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The total amount and location of fat deposition are important factors in the development of obesity and the 
metabolic syndrome. To date there have been no reported studies of ethnic and gender differences in body com-
position and fat distribution patterns in Japanese and Australian young adults. The aim of this study was to as-
sess body composition of young Japanese and Australian Caucasian adults using whole-body dual energy x-ray 
absorptiometry (DXA) and anthropometry to examine body fat deposition patterns. Body composition of 45 
Japanese males and 42 Australian Caucasian males living in Australia (aged 18-40 years) and 139 Japanese fe-
males living in Japan (aged 18-27 years) were measured using whole-body DXA scanning and anthropometry. 
Differences in relationships between BMI and waist circumference (WC), sum of skinfolds (ΣSF) and %BF ob-
tained from DXA were assessed using multivariate analyses.  Distinct gender and ethnic differences (p<0.05) in 
bone density and waist circumference were observed but no gender differences in BMI and bone mineral content 
and no ethnic differences in sum of skinfolds and %BF. Both Japanese males and females showed a greater %BF 
at given BMI, WC and ΣSF values (p<0.05). The results indicate differences in relationships between %BF and 
anthropometric measures in young Japanese compared to Caucasians and the importance of population-specific 
cut-off points for these indices. These findings also have implications for the development of chronic disease and 
further research, including studies in other Asian countries, is recommended. 
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Introduction   
Overweight and obesity are major, and increasing, public 
health concerns in all parts of the globe. Obesity increases 
the risk of chronic health consequences including hyperten-
sion, hypercholesteroaemia, hyperglycaemia, type II diabe-
tes and cardiovascular diseases. In Australia, 19% of adult 
males and 22% of adult females are considered obese and 
the direct health care costs of obesity are estimated at 
approximately $830 million annually.1 
    To relate obesity directly to health risks, assessment of 
both total body fat deposition and distribution as subcuta-
neous or visceral fat are important. Methods frequently 
used to determine overall body fatness include Body Mass 
Index (BMI; body mass (kg)/stature (m)2) and percentage 
body fat (%BF). However, a number of studies have shown 
that it is not appropriate to use a single BMI cut-off point 
to detect obesity as different BMI-%BF relationships have 
been observed in different ethnic groups.2,3 Using anthro-
pometry, a previous study found that the BMI value of 
23kg/m2 for young Japanese adults equates with a BMI 
value of 25kg/m2 for Australian Caucasians. 4 Similarly, 
while waist circumference has been accepted as a useful 
tool to determine abdominal fat deposition and obesity-
related health problems 5-7, there has been an inconsistency 
in methodology.8  For example, a large epidemiological 
study of 11,247 Australian adults measured waist circum-
ference defined as ‘the halfway point between the lower 

border of the ribs and the iliac crest’ 6 whereas a Japanese 
study (n = 1,193) used to propose the Japanese classifica-
tion of waist circumference to detect metabolic syndrome, 
measured their waist circumference ‘at the level of umbili-
cus’.9 Application of different measurement protocols 
makes comparison between studies difficult. 
    To date, there have been a small number of studies that 
have reported anthropometric characteristics of Japanese 
and Caucasians10,11 and studies that have compared fat 
distribution patterns are limited.12  The aim of the current 
study was to analyse two datasets of 1) young Japanese and 
Caucasian males and 2) Japanese females to compare body 
composition and subcutaneous fat distribution pattern in 
young Japanese and Australian young adults using dual 
energy x-ray absorptiometry (DXA) and anthropometry. 
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In the current study ethnic and gender differences in the 
BMI-%BF relationship were determined and at the same 
time, appropriate anthropometric cut-off points for waist 
circumference and sum of skinfolds were estimated. 
 
Methods 
The study was approved by the Human Research Ethics 
Committees of Curtin University of Technology and Ka-
gawa Nutrition University. The study adhered to the prin-
ciples of medical research established by the National 
Health and Medical Research Council.13 The body com-
position data of 45 Japanese and 42 Australian Caucasian 
males aged 18-40 years obtained in Perth, Australia and 
the data of 139 Japanese females aged 18-27 years ob-
tained in Japan were used in this analysis. Participants 
were healthy volunteers who were mostly students at the 
time of body composition assessments. Japanese partici-
pants were those who recognised themselves as of Asian 
ethnic background with Japanese citizenship and Austra-
lian Caucasian males were Australian citizens who per-
ceived themselves as ‘Caucasian’ background. Each par-
ticipant was provided with a written informed consent 
form in which the purpose of the study and the radiation 
exposure involved in the study were explained. The con-
fidentiality of the results was guaranteed. Female partici-
pants were asked if they were pregnant prior to undergo-
ing body composition assessment using DXA. 
 
Dual energy x-ray absorptiometry (DXA) 
A whole-body DXA scanning was conducted to obtain 
body composition of the participants. The scanners used 
in the study were a Hologic® QDR-2000 (version 5.73) in 
Australia and a Lunar® DPX-LIQ (version 4.7c) in Japan. 
Body composition obtained from this method is based on 
a three-compartment model differentiating bone, lean and 
soft tissues and is considered as one of the more reliable 
methods of estimating %BF.14-17 The DXA measurements 
were completed in approximately 10 minutes and were 
conducted by accredited technicians. It needs to be ac-

knowledged that use of different DXA machines makes 
comparison of results difficult. However, assuming com-
parable prediction errors exist in different DXA machines, 
it may be sufficient to observe a trend in relationships 
between %BF and anthropometric measures. 
 
Anthropometry 
Anthropometric measurements include stature, body mass, 
eight skinfold measurements (triceps, subscapular, biceps, 
iliac crest, supraspinale, abdominal, front thigh and me-
dial calf), five girth measurements (relaxed arm, flexed 
and tensed arm, waist, gluteal and maximum calf), and 
four bone breadth measurements (biacromial, biiliocristal, 
biepicondylar humerus and biepicondylar femur). All 
sites were measured using the protocol of the Interna-
tional Society for the Advancement of Kinanthropometry 
(ISAK).18 Participants in Australia and Japan were meas-
ured by the same Level 3 anthropometrist accredited by 
ISAK and in Japan assistance was provided by a Level 1 
anthropometrist. The technical error of measurements 
(TEM) for both anthropometrists were within the accept-
able limits proposed elsewhere.19 All measurement sites 
for each participant were located by the Level 3 anthro-
pometrist prior to the measurements.  From the anthro-
pometric measurements, BMI, sum of eight skinfolds 
(ΣSF) and height-corrected sum of eight skinfolds (HtΣSF; 
sum of skinfolds*(170.18/stature)) were calculated. 
    All statistical analyses were conducted using the 
SPSS® (version 14.0.0, 2005, Chicago) statistical pack-
age. Subcutaneous fat distribution was compared between 
the study groups using HtΣSF. Using this approach it is 
possible to compare anthropometric characteristics by 
controlling body size differences between the study 
groups. Relationships between %BF estimated from DXA 
and anthropometric measures such as BMI, waist circum-
ference (WC) and ΣSF were determined using regression 
analysis. BMI was transformed by natural logarithm 
(LnBMI) to normalize the data. Initially age was also in-
cluded as independent variable but was excluded from the 

 

Table 1. Physical characteristics of 45 Japanese males, 42 Australian Caucasian males and 139 Japanese females 
 

 

Japanese males 
 

(n = 45) 
Mean ± SD 

Australian Caucasian 
males 

(n = 42) 
Mean ± SD 

Japanese females 
 

(n = 139) 
Mean ± SD 

Age (years) 24.3 ± 5.5 22.6 ± 5.3 20.4 ± 1.3†, ‡ 

Stature (cm) 172 ± 5.8* 180 ± 7.9 159 ± 5.0†, ‡ 

Body mass (kg) 62.6 ± 7.1* 74.5 ± 9.6 52.5 ± 6.1†, ‡ 

BMI (kg/m2) 21.3 ± 2.3* 23.0 ± 2.5 20.8 ± 2.2† 

Percent body fat (%) 15.7 ± 6.2 15.9 ± 6.2 27.6 ± 5.9†, ‡ 

Bone mineral density (g/cm2) 1.10 ± 0.08* 1.17 ± 0.09 1.14 ± 0.07†, ‡ 

Bone mineral content (g) 2450 ± 310* 2890 ± 392 2350 ± 267† 

Waist circumference (cm) 73.5 ± 5.2* 79.3 ± 6.0 66.3 ± 4.9†, ‡ 

Sum of skinfolds (mm) 73.5 ± 28.2 83.1 ± 34.5 125 ± 35.5†, ‡ 

Height-corrected sum of skinfolds (mm) 73.2 ± 28.7 78.5 ± 32.8 134 ± 38.3†, ‡ 
 

 

* Significant difference between Japanese males and Australian males at the 0.05 level.  † Significant difference between Japanese females 
and Australian males at the 0.05 level.  ‡ Significant difference between Japanese females and Japanese males at the 0.05 level. 
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final equation. 
 
Results 
Results of body composition assessments using DXA and 
anthropometry are shown in Table 1. Australian Cauca-
sian males were significantly greater in stature, body mass, 
BMI as well as bone mineral density and contents than 
Japanese males (p<0.05). However measured sum of skin-
folds and estimated %BF did not differ between Japanese 
and Australian males in the current study. In comparison 
with male groups, Japanese females were smaller in phy-
sique but greater in %BF and total subcutaneous fat depo-
sition. Figure 1 shows the relative differences in subcuta-
neous fat distribution between the study groups. The re-
sults showed there is no significant difference in subcuta-

neous fat distribution pattern between Japanese and Aus-
tralian Caucasian males but a distinct difference was evi-
dent between genders. 
    Figure 2 shows relationships between %BF values es-
timated from DXA scans and a) BMI, b) waist circumfer-
ence, and c) sum of skinfolds of the study groups. Ethnic-
ity significantly contributed in all relationships and Japa-
nese males had significantly higher %BF at given values 
of each anthropometric parameter compared to Australian 
Caucasian males. Japanese females had greater body fat 
accumulation than male counterparts at the given level of 
anthropometric indices. The figures show that the slopes 
of each relationship were almost parallel between genders, 
suggesting the only difference in relationships between 
genders is the magnitude of %BF deposition at given an-
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Figure 1. Ethnic and gender differences in subcutaneous fat distribution.  Subcutaneous fat distribution pattern was illustrated using height-
corrected skinfolds.  When the body size (ie, stature) of participants was corrected, no ethnic differences in subcutaneous fat distribution 
pattern were observed. In comparison, females had significantly greater subcutaneous fat accumulation at all skinfold sites (p<0.05).  * Sig-
nificantly different with Japanese and Australian males at the 0.05 levels.  

 

Table 2. Equations used in the analysis and predicted anthropometric cut-off points 
 

Independent variable  Regression equations  R2 SEE 

Males# %BF = -100.435 + 2.63*(Ethnicity) + 37.186*(LnBMI) 0.45 4.40 
LnBMI 

Japanese 
females %BF = -104.279 + 43.553*(LnBMI) 0.61 3.65 

Males# %BF = -38.859 + 3.771*(Ethnicity) + 0.691*(WC) 0.44 4.46 
Waist circumference 

Japanese 
females %BF = -29.852 + 0.868*(WC) 0.53 4.05 

Males# %BF = 2.277 + 1.393*(Ethnicity) + 0.164*(ΣSF) 0.76 2.93 
Sum of skinfolds* 

Japanese 
females %BF = 8.848 + 0.151*(ΣSF) 0.84 2.38 

# Ethnicity: 0 = Australian males; 1 = Japanese males.  * Sum of skinfolds = Σ(triceps, subscapular, biceps, iliac crest, supraspinale, front 
thigh, medial calf skinfolds) in mm  



                                                                   M Kagawa, CW Binns and AP Hills                                                                 34 

 

Figure 2. Relationships between %BF and anthropometric indices in Japanese and Australian Caucasian males and Japanese females.  The 
relationships between %BF estimated from DXA and a) BMI, b) waist circumference, and c) sum of skinfolds for each study group were 
plotted. Significant ethnic differences in the regression lines between Japanese and Australian males in all relationships and similarly signifi-
cant gender differences were observed in Japanese groups. 
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thropometric values. Table 2 lists the equations estab-
lished from the regression analyses. It was calculated that 
Australians have a %BF of 19.3% at a BMI of 25kg/m2 
however the BMI value for Japanese males with the same 
%BF was about 23kg/m2. Using a BMI of 23kg/m2, %BF 
for Japanese females was calculated to be 32.3%. Using 
the calculated %BF values, cut-off points for other an-
thropometric parameters were estimated. The estimated 
values for Australian males, Japanese males and Japanese 
females were 84.2cm, 78.7cm, 71.6cm for waist circum-
ferences and 103.8mm, 95.3mm and 155.3mm for ΣSF, 
respectively. 
  
Discussion 
In the current study Japanese males have a smaller body 
size (ie, stature and body mass) than Australian Caucasian 
males but have greater body fat deposition at the same 
anthropometric status. Calculated cut-off points for BMI, 
waist circumference and sum of skinfolds for Japanese 
males are therefore lower than their Australian counter-
parts and this confirms the importance of population-
specific cut-off points when screening for obesity. The 
observed ethnic differences in relationships between 
%BF-BMI have been suggested to be due to ethnic differ-
ences in body proportion and frame size.20 The ethnic 
differences in the relationships may be attributed to an as 
yet unspecified number of factors, including genetic, 
hormonal or environmental variables. While the current 
study was unable to identify these potential variables, 
total body size (ie, stature) was suggested to be an addi-
tional structural variable that may contribute to the rela-
tionship between %BF and anthropometric indices, in 
addition to body proportion and frame size. A previous 
meta-analysis concluded that Japanese have greater vis-
ceral fat deposition in relation to the amount of subcuta-
neous fat.12 In the current study, however, no ethnic dif-
ferences in subcutaneous fat deposition were observed 
after adjusted for the total body size (ie, stature). Consid-
ering no ethnic differences in %BF between Japanese and 
Australian males and no relative subcutaneous fat distri-
bution pattern, there may be no ethnic ‘relative’ differ-
ences in subcutaneous and visceral fat distribution pat-
terns in young adults. Further studies on the influence of 
body size may allow establishment of height-corrected 
anthropometric indices that could be used in both Asian 
and Caucasian young adults. 
    From the established regression equations anthropom-
etric cut-off points for each study group were calculated. 
While further research is essential to derive more reliable 
cut-off points, the values calculated from the equations 
may assist in health assessments for obesity. To date, cut-
off points for waist circumference have been proposed for 
different ethnic groups and many have been assessed in 
relation to blood assay and visceral fat accumulation us-
ing CT scans that contribute development of metabolic 
syndrome.8 In this study waist circumference was deter-
mined in relation to %BF obtained from DXA. We found 
that the study groups have a considerable amount of body 
fat at much lower waist circumference values than the 
existing waist circumference cut-off values (Europid 
males: ≥94cm; Japanese males: ≥85cm; Japanese females: 
≥90cm). 

    Because of the inconsistent definitions of ‘waist cir-
cumference’ used in previous studies and the small sam-
ple size of the current study, it is difficult to draw defini-
tive conclusions and a sensible interpretation of the cut-
off value differences is required. However it is also im-
portant to highlight that, particularly for Japanese cut-off 
points, values were derived from a sample of mainly mid-
dle-aged individuals and hence may not always be useful 
for young populations. Also Japanese waist cut-off points 
were proposed in order to diagnose individuals with 
metabolic syndrome for treatment and therefore not to 
identify individuals at risk of obesity and related health 
risks (ie, not for a primary prevention purpose). The cur-
rent findings were comparable to the findings by Misra et 
al. 21, which examined appropriate waist circumference 
cut-off points to improve the health status (an action level) 
using 2,050 Asian Indians (883 males and 1,167 females 
aged above 18 years old). While further research is rec-
ommended to determine the sensitivity/specificity of ex-
isting waist circumference classifications for young adults, 
it may be important to propose lower waist cut-off points 
for young population in order to improve its screening 
capability and also to improve health promotion strategies. 
    The current study also indicated cut-off points for sum 
of skinfolds that may reflect obesity risks in both Japa-
nese and Australian young populations. While accuracy 
and precision of skinfold measurements largely relates to 
the expertise of the anthropometrist, it is cheap, non-
invasive, portable and a convenient method 22,23 and read-
ily available in many countries. This is the first study that 
determined sum of skinfolds in relation to actual body 
composition in Japanese and Australian populations and 
further validation of the calculated cut-off points may be 
required. However, these values may provide useful for a 
screening purpose in these populations. 
     The current study has a number of limitations. Because 
of the small sample size of males and no Australian fe-
male data, it is important to conduct further research us-
ing a larger sample size including Australian Caucasian 
females. Furthermore, the current study was also ham-
pered by the difficulty in comparing results obtained from 
two different DXA machines (ie, Hologic and Lunar). 
The current study showed a significant difference in bone 
mineral density between Japanese males and females. 
However, the gender differences obtained may simply be 
due to differences in analysis algorithms of the machines 
used. To avoid these complications in comparisons across 
datasets it is necessary to confirm the current findings 
using the same DXA machine in future studies. 
 
Conclusion 
The current study showed ethnic and gender differences 
in relationships between %BF and anthropometric meas-
ures such as BMI, waist circumference and sum of skin-
folds using Japanese and Australian Caucasians. These 
findings underline the importance of population-specific 
classifications in order to use these indices as useful 
screening tools for obesity and related health risks. The 
study results also indicated a possible influence of body 
size to the observed ethnic differences in the %BF and 
anthropometric measure relationships. Future studies to 
confirm this finding may lead to the establishment of 
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body size-corrected indices that can be applied in both 
ethnic groups. 
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