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Abstract

Background/Objectives—Obesity and diabetes rates are high in Native Hawaiians (NH) who 

commonly have mixed ancestries. Persons of Asian ancestry experience a high risk of type 2 

diabetes despite the relatively low body weight. We evaluated the impact of ethnic admixture on 

diabetes risk among NH in the Multiethnic Cohort (MEC).

Methods/Subjects—Based on self-reports, 11,521 eligible men and women were categorized 

into NH/white, NH/other, NH alone, NH/Asian, and the most common three ancestry admixture, 

NH/Chinese/white. Cox proportional hazard ratios (HRs) and 95% confidence intervals (CIs) were 

calculated with the NH/white category as the reference group; covariates included known 

confounders, i.e., body mass index (BMI), dietary and other life-style factors.

Results—The NH alone category had the highest proportion of overweight and obese individuals 

and the NH/Asian category the lowest proportion. During 12 years of follow-up after cohort entry 

at 56 years, 2,072 incident cases were ascertained through questionnaires and health plan linkages. 

All NH categories had higher HRs than the NH/white category before and after adjustment for 

BMI. In fully-adjusted models, the NH/Asian category showed the highest risk (HR=1.45; 95%CI: 

1.27–1.65), followed by NH/other (HR=1.20; 95%CI: 1.03–1.39), NH/Chinese/white (HR=1.19; 

95%CI: 1.04–1.37), and NH alone (HR=1.19; 95%CI: 1.03–1.37). The elevated risk by Asian 

admixture was more pronounced in normal weight than overweight/obese individuals.

Conclusions—These findings indicate that Asian admixture in NHs is associated with higher 

risk for type 2 diabetes independent of known risk factors and suggest a role for ethnicity-related 

genetic factors in the development of this disease.
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Introduction

With increasing obesity rates, the number of people with type 2 diabetes is rising across the 

world,1;2 but the incidence is considerably higher in Asians and Pacific Islanders than in 

whites.3;4 In the United States, 20–40% higher rates of type 2 diabetes were reported for 

Asian Americans than whites after adjustment for body mass index (BMI).3;5 High rates of 

obesity among Native Hawaiians (NH) and other Pacific Islanders appear to account for their 

elevated risk,6–8 whereas the high incidence of diabetes in Asian Americans is independent 

of BMI.8–11 After Captain Cook reached the Hawaiian Islands in 1778, the NH population 

was decimated due to diseases resulting from contact with Westerners, for which NHs had 

no immunity.12;13 As a result of intermarriage with members of other ethnic groups, in 

particular white and Chinese, the number of Hawaii residents reporting Part-Hawaiian 

ethnicity increased to 289,970 by 2010.14 Individuals reporting Hawaiian/Pacific Islander 

cultural identity have significantly higher BMIs than those reporting Asian American 

cultural identity that could be only partially explained by variations in educational 

attainment, socioeconomic status, and lifestyle factors.15 From research within the 

Multiethnic Cohort (MEC), it appears that persons with multiple ancestries are more likely 

to have excess body weight.16;17 For example, the prevalence of overweight/obesity in the 

NH/Asian admixture group was higher than the average of the prevalence estimates for NHs 

and Asians.16 Given previous studies showing that Asian Americans experience a 2–3 fold 

higher risk of type 2 diabetes than whites at the same levels of BMI,8;18 we examined 

whether the incidence of diabetes varies in NHs by admixture. The issue of admixed 

populations is of global importance since racial and ethnic admixture has become 

widespread as travel to distant countries from one’s place of origin has become exceedingly 

common. Indeed, increasing mixed racial and ethnic ancestry has been documented across 

the United States19, Mexico,20 and Malaysia.21 Understanding genetic ancestry and 

differences in racial admixture within regions has the potential to better inform public health 

officials to respond to projected health risks of a growing sector of the population, which is 

interracially mixed.19;20

Methods

Study Population

The MEC was established in 1993–1996 to study diet and cancer among different ethnic 

groups in Hawaii and California,22 but the current analysis was restricted to the Hawaii 

component of the cohort.8 All participants provided informed consent at cohort entry. 

Although whites, Japanese American, and NHs were targeted for recruitment in Hawaii, a 

substantial number of participants reported other Asian or multiracial backgrounds. A 

comparison of white, Japanese, and NH cohort members with census data indicated that the 

MEC represents all levels of education although cohort members were somewhat better 

educated than the general population.22 Subjects entered the cohort by completing a 26-

page, self-administered mailed survey that asked about demographic background, medical 

conditions, anthropometric measures, diet, and lifestyle factors. The participants marked all 

applicable ethnic backgrounds (African American, Chinese, Filipino, NH, Japanese, Korean, 

Latino, white, and other). Diet was assessed using a validated quantitative food frequency 
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questionnaire (FFQ) and an extensive nutritional database.22;23 After identifying a total of 

11,521 persons who reported NH ancestry, we created the following admixture categories: 

NH alone, NH/white, NH/Asian, i.e., one or more reports of Chinese, Korean, Japanese, or 

Filipino ancestry, NH/white/Chinese, a common combination for historic reasons,13 and 

NH/other, i.e., combinations of Latino, African American, Other with white and/or Asian.

Identification of Diabetes Cases

Of the original 103,898 members within the Hawaii component of the MEC, 10,028 (9.7%) 

who reported a diagnosis of diabetes at baseline and 10 subjects with missing information 

were excluded. Information on diabetes status was available at three time points, i.e., from a 

follow-up questionnaire in 1999–2003, a medication questionnaire administered during 

2003–2006, and a linkage with Hawaii’s two major health plans in 2007.8 Specific 

algorithms based on multiple claims for diabetes-related treatment services were used to 

identify cases with the purpose to be included in diabetes care registries.8 One of the two 

health plans used an algorithm based on multiple claims for diabetes-related treatment 

services over a 2-year time span. Single diagnostic claims were not classified as cases in 

order to avoid false positives; physicians had the opportunity to refer or remove cases. One 

path identified a specified set of diagnosis codes associated with treatment services 

(inpatient, emergency, or outpatient professional); another path examined outpatient 

prescription drugs or supplies for diabetes. The other health plan, a health maintenance 

organization, based their case identification on clinical information (HbA1c testing), 

pharmacy records (insulin, sulfonylurea drugs, metformin, and blood glucose testing 

supplies), hospital discharge diagnoses reflecting the presence of diabetes, and outpatient 

encounters. The Institutional Review Boards of the University of Hawaii and Kaiser 

Permanente approved the study protocol and all participants signed a consent form at cohort 

entry. When the health plans did not provide a diagnosis date, the estimated date of 

diagnosis was the midpoint in time between the last report of not having diabetes and the 

first indication of diabetes. For incident cases, the follow-up time was calculated as the time 

between the baseline questionnaire and an estimated diagnosis date. For non-cases, the 

follow-up time was calculated as the time between the date of the baseline questionnaire and 

any of the following events if applicable: the date of death, the last date when data on 

diabetes status was available, i.e., the date of the questionnaire or health plan linkage.

Statistical analysis

The average annual incidence rates were computed by ethnic group as the sum of the 

number of newly diagnosed diabetes cases divided by the sum of person-years of follow-up. 

Cox proportional regression using PROC PHREG in the SAS software package, version 9.3 

(SAS Institute, Inc., Cary, NC) was applied to estimate diabetes risk by admixture group 

with NH/white as the reference category because they had the lowest incidence rate. In the 

first model, we calculated hazard ratios (HR) and 95% confidence intervals (CI) using 

models stratified by age at cohort entry (continuous) and adjusted for sex and years of 

education (<12, 12, 13–15, and ≥16 years). The second model also included BMI (<22.5, 

22.5–<25, 25–<30, and ≥30 kg/m2). In a third model, we further adjusted for all variables 

that were previously found to be associated with diabetes risk in this dataset, i.e., smoking 

status and physical activity, as well as intake of total energy, alcohol, red meat, dietary fiber, 
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sugared sodas, and coffee.24;25 Physical activity was expressed as metabolic equivalents 

(METs) and 711 missing values were replaced with the means for each sex-ethnic group. 

Daily intakes of dietary fiber and red meat were expressed per 4,184 kJ of energy intake; 

logarithmic transformations were applied to intakes of dietary fiber, red meat, total energy as 

well as METs. For alcohol (<1, 1- to <1, ≥1 drink/day), coffee (almost never, <1, 1, 2, and 

≥3 cups/day), and sugared soda (0, <2, and ≥2 sodas/week) consumption, categorical 

variables were created. To evaluate the importance of admixture as compared to the NH/

white group independent of BMI, stratified models by BMI category were performed.

Results

After excluding subjects with prevalent diabetes or missing data at baseline, 11,521 cohort 

members (4,961 men and 6,560 women) who reported any Native Hawaiian ancestry were 

part of this analysis (Table 1). The mean age of the participants was 56 years at cohort entry 

and the mean follow-up time was 11.9±3.4 years. When divided into admixture groups 

(Table 2), 23% were NH/white, 16% NH/other, 21% NH/white/Chinese, 16% NH alone, and 

24% NH/Asian. The distribution of BMI, smoking (except in men), education, physical 

activity, and dietary intakes differed significantly across admixture groups. The overall 

incidence of new cases was 16.0 per 1,000 pyrs with the highest rates in NH/Asian (18.3 per 

1,000 pyrs) and NH alone (17.8 per 1,000 pyrs) and the lowest rate in the NH/white group 

(13.4 per 1,000 pyrs). After stratification by BMI category, the incidence was approximately 

2-fold higher in the overweight and 5-fold higher in the obese participants when compared 

to the normal weight category. Within each BMI category, the pattern by admixture group 

was similar as in the total study population: the incidence rates were lowest for the NH/

white group (3.8, 12.3, and 26.4 per 1,000 pyrs across BMI categories) and highest for those 

with Asian ancestry (8.8, 18.8, and 34.7 per 1,000 pyrs). For those who reported NH alone, 

the respective rates were similar to the NH/Asian group (6.7, 13.3, and 31.3 per 1,000 pyrs).

The basic Cox regression models stratified by age at cohort entry and adjusted for sex and 

years of education showed a similar pattern of ethnic differences as the incidence rates 

(Table 2). When compared to the NH/white group, the risk estimates for NH/Asian and NH 

alone were 1.36 and 1.27, respectively, in the simple model, whereas the risk was elevated 

by 12 and 16% for the NH/other and NH/Chinese/white admixture groups. Including BMI 

into the models primarily increased the relative risk for the NH/Asian group (HR=1.52; 

95%CI: 1.34–1.73), while further adjustment for diet and lifestyle factors only modified the 

risk estimates minimally. Stratification by BMI category again indicated that the NH/Asian 

admixture group experienced the highest risk of diabetes as compared to other admixture 

groups; the respective HRs for normal weight, overweight, and obese participants were 2.33 

(95%CI: 1.60–3.39), 1.54 (95%CI: 1.25–1.90), and 1.30 (95%CI: 1.08–1.56), whereas the 

HRs for the other admixture groups were 1.66–1.83 in the normal weight individuals, 1.07–

1.26 among overweight persons, and 1.10–1.20 in the obese category.

Discussion

Within this population of more than 10,000 middle-aged and elderly individuals with NH 

ancestry who were followed for nearly 12 years, the incidence and risk of developing type 2 
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diabetes varied distinctly according to self-reported admixture. NH participants who 

reported only white admixture were least likely to develop diabetes even after adjustment for 

potential confounders, whereas any Asian ancestry predicted a more than 2-fold higher risk 

to be diagnosed with diabetes. As shown in previous reports,8;18 the incidence rates for 

participants with white and Asian ancestry in the MEC were 9.9 and 17.9–21.3 per 100,000 

pyrs, respectively; this indicates that the incidence in the NH/white group (13.4 per 100,000 

pyrs) was one third higher than in whites, while incidence rate for the NH/Asian category 

(18.3 per 100,000 pyrs) was similar to the different Asian groups.18 The type of admixture 

influenced diabetes risk more among normal weight than overweight/obese participants. One 

possible explanation, which needs to be explored in future research, is that genetic factors in 

Asians predispose to type 2 diabetes and other weight-related diseases,26 but heavier Asian 

individuals develop diabetes primarily as a consequence of excess body weight.

A limited number of studies have described the effects of ethnic admixture. In addition to 

the obesity studies within the MEC,16;17 the prevalence of type 2 diabetes in two rural 

communities in Hawaii was not significantly associated with the percentage of Hawaiian 

ancestry after adjusting for age,27 but in a later report from the same population, a higher 

Hawaiian blood quantum was significantly associated with higher fasting glucose, BMI, and 

waist-to-hip ratio.28 When descent from other ethnic groups was examined, full-Hawaiians 

had significantly higher fasting glucose concentrations than part-Hawaiians. In contrast, 

part-Hawaiians of predominantly Asian ancestry had the highest 2-hour postprandial glucose 

concentrations.

A number of different conditions have been investigated in relation to admixture among 

other ethnic groups. The percentage of African ancestry improved the prediction of lung 

function and allowed more accurate disease severity classification.29 Similarly, significant 

associations of indigenous ancestry in admixed mestizos across Mexico with lung function 

have been reported.20 In Latina women, the proportion of European vs. Indigenous 

American ancestry was associated with higher breast cancer risk after adjustment for known 

risk factors.30 Among Latinos in the south western United States31 and among Tohono 

O’odham (Pima) Indians in Arizona,32 a higher proportion of Native American blood 

quantum was associated with a higher risk of type 2 diabetes.

The presence of insulin resistance syndrome among NHs was shown to be similar as in other 

high risk indigenous populations, e.g., individuals from the Tohono O’odham tribe in 

Arizona.32 However, Asians are more likely to manifest a β-cell secretion defect measured 

as elevated post-glucose challenge hyperglycemia.33 Thus, NHs who are an admixture of 

NH and Asian ancestry may be at higher risk because of a “double whammy” metabolic load 

of both insulin resistance and β-cell secretion defects within the same individual, who is 

unable to compensate for hyperinsulinemia and, thus, presents with elevated fasting and 

postprandial hyperglycemia defined as diabetes mellitus.

Given the history of NHs who probably started to settle on the Hawaiian Islands in 1025–

1120 as seafarers migrating from East Asia across the Pacific,34;35 the population genetic 

structure of NHs is highly complex. In a group of NH MEC participants, 27% East Asian, 

27% European, and 46% NH ancestry was detected.36 In a later analysis using high-
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resolution genome-wide SNP data and mitochondrial genomes of 148 and 160 NHs,35 the 

genome of NHs who self-reported full NH heritage contained 78% NH, 12% European, and 

8% Asian ancestry. The estimated proportions of NH ancestry for those who reported mixed 

ancestry were found to be consistent with their self-reported heritage.35 However, the impact 

of genetic markers to predict onset of type 2 diabetes has been thus far poorly delineated; 

therefore, self-report ethnic and racial ancestry has been most useful in terms of clinical care 

and prevention strategies.

This analysis had several strengths including the large sample size, the long follow-up, the 

detailed ethnicity information, the availability of self-reported data on dietary and lifestyle 

factors, and the multiple data sources to establish a diabetes diagnosis. A number of 

limitations need to be noted. Given the design of the questionnaire, we were not able to 

compute the percentage of NH or various Asian ancestries. Ideally, the self-reported ethnic 

background would be compared to genetic markers but these are not available for this large 

number of NH participants. Although no validations of self-reports and diabetes care 

registries are available for Hawaii, self-reported diabetes diagnoses37;38 and care registries 

were found to be valid in other studies.39 Given the age distribution of the MEC, which did 

not include persons less than 45 years of age at cohort entry, the current report pertains 

primarily to older individuals and excludes cases with early onset diabetes. The increasing 

number of cases diagnosed in younger Asians,40 may have different etiologic features and/or 

genetic predispositions that need to explored in appropriate study populations.

The current findings are of interest to other populations because fine-scale ancestry patterns 

are critical for medical studies in many countries with highly admixed populations.20 Efforts 

to develop more accurate disease prediction models based on genetic and lifestyle risk 

factors may have to consider the inclusion of differentiated ancestries instead of using 

simple self-reported categories.20 The potential influence on public health and clinical care 

lies in targeted prevention approaches in high-risk populations.

The current findings among a study population aged 50 years and older indicate that NHs 

with Asian admixture are at higher risk for type 2 diabetes than those with white admixture 

or NH alone independent of BMI status, diet, and other known lifestyle related factors. 

Several complex biologic mechanisms for the high susceptibility of Asians to type 2 diabetes 

have been proposed,41;42 including a role of visceral adipose tissue in glucose metabolism43 

and higher insulin sensitivity combined with lower insulin response in East Asians compared 

with whites.42 These findings confirm that even among high risk populations, a broad range 

of risk assessment approaches may inform strategies to delay the onset of diabetes, can be 

tailored to individuals at highest risk, and should be implemented at earlier stages of the 

disease process, such as lower BMI and earlier age.
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