research activities. The University of Hawai‘i Committee on
Human Subjects approved the protocol.
KHR procedures have been described in detail in previous
publications [26, 27]. Briefly, the KHR Project had a twoprong recruitment approach. Native Hawaiians were identified via a database from a previous epidemiological study of
Native Hawaiians only. Other participants (both Native
Hawaiian and non-Native Hawaiian) were recruited via telephone, local public television announcements, flyers posted in
local stores and community centers, and presentations at

J. Racial and Ethnic Health Disparities

community organizations. Participants underwent a 2-h clinical examination and interview-administered assessments at
KHR’s community-based clinic. The assessments consisted
of sociodemographic, medical, psychosocial, behavioral, and
sociocultural measures.
Due to the cross-sectional nature of our data, actual CVD
events are not observable. FRS was chosen as a CVD risk
estimate because it has been validated in multiple ethnic
groups. In Hispanic, non-Hispanic Black, and non-Hispanic
White cohorts, FRS predicted atrial fibrillation well [28].
Other studies have found that the risk factors used to calculate
FRS predict CVD mortality equally well in non-Hispanic
Blacks, Hispanics, and non-Hispanic Whites [29]. A study
in the Malaysian population found that FRS models were able
to stratify cardiovascular risk [30]. FRS is clinically effective
at identifying patients at risk and can help physicians to effectively manage patients’ risk [31, 32].

Assessment Measures
Sociodemographics A personal history data form that included gender, age, education level, marital status, and ethnic ancestry collected sociodemographic data. Ethnic ancestry data
was based on the participants’ self-report of blood quantum
(i.e., less than 25%, 25–49%, 50–74%, 75–99%, and 100%)
[33, 34]. Participants were defined as Native Hawaiian if they
reported having any Native Hawaiian blood quantum descent
from individuals living in the Hawaiian Islands prior to
Western contact in 1778. Participants were defined as nonHispanic White if they reported only non-Hispanic White ancestry, Filipino if they reported only Filipino ancestry, and
Japanese if they reported only Japanese ancestry. The ethnicity classification schema is considered standard in Hawai‘i
[35]. Except for Native Hawaiians, individuals who reported
multiple ethnic ancestries were excluded from this analysis
due to small numbers.
Clinical and Medical History The KHR Project designed and
used a detailed clinical and medical history form to collect
self-report health and medical data. These data included hypertension prescription medication use and personal and family medical history (e.g., hypertension, diabetes, heart disease). The clinical examinations included systolic and diastolic blood pressure, total cholesterol, high-density lipoprotein
cholesterol, and anthropometric measurements (i.e., weight,
height) collected according to standardized protocols [26].
The FRS was used to estimate an individual’s CVD risk.
Participants’ age, gender, smoking status, total cholesterol,
high-density lipoprotein, and systolic blood pressure were entered into an online FRS calculator provided by the National
Institutes of Health to obtain gender-specific 10-year CVD
risk scores. Overall, lower scores indicate lower 10-year
CVD risk but correspond to different percentage of risk for

each gender [25]. FRS for males range from ≤ − 3 to > 18
while scores for females range from ≤ − 2 to > 21. Both the
male and female 10-year CVD risk percentage range correspond to < 1% to > 30%. Thus, males have higher 10-year risk
at lower FRS relative to females.
Depressive Symptoms The 20-item Center for
Epidemiological Studies-Depression (CES-D) Scale was used
to assess frequency of depressive symptoms [36]. The CES-D
has four subscales that assess four domains. Negative affect
includes feelings of loneliness and sadness; lack of positive
affect includes the absence of feelings of happiness and enjoyment; somatic complaints include physical symptoms; and
interpersonal problems include symptoms related to interpersonal interactions. It measures the frequency with which participants have experienced a specific symptom within the previous week, using a 4-point rating scale that ranged from 0 =
“rarely to none of the time” to 3 = “most or all of the time”.
CES-D scores range from 0 to 60, where higher scores indicate greater frequency of depressive symptoms.
Social Support A 6-item modified scale from the 10-item
Lubben Social Network Scale (LSNS) was used to measure
social support [37]. Participants were asked to rate the assistance and support they received from family and friends for
diverse needs, ranging on a scale of 1 = “definitely true” to 5 =
“definitely false.” The scoring ranges from 6 to 30, where
lower scores indicate greater social support.
Cultural Identity Cultural identity was measured using an 8item scale comprised of two subscales, Ethno-Cultural
Identity Subscale (ECIS) and American Cultural Identity
Subscale (ACIS) [16, 38]. The subscales assessed participants’ knowledge of, involvement with, positive feeling toward, and perceived importance of their own ethno-cultural
and American cultural backgrounds, respectively. Each subscale consists of 4 items scored on a 5-point Likert scale from
5 (very knowledgeable, very positive, very important) to 1
(not knowledgeable, not involved, and not important). Total
subscale scores range from 4 to 20; higher scores indicate a
stronger affiliation with their specific ethnic group’s culture or
the American culture as indicated by the specific subscale.

Data Analysis
Participant characteristics were summarized by mean (M) and
standard deviation (SD) for continuous variables and frequencies and percentages for categorical variables. Participants
who had a history of heart disease were excluded from this
analysis. Differences in participant characteristics across the
four race/ethnicity groups were examined using chi-squared
or Fisher’s exact tests for categorical variables. Fisher’s exact
tests were performed when the expected number of
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frequencies in a cell was less than 5, in which case chi-squared
test would not have been valid and one-way ANOVA or
Kruskal-Wallis tests for continuous variables. The KruskalWallis test was used rather than ANOVA when the assumption of normality was violated. As a follow-up to the significant ANOVA or Kruskal-Wallis tests, post hoc analysis was
performed to confirm where the significant differences occurred between groups. Pearson and Spearman rank correlation coefficients were calculated to examine the bivariate relationships between variables. For non-normal continuous
variables, Spearman correlations were used rather than
Pearson correlations. Multiple linear regressions for each sex
on FRS were then conducted with the variables that showed
significant bivariate association with FRS and were hierarchically assessed by adjusted R-square to select the best regression model. R-square changes were evaluated by the F test.
Model 1 included ethnicity only. Model 2 added
sociodemographic variables (i.e., age, education, and marital
status). Model 3 added biological and psychosocial variables
(i.e., BMI, CES-D, and ECIS). Least square means of FRS
with standard errors were calculated for the four ethnic groups
by the 10-year age group, adjusting for the covariate in model
3, above. In post hoc analysis, interaction terms between variables were also investigated. All data analyses were performed in SAS 9.4 (Cary, NC, 2011) and a two-tailed p value
of less than 0.05 was regarded as statistically significant.

Results
Participant Characteristics
Data from 1146 individuals were included in these analyses.
Table 1 summarizes participant’s characteristics. Overall, participants had a mean age of 48.8 ± 15.3 years; a mean FRS of
13.9 ± 6.9; and 55% were female. The median age was
47 years for the total sample, 47.5 for males and 47 for females. Native Hawaiians comprised the largest ethnic group
(44.4%), followed by non-Hispanic Whites (25%), Filipinos
(15.4%), and Japanese (15.3%). The majority (64.6%) had a
high school degree or less and 75.4% had an annual household
income below $50,000.
There were significant differences across the ethnic groups
on many of the variables assessed including age, education,
marital status, income, hypertension medication, FRS, depression, social support, American cultural identity, and ethnocultural identity. Among males, mean FRS for Japanese was
significantly higher than mean FRS for non-Hispanic Whites
and Native Hawaiians. Among females, mean FRS for
Japanese and Filipinos were significantly higher than those
for non-Hispanic Whites and Native Hawaiians. Both
Filipinos and Native Hawaiians had significantly higher depression scores than non-Hispanic Whites. Non-Hispanic

Whites had significantly higher social support scores than
Native Hawaiians. American cultural identity scores were significantly higher among non-Hispanic Whites and Japanese
compared with Native Hawaiians and Filipinos. Finally,
Filipinos had the lowest ethno-cultural identity scores while
non-Hispanic Whites had the highest.

Bivariate Correlations
Pearson correlation coefficients were calculated to examine
the bivariate correlations between variables. An intercorrelation matrix is presented in Table 2. Women had lower FRS
than men (r = − 0.09, p < 0.01). Higher FRS was associated
with lower ethno-cultural identity (r = − 0.07, p < 0.04) and
fewer depressive symptoms (r = − 0.09, p < 0.01). Age (r =
0.74, p < 0.001) and use of hypertension medication (r =
0.44, p < 0.001) were both positively associated with FRS,
indicating that older participants and who used hypertension
medication were likely to have higher FRS.

Hierarchical Multiple Regression
Hierarchical multiple regression was used to identify the best
model to predict FRS for males and females separately
(Tables 3 and 4, respectively). Only variables found to have
a significant bivariate association with ethnicity and FRS were
entered into the modeling for parsimony. Among both genders, model 1 only included ethnicity; model 2 included age,
education, diabetes status, and marital status (i.e.,
sociodemographics); and model 3 added BMI, depression,
and ethno-cultural identity. Among males, model 2 accounted
for significantly more variance in FRS than model 1 (R2 =
0.56, F = 390.39, p < 0.001). Model 2 showed that Native
Hawaiians (B = 1.46, p = 0.02) had FRS that were significantly higher than those in non-Hispanic Whites, controlling for
age, education, and marital status. Model 3 accounts for significantly more variance in FRS (R 2 = 0.59, F = 24.09,
p < 0.001); however, ethnic differences in FRS are nonsignificant.
Among females, model 2 showed that non-Hispanic
Whites had significantly lower FRS relative to Native
Hawaiians, Filipinos, and Japanese (R2 = 0.59, F = 418.96,
p < 0.001), controlling for age, education, and marital status.
In model 3, FRS for non-Hispanic Whites remained significantly lower than FRS for Japanese and Filipinos.
Additionally, a greater portion of the variance in FRS was
explained in model 3 (R 2 = 0.63, F = 24.09, p < 0.001).
Interestingly, among both males and females, education was
significantly associated with FRS such that greater education
was related to higher FRS (males B = 0.57, p = 0.03; females
B = 0.57, p = 0.01).
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Table 1

Participant characteristics

Characteristics
Gender
Male
Female
Age***
Education level***
Less than high school
High school graduate/GED
Some college
College graduate
Marital status***
Never married
Currently married
Separated
Widowed
Divorced
Annual household income***
< $15,000
$15,000–$24,999
$25,000–$34,999
$35,000–$49,999
$50,000–$74,999
> $74,999
Framingham Risk Score***
Male
Female
Hypertension medication?***
No
Yes
Don’t know
Diabetes status
No
Yes
CES-D score***
LSNS score***
ACS***
ECS***

Native Hawaiians, N = 509

Filipinos, N = 176

Japanese, N = 175

Whites, N = 286

Combined, N = 1146

223 (43.9)
285 (56.1)
44.2 ± 14.4 a

65 (36.9)
111 (63.1)
52.8 ± 16.0 a

83 (47.4)
92 (52.6)
57.8 ± 16.3 a

140 (49.0)
146 (51.1)
48.0 ± 13.9 a

511 (44.6)
634 (55.4)
48.8 ± 15.3

48 (10.0) f
327 (67.8) a
82 (17.0)
25 (5.2) a

62 (35.2) a
62 (35.2) n,w
31 (17.6)
21 (11.9) n

21 (12.0) f
85 (48.6) n
37 (21.1)
32 (18.3) n

7 (2.5) f
111 (38.8) a
54 (18.9)
114 (39.9) n

138 (12.3)
585 (52.3)
204 (18.2)
192 (17.2)

113 (22.3) f,w
315 (62.3)
10 (2.0)
34 (6.7)
34 (6.7)

21 (12.0) n
121 (69.1)
2 (1.1)
22 (12.6) w
9 (5.1)

24 (13.7)
123 (70.3)
2 (1.1)
19 (10.9)
7 (4.0)

49 (17.1) n
170 (59.4)
4 (1.4)
9 (3.2) f
54 (18.9)

207 (18.1)
729 (63.8)
18 (1.6)
84 (7.4)
104 (9.1)

60 (12.5) f,w

38 (21.6) n

32 (18.4)

51 (18.0) n

181 (16.2)

87 (18.1)
116 (24.1)
99 (20.6)
97 (20.2)
22 (4.6)

41 (23.3)
45 (25.6)
24 (13.6)
23 (13.1)
5 (2.8)

43 (24.7)
28 (16.1)
26 (14.9)
29 (16.7)
16 (9.2)

48 (16.9)
41 (14.4)
62 (21.8)
46 (16.2)
36 (12.7)

219 (19.6)
230 (20.6)
211 (18.9)
195 (17.5)
79 (7.1)

13.7 ± 7.3 j
12.3 ± 7.5 f,j

15.0 ± 7.7
15.6 ± 6.5 n,w

17.4 ± 5.8 n,w
16.7 ± 6.0 n,w

14.2 ± 5.7 j
11.8 ± 5.7 f,j

14.6 ± 6.8
13.4 ± 7.0

32 (27.8)
82 (71.3)
1 (0.9)

14 (26.9)
38 (73.1)
0 (0.0)

9 (14.5) w
53 (85.5)
0 (0.0)

23 (67.7) j
11 (32.4)
0 (0.0)

78 (29.7)
184 (70.0)
1 (0.4)

415 (81.7) w
93 (18.3)
10.4 ± 7.4 j,w
8.9 ± 3.6 w
10.2 ± 2.7 j,w
8.1 ± 2.5 f,w

144 (81.8) w
32 (18.2)
10.4 ± 7.8 w
9.6 ± 3.6
9.8 ± 3.1 j,w
6.8 ± 2.4 a

141 (80.6) w
34 (19.4)
8.5 ± 6.9 n
9.3 ± 3.3
8.9 ± 2.6 n,f
7.8 ± 2.3 f,w

275 (96.2) n,f,j
11 (3.8)
8.4 ± 8.0 n,f
10.1 ± 4.5 n
8.9 ± 2.9 n,f
8.7 ± 2.8 a

975 (85.2)
170 (14.8)
9.6 ± 7.6
9.4 ± 3.8
9.6 ± 2.8
8.0 ± 2.6

CES-D, Center for Epidemiological Studies-Depression; LSNS, Lubben Social Network Scale; ACS, American Cultural Subscale; ECS, Ethno-Cultural
Subscale. *p < 0.05; **p < 0.01; ***p < 0.001, a: all pairwise comparisons, n: vs. Native Hawaiian, f: vs. Filipino, j: vs. Japanese w: vs. White

Least Square Means
Tables 5 and 6 present the least square means of FRS for males
and females, respectively, controlling for education, marital status, diabetes status, BMI, depression, and cultural identity.
Among males, the only significant differences in FRS were in
the 50- to 59-year-old age group. In this age group, Native
Hawaiians and Filipinos had significantly higher FRS than
non-Hispanic Whites. Among females, Native Hawaiians had
significantly higher FRS compared with non-Hispanic Whites

in the 50- to 59-year-old age group. In the oldest age group,
those over 70 years old, Filipinos and Japanese had significantly higher FRS than non-Hispanic Whites.

Discussion
The purpose of this research was to examine potential ethnicby-gender differences in 10-year risk for CVD based on the
FRS, and after controlling for relevant sociodemographic,
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Table 2

Summary of bivariate correlations, means, and standard deviations
Age

Gender
− 0.01
Age
–
Education
Income
Hypertension medication
Diabetes status
CES-D
LSNS
ECS
ACS
FRS
M
SD

Edu

Income

HTN Rx

Diabetes

CES-D

LSNS

ECS

ACS

FRS

− 0.07*
− 0.14***
–

− 0.03
− 0.18***
0.29***
–

0.06
0.31***
− 0.06
− 0.09
–

0.01
0.23***
− 0.14***
− 0.05
0.14
–

0.04
− 0.08**
− 0.13***
− 0.11***
− 0.02
0.04
–

− 0.12***
− 0.04
0.11***
− 0.03
− 0.11
− 0.05
0.33***
–

− 0.04
− 0.11***
− 0.00
0.07*
− 0.09
− 0.07*
0.13***
0.19***
–

− 0.02
− 0.07*
− 0.23***
− 0.011***
0.08
0.07*
0.15***
0.11***
0.43***
–

9.6
7.6

9.4
3.8

8.0
2.6

9.6
2.8

− 0.09**
0.74***
− 0.06*
− 0.05
0.44***
0.28***
− 0.09**
− 0.04
− 0.07*
− 0.03
–
13.9
6.9

CES-D, Center for Epidemiological Studies-Depression; LSNS, Lubben Social Network Scale; ECS, Ethno-Cultural Subscale; FRS, Framingham Risk
Score; HTN Rx, hypertension medication. *p < 0.05; **p < 0.01; ***p < 0.001

possible that the lack of significances is due to the sample size
of Native Hawaiian females in this age group. This increased
CVD risk in the 50- to 59-year-old age group is supported by a
greater prevalence of CVD in Native Hawaiians and Filipinos,
relative to non-Hispanic Whites. The discrepancy between our
reported FRS in the other age groups and CVD rates reported
in the literature is not unique.
While FRS is clinically effective, it is an imperfect measure
[39]. For instance, guidelines from New Zealand suggest that
Framingham Risk Scores may underestimate risk in high-risk
groups (including Maori and other Pacific Islanders in New
Zealand) [40]. Previous research has shown that CVD risk in
Filipinos varies significantly by risk calculator [41]. The FRS

biological, and psychological factors. Contrary to what we
expected, we failed to find any differences in FRS among
men across ethnic groups after adjusting for age, education,
marital status, BMI, depression, and cultural identity. Among
females, we found that Filipinos had higher adjusted FRS than
non-Hispanic Whites. However, when examining FRS by age
group, we found that in both sexes, Native Hawaiians aged 50
to 59 years old had significantly higher FRS than nonHispanic Whites. This was also true for Filipino males in the
same age group. Among females over 70 years old, Filipinos
and Japanese had higher FRS than non-Hispanic Whites.
While not significant, Native Hawaiians in this age group also
had an FRS that was higher than non-Hispanic Whites. It is
Table 3 Hierarchical regression
analysis of ethnicity, age,
education, and BMI on
Framingham Risk Scores for
males

Variables

Ethnicity
Model 1

Hawaiian vs. White
Filipino vs. White
Japanese vs. White
Age
Education

Model 2

B

SE B

p value

− 0.54
0.73
3.18

0.77
1.08
1.00

0.48
0.50
0.002

Single vs. interrupt marital status
Married vs. interrupted marital status
Diabetes status
BMI
CES-D
ECS
R2
0.04
2

F for change in R

B

Model 3
SE B

p value

1.50
0.28
0.82
0.33
0.59

0.60
0.78
0.71
0.02
0.27

0.02
0.72
0.25
< 0.001
0.03

− 0.15
1.10
2.25

0.80
0.63
0.68

0.85
0.07
0.001

0.56
390.39 (p < 0.001)

B

SE B

p value

0.79
0.45
1.04
0.33
0.57

0.61
0.77
0.69
0.02
0.26

0.20
0.56
0.13
< 0.001
0.03

− 0.38
1.07
1.79
0.20
− 0.06
0.10

0.79
0.62
0.66
0.04
0.03
0.08

0.63
0.09
0.01
< 0.001
0.03
0.22

0.59
24.09 (p < 0.001)
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Table 4 Hierarchical regression
analysis of ethnicity, age,
education, and BMI on
Framingham Risk Scores for
females

Variable

Hawaiian vs. White

Model 1

Model 2

B

SE B

0.47

0.71

p value

Filipino vs. White
3.85
0.88
Japanese vs. White
4.88
0.94
Age
Education
Single vs. interrupt marital status
Married vs. interrupted marital status
Diabetes status
BMI
CES-D
ECS
R2
0.07

Table 5 General linear model
estimates of least square means of
Framingham Risk Score by
ethnicity and age group, after
adjusting for covariates for males

Variables

≤ 39
≥ 40
≥ 50
≥ 60
≥ 70

years
years to ≤ 49 years
years to ≤ 59 years
years to ≤ 69 years
years

SE B

p value

B

SE B

p value

0.51

1.67

0.52

0.001

0.62

0.52

0.24

< 0.01
< 0.01

1.54
1.30
0.38
0.32
0.62
0.64
1.59

0.64
0.66
0.02
0.24
0.74
0.50
0.54

0.02
0.05
< 0.001
0.18
0.40
0.20
0.004

1.90
1.48
0.38
0.57
0.15
0.41
0.77
0.23
− 0.01
0.07

0.64
0.63
0.02
0.23
0.71
0.48
0.53
0.03
0.02
0.08

0.003
0.02
< 0.001
0.01
0.83
0.40
0.15
< 0.001
0.79
0.34

0.59
418.96 (p < 0.001)

F for change in R2

has been found to underestimate fatal CVD risk estimates in
individuals with type 2 diabetes [42]. A retrospective, observational study using claims data in Hawai‘i found that Native
Hawaiians and Filipinos had higher rates of hypertension and
diabetes, relative to non-Hispanic Whites [21]. Data from the
2017 Behavioral Risk Factor Surveillance Survey also
showed that Native Hawaiians and Filipinos have higher diabetes prevalence than non-Hispanic Whites and Japanese [43].
FRS may underestimate CVD in Native Hawaiians and
Filipinos due to their higher rates of diabetes relative to other
ethnic groups.
Interestingly, greater education was related to greater risk
of CVD in both genders even after adjusting for age and ethnicity, both of which are associated with education and CVD
risk. A possible explanation may be acculturation differences
between younger and older age groups. The older Filipino
participants may have immigrated to Hawai‘i for plantation
work. They may have maintained more traditional lifestyles

B

Model 3

0.63
24.09 (p < 0.001)

including diets, gardening and other yard maintenance, and
physical activity routines. These traditional lifestyles are often
healthier than their Westernized counterparts [44]. The younger generations may have more formal education but have
adopted a more Western lifestyle (i.e., sedentary, poor diet,
increased alcohol and tobacco consumption) [45]. These results are supported by other studies that have found a positive
association between CVD risk and immigrants’ length of residence in the US [46–48]. Length of residence in the US has
been associated with coronary heart disease in Chinese and
South Asian immigrants [49, 50]. Researchers have found
positive associations between acculturation and hypertension
in multiple ethnic and US immigrant populations [51–53].
The impact of the interaction between age and education on
FRS was explored but found not to be significant.
Other studies with Filipinos in Hawai‘i have found a positive association between length of time in Hawai‘i, as a measure of acculturation, and BMI [54]. Studies including

Ethnicity
Native Hawaiian,
N = 223

Filipino,
N = 65

Japanese,
N = 83

Non-Hispanic
White,
N = 140

8.86 ± 1.28
13.45 ± 0.87
17.75 ± 0.68 w
17.80 ± 1.02
22.95 ± 1.60

8.55 ± 1.63
10.96 ± 2.69
19.43 ± 1.01 w
16.15 ± 1.38
21.34 ± 1.62

11.63
14.08
16.74
17.54
22.40

10.08 ± 1.66
14.21 ± 0.93
14.91 ± 0.61 n,f
17.70 ± 1.31
22.07 ± 2.24

±
±
±
±
±

2.09
1.31
1.00
1.20
0.97

Adjusted for education, diabetes status, marital status, BMI, depression, and cultural identity. Subscripts indicate
significance at p < 0.05 n: vs. Native Hawaiian, f: vs. Filipino, j: vs. Japanese w: vs. non-Hispanic White
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Table 6 General linear model
estimates of least square means of
Framingham Risk Score by
ethnicity, after adjusting for
covariates for females

Ethnicity
Variables

Native Hawaiian,
N = 285

Filipino,
N = 111

Japanese,
N = 92

Non-Hispanic
White,
N = 146

≤ 39 years
≥ 40 years to
≤ 49 years
≥ 50 years to
≤ 59 years
≥ 60 years to
≤ 69 years
≥ 70 years

5.06 ± 0.77
11.78 ± 0.67

5.65 ± 1.47
14.52 ± 1.12

7.25 ± 1.83
15.17 ± 1.12

4.43 ± 1.15
12.695 ± 0.70

17.69 ± 0.73 w

16.96 ± 0.92

15.47 ± 1.05

14.81 ± 0.78 n

18.89 ± 0.92

20.69 ± 0.94

19.93 ± 1.03

17.43 ± 1.12

21.10 ± 1.18

21.34 ± 0.80 w

21.73 ± 0.64 w

16.93 ± 1.22 f,j

Adjusted for education, marital status, diabetes status, BMI, depression, and cultural identity. Subscripts indicate
significance at p < 0.05 n: vs. Native Hawaiian, f: vs. Filipino, j: vs. Japanese w: vs. non-Hispanic White

Filipino immigrants to the US continent have found length of
time in the US to be positively related to the likelihood of
having hypertension [55]. Research comparing between
Japanese men in Japan and Hawai‘i found the prevalence of
coronary artery calcification, a precursor to coronary heart
disease, in Hawai‘i was three times greater than that in Japan
[56]. This magnitude of difference remained after controlling
for a variety of health behavior risk factors. Increased risk of
diabetes has also been found in Japanese immigrants to the US
[57]. Our study operationalized ethnic identity as a participant’s affinity toward, knowledge of, and affiliation with
American and their ethnic culture. Thus, length of residence
in the US may be related to our measure of ethnic identity but
are conceptually different.
Understanding ethnic differences in CVD risk can aid in
developing targeted and effective prevention programs. Our
results suggest that Filipino females have elevated CVD risk,
relative to non-Hispanic White females in Hawai‘i.
Differences in CVD risk are potentially related to the acculturation. Programs that promote traditional diets, activities,
and culture may be effective means for decreasing cardiovascular disease risk. Recently, Kaholokula et al. (2017) found a
hypertension education program that included hula, the traditional dance of Hawai‘i, significantly improved participant
blood pressure compared with a control group [58]. A qualitative study with these participants found that participating in
hula increased participants’ connection to their culture and
increased their commitment to healthy lifestyle choices [59].
Results from this study should be interpreted in context of
its limitations. Due to the cross-sectional design, the results
support associations between variables but causation cannot
be inferred. Additionally, while Framingham risk factors have
been found to equally predict CVD mortality in multiple ethnic groups, individual risk factors and CVD associations differ
by race and ethnicity [29]. While all community residents
were invited to participate in this study, just under half participated. Those who chose to participate may have

systematically differed from those who did not participate in
a way that is related to our variables of interest (i.e., age,
education, depression, etc.). This self-selection bias may limit
the generalizability of our results.

Conclusion
Our study suggests that biological risk factors, such as BMI
and age, and psychosocial risk factors, such as depression,
explain a significant proportion of the variation in CVD risk
as measured by FRS. Our results suggest that in males there is
no difference in 10-year CVD risk between ethnic groups.
Among females, Filipinos have a higher 10-year CVD risk
compared with non-Hispanic Whites. However, data on
CVD events indicate that Native Hawaiians of both sexes
are at greater risk for CVD compared with other ethnic groups.
Together, this provides evidence for the need to recalibrate
FRS for Native Hawaiian and Filipino populations.
Additionally, we need to better understand the factors that
contribute to unexplained variance in CVD risk and address
these factors in cardiovascular health promotion efforts.
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