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RELATIONSHIP OF ETHNICITY AND BODY MASS INDEX WITH THE DEVELOPMENT OF

HYPERTENSION AND HYPERLIPIDEMIA

James Davis, PhD; Deborah Juarez, ScD; Krista Hodges, MPHObjectives: Studies primarily using prevalence

data suggest the relationship between body

mass index (BMI) and risk factors for cardio-

vascular disease may vary by ethnicity. The

objective of this study was to examine

longitudinally the associations of BMI and

ethnicity with transitions from a baseline state

without evidence of chronic disease to the

onset of hypertension, hyperlipidemia, or

both.

Design: The study population comprised

members of a large insurer in Hawaii. Individ-

uals were eligible if continuously enrolled for

at least one year without evidence of major

chronic disease. Analyses used multi-state

models to measure the relative rates of

transitions from the baseline state to develop-

ing hypertension, hyperlipidemia, or both. All

analyses were adjusted for age, sex, education,

number of office visits, and island of residence.

Results: Native Hawaiians had the highest

prevalence of overweight and obesity followed

by Caucasians, Filipinos, Japanese, Chinese,

and Koreans. Relative rates of transitions by

ethnicity, however, did not parallel the prev-

alence of overweight and obesity. Japanese

and Filipino ethnicities had significantly faster

transition rates than Whites for all four study

transitions, rates that ranged from 20% to more

than two-fold faster. Chinese and Koreans also

had significantly higher rates of many transi-

tions compared to Whites. Native Hawaiians,

by contrast, had a slower transition rate than

Whites to developing hyperlipidemia without

hypertension, and relatively faster transitions to

the other outcome states.

Conclusions: The study offers longitudinal

evidence of different patterns of risk for

developing hypertension and hyperlipidemia

among Asians, Whites, and Native Hawaiians.

(Ethn Dis. 2013;23[1]:65–70)
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INTRODUCTION

The World Health Organization
(WHO) defines overweight and obesity
as conditions in which the body accu-
mulates fat to the extent that health and
well-being are adversely affected.1 With
overweight and obesity, the prevalence
of hypertension, hyperlipidemia, and
diabetes increases substantially and are
considered to be three factors on the
pathway to cardiovascular disease and
mortality.2,3 Insulin resistance also be-
comes more common, often accompa-
nied by higher serum insulin levels.
Other consequences of obesity include
musculoskeletal disorders, limitations of
respiratory function, reduced physical
functioning and quality of life.4

The adverse consequences of obesity
are experienced by all ethnic groups.
Body mass index (BMI) levels, however,
differ considerably by ethnicity, and can
vary among subpopulations within an
ethnicity because of environmental and
lifestyle factors.5 For example, com-
pared to urban Chinese, rural Chinese
have lower average BMI levels.6 The
relationship of BMI and adverse health
outcomes involves additional complex-
ities. First, the strength of relationships
between BMI and adverse health events
can differ among ethnicities. It appears,
as an example, that most Asian ethnic-
ities experience higher risks of hypertension
and cardiovascular disease, while having
lower BMI levels than Whites.3,5,7–9

Underlying the differing risks are differ-

ences in the percentage of body fat for a

given BMI. The relationship between

BMI and percentage of body fat depends

on age and sex, and differs across ethnic

groups. Most Asian ethnicities have

higher average body fat percentage than

Whites of the same age and BMI.5 As a

consequence, Asians may be predisposed

to a greater risk of clinical events, despite

similar BMI. In contrast to Asians,

Polynesians have been reported to have

lower percentages of body fat at compa-

rable BMI.10 Among White populations,

Europeans have been reported to have a

higher percentage of body fat at a

given BMI than Whites in the United

States.5,11

This article summarizes results of an

ethnic study of obesity in Hawaii.

Hawaii residents include Native Hawai-

ians, Whites, and diverse Asian popula-

tions. Our study describes the longitu-

dinal relationships of overweight,

obesity, and ethnicity with the rates of

clinical diagnosis of hypertension and

hyperlipidemia.
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Our study describes the

longitudinal relationships of

overweight, obesity, and

ethnicity with the rates of

clinical diagnosis of

hypertension and

hyperlipidemia.
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METHODS

Study Design
The study population was drawn

from the membership of the largest

insurer in Hawaii. Study participants

had received and answered the insurer’s

membership satisfaction surveys be-

tween 2002 and 2009. A sample of

the membership was surveyed annually

with response rates typically of 40% to

50%. To be eligible for the study, the

members had to have at least one year of

continuous enrollment that ended in

2002 or later, and no evidence of

hypertension, hyperlipidemia, diabetes,

chronic kidney disease, or heart disease

prior to the end of the year of continuous

enrollment. The population was fol-

lowed from the date they met the

enrollment criteria until having evidence

of the development of both hypertension

and hyperlipidemia, disenrollment with

the insurer, or the end of the study

period.

The study outcomes consisted of five

transitions from less to more complex

health states. The transitions were going

from the baseline state to having hyper-

tension, hyperlipidemia, or having both

diagnosed closely together in time; and

from having one of the two chronic

conditions to developing both. Members

with claims for hypertension and hyper-

lipidemia submitted within 90 days of

one another were considered to have had

both diagnosed at about the same time.

A similar definition was used in a study

examining medication adherence among

patients taking both anti-hypertension

and lipid-lowering medications.12

Other study variables included age,

sex, ethnicity, body mass index, educa-

tion, the number of office visits, and

living on the major Hawaii island of

Oahu or on a neighboring island.

Ethnicities were defined from 14 cate-

gories listed on the membership survey.

Participants were asked to check all the

categories that applied. Anyone check-

ing Native Hawaiian was treated in the

analyses as Native Hawaiian, even if

other ethnicities were identified. This
choice follows the practice used by the
Hawaii State Department of Health in
summarizing survey data. Eighty six
percent of the other respondents select-
ed only one ethnic category; as a
consequence, to simplify interpretation
of the results, analyses were limited to
people selecting a single ethnicity. The
study included White, Chinese, Filipi-
no, Native Hawaiian, Japanese, and
Korean ethnicities. Education was clas-
sified into three categories: less than
high school, completing high school but
not going further, and having some
college education. BMI was categorized
into five ranges: #18.5, .18.5 to 24,
25 to 29, 30 to 34, and 35 and higher.
The BMI ranges were chosen to mea-
sure the relative transition rates of the
various ethnicities using the standard
WHO categories.

Data Analysis
Initial analyses included tabulating

frequencies of the study variables and
examining the cross-classifications such
as BMI levels by ethnicity. Subsequent
analyses examined transitions from less
to more complex health states using
multi-state regression models.13,14 The
models are extensions of proportional
hazard models and use times to transi-
tions as the outcomes. People without
transitions were treated as censored. The
multi-state models measure the hazard
ratios of transitions as a function of
covariates. Results are expressed as
hazard ratios with 95% CI.

RESULTS

The study population included

54,418 people with a mean age of

44.8 6 13.8 (SD) years; 64.6% were

female. Only 3.6% had not completed

high school; 49.6% had a high school

degree but had not gone further; and

46.7% had some college education. The

majority lived on Oahu (66.3%). The

percentages by ethnicity were 31.6%

White, 27.7% Japanese, 19.3% Hawai-

ian, 12.3% Filipino, 7.0% Chinese, and
2.1% Korean. The median length of

enrollment before the start of follow-up

was 5.0 years, so most participants had a

relatively long interval prior to the study

without evidence of chronic disease. A

slight majority (54.3%) of the partici-

pants were in the normal range for

BMI; most others were overweight

(28.1%) or obese (13.3%) and a small

percentage (4.4%) were underweight

(Table 1). The prevalence of obesity

by ethnicity was highest for Native
Hawaiians followed by Whites, Filipi-

nos, Japanese, Chinese, and Koreans.

Table 2 summarizes the rates of

transitions from the various starting

and ending states. From the baseline

state, people transitioned twice as rap-

idly to hyperlipidemia as to hyperten-

sion and twice as rapidly from having

hypertension alone to having both

hyperlipidemia and hypertension as
from only having hyperlipidemia. The

highest transition rate was among

people transitioning from having hyper-

tension alone to having both conditions.

Table 1. Number and percent of people by ethnicity and range of body mass
index (BMI)

Ethnicity n

Range of BMI and % Within Each Ethnicity

#18.5 .18.5–24 25–29 30–34 $35

Caucasian 14,694 3.46 57.64 27.44 8.22 3.25
Chinese 3,262 8.22 66.34 20.91 3.65 0.89
Filipino 5,731 3.63 55.98 30.41 7.56 2.43
Hawaiian 8,948 1.99 35.49 32.81 18.02 11.69
Japanese 12,849 6.14 58.35 27.20 6.76 1.56
Korean 980 8.37 72.65 15.51 2.65 0.82
Total 46,464 4.4 54.3 28.1 9.2 4.1
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The hazard ratios for transitioning

from less to more complex states, as

might be expected, became greater with

increasing BMI for all five transitions

examined (Figure 1). The ratios were

lower for transitions to having hyper-

lipidemia without hypertension than to

developing hypertension without hyper-

lipidemia in the models adjusted for

age, sex, ethnicity, education, number

of office visits, and residence on Oahu

or a neighboring island. As an example,

compared to normal weight individuals

people within BMI levels of 25–29, 30–

34, and $35 had hazard ratios for

developing hypertension alone of 1.6,

2.4, and 3.7, respectively. The compa-

rable hazard ratios for transitions to

hyperlipidemia alone were 1.3, 1.4, and

1.5. The relative rates of initial transi-

tions were invariably greater going from

the baseline state to the development of

hypertension and hyperlipidemia close

together in time. Transitions from

having one of hypertension or hyper-

lipidemia to having both were slower

than transitions to the single states.

Not shown in Figure 1 are the

relative rates of transitions for under-

weight individuals compared to people

with normal BMI levels. With under-

weight, we were only able to fit a

simplified model examining the three

initial transitions because of low num-

bers of transitions from having one to

having both conditions. Relative to

people with normal BMI levels the

underweight subgroup had hazard ratios

(95% CIs) of 0.9 (0.8, 1.0), 0.7 (0.6,

0.8), and 0.7 (0.5, 0.8), respectively, for

transitions from baseline to hyperten-

sion, hyperlipidemia, and having both

diagnosed closely together.

Figure 2 presents results for ethnic-

ity from the same regression model as

illustrated in Figure 1. All transitions

were significantly faster for Filipinos

and Japanese compared to Whites, and

all transitions except the transition from

baseline to hyperlipidemia had higher

hazard rates for Hawaiians. Hawaiians

were significantly less likely than Whites

to transition to hyperlipidemia without

accompanying hypertension. Although

based on smaller numbers and not

consistently significant, the hazard ratios

for Chinese and Koreans had increased

estimates compared to Whites.

Table 2. Rates of transitions between health states by starting and ending states

Starting State Ending State
Transition
Category

Rate per
100 years

Baseline Hyperlipidemia only 1 to 2 7.0
Baseline Hypertension only 1 to 3 3.4
Baseline Hyperlipidemia & hypertension 1 to 4 1.7
Hyperlipidemia only Hyperlipidemia & hypertension 2 to 4 7.5
Hypertension only Hyperlipidemia & hypertension 3 to 4 16.8

Rates are calculated as the number of transitions divided by the sum of the followup times for people in the
starting state. Transitions are from a baseline state free of either condition or from states of having hyperlipidemia
only or hypertension only. The ending state of hyperlipidemia and hypertension was defined as the data of
detection of the second condition for people having the first, or the earliest diagnosis date of hyperlipidemia or

hypertension when both conditions were first identified within 90 days of one another.

Fig 1. Hazard ratios with 95% CI compared to having a normal body mass index (BMI) for transitions from start to end states by
heightened ranges of BMI. Start and end states are defined in Table 2. Analyses were adjusted for age, sex, ethnicity, education,
number of office visits, and residence on Oahu or neighboring island
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DISCUSSION

Within our modeling framework,
the paths to developing hypertension
and hyperlipidemia involve five distinct
steps. Transitions across all of the steps
increased with increasing BMI. By
accelerating the development of both
hypertension and hyperlipidemia,
heightened BMI compounds the risk
of subsequent heart disease. Strong
relationships between BMI and the
development of hypertension and hy-
perlipidemia have been previously
shown in national surveys and other
large studies.2,15 Using longitudinal
data, our results emphasize the increased
rates of transitions associated with
increasing BMI levels.

The transition rates also varied in
our study by ethnicity, but the rates did
not parallel ethnic differences in the
prevalence of overweight and obesity.
All five of the transitions tended to
occur faster for Asians compared to
Whites. Filipinos had notably high rates
of development of hypertension. Native
Hawaiians, the ethnicity with highest
percentages of overweight and obese

individuals, developed conditions in-
volving hypertension at greater relative
rates than Whites. Native Hawaiians,
however, developed hyperlipidemia
without accompanying hypertension
relatively more slowly. Rates of devel-
opment of hypertension and hyperlipi-
demia among Asian ethnicities generally
equaled or exceeded those among Na-
tive Hawaiians despite lower BMI levels.
The study results suggest distinct pat-
terns of transition rates among Asians,
Whites, and Native Hawaiians.

A number of studies have reported
greater risks of hypertension and hyper-
lipidemia among Asians than Whites at
similar BMI levels.5,15,16 For example,
one study observed a greater cross-
sectional prevalence of hypertension
among Chinese men and women and
Filipino women compared to non-
Hispanic Whites.17 The study did not
observe a difference for Filipino men. A
recent study using a large clinical
database reported a higher prevalence
of hypertension and hyperlipidemia
among Whites than among Asians.18

Asians have also been shown to have a
greater prevalence of the metabolic

syndrome despite having a lower aver-
age BMI than Whites, and in one study
Filipinos had the highest prevalence
among Asian ethnicities.19,20 The Nurs-
es’ Health Study reported a greater risk
of developing diabetes by Asian women
compared to White women.21

Whether Asians should have lower
cut-points for defining overweight and
obesity has received considerable discus-
sion.3,5,8,9,11,22,23 One cut-off may not
apply for all Asians; especially for some
rural or malnourished populations,
recommendations for Asians as a broad
category may not suffice. The World
Health Organization (WHO) has rec-
ommended having public health action
points that may be specific to each
country.5 A comparison of one set of
action points for hypertension in a rural
population of Asians and Native Ha-
waiians in Hawaii reported improve-
ment in sensitivity and specificity com-
pared with traditional cut-offs for
Asians but not for Native Hawaiians.24

Our results present further evidence that
the risks associated with heightened
BMI may differ between Asians and
Native Hawaiians.

Fig 2. Hazard ratios with 95% CI compared to Whites for transitions among Filipinos, Hawaiians, and Japanese as examined in
separate regression models adjusted and unadjusted for body mass index. Start and end states are defined in Table 2. Analyses
were adjusted for age, sex, education, number of office visits, and residence on Oahu or neighboring island
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Among Native Hawaiians a greater

degree of Hawaiian ancestry has been

associated with a higher prevalence of

hypertension.25 Native Hawaiians as a

group face elevated risks of obesity,

cancer, cardiovascular disease, and mor-

tality.26–29 Compared to Whites, for

example, all-cause mortality among

Native Hawaiians was 30% higher in

1990, and increased to 40% higher by

2000.28 Native Hawaiians are overrep-

resented in lower education and socio-

economic strata relative to most ethnic-

ities in the United States, and more

marginalized from the larger society.27

One study found that differences be-

tween the percentage of Hawaiian or

other Pacific Islander ancestry and

anthropometric outcomes was explained

in part by differences in education,

suggesting socioeconomic influences.30

The results in this article should be

interpreted with respect to a number of

limitations. First, the data are derived

from one insurer and only include its

members that answered member satis-

faction surveys. In addition, a single

measure of BMI was available per

participant to study the development

of hypertension and hyperlipidemia,

and BMI was based on self-reported

height and weight. At the beginning of

followup, participants were considered

to not have chronic conditions based on

a minimum of one year without claims

evidence of existing conditions. Some

participants, however, could have had

conditions not identified in the admin-

istrative data. Outcomes were identified

from submitted claims, requiring health

care utilization, but the use of health

care was variable, although all partici-

pants were insured. Some important

issues could not be studied with the

available data, such as the influence of

acculturation on the processes of tran-

sition from one health state to another.

A strength of the study is the

relatively large sample size, sufficient

to investigate transitions across multiple

health states. The results provide longi-

tudinal evidence of associations between

BMI and ethnicity at early steps on the

pathway to major chronic disease.

Previous studies have often been cross-

sectional or examined late stages such as

the development of cardiovascular dis-

ease or mortality. The results affirm

increasing rates of transition with in-

creasing BMI, and for all five transitions

investigated. The results further show

that four Asian populations within a

shared geographical setting and compa-

rable BMI levels generally developed

hypertension and hyperlipidemia at

faster rates than Whites with similar

BMI levels. Future studies might exam-

ine the comparative effectiveness of

reducing BMI on the ethnic-specific

risks of developing hypertension and

hyperlipidemia as concurrent conditions

as well as individually. The relative rates

of transitions of Filipinos were especial-

ly high, a poorly understood observa-

tion as there has been very little research

on this group. The study results em-

phasize the higher risks of Asians than

Whites at comparable BMI levels and

the high rates of hypertension develop-

ment among Native Hawaiians.
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