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The aim of the study was to determine the sensitivity and specificity of the BMI cut-off points that have been 
applied in the National Nutritional Survey in Japan (NNS-J) for young Japanese females.  The relationship 
between the body mass index (BMI) and percentage body fat (%BF) of 139 young Japanese females (aged 18-27 
years old) was examined using dual energy x-ray absorptiometry (DXA) and anthropometry.  The sensitivity and 
specificity of the BMI cut-off point that has been in use in Japan was compared with the cut-off point proposed for 
Asia-Pacific population (the WPRO classification).  The regression equation calculated for the relationship 
between the BMI and %BF using the DXA scan data was %BF = -15.152+2.058*BMI; R2 = 0.612, SEE = 3.66. 
From this equation the BMI value that corresponded with %BF of 30% was calculated to be 21.9kg/m2 (95%CI: 
16.9-28.6).  From the sensitivity and specificity analysis, it was found that more than 90% of Japanese females 
with %BF >30% were misclassified as “not obese” when the BMI value of 25kg/m2 was used to identify obese 
individuals.  The misclassification reduced to 60% when the BMI value of 23kg/m2 was used as a cut-off point.  
The results indicate that the current classification used in the NNS-J may not precisely reflect the obesity status of 
young Japanese females and a considerable proportion of females with a large fat deposition would be 
misclassified as not obese.  The current study shows the importance of including detailed body composition 
assessments to determine obesity level of individuals. 
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Introduction  
Obesity is a well known risk factor of a number of health 
problems including hypertension, diabetes, high blood 
glucose and cholesterol levels and cardiovascular diseases.  
The World Health Organization (WHO) has proposed 
using body mass index (BMI: body mass (kg)/stature(m)2) 
as a simple screening tool of obesity with the value of 
25kg/m2 as a cut-off point of “pre-obese”.1  While its 
application to individuals may be problematic2,3 BMI has 
been shown to have a high correlation with these obesity-
related health problems in epidemiological studies.4,5  Pre-
vious studies have suggested that Asians have a higher 
percent body fat (%BF) than Caucasians at the same BMI 
value and they are likely to develop health problems at 
lower BMI values than Caucasians.6-11 This may be asso-
ciated with ethnic differences in body proportion (i.e pro-
portion of limb or trunk lengths in relation to stature).12  
Considering ethnic differences in the BMI and risk of 
developing obesity-related health problems, the Regional 
Office for the Western Pacific Region of WHO, together 
with the International Association for the Study of Obesity 
(IASO) and the International Obesity Task Force (IOTF) 
proposed BMI cut-off points that are suitable for popu-
lations   living  in   the   Asia-Pacific   region   (the  WPRO  

 
classification).13  In 2004, WHO proposed additional BMI 
cut-off points of 23kg/m2, 27.5kg/m2, 32.5kg/m2 and 
37.5kg/m2 as levels to provide appropriate health advice, 
depend on ethnic background of the target population.14  
     The National Nutrition Survey in Japan (NNS-J) has 
shown that obesity has been more prevalent among males 
than females.  Only 7% of the females aged 20-29 years 
old in the 2002 survey were classified as “obese”.15  The 
NNS-J classified obesity using the BMI classification 
defined by the Japan Society for the Study of Obesity 
(JASSO),16 which used the same BMI cut-off points for 
“underweight” as the WHO classification (ie, 18.5kg/m2) 
but classified individuals with the BMI value of 25kg/m2 as 
“obese” instead of “pre-obese”.   
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Individuals who had their BMI � 25kg/m2 are advised to 
undergo further assessment on their waist circumference 
in order to examine abdominal fat distribution.  However, 
the JASSO classification was not proposed with consi-
deration of the actual relationship between BMI and body 
fat deposition (BMI-%BF relationship) of Japanese popu-
lation.  As the BMI itself does not reflect the actual 
amount of body fat of individuals and also because of 
ethnic differences in the BMI-%BF relationship, it is 
possible that the JASSO classification may underestimate 
the proportion of Japanese females with a considerable 
amount of body fat.  Several Japanese studies have de-
scribed obese individuals who were misclassified as 
“normal” using the WHO or the JASSO classifications as 
“masked obese”.17-19  It is possible that misclassifications 
reported in previous studies are because of the application 
of inappropriate BMI cut-off points that do not reflect 
their actual body fatness. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The aim of the current study was to determine sensitivity 
and specificity of the JASSO classification in young Ja-
panese females by assessing the BMI-%BF relationship of 
the group based on the body composition results obtained 
from whole-body dual energy x-ray absorptiometry 
(DXA) and anthropometry. 
 
Method 
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.20  In the current 
study 139 healthy Japanese females volunteers aged 18-
27years old were recruited.  Each subject was provided 
with a written informed consent form in which the pur-
pose of the study and the radiation exposure involved in 
the study were explained.  The confidentiality of the re-
sults was guaranteed.  Participants were asked if they 
were pregnant prior to undergo body composition assess-
ment. 
 
Dual energy x-ray absorptiometry (DXA) 
Body composition of subjects was assessed using dual 
energy x-ray absorptiometry (DXA; Lunar® DPX-LIQ).  
This method is based on multi-compartment model and 
considered as one of the methods that provide relatively 
valid estimation of %BF.21-23  A whole-body DXA scan 
provides information on bone mineral density (BMD), 
bone mineral content (BMC), fat mass, lean mass, and 
%BF of the entire body and different body sections (eg., 
head, trunk and limbs).  Every subject was asked to re-
move all accessories and metallic items before their body 
composition measurements.  The DXA measurements 
were completed in approximately 10 min and all measure-
ments were conducted by an accredited technician. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Japanese females (N = 139) 
mean ± standard deviation 

Age (years) 20.4 ± 1.3 

Stature (cm) 158.8 ± 5.0 

Body mass (kg) 52.5 ± 6.1 

BMI (kg/m2) 20.8 ± 2.2 

Percent body fat  
   using DXA (%) 

27.6 ± 5.9 

BMD (g/cm2) 1.14 ± 0.07 

BMC (g) 2351.6 ± 266.5 

Sum of skinfolds (mm) 124.5 ± 35.5 

Height-corrected sum of  
   skinfolds (mm) 

133.5 ± 38.3 

 

Table 1. Physical characteristics of Japanese females 
obtained from anthropometry and whole-body DXA scan 
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                                                           Figure 1. The BMI-%BF relationship of Japanese females 
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Anthropometry 
Anthropometry measurements include stature, body mass, 
eight skinfolds measurements (triceps, subscapular, bi-
ceps, iliac crest, supraspinale, abdominal, front thigh and 
medial calf), five girths measurements (relaxed arm, 
flexed and tensed arm, waist, gluteal and maximum calf), 
and four bone breadths measurements (biacromial, biilio-
cristal, biepicondylar humerus and biepicondylar femur).  
All sites were measured using the protocol of the 
International Society for the Advancement of Kinanthro-
pometry (ISAK).24  The measurements were conducted by 
a Level 3 and a Level 1 anthropometrists who were accre-
dited by ISAK and their technical error of measurements 
(TEM) were within the acceptable limits proposed 
elsewhere.25  All measurement sites for each subject were 
located by the Level 3 anthropometrist prior to the mea-
surements.  From the measurements BMI, sum of eight 
skinfolds and height-corrected sum of eight skin-folds 
(sum of skinfolds*(170.18/stature)) were calculated. 
     All statistical analyses were conducted using the 
SPSS® (version 10.05, 1999, Chicago) statistical pack-
age.  A stepwise regression analysis was conducted to de-
velop the regression equation using %BF results from 
DXA scan as a dependent variable and BMI and age as 
independent variables.  In addition, cross-tabulation was 
also used to assess specificity and sensitivity of different 
BMI classifications. Based on previous recommen-
dations26,27 %BF of 30% was used as a cut-off point of 
obesity for Japanese females.  The sensitivity and speci-
ficity results obtained from the JASSO classification was 
compared with the results using the WPRO cut-off point. 
 
Results 
Results of body composition assessments using DXA and 
anthropometry are shown in Table 1.  Figure 1 shows the 
relationship between BMI and %BF obtained from DXA 
scan. The BMI-%BF relationship of Japanese young 
females was determined by a stepwise regression analysis 
using %BF as the dependent variable.  While age was  

initially considered as an independent variable, it was ex-
cluded from the final model.  The final equation was %BF 
= -15.152+2.058*BMI with R2=0.612 and SEE = 3.6632.  
Using this equation, the BMI value at which the 
corresponding %BF was 30% was calculated to be 21.9 
(95%CI: 16.9kg/m2-28.6kg/m2).  The results indicate a 
possible misclassification of Japanese females who have a 
considerable amount of body fat even though their BMI’s 
are below 25, which the JASSO classification used as a 
cut-off point of obesity. 
     Differences in magnitudes of misclassification be-
tween the JASSO and the WPRO classifications were 
compared using sensitivity and specificity analysis (Table 
2).  While the BMI value of 25kg/m2 has been used as a 
cut-off point of “overweight” for the WHO classification 
and “obese” for the JASSO classification, the current 
study showed that 91% of Japanese females who had a 
%BF or more than 30% were classified as not overweight 
or obese using this value as a cut-off point.  In com-
parison, a proportion of misclassified individuals reduced 
to 60% when the BMI value of 23kg/m2, the cut-off point 
of “overweight (at risk)” in the WPRO classification, was 
used. 
 
Discussion 
Results from the current study showed that young Japa-
nese females are likely to have a large amount of fat 
deposition in relation to their BMI values.  This is similar 
to the pattern observed in young Japanese males28 and 
supports previous findings that Asians have high %BF at 
lower BMI values when compared to Caucasian sub-
jects.12,29  The stature and body mass of Japanese females 
who participated in the current study were comparable to 
the 20 years old age category of the 2002 NNS-J.15  This 
suggests that the current sample is typical of young 
Japanese women and the current findings may represent 
the normative trend of the BMI %BF relationship of 
young Japanese females. 
     The current results showed that young Japanese fe-
males could have a considerable level of %BF at a rela-
tively low BMI.  Based on the JASSO classification, the 
NNS-J conducted in 2002 reported only 7% of young Ja-
panese females as “obese”.  However the current findings 
suggest that it is highly likely that there will be a higher 
proportion of young Japanese females who should be 
classified as “obese” and reported in the NNS-J.  The 
results obtained in the current study was consistent to the 
result using Japanese males living in Australia30, 
suggesting that young Japanese are likely to be mis-
classified if the BMI value of 25kg/m2 was used as a cut-
off point of obesity. 
     The BMI value of 23kg/m2 that has been proposed as 
the cut-off point of “overweight (at risk)” in the WPRO 
classification13 and recently proposed as a one of the cut-
off points to recommend public health action by WHO.14   
From the results obtained from the current study it 
appears that the BMI value of 23kg/m2 reflects actual 
body fat level of young Japanese females better than the 
BMI value of 25kg/m2 and therefore maximizes effective-
ness of the BMI as a screening tool for the obesity for this 
specific population. 

The JASSO classification (%)1 

 %BF < 30% %BF �  30% 

BMI < 25kg/m2 98.9 91.1 

BMI �  25kg/m2 1.1 8.9 

The WPRO classification (%)2 

 %BF < 30% %BF �  30% 

BMI < 23kg/m2 94.7 60.0 

BMI �  23kg/m2 5.3 40.0 
1 The BMI classification proposed by the Japanese Society for the  
   Study of Obesity. 
2  The BMI classification proposed by the Regional Office for the  
   Western Pacific Region of WHO, together with the  
   International Association for the Study of Obesity (IASO) and  
   the International Obesity Task Force (IOTF). 

Table 2. A comparison of specificity and sensitivity of 
the JASSO and the WPRO BMI cut-off points for 
obesity and overweight (at risk) in relation to estimated 
%BF using a whole-body DXA scan 
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     By saying that, still 60% of young Japanese females 
were misclassified as “not obese” using the BMI value of 
23kg/m2 as the cut-off point.  This result illustrates a pro-
portion of body fat deposition among young Japanese 
females in relation to their body size and weight.  Al-
though the current study was unable to clarify the causes 
of the observed results, it is possible that strong pre-
occupation toward thinness and dieting behaviours with-
out regular physical exercise are associating to the results.  
There are Japanese studies that have focused on an issue 
of “masked obesity”, which defined as a condition which 
one has considerable amount of body fat without having 
high BMI that classify the individual as “overweight” or 
“obese”.31  Although a phenomenon of “masked obesity” 
could derived from inappropriate BMI cut-off points as in 
the current study, some studies have suggested that an 
attempt to lose body mass without regular physical 
exercise has been suggested as one of the causes for 
“masked obesity”32 and a greater proportion of females 
compared to males are “masked obese”.31  These previous 
results may indicate a reliance of diet restriction as their 
weight-loss method among young Japanese females and 
also a possibility of depletion of muscle mass and in-
crease in fat mass by experiencing repeated reduction and 
regaining of their body mass.  As more than 50% of sub-
jects with an excessive level of body fat were mis-
classified, it is possible that relatively large proportion of 
young Japanese females may develop health problems at 
their later stage of life. 
     Recently a Japanese committee that consists of mem-
bers from eight medical societies, which include the 
JASSO and the Japanese Society of Internal Medicine 
(JSIM), has proposed a screening guideline for a meta-
bolic syndrome.33  The new guideline proposed using 
waist circumference measured at the umbilical level with 
cut-off points of 85cm for males and 90cm for females as 
the standard criteria and individuals were classified as at 
risk of metabolic syndrome if they have high waist cir-
cumference with any combination of high triglyceride or 
cholesterol levels, hypertension, or high blood glucose 
levels.  The effectiveness of waist circumference as an 
index of cardiovascular disease risk has been suggested in 
several studies34-36 and the proposed waist circumference 
values in Japan were based on the study using 1,193 
subjects (418 women) that equate with a visceral fat area 
of 100cm2, the value that considered as a cut-off point of 
developing coronary heart disease in Japanese.37  How-
ever, it is important to acknowledge that the females 
participated in the study were mainly middle-aged (mean 
age: 55 ± 12 years) and it is unlikely for young Japanese 
females to have a waist circumference of 90cm.  The 
average waist circumference value in the current study 
was 66.3 ± 4.9cm and the range was 57.3-82.3cm.  Al-
though the definition of waist measurement site was not 
exactly the same, none of the subjects who had excessive 
level of body fat in the current study had waist values 
� 90cm.  Therefore it may be appropriate to determine 
waist circumference level specifically for young Japanese 
females and its application together with the appropriate 
BMI cut-off point (i.e BMI value of 23kg/m2) in order to 
improve detection of young Japanese females who require 

improvement in their lifestyle to reduce their health risks 
later in their life. 
     The current study found that a considerable proportion 
of young Japanese females with an excessive amount of 
body fat are likely to being misclassified as not obese 
using the current classification used in the NNS-J.  Future 
research should be conducted on children and adolescents 
to examine if the current classification is appropriate to 
detect individuals with childhood obesity in Japan.  In 
addition, the current study showed a wide 95% CI that 
ranged from 16.9kg/m2 to 28.6kg/m2.  In order to increase 
the precision of the BMI %BF relationship as well as 
sensitivity and specificity using different BMI cut-off 
points, further studies using greater sample size may be 
required. 
 
Conclusion 
This study aimed to assess sensitivity and specificity of 
the BMI cut-off points that have been applied in the 
National Nutritional Survey in Japan (NNS-J) for young 
Japanese females based on the relationship between the 
BMI and %BF.  While the NNS-J reports a proportion of 
obese individuals based on the BMI classification using 
the value of 25kg/m2 as a cut-off point of “obese”, the 
NNS-J report may misclassify young Japanese females 
who are in fact obese.  The current study suggests an 
application of lower BMI cut-off point would improve 
screening ability of the BMI.  The study also recommends 
inclusion of body composition and fat distribution 
assessments in a screening procedure to obtain precise 
information of body fatness of individuals. 
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(BMI)$–qm�è)· 1�a¤8t9»,�2¶I�7Þ3®15`nE�Gÿ15�í"�G·ihSŒd^ X #Ø&Ç7Å#•(DXA)

&Ymc!Ü@»d^\ä!¿139 &œ1�a¤8t9»,�2¶(18-27 >� )I� BMI T–mcS‘S9F�(%BF)I�I‡

hk�í>ca’ I}$Ü8t9»"�G·I� BMI $–qmI�7Þ3®15`nE�Gÿ15T–1‰]ÿ"�G·8K!-+¹8^R3I�

$–qm(WPRO$•jí )�í"�G· DXA 6�6^ Oß:+I�8�7i&J\—N& BMI T–mcS‘S9F�I�I‡hk�è

2&$¿I�bƒ>�8HLš1ž CI%BF=-15.152+2.058*BMI�÷ R2=0.612�è SEE=3.66�í",Cö b¨"š

8HLš1ž�èH�mcS‘S9F�CI 30%8Ñ4Ï.œ4XI� BMI CI 21.9 kg/m2 (95% CI=16.9-28.6)�í

7Þ3®15`nE�Gÿ15$•:�I�F•�è!t BMI "ËCI 25 kg/m2 H�!ë S4SeI�$–qm8Ñ�è9˜`�bÝ

90%mcS‘S9F�>30%I�8t9»,�2¶[:e¾]3$•jí CIiíS4Se�íH� BMI "Ë!t 23 kg/m2CI$–

qm8Ñ�èe¾]3$•OÓhÜ!Ý$¿60%�í=óOß:+5–$‰)· NNS-J "�G· I}$ÜI�$•OÓ&~SŒC°?dKI

.u&\8¯$‰1�a¤I�8t9»,�2¶I�S4SeEO3Ú�è 9˜ •+¶cw$• a:mc)sLÜ+¶d^S‘S9I�,�2¶ .–

[:e¾]3$•OÓH�CIiíS4SeR”�í 9»J£M�5–$‰)·[P.) "šmcS4SeI�Lš158Ñ@DWZ]�O¿I�mc

OÓ4Ÿ@»d^I�d\\�2¶ �í  
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