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Abstract
Objective—Ethnic differences in body fat mass and distribution may develop in childhood and
contribute to the elevated obesity-related disease risk among Asians. We evaluated adiposity
measures of adult women and their adolescent daughters of predominantly Japanese and
Caucasian ethnicity using Dual Energy X-ray Absorptiometry (DXA).

Methods—We obtained DXA whole body scans for 101 mothers aged ≥30 years and 112
daughters aged 10–16 years who were classified as Asian, Part-Asian, Mixed-Other, and
Caucasian. As a measure of central adiposity, we calculated the trunk/periphery fat ratio (TPFR).
General linear models were applied to evaluate differences in adiposity measures by ethnic
category.

Results—In mothers, TPFR was significantly higher (ptrend=0.01) in Asians and Part-Asians
(1.38±0.42 for and 1.32±0.51) than in Mixed-Others and Caucasians (1.18±0.27 and 1.09±0.21).
Daughters showed a similar trend (ptrend =0.001) with respective values of 1.09±0.18, 0.97±0.17,
0.99±0.16, and 0.87±0.11. Among mothers, gynoid fat mass and periphery fat mass were
significantly lower in Asians than Caucasians, whereas none of the regional DXA adiposity
measures in girls differed by ethnicity.

Conclusions—These results confirm previous reports of greater central adiposity in women of
Asian ancestry and indicate that ethnic differences in adiposity are already present in adolescence.
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Introduction
While obesity is a global health concern, associated disease risks differ by ethnicity. Asians
experience a higher risk for hypertension, diabetes, and cardiovascular disease at lower
levels of body mass index (BMI) than Caucasians.1–3 This paradoxical finding, which led to
the evaluation of lower BMI cutoffs for Asians,4 also conveyed the need for additional
adiposity measures to supplement BMI in assessing metabolic disease risk. In particular,
investigations in Japanese have shown differences in body fat mass and distribution as
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compared to Caucasians that are not fully captured by BMI alone.5,6 The relatively higher
adiposity of Asians compared to Caucasians is associated with lower birth weight, smaller
body frame, and shorter leg to trunk length and, therefore, reflects less skeletal and muscle
mass and more body and trunk fat for the same BMI, which may be present since
childhood.7–10 These characteristics may also relate to the higher proportions of abdominal
adiposity, in particular visceral fat, observed in Asian populations.5,11 Dual Energy X-ray
Absorptiometry (DXA) is used to assess abdominal fat and compares well to computed
tomography (CT) and magnetic resonance imaging (MRI) in adults.12,13 In girls of different
ethnic backgrounds, DXA-based ratios between trunk and peripheral fat have performed
well to describe ethnic differences.14,15 In the current study, we evaluated ethnic differences
in trunk to periphery fat ratio (TPFR) and other DXA adiposity measures among adult
women and their adolescent daughters of predominantly Japanese and Caucasian ethnicity in
Hawaii to assess whether ethnic differences in body fat mass and distribution develop in
early life.

Methods
Study design and procedure

The current analysis was conducted as part of a mother-daughter study that measured breast
density and body-fat composition in adult women and adolescent girls using DXA.16–18 The
project was approved by the Committee on Human Studies at the University of Hawaii and
the Institutional Review Board of Kaiser Permanente (KP) Hawaii, a large health
maintenance organization where study participants were recruited. As described in detail
elsewhere, 16–18 we mailed 3,915 invitation letters to women aged 30 years and older who
had daughters aged 10–16 years; 102 pairs plus 12 additional sisters participated in the
study. DXA body scan images were obtained from 101 mothers and 112 daughters for the
current analysis.

Prior to DXA scans, mothers signed informed consent and daughters informed assent,
answered a questionnaire about demographic and reproductive factors, and completed
duplicate height and weight measurements performed by trained research personnel. BMI
was classified as overweight (25–<30 kg/m2) and obese (≥30 kg/m2) in mothers. For girls,
BMI-for-age percentiles were calculated according to CDC reference data19 and classified as
overweight (85–<95th percentile) and obese (≥95th percentile). Tanner stages of breast
development were assessed by the same staff member throughout the study.20 In the
questionnaire, mothers and daughters reported the percentages of all ethnic backgrounds that
applied to their parents. Based on this information, each participant was classified as (1) all
Asian; (2) Mixed of partly-Asian descent (Part-Asian), (3) Mixed of non-Asian descent or
Other, i.e., one African American, one Hispanic, and one Pacific Islander mother and one
African American daughter (Mixed-Other), or (4) all Caucasian.

DXA data collection
At the exam, a urine test excluded pregnancy in all participants. Whole body scans were
performed using GE Lunar Prodigy Bone Densitometer (GE Healthcare, software version
10.1) to determine body composition, lean soft tissue mass (kg) and fat mass (kg) of
standard body regions including arms, legs, trunk, and total body. A single DXA operator
conducted all DXA scans. The percentage of total body fat was calculated as total fat mass
divided by total lean soft tissue mass and total fat mass (all in kg). Scans were reanalyzed
for android and gynoid fat mass, standardized regions provided by GE.21 Fat mass from
arms and legs was first summed to estimate periphery fat mass, and TPFR was calculated by
dividing trunk fat mass (kg) by periphery fat mass (kg). Similarly, the android to gynoid fat
ratio was calculated as android fat mass (kg) divided by gynoid fat mass (kg).
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Statistical Analysis
All statistical analyses were performed using the SAS software package version 9.2 (SAS
Institute, Inc., Cary, NC). Anthropometric and DXA adiposity measures across ethnic
categories were reported for mothers and daughters as means ± standard deviations.
Spearman rank order correlation coefficients were calculated to assess the strength of
association between DXA adiposity measures and BMI in both mothers and daughters.
General linear models (Proc GLM) were used to evaluate ethnic differences (categorical
variable) using log-transformed anthropometric and adiposity data to normalize the
distribution; an α level of 0.05 was considered significant. In addition, we converted the
ethnic categories into a continuous variable in the order of all Caucasian, Mixed of non-
Asian descent, Mixed of partly-Asian, and all Asian to calculate p value for trend. We also
conducted separate analyses including only one of the two daughters at a time.

Results
Of the 101 participating mothers (Table 1), 34 were Asian (17 Japanese, 7 Filipino, 5
Chinese, 5 Other), 22 Part-Asian, 23 Mixed-Other, and 22 Caucasian. Among the 112
daughters (Table 2), the respective numbers were 18 (11 Japanese and 7 Other), 47, 30, and
17. Mean ages were 47.0±4.4 years for mothers and 13.9±1.7 years for daughters. Mean
BMI was 27.5±6.0 kg/m2 for mothers and 21.7±4.9 kg/m2 for daughters; age and the
proportions of overweight and obese individuals did not differ by ethnic category in either
mothers or daughters, nor did Tanner stage in girls. Percent total DXA body fat was higher
in mothers than daughters (39.8±7.8 vs. 30.2±9.1%). In mothers and daughters, the
association between DXA adiposity measures and BMI was strong (Table 3). The
correlation coefficients for mothers were 0.94 for android fat mass, 0.81 for gynoid fat mass,
0.95 for trunk fat mass, and 0.83 for periphery fat mass (p<0.0001 for all). The
corresponding correlation coefficients for daughters were 0.88, 0.87, 0.86, and 0.82
(p<0.0001 for all). The correlations between the android/gynoid fat ratio and TPFR with
BMI were weaker than for the fat mass variables: 0.69 and 0.48 for mothers and 0.68 and
0.49 for daughters (p<0.0001 for all). The TPFR values between mothers and daughters
were significantly correlated (r=0.29; p=0.002).

While the android fat mass, android/gynoid fat ratio, and trunk fat mass of mothers did not
differ by ethnicity, gynoid fat mass and periphery fat mass were lower in the Asian than
non-Asian groups (p =0.001 and p<0.001; Table 1). As the result of the lower periphery fat
mass, TPFR was significantly higher in Asian than non-Asian groups (Figure 1): 1.38±0.42
for Asian and 1.32±0.51 for Part-Asian vs. 1.18±0.27 for Mixed-Other and 1.09±0.21 for
Caucasian with a significant trend test (ptrend <0.01). When limited to 100% Japanese
ancestry (n=17), the mean TPFR was very similar to that of all Asians (1.38±0.50). In
daughters, TPFR was the only DXA body fat measure that differed by ethnicity (Table 2);
the linear declining trend with decreasing degree of Asian admixture (ptrend <0.001) was
similar to the one seen in mothers (Figure 1). The respective mean TPFR values were
1.09±0.18, 0.97±0.17, 0.99±0.16, and 0.87±0.11. Mean TPFR of 100% Japanese daughters
(N=10) was 1.08±0.17. All results were similar in analyses that included only one of the two
siblings for the 12 participants with sisters. After stratification by weight status, mean TPFR
was 1.09±0.28 for normal-weight and 1.37±0.41 for overweight/obese mothers (p<0.0001);
the respective values for daughters were 0.95±0.16 vs. 1.07±0.15 (p<0.001).

Discussion
The current analysis observed ethnic differences in DXA adiposity measures among women
and girls of predominantly Asian and Caucasian ethnicity in Hawaii. Mothers and adolescent
daughters showed a similar trend of higher TPFR for Asian groups as compared to non-
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Asians strongly indicating that Asian ethnicity is associated with higher central adiposity as
previously observed by other studies and measures6,22,23 and that the ethnic differences
originate early in life as shown among Indian infants.24 While overall high correlations of
DXA adiposity measures with BMI confirm the validity of BMI as a universal obesity
measure, lower correlations with TPFR and android/gynoid fat ratio convey that % body fat
and adipose tissue distribution are not precisely predicted by BMI. Thus, central adiposity
measures are important in evaluating obesity-related disease risks across populations with
varying adiposity patterns.11 According to our results, TPFR may be useful in comparing
central adiposity across ethnically-diverse populations.

These results agree with previous comparisons in girls14 and support the hypothesis that
ethnic differences in adipose tissue distribution arise in childhood, possibly due to ethnic
variations in skeletal dimensions14,21 or perinatal events.10,24 TPFR appears to reflect the
ethnic variations in skeletal dimensions more closely than the android/gynoid fat ratio; it
may be a more precise estimate of central adiposity and provide more information than the
android/gynoid fat ratio among younger populations. A recent study demonstrated a DXA
measure of trunk to extremity fat ratio similar to TPFR to be a strong indicator of visceral
adiposity in normal-weight and obese girls when compared to MRI.15 Ethnic differences in
the trunk-to-limb fat mass ratio exist between Caucasian, African-American, and Hispanic
adults25,26 and reference values are available from the National Health and Nutrition
Examination Survey (NHANES)26 but not for Asians and youths. Similarly, NHANES
provides lean and fat mass and other body composition data for children and adolescent
among non-Asian ethnic groups.27,28

A major strength of the present study is the inclusion of adult women and adolescent girls, in
particular including Asian and mixed-Asian groups that need more data, and the detailed
assessment of ethnicity. A number of limitations also need to be noted. Due to its small
sample size and the low response rate, the observed ethnic differences need to be confirmed
in a larger study. Furthermore, stratified analyses of normal-weight and overweight/obese
women should be included in future investigations, as well as analyses among men who
have different body compositions and larger abdominal diameters than women.26 An
important limitation of DXA is the inability to distinguish subcutaneous from visceral fat
mass as achieved by CT and MRI.12 Since visceral adiposity has been found to have
stronger associations with diabetes and other chronic conditions than subcutaneous fat,29,30

MRI and CT have been applied in some research studies.23,31 However, these methods are
not feasible for use in population-based studies or screening settings due to their high cost
and the relatively high radiation exposure associated with CT. In contrast, DXA is more
practical due to low cost, minimal radiation exposure, and availability in clinical settings.
Given the relatively weak correlation with BMI and the difference in TPFR by BMI status in
mothers, this measure appears to provide additional information about body fat distribution
that BMI does not provide. Nevertheless, as indicated by the low participation rate, the DXA
method is primarily a research instrument to understand fat distribution across ethnic groups
and not a clinical assessment tool. Additional evaluations of TPFR and other DXA adiposity
measures are needed to consider their use as screening tools. Enhanced DXA methods to
distinguish subcutaneous and visceral fat are under development.

This innovative study confirmed the higher prevalence of trunk adiposity among women and
girls of primarily Japanese ancestry shown in other populations6,23 and provides evidence
that these differences can be observed during adolescence making a genetic, epigenetic, or
growth-related origin likely. Given the increase in obesity-related, metabolic disease risks
among Japanese and other Asians,1–3 a better understanding of ethnic differences in body fat
composition and distribution may provide critical information for developing ethnic-
specific, preventive measures for these conditions.
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Figure 1.
Distributions of TPFR in mothers (top) and daughters (bottom) by ethnic category; p values
are based on log-transformed data with Caucasian as reference; ptrend values are generated
using ethnicity as continuous variable in the order of Caucasian, Mixed-Other, Part-Asian,
and Asian. The horizontal lines from the bottom to the top correspond to the 10th, 25th,
median, 75th, and 90th percentiles, and the O represents the arithmetic mean.
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