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Abstract

We evaluated the association of body mass index (BMI), waist (WC) and hip circumferences 

(HC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) with diabetes in Caucasians, 

Native Hawaiians, and Japanese Americans aged 45–75 years in the Multiethnic Cohort. Diabetes 

cases were obtained from self-reports and by linkages with health insurance plans. We estimated 

adjusted prevalence odds ratios (POR) and compared the area under the receiver operating 

characteristic curves (AUC). All measures were positively associated with diabetes prevalence; 

the PORs were 1.24–1.64 in men and 1.52–1.83 in women. In all 3 ethnic groups, the AUCs in 

men were greater for BMI than for the other measures, while in women the AUCs were greater for 

combined models than for BMI alone, but the differences were small and not clinically significant. 

It does not appear that one anthropometric measure best reflects diabetes prevalence or performs 

better in one ethnic group than in another.
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Introduction

Obesity is a major risk factor for type 2 diabetes,1 but different methods to assess excess 

body fat often yield diverse results, in particular across populations. A common measure to 

define obesity is the body mass index (BMI), a combination of weight and height. 

According to WHO recommendations, cutpoints that classify overweight and obesity were 

set at 25 kg/m2 and 30 kg/m2, since these margins confer higher risks of diabetes and 

cardiovascular diseases.2 Scientific evidence points at differential associations between 

BMI, percentage of body fat, and health risk in Asian populations as opposed to Europeans, 

with a substantial proportion of Asians having a high metabolic disease risk at BMIs lower 

than the existing WHO cutpoints.3–5 Besides total amount, the distribution of body fat seems 
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critical, since abdominal fat and more specifically visceral fat has a strong association with 

insulin resistance and type 2 diabetes mellitus.6 The relatively higher proportion of 

abdominal visceral relative to subcutaneous adipose tissue among Japanese Americans than 

Caucasians7 appears to be responsible for the adverse effects of excess body weight.8 Thus, 

additional anthropometric measures, such as waist circumference (WC), hip circumference 

(HC), waist-to-hip ratio (WHR), or waist-to-height ratio (WHtR), may provide a better 

indicator for abdominal obesity.9 Although all measures are associated with diabetes, it is 

controversial which one has the best predictive power.5;10–12 Evidence from 18 studies 

conducted in the Asia-Pacific region suggests a stronger association of diabetes with WC or 

WHR than BMI in some populations.5 Therefore, we evaluated the association of different 

anthropometric measures of obesity with diabetes in a cross-sectional design among 

Caucasians, Native Hawaiians and Japanese Americans in the Hawaii component of the 

Multiethnic Cohort Study (MEC).

Methods

Study population

The MEC was established in 1993–1996 to evaluate associations between diet and cancer 

among five different ethnic groups living in Hawaii and California.13 More than 215,000 

men and women, aged 45–75 years at baseline were recruited into the cohort by returning a 

mailed self-administered survey consisting of a food frequency questionnaire and additional 

questions on demographics, medical conditions, anthropometric measures, and lifestyle 

factors. Response rates ranged from 28% to 51% in the different ethnic-sex groups and 

comparisons with US census data indicated that the MEC participants represent all levels of 

education, although cohort members were somewhat better educated than the general 

population.13 Annual linkages with state and national death certificate files have been 

performed to obtain information on vital status. A linkage with health plans to identify 

incident diabetes cases was only possible in Hawaii; thus, the present study is limited to the 

Hawaii component of the MEC, consisting of 103,898 participants of primarily Caucasian, 

Japanese American, and Native Hawaiian ancestry.4 For all analyses related to diabetes risk, 

subjects with prevalent diabetes at study entry (n=10,028), questionable incident diabetes 

status (n=1,036), other ethnicity (n=8,692), and missing covariate data at baseline (n=9,172) 

were excluded (Figure 1). Of the remaining 74,970 cohort members, 31,163 did not 

complete a follow-up questionnaire (QX3) assessing waist and hip measures, and 3,352 

participants were excluded because their WC or HC values were outside the range of the 

sex-ethnic mean ±3 standard deviations (SD), their weight was ≤31.8 kg or ≥204.5 kg, or 

their BMI was <10 kg/m2, leaving 40,455 participants (19,048 men and 21,407 women). 

Study protocols were approved by the Committee on Human Studies at the University of 

Hawaii and by the Institutional Review Board of Kaiser Permanente.

Exposure assessment

The baseline questionnaire (QX1) collected information on age, ethnicity, education, 

smoking, physical activity, and a diet history using a validated food frequency questionnaire 

during the previous year.13;14 Participants were also asked if they had ever been diagnosed 

with high blood pressure or had taken blood pressure medication. Weight and height at 
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baseline were self-reported and BMI as weight divided by height squared was calculated. As 

part of follow-up, QX3 in 2003–2007 reassessed weight and asked about WC and HC. 

Participants were provided with a tape measure and instructions to measure (in standing 

position) WC at the navel and HC at the widest area between waist and thighs. Since height 

was not reassessed at QX3, but is unlikely to differ from baseline, BMI at QX3 was 

calculated as weight at QX3 divided by baseline height squared, WHR as waist divided by 

HC, and WHtR as waist divided by height. BMI was categorized as normal weight (BMI 

<25.0 kg/m2), overweight (25.0–29.9 kg/m2), and obese (BMI ≥30.0 kg/m2).

Case ascertainment

As described in detail elsewhere,4 diabetes cases were identified by the following three 

methods: through a short follow-up questionnaire (QX2) asking about medical conditions in 

1999–2003 (response rate 84%), a medication questionnaire including diabetes drugs 

administered in 2003–2006 (response rate 38%), and linkage with health insurance plans in 

2007.4 All participants of the cohort, known to be alive and not refusing to participate, were 

linked with the diabetes care registries of the two major health insurers, which capture 90% 

of the population of Hawaii: Kaiser Permanente Hawaii and Blue Cross/Blue Shield. 

Diabetes cases that were self-reported in the follow-up questionnaire but not confirmed by 

the health plans were deemed questionable, and thus, not included in this analysis.

Statistical analysis

We compared characteristics of the study population to those excluded and tested for 

difference with χ2- or t-test. Anthropometric measures of the study population are given as 

percentages or mean +/− SD by sex and ethnicity. Logistic regression models, stratified by 

sex, were used to estimate prevalence odds ratios (POR) and 95% confidence intervals (CI) 

for prevalent diabetes associated with one sex-specific SD increase in anthropometric values 

to allow for comparisons across measures. We adjusted the analyses for BMI (normal 

weight, overweight, obese), ethnicity (Caucasian, Native Hawaiian, Japanese American), 

education (≤12 years, 13–15 years, ≥16 years), physical activity (never, ½–1, 2–3, ≥4 h/

week), smoking status (never smoker, former smoker, current smoker), hypertension (yes, 

no), and alcohol intake (<1 drink/month as non-drinkers, ≥1 drink/month as drinkers). Red 

meat and dietary fiber intake were also included as covariates since they were significantly 

associated with diabetes risk in previous analyses.15;16 After calculating energy densities (g/

4184 kJ*d), intakes were grouped into quintiles. To assess the ability of each anthropometric 

variable to discriminate between those with and without diabetes, areas under the receiver 

operating characteristic curves (AUC), also called c-statistic, were compared by using a 

contrast matrix with a method described by DeLong et al.17 To determine performance of 

the anthropometric measures by ethnicity, separate analyses for each ethnic group were 

performed. We also stratified by normal vs. overweight/obese status at QX3 and repeated 

analysis after excluding subjects whose weight had changed by more than +/− 5 kg between 

QX1 and QX3. Finally, we estimated diabetes risk for cross-tabulations of 3 BMI categories 

and 2 WC categories using 102 cm for men and 88 cm for women as cutpoints.18
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Results

The proportion of diabetes cases was similar among the 40,455 participants with information 

on waist and hip measurements as in the 34,515 individuals who did not respond to QX3 

(Table 1). However, the study population for the current analysis was slightly younger and 

leaner, had a higher proportion of well educated subjects and non-smokers, and reported a 

lower prevalence of hypertension. All adiposity measures (Table 2) differed significantly by 

ethnicity (p<0.0001). Native Hawaiian men and women had a higher mean BMI (28.7 and 

28.6 kg/m2) than Caucasians (26.5 and 25.4 kg/m2) and Japanese Americans (25.2 and 23.6 

kg/m2). Similarly, WC and HC were greatest in Native Hawaiians, followed by Caucasian, 

while Japanese Americans had the lowest anthropometric values. The relative measures of 

WHR and WHtR showed small, but statistically significant differences, across ethnic 

groups.

All anthropometric measures were significantly associated with diabetes prevalence in men 

(Table 3). The adjusted POR for a one SD increase ranged from 1.25 (95% CI: 1.20–1.31) 

for WHR to 1.64 (95% CI: 1.56–1.72) for BMI. With 0.731, the AUC for BMI was 

significantly greater than for WHR, WHtR, WC, and HC (all p<0.05), but the differences 

were small (<0.03). When we added BMI to the other models, the PORs for the respective 

measures were attenuated and remained significant except for the combination of BMI and 

HC. However, the AUCs did not improve. After stratification by ethnicity, the AUCs tended 

to be lower for Native Hawaiians and Japanese Americans than for Caucasians, irrespective 

of the anthropometric measure or combination of measures. For BMI, the AUC was 0.750 

for Caucasians, 0.696 for Native Hawaiians, and 0.676 for Japanese Americans. As for the 

overall population, the AUCs were greater for BMI than for the other measures in all ethnic 

groups although not always significant and did not increase by including another 

anthropometric measure into the model.

In women (Table 4), all anthropometric measures were also positively associated with 

diabetes prevalence; the PORs for one SD ranged from 1.52 (95% CI: 1.44–1.59) for WHR 

to 1.83 (95% CI: 1.74–1.92) for WC. The AUC for BMI (0.762) did not differ from the ones 

for WC (0.762) and WHtR (0.763), but was significantly higher than for HC (0.744) and 

WHR (0.741) (p<0.05). Adding any of the other anthropometric measures to the BMI model 

significantly increased the AUC as compared to the BMI model, but the differences were 

very small (<0.01). As in men, the AUCs were smaller for Native Hawaiian and Japanese 

American women (0.723 and 0.718 respectively) than for Caucasians (0.776). In all three 

ethnic groups, the AUCs were greater for combined models than for BMI alone, but again 

the differences were small (<0.04).

Combined stratification by BMI and WC indicated a higher prevalence of diabetes for 

individuals with elevated WC in most BMI categories (Figure 2), but the 95% CIs 

overlapped for men in all categories and also for obese women. Excluding the 6,444 men 

and 7,015 women whose weight changed by more than +/− 5 kg between QX1 and QX3 

increased the AUCs by approximately 0.01 (data not shown). Also, stratification by normal 

vs. overweight/obese status only improved the AUC values by 0.04–0.07 among men and 

women with normal BMI.
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Discussion

This comparison of Caucasians, Native Hawaiians, and Japanese Americans found little 

evidence across ethnic groups that measures of central adiposity had greater discriminatory 

power than BMI to distinguish diabetes cases from non-cases. In men, BMI was the best 

predictor and the combination of BMI with one of the other measures did not improve 

models. On the other hand, BMI, WC, and WHtR performed equally well among women 

and combining BMI with any of the other measures improved the predictive power 

significantly, but the gains in AUCs were small. The relative importance of the different 

anthropometric measures was similar across ethnic groups, but the AUCs were generally 

higher in Caucasians than in the other two ethnic groups. The differences in AUC between 

different anthropometric measures were, although sometimes statistical significant, small 

and, therefore, unlikely to have clinical importance not even when working with different 

ethnic groups.

The results of our analysis are in agreement with a meta-analysis of 32 prospective studies10 

that detected no significant difference in the magnitude of the association for BMI, WC, and 

WHR with incident diabetes. Another review confirmed that in prospective studies all 

anthropometric measures performed equally well but indicated that cross-sectional studies 

show greater discriminatory power for WC and WHR than for BMI without reaching 

statistical significance.11 Looking at ethnic-specific reports,11 a Taiwanese study described a 

non-significant stronger association of WHR than BMI with diabetes.19 A greater predictive 

power for waist measures than BMI was also shown in a cross-sectional evaluation of health 

surveys from the USA and England; the AUCs for WC and WHR were greater by 0.03–0.08 

than BMI.20 Data from 18 study populations in the Asia-Pacific region suggested a stronger 

association of diabetes with WC or WHR than for BMI in Asians5 and in a cross-sectional 

analysis of 16 Asian cohorts, measures of central adiposity were better predictors than BMI 

overall but not in Chinese or Japanese.21 Given the small differences in these reports (<0.01) 

and the results of our own study, there is no consistent evidence that any measure of central 

adiposity currently available performs better than the others. Our findings of higher PORs 

and AUCs for Caucasians than Japanese Americans agree with the observation by Huxley et 

al.5 who also found a stronger association between diabetes and BMI in Whites than in 

Asians using a standardized BMI measure. At the same time, Asians experience a higher 

diabetes risk at each BMI category as illustrated by the higher prevalence22 and incidence4 

of diabetes in Japanese Americans as compared to Caucasians at equal BMI in the MEC. 

Our results (Figure 2) are comparable to a German report23 that found a higher diabetes risk 

within BMI categories for persons with higher WC.

Limitations of the present study include the reliance on self-reported anthropometric data 

and the cross-sectional design, i.e., for most participants WC and HC were measured after 

the onset of diabetes, but exclusion of participants whose weight had changed between QX1 

and QX3 did not materially modify the results. Underreporting of weight is common and 

likely to be more prevalent among overweight and obese individuals.24 Self-measurements 

of WC and HC may also be erroneous, but we excluded extreme values to control this 

problem. We had no information on type of diabetes but given the mean age at diagnosis of 

57 years, more than 90% of cases are likely type 2. The ascertainment of diabetes has 
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obvious weaknesses, foremost that the diagnoses were obtained through different methods 

with their own limitations. Although health plan information is superior to self-reports, cases 

may have been missed due to lack of health insurance, contact with the health care system, 

and accurate identification of cases from insurance records.4 Given that approximately 10% 

of the population of Hawaii is not part of the two insurance plans used for linkage, we might 

have excluded some cases that could not be confirmed by a registry. Although data on the 

quality of the Hawaii registries are not available, validation studies of similar registries have 

shown high specificity and adequate sensitivity.25 Since this population was not screened for 

diabetes, some non-cases might have undiagnosed diabetes. Detection bias is possible given 

that obese subjects or those with high-risk ethnic backgrounds may be more likely to 

undergo testing for diabetes. In comparison to those excluded, the present study population 

showed more favorable sociodemographic and health related characteristics; thus, 

generalization of results should be made with caution. Strengths of this study include the 

large sample size and the high proportion of Native Hawaiian and Japanese American 

participants. Next to weight and height, several measures of central obesity were assessed 

and their performances were compared. Furthermore, information on many diabetes risk 

factors was included in the analysis.

Simple anthropometric measures of central adiposity are attractive as proxies for body fat 

distribution, since direct measurements with computed tomography (CT) or magnetic 

resonance imaging (MRI) are laborious, expensive, and not feasible in large-scale studies.9 

The biological mechanisms to explain the link between body fat accumulation and diabetes 

risk point at a central role of visceral adipose tissue in lipid and glucose metabolism due to 

the production of various hormones and cytokines.8;26 Although associations between 

visceral abdominal fat mass assessed by CT and diabetes risk have been demonstrated,6;8;27 

WC and other central adiposity measures do not have a consistently stronger association 

with diabetes, possibly because WC does not discriminate between visceral fatness and 

subcutaneous fatness.10 Our data do not support the hypothesis that WC and other measures 

of central adiposity are better predictors of diabetes in Asians than Caucasians despite the 

higher susceptibility of Asians to accumulate abdominal fat.28 Nevertheless, identifying and 

monitoring persons with high WC is important when screening for diabetes risk in 

susceptible Asian ethnic groups.29;30

Conclusion

All measures of adiposity evaluated in this study were significantly associated with a higher 

diabetes risk, irrespective of sex or ethnicity. Observed differences in the discriminatory 

power of the anthropometric measures as compared to BMI were too small to be clinically 

relevant suggesting that there is not one optimal adiposity measure that best reflects diabetes 

risk.11 However, as observed in other studies,20;23 the significant number of normal BMI 

individuals with high WC found in all ethnic groups who are at risk for type 2 diabetes need 

to receive appropriate screening tests.
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Figure 1. 
Cohort participants included in the current analysis, Hawaii component of the MEC
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Figure 2. 
Prevalence odds ratios (and 95% confidence intervals) for diabetes by BMI and Waist 

Circumference for Men and Women, Hawaii component of the MECa

aObtained by logistic regression using stratification of waist and BMI as units; reference is 

category with BMI<25 kg/m2 and WC≤102 cm in men and 88 cm in women; covariates 

include age, ethnicity, education, physical activity, hypertension, processed red meat intake, 

dietary fiber intake, smoking and alcohol intake.
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