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Abstract
Overweight and obesity in Asian children are increasing at an alarming rate; therefore a better understanding of the relationship between
BMI and percentage body fat (%BF) in this population is important. A total of 1039 children aged 8 – 10 years, encompassing a wide BMI
range, were recruited from China, Lebanon, Malaysia, The Philippines and Thailand. Body composition was determined using the 2H
dilution technique to quantify total body water and subsequently fat mass, fat-free mass and %BF. Ethnic differences in the BMI –%BF
relationship were found; for example, %BF in Filipino boys was approximately 2 % lower than in their Thai and Malay counterparts. In
contrast, Thai girls had approximately 2·0 % higher %BF values than in their Chinese, Lebanese, Filipino and Malay counterparts at a
given BMI. However, the ethnic difference in the BMI– %BF relationship varied by BMI. Compared with Caucasian children of the
same age, Asian children had 3 –6 units lower BMI at a given %BF. Approximately one-third of the obese Asian children (%BF above
25 % for boys and above 30 % for girls) in the study were not identified using the WHO classification and more than half using the
International Obesity Task Force classification. Use of the Chinese classification increased the sensitivity. Results confirmed the necessity
to consider ethnic differences in body composition when developing BMI cut-points and other obesity criteria in Asian children.
Key words: Body composition: Ethnicity: Asian children

Obesity, commonly defined as an excess of body fat, is a
global problem with rapid increases seen in both developed
and developing countries. BMI has achieved international
acceptance as a standard approach to define obesity; however,
the index has a number of limitations, including the inability
to distinguish fat mass and fat-free mass (FFM). These
limitations may be even more important when attempting to
compare individuals from different ethnic groups.
Body composition appears to be ethnicity dependent(1) and
many studies have identified an ethnic variation in the
relationship between percentage body fat (%BF) and BMI
among Caucasian and Asian adults(2 – 4). Some studies have
also shown similar ethnic differences in the relationship
between BMI and %BF among white, black and Asian

children(5 – 11). For example, white children have a higher
%BF than blacks for a given BMI after controlling for sex
and maturation stage, but a lower %BF than Asian children
at the same BMI. However, the relationship between BMI
and %BF in children is further complicated by variations in
growth rates and maturity levels(12,13). In addition, the BMI–
%BF relationship also differs among Asian adults from different origins, with Indians having the highest %BF and Chinese
the lowest for the same BMI when comparing Chinese, Malays
and Indians living in Singapore(14). However, there are comparatively fewer data to indicate differences in the BMI– %BF
relationship among Asian children from different origins.
The lack of comprehensive assessment of the ethnic differences between BMI and %BF in children makes it difficult to
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Participants
In the present study five countries were involved, including
one East Asian country (China), one West Asian country
(Lebanon) and three South-East Asian countries (Malaysia,
The Philippines and Thailand). In each country, a nonrandom purposive sampling approach was used which
aimed to enrol children of both sexes encompassing a wide
BMI range for each year of age between 8 and 10 years.
A total of 1039 participants (534 boys and 506 girls) were
recruited, including: 352 Chinese children (202 boys and 150
girls) living in Beijing, China; 155 Lebanese children (seventy-four boys and eighty-one girls) living in Beirut, Lebanon;
197 Malay children (105 boys and ninety-two girls) living in
Kuala Lumpur, Malaysia; 112 Filipino children (fifty-one boys
and sixty-one girls) living in Manila, The Philippines; and
223 Thai children (101 boys and 122 girls) living in Bangkok,
Thailand. Ethnicity was determined by self-identification and
those whose parents were identified as having the same
origin were included. Additional inclusion criteria required
that participants be at Tanner stage 1 of puberty and free
from any diagnosed medical condition that might potentially
interfere with body composition measurement.
The present study was conducted according to the guidelines of the Helsinki Declaration and all procedures were
approved by the University Human Research Ethics Committee, Queensland University of Technology. Written informed
consent was obtained from all participants and/or their
parent(s).

The pubertal status of each participant was assessed by
trained investigators according to the criteria of Tanner &
Whitehouse(18).

Body composition measurement
Total body water (TBW) was assessed using the 2H dilution
technique. Before consuming a dose of the isotope, a 5 ml
sample of urine was collected to determine the basal 2H
level in the body. A 10 % 2H-labelled water dose of 0·5 g per
kg body weight was given orally. A second urine sample
was collected 5 h later to allow complete equilibration
within the body water compartments. The enrichment of the
pre-dose urine sample, post-dose urine sample, the dose
given and the local tap water were measured by isotope
ratio MS (IRMS, 20:20 Hydra Model; PDZ Europa, Crewe,
Cheshire, UK). The 2H dilution space was determined using
the following equation:
TBW ðkgÞ ¼

TA ðEa 2 EtÞ
1
£
£
;
a
Es 2 Ep 1:041

(a) 60·0
50·0
40·0
%BF

formulate an appropriate obesity classification system based
on BMI with relevance for Asian children. Therefore, despite
the availability of a number of international classification
systems for paediatric obesity based on BMI(15,16), national
variants still exist(17). In summary, a lack of data and also
controversy around the optimal classification system make it
difficult to monitor global and national trends, to make comparisons between studies and to stratify for public health
measures. Therefore, the purpose of the present study was
to further investigate the relationship between body composition and anthropometric characteristics of children from
different Asian backgrounds.
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Anthropometric measurements
Height was measured to the nearest 0·1 cm using a portable
stadiometer (Holtain, Crymych, Pembs, UK). Body weight
was measured to the nearest 0·1 kg using a SECATM electronic
scale (Hamburg, Germany). Participants were measured in the
morning wearing only underwear after urinating. BMI was
calculated as body weight (kg) divided by the square of
height (m). Overweight and obesity were defined on the
basis of a sex-specific BMI-for-age reference, as recommended
by the International Obesity Task Force (IOTF)(15), WHO(16)
and Group of China Obesity Task Force(17).
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Fig. 1. Scatter plots of percentage body fat (%BF) against BMI (a) and %BF
against natural log-transformed BMI (LnBMI) (b).
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E2 ¼ 0, E3 ¼ 0 and E4 ¼ 0; for Lebanese E1 ¼ 1, E2 ¼ 0,
E3 ¼ 0 and E4 ¼ 0; for Malay E1 ¼ 0, E2 ¼ 1, E3 ¼ 0 and
E4 ¼ 0; for Filipino E1 ¼ 0, E2 ¼ 0, E3 ¼ 1 and E4 ¼ 0; for
Thai E1 ¼ 0, E2 ¼ 0, E3 ¼ 0 and E4 ¼ 1. Homogeneity of
regression slopes among the groups was examined by the
significance of the interaction between the covariate and the
group variables, which was tested by the general linear
model. ANCOVA was used to compare differences in %BF
between different ethnic groups, taking differences in sex,
age and BMI into account.
The validity and accuracy of BMI in the diagnosis of
obesity were evaluated by calculating sensitivity, specificity
and agreement rate, relative to obesity diagnosed by absolute
%BF (above 25 % for boys and above 30 % for girls(23), using
cross-tabulation. Sensitivity is the proportion of truly obese
participants identified correctly as obese by BMI (true
positives). Specificity is the proportion of truly non-obese
participants identified correctly as non-obese by BMI (true
negatives). The agreement rate is the proportion of all participants diagnosed correctly as obese and non-obese by
BMI. The Caucasian prediction equation derived from Dutch
children(24) was used to calculate the %BF if their BMI
was calculated using the cut-offs for obesity proposed by
WHO. The predicted %BF was then used to recalculate the
BMI using the ethnic-specific prediction equation to obtain a
BMI level for Asian children that is equivalent with the
WHO cut-offs for obesity developed from the Caucasian
population. All statistical analyses were performed with SAS
9.1 (SAS Institute, Inc., Cary, NC, USA); a two-sided P value
of , 0·05 was regarded as statistically significant.

where T is the amount of tap water in which the dose was
diluted in grams, A is the amount of dose taken by the participant in grams, a is the amount of the dose in grams retained
for mass spectrometer analysis, and Ea, Et, Ep and Es are the
isotopic enrichment in D units relative to standard mean
ocean water of the diluted dose, the tap water used, the
pre-dose urine sample and the post-dose urine sample. The
constant (1·041) was used to adjust for the non-aqueous
exchange of H atoms in the body. FFM was derived from
TBW using a hydration coefficient, that is, the fraction of
FFM comprised of water. Lohman’s age- and sex-specific constants for hydration of FFM for children were used to calculate
FFM(19). The absolute fat mass was derived by subtracting FFM
from weight, based on the two-compartment body composition model, and %BF was then calculated.
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Statistical analysis
A single regression model in which %BF was regressed on
BMI was used to identify outliers. There were five participants
with standardised residual values above 3·3 or less than 23·3;
these were excluded from subsequent analyses(20). Body composition results were expressed as mean values and standard
deviations. Differences in body composition among age, sex
and ethnic groups were tested by ANCOVA. Pearson’s correlation was used to assess the correlation coefficient between
BMI and %BF. To test the significance of differences between
correlation coefficients, all coefficients were transformed using
Fisher’s z-transformation and the t test was used to test for the
equality between the transformed coefficients. The relationship between %BF and BMI throughout the entire biological
range is curvilinear(21). Therefore, natural log transformation
of BMI (LnBMI) was performed to linearise the curvilinear
relationship between %BF and BMI(9,11,22) (Fig. 1). Stepwise
multiple linear regression analysis was conducted using %BF
as the dependent variable, with BMI, age, sex (males ¼ 1
and females ¼ 0) and ethnicity as independent variables to
determine the BMI– %BF relationship. The dummy variables
for ethnicity were E1, E2, E3 and E4. For Chinese E1 ¼ 0,

Results
The physical characteristics of 1039 pre-pubertal children by
sex and ethnicity are detailed in Table 1. Participants ranged
in BMI from 12·2 to 34·9 kg/m2 and in %BF from 5·5 to
54·5 %. After adjustment for age, significant differences were
found in height, weight, BMI and %BF of boys from different
ethnic groups, and height and %BF of girls.

Table 1. Characteristics of participants*
(Mean values and standard deviations)
Chinese (n 352)

Boys
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
Percentage body fat
Girls
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
Percentage body fat

Lebanese (n 155)

Mean

SD

Mean

SD

9·4
138·5
39·3
20·2
29·2

0·8
7·2
10·9
4·4
10·0

9·4
134·8
34·7
18·8
26·3

0·7
8·0
9·7
3·7
9·6

9·4
136·2
34·2
18·2
28·5

0·8
7·6
9·1
3·5
7·9

9·2
133·4
31·0
17·2
26·9

0·7
8·0
7·4
2·7
7·6

Malay (n 197)
Mean

Filipino (n 112)

Thai (n 223)

SD

Mean

SD

Mean

SD

P

9·4
131·4
33·1
18·8
26·9

0·8
7·0
12·0
5·3
11·3

9·0
131·3
32·6
18·8
24·9

0·8
6·2
7·5
3·3
7·3

9·4
134·7
33·8
18·4
26·5

0·7
6·6
10·1
4·2
8·9

0·007
, 0·0001
, 0·0001
0·003
0·026

9·4·0
133·0
33·6
18·6
30·0

0·8
9·5
9·5
4·7
10·4

9·3
132·8
33·3
18·7
30·2

0·7
7·5
7·6
3·1
6·5

9·3
134·5
34·3
18·6
31·8

0·8
8·0
10·4
4·1
8·6

0·132
0·0004
0·152
0·061
, 0·0001

* All comparisons among ethnic groups were adjusted for age except for the comparison of age.
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Table 2. Pearson correlation coefficients between BMI and other body
composition variables by sex and ethnicity*

Boys
Height
Weight
Fat mass
Fat-free mass
Percentage
body fat
Girls
Height
Weight
Fat mass
Fat-free mass
Percentage
body fat

Chinese

Lebanese

Malay

Filipino

Thai

0·45
0·94
0·94
0·73
0·86

0·49
0·94
0·96
0·73
0·89

0·56
0·97
0·94
0·84
0·81

0·34
0·92
0·88
0·78
0·67

0·56
0·96
0·93
0·86
0·84

0·45
0·93
0·92
0·79
0·77

0·46
0·89
0·91
0·67
0·80

0·52
0·94
0·95
0·77
0·77

0·29
0·89
0·86
0·71
0·63

0·55
0·95
0·94
0·78
0·80

(F ¼ 3·39; P ¼ 0·067 for the regression slopes comparison)
and between Thais and Chinese (F ¼ 2 0·141; P ¼ 0·888
for the regression slopes comparison). A similar corrected
%BF was found among Chinese, Lebanese, Malay and Filipino
girls and no interaction between LnBMI and ethnicity was
found in each pair of ethnic groups of Chinese, Lebanese,
Malay and Filipino except for a significant difference in
the regression slopes between Lebanese and Filipinos
(F ¼ 2·567; P ¼ 0·011). Lebanese girls tended to have lower
%BF than Filipinos at a lower BMI level, while having a
higher %BF at a higher BMI level (Fig. 2).
(a) 60·0

50·0

%BF
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* All correlations are significant (P , 0·0001) except for the correlation of BMI with
height in Malay boys and in Filipino girls.

Correlations between BMI and body composition variables
by sex and ethnicity are shown in Table 2. BMI was significantly and positively correlated with all variables, but no
significant difference in the strength of correlation across
ethnic groups was found.
Using stepwise multiple regression analysis, there was a significant ethnic difference in the BMI– %BF relationship among
Asian children. In boys, the model using Filipinos as a reference population was %BF ¼ 39·60 £ LnBMI þ1·31 £ Malays
þ1·42 £ Thais 289·25 (R 2 0·717; SEE 5·3 %). After correcting
for age and BMI, %BF in Malays (27·7 (SE 0·5) %) and Thai
boys (28·1 (SE 0·5) %) was 2·0 and 2·4 % higher than in
Filipino boys (25·7 (SE 0·8) %). Moreover, the difference in
%BF between Malays and Filipinos and between Thais and
Filipinos was more apparent as BMI increased. Despite no
significant difference between Filipinos and Chinese and
between Filipinos and Lebanese in corrected %BF, the
regression slopes differed significantly (P,0·05). Chinese
and Lebanese boys tended to have lower %BF than Filipinos
at lower BMI values and %BF at higher BMI levels. A similar
corrected %BF was found among Chinese (27·4 (SE 0·4) %),
Lebanese (27·1 (SE 0·6) %), Malay and Thai boys and no interaction between LnBMI and ethnicity was found in each pair of
ethnic groups of Chinese, Lebanese, Malays and Thais (Fig. 2).
In girls, the model using Filipinos as a reference population
was %BF ¼ 33·70 £ LnBMI þ2·31 £ Thais 2 68·31 (R 2 0·618;
SEE 5·3 %). After correcting for age and BMI, %BF in Thais
(31·1 (SE 0·5) %) was 1·6 % higher than in their Filipino
counterparts (29·5 (SE 0·7) %) and the difference in %BF
between Thais and Filipinos was more apparent at a higher
BMI level (F ¼ 7·50; P ¼ 0·007 for the regression slopes comparison). Thai girls had 1·9 % higher corrected %BF compared
with their Lebanese counterparts (29·2 (SE 0·6) %) and the
difference decreased with an increase in BMI (F ¼ 12·30;
P ¼ 0·0006 for the regression slopes comparison). Thai girls
had 1·6 and 2·5 % higher corrected %BF than their Malay
(29·5 (SE 0·7) %) and Chinese (28·6 (SE 0·4) %) counterparts,
respectively. In addition, there was no significant interaction term of LnBMI £ ethnicity between Thais and Malays
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Fig. 2. Relationship between percentage body fat (%BF) by the 2H dilution
technique and natural log-transformed BMI (LnBMI) of Chinese (W, – – ·),
Lebanese (X, – – ), Malay (D, – – –), Filipino (O, – - –) and Thai (A, —)
boys (a) and girls (b).
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PPV, positive predictive value; NPV, negative predictive value.
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The present study indicates that the relationship between %BF
(as determined from TBW measured by the 2H dilution technique) and BMI was dependent on ethnicity among the
cohort of Asian pre-pubertal children from different origins.
The present results indicate that at an equivalent BMI level,
Filipino boys had a lower %BF compared with their Malay and
Thai counterparts. Thai girls had a significantly higher %BF
compared with their Chinese, Lebanese, Malay and Filipino
counterparts. Despite the limited number of studies to determine the difference in the BMI– %BF relationship among
Asians from different backgrounds, evidence suggests that
there is a difference in both children and adults. East Asians
(Chinese) had a lower %BF than South (Indian)(25) and
South-East Asians (Malays)(26,27) at a given BMI, sex and age.
Although the present study did not find a significant difference
in the BMI– %BF relationship between Chinese and Malay
children, it is interesting to compare the ethnic differences in
the BMI– %BF relationship among South-East Asian populations. Malay and Thai boys had a significantly higher %BF
than Filipino boys and Thai girls had a significantly higher
%BF than Malay and Filipino girls at a fixed BMI, despite
both groups living in similar climatic conditions and having
similar food supply. To date, there is little published information on differences in the BMI– %BF relationship among
these ethnic groups. Lebanon lies far to the West of Asia and

Boys
Chinese
Lebanese
Malay
Filipino
Thai
Girls
Chinese
Lebanese
Malay
Filipino
Thai

Discussion

WHO

Table 3 shows the sensitivity and specificity of BMI cut-off
points for obesity, as defined by the WHO, IOTF and Chinese
Obesity Task Force in identifying boys with a %BF . 25 and
girls with a %BF . 30, by ethnic group. The sensitivity and
specificity with the three criteria was dependent on ethnicity.
Filipino boys showed the highest sensitivity with the WHO
and the Chinese classification and Malay boys showed the
highest sensitivity with the IOTF classification. Malay girls
showed the highest sensitivity with all three classifications.
Both Lebanese boys and girls showed the lowest sensitivity
with all three classifications. When the WHO classification
was applied to the five Asian countries, 52·6 to 61·5 % of
boys who had a %BF above 25 % were identified as obese
and only 11·5 to 57·4 % girls who had a %BF of above 30 %
were identified as obese. When the IOTF classification was
applied, fewer boys and girls with excess body fat were
identified (x2 test; P,0·0001). In contrast, application of the
Chinese classification increased the sensitivity to 29·6 to
59·6 % for girls, but reduced it to 44·7 to 53·8 % for boys.
Predicted %BF from the Caucasian prediction equation
derived from Dutch children was 22·3, 20·6, 21·5, 21·8 and
21·3 % for Chinese, Lebanese, Malay, Filipino and Thai children, respectively. The predicted value was lower than the
measured %BF for the five ethnic groups, by 6·6 % for Chinese,
6·0 % for Lebanese, 6·9 % for Malays, 5·9 % for Filipinos and
7·9 % for Thais. Table 4 shows that the BMI scores of Asian
children who had the same %BF as Caucasians were 2·9 to
6·1 kg/m2 lower than Caucasians. For example, Thai boys
aged 8 years with a BMI of 15·7 kg/m2 have the same level
of %BF as Caucasians with a BMI of 19·7 kg/m2.

NPV
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Table 3. Sensitivity, specificity and agreement (%) between WHO, International Obesity Task Force (IOTF) and Chinese BMI classifications of obesity
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Table 4. Comparison of BMI cut-off points for obesity proposed by the WHO using Caucasian data with
calculated BMI equivalents for Chinese, Lebanese, Malay, Filipino and Thai boys and girls derived from
regression equations for predicting percentage body fat (%BF) from BMI
Predicted BMI equivalent (kg/m2)

Caucasian
Age (years)
Boys
8
9
10
Girls
8
9
10

BMI (kg/m2)*

%BF†

Chinese

Lebanese

Malay

Filipino

Thai

19·7
20·5
21·4

21·9
22·5
23·1

16·4
16·6
16·9

16·8
17·0
17·2

15·8
16·0
16·3

16·6
16·9
17·3

15·7
16·0
16·3

20·6
21·5
22·6

26·9
27·6
28·5

17·2
17·5
17·9

17·0
17·3
17·7

16·5
16·8
17·3

16·4
16·8
17·4

15·8
16·1
16·5

British Journal of Nutrition

* BMI cut-offs for obesity proposed by the WHO for school-aged children and adolescents(16).
† Corresponding value of %BF predicted from the Caucasian equation from BMI(24).

we hypothesised that the body composition of children in this
cohort would be similar to the European population with a
lower %BF than the Asian population at a given BMI. However, no significant difference in BMI– %BF relationship was
found among Chinese, Lebanese and Malay children.
As indicated in the present results, the ethnic difference
in the BMI– %BF relationship among the five Asian countries
studied varied by BMI. Some studies conducted among
white, Hispanic and Asian populations have also reported
that the relationship between BMI and %BF varies by BMI
category(7,28 – 30). Relatively thin Asian children tend to have
a higher %BF, while overweight Asian children tend to have
lower %BF compared with their white counterparts at a
given BMI and age(7). Hispanic youths have less body fat
than whites at a BMI , 20 kg/m2, but more body fat at a
BMI . 20 kg/m2(29). The interaction between BMI and ethnicity in the estimation of body fatness indicates that it may
be difficult to identify equivalent levels of body fatness
by simply adjusting BMI for the average difference in body
fatness across ethnicity groups(31).
The present results also indicate that Asian children had
higher %BF than Caucasian children at an equivalent level of
BMI, age and sex. When a Caucasian prediction formula
developed in Dutch children aged 7 –15 years(24) was used
to predict the %BF from BMI, age and sex, the predicted
%BF was lower than the measured %BF, by 6·6 % for Chinese,
6·0 % for Lebanese, 6·9 % for Malays, 5·9 % for Filipinos and
7·9 % for Thais. Caucasian equations generally show a remarkable underestimation when used in Asian populations. For
example, Gurrici et al.(27) indicated that the prediction formula
developed in the Dutch population underestimated %BF by
5·8 (SD 4·8) and 7·7 (SD 3·8) % in male and female Malay Indonesians, and by 1·3 (SD 3·0) and 1·7 (SD 3·7) % in male and
female Chinese Indonesians. These results are in agreement
with the studies in which the ethnic difference in measured
%BF and BMI relationship was determined between Caucasians and Asians. Caucasians had a lower %BF (as determined
by dual-energy X-ray absorptiometry, the four-compartment
model and 2H dilution technique) than Asians at a given
BMI level among children(8 – 10,25) and adults(2 – 4,32 – 34).
Several factors might be responsible for the dependency of
the relationship between %BF and BMI on ethnicity, including

differences in relative leg length or relative sitting height,
frame size and physical activity level. The groups with a
higher relative leg length and bigger frame have a lower
%BF at the same BMI. Caucasians have a higher relative leg
length and bigger frame than Asians(27,35,36). Studies on the
difference in body build among Asian populations are limited.
In a study conducted in Malay and Chinese Indonesians,
Malay Indonesians had a higher slenderness index (height/
sum of wrists and knee widths) compared with Chinese Indonesians(27). The groups with a higher activity level might have
a higher proportion of muscle mass, meaning less body fat at
the same body weight(27,37). However, no physical activity
data were collected in the present study. Moreover, those
with the same ethnic background living in different places
differ in BMI – %BF relationship, indicating that environmental
and socio-economic factors also contribute to the BMI –%BF
relationship. For example, both Chinese Singaporeans and
Chinese Americans had a higher %BF than Chinese living in
mainland China at a given BMI(8,10). African-Americas also
showed a higher %BF than those living in Africa(37).
In the present study, a Caucasian equation was employed to
predict the corresponding %BF from BMI thresholds for obesity proposed by the WHO, and then the equivalent BMI values
were recalculated for our participants using the ethnic-specific
equation. The present results suggest that the BMI thresholds
proposed by the WHO need to be lowered by 3 – 6 units for
Asian children. Previous studies also employed Caucasian
equations to derive the corresponding BMI for obesity
among children and adults in other ethnic groups(26,30,33,38).
Similar to the present study, BMI cut-offs for obesity for Taiwanese, Indians, Malays and Chinese adults should be lowered
compared with those for Caucasians.
In the present study, measuring obesity by BMI using WHO
and IOTF criteria had low sensitivity in identifying obesity
measured by %BF. One of the main reasons for the low sensitivity might be the population used for developing BMI cutoffs. The WHO proposed BMI cut-off points ranging from
18·3 to 29·7 kg/m2 for children and adolescents aged 5 – 19
years in 2007, which correspond to the adult obesity threshold
of 30 kg/m2. These cut-offs were developed from data
from the US population. The IOTF has also developed international BMI cut-off points for obesity by sex for children
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and adolescents aged 2 – 18 years, defined to pass through the
BMI of 30 kg/m2 at the age of 18 years. Although the IOTF BMI
classification was derived using data from Brazil, Great Britain,
Hong Kong, The Netherlands, Singapore and the USA, the
sensitivity is even lower than the WHO classification. Among
the countries involved in the present study, only China has
its own age- and sex-specific BMI classification. The Chinese
BMI cut-off values are slightly higher than the WHO cut-offs
in boys while lower than the WHO cut-offs in girls. These
lower BMI cut-offs increase the sensitivity by 19·7, 18·1, 2·2,
3·3 and 11·3 % for Chinese, Lebanese, Malay, Filipino and
Thai girls, respectively. It can be suggested from the present
results that, as lower BMI cut-offs were proposed for Asian
adults, BMI cut-offs for Asian children should be lowered
when the BMI is used as a screening tool for overweight
and obesity in this population.
There are some limitations in the present study. First,
despite the large sample (n 1039), it was not randomly
selected and may not be representative of the general population. However, we gained a better understanding of the
BMI– %BF relationship because participants were representative of a wide BMI range. Second, despite the validity of the
2
H dilution technique for the assessment of TBW and subsequent prediction of %BF using the two-compartment
model, a bias may have occurred due to violation of the
assumptions of the technique. The primary assumption is
FFM has a constant hydration fraction; however, this may
differ among ethnic groups. However, to date, there is no
published information on the ethnic-specific hydration of the
FFM. Moreover, the 2H dilution technique is the only option
for the remote measurement of body composition with high
precision. In addition, we know very little about the ethnic
variation in health risk across %BF ranges and there is no
widely accepted classification of excess body fat among
children. It is clear that there is an urgent need to describe
the dose– response relationship between %BF and health
risk in children and adolescents in different ethnic groups.
However, the delayed onset of numerous health conditions
related to obesity during childhood and adolescence makes
this work very difficult.
In conclusion, the present study demonstrated that the
relationship between BMI and %BF differs by ethnicity
among Asian children. This suggests that the application of a
single BMI cut-off point may not be appropriate to screen
for health risks in all Asian children. Nonetheless, Asian children had a greater %BF than Caucasian children at any
given BMI, suggesting that the former may be at higher risk
of developing obesity-related health conditions at lower BMI
values. These ethnic differences in the BMI –%BF relationship
should be considered when BMI is used as a screening tool for
obesity in epidemiologic studies and in clinical settings.
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