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Childhood obesity, a significant global public health problem, affects an increasing number of low- and middle-
income countries, including in Asia. The obesity epidemic has been fuelled by the rapid nutrition and physical ac-
tivity transition with the availability of more energy-dense nutrient-poor foods and lifestyles of many children 
dominated by physical inactivity. During the growing years the pace and quality of grow this best quantified by a 
combination of anthropometric and body composition measures. However, where normative data are available, 
this has typically been collected on Caucasian children. To better define and characterise overweight and obesity 
in Asian children, and to monitor nutrition and physical activity interventions, there is a need to increase the use 
of standardized anthropometric and body composition methodologies. The current paper reports on initiatives fa-
cilitated by the International Atomic Energy Agency (IAEA) and outlines future research needs for the prevention 
and management of childhood obesity in Asia. 
 

Key Words: childhood obesity, Asia, body composition, methodology, stable isotopes 
 
 
 
INTRODUCTION 
Childhood obesity is increasing at an alarming rate,1 par-
ticularly in low- and middle-income countries and is 
acknowledged as a significant global public health prob-
lem.2-6 Global estimates in 2010 suggested that 35 million 
children were overweight or obese, with this figure likely 
to double by 2020.1 The increasing international trend for 
overweight and obesity in childhood is occurring along-
side an escalation in poor eating and physical activity 
behaviours. The epidemic of obesity in Asia has been 
fuelled by the rapid nutrition and physical activity transi-
tion being more commonly experienced. Energy-dense 
and often poor quality foods are more widely available 
and the typical lifestyle of many children is characterised 
by low levels of physical activity and a predisposition to 
inactive or sedentary behaviours.2 Taken together, these 
changes mean that affected children have an increased 
risk of lifestyle-related, non-communicable diseases 
(NCDs) including type 2 diabetes,7 cardiovascular diseas-
es and certain forms of cancer.5 
    Many Asian countries are experiencing the double bur-
den of under- and overnutrition8 with consequent stress 
on health provision systems. Further, the prevalence of 
overweight and obesity increases along with a country’s 
level of socio-economic transition, prevalence is gener- 
ally higher in urban than in rural areas, and unlike many 

 
 
parts of the developed world, more pronounced in higher 
socio-economic groups of the population.2,5 

The childhood years represent a major ‘window of op-
portunity’ and ‘teachable moment’ with respect to two of 
the key behavioural risk factors for NCDs, an unhealthy 
and energy-dense diet plus a lifestyle characterised by 
low levels of physical activity and an increase in seden-
tary behaviours. In Asia, the prevention and management 
of overweight and obesity, and the likelihood of un-
healthy practices tracking through adolescence into adult-
hood if unchecked, has been exacerbated by a lack of 
quality data, capacity amongst health professionals and 
exemplar intervention approaches. 
    A better understanding of the quality of growth and 
maturation of Asian children and adolescents in the con-
text of the burgeoning obesity problem could be gained 
with the utilization of appropriate body composition asse- 
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ssment techniques.9,10 The more widespread use of stand-
ardized anthropometric and valid and reliable body com-
position approaches would also help to quantify changes 
as a function of growth and also diet and physical activity 
interventions. 

This paper details emerging challenges in the region 
and references future research directions related to the 
prevention and management of childhood obesity. In par-
ticular, the paper references obesity-related initiatives 
supported by the IAEA and partner organisations. A ma-
jor goal of these research and capacity building initiatives 
has been to contribute to the wider use of stable isotopes 
to progress the nutrition agenda in low- and middle-
income countries, including the more systematic use of 
anthropometry and body composition assessment tech-
niques. 
 
A region in transition - impact on health 
Many Asian countries are experiencing a socioeconomic 
and lifestyle transition due to a combination of globalisa-
tion and urbanization. Consistent with this economic and 
demographic transition is declining physical activity lev-
els and increased sedentary behaviours. Whilst the preva-
lence of childhood overweight and obesity is increasing 
in many Asian countries, including India, Singapore, 
China, Malaysia and Vietnam,11 rates of obesity and ur-
banization vary across the region. In addition to over-
weight and obesity, the activity trends and more energy-
dense diets have contributed to poor metabolic and cardi-
ovascular health in younger age groups.5,12,13 Sadly, the 
brunt of the impact of the epidemic of chronic NCDs in 
Asia is being borne by more disadvantaged populations.14 
 
Anthropometry - an important but often misused marker 
of health 
Anthropometric measurements have traditionally been 
used to characterize growth and maturation but have also 
been used, as is the case for the body mass index (BMI), 
as a ‘criterion’ for overweight and obesity. However, it is 
important to highlight that height and weight (and there-
fore BMI) are not measures of body composition, that is, 
they provide no information regarding the relative propor-
tions of fat mass (FM) and fat-free mass (FFM).9 The 
differentiation between anthropometry and body compo-
sition in the context of the Asian child is critical given 
that (some) Asian children may differ in the relationship 
between level of body fat and metabolic risk, as evi-
denced in adults.14 Similarly, if body fatness in South 
Asians differs in amount and distribution from Cauca-
sians, (or from other Asians), an inappropriate extension 
of anthropometric data may disadvantage some when 
using cut-offs developed in Caucasian populations. 
 
Standardized anthropometry plus body composition 
assessment - a more valuable marker of health 
Body fat level, and more importantly its regional 
distribution, is an acknowledged marker of health status 
yet detailed body composition of different populations is 
often not available. In adult Asian populations, 
particularly South Asians, higher total and central 
adiposity is seen at the same BMI when compared with 
Caucasians.12 Such ethnic-specific differences in body fat 

distribution may be related to ethnic differences in cardio-
metabolic risk. For example, Nazare et al14 found that 
ethnicity significantly affects abdominal obesity with East 
Asians having the most deleterious fat distribution. The 
morphologic characteristics cited above have also been 
reported in young Asians15,16 making this population 
more susceptible to metabolic diseases and more recently, 
a range of cardio-metabolic risk factors have also been 
reported in normal-weight South Asian children.5 

To address the challenges associated with unhealthy 
levels of adiposity in many Asian populations, there is an 
urgent need to advance our knowledge and understanding 
of physical growth changes of Asian children, in 
particular changes in adiposity during childhood and 
adolescence. The urgency is in large part associated with 
the knowledge that the cost of treating established obesity 
and related conditions is enormous with serious 
consequences for healthcare providers in the developed 
and the developing world.17-19 

At a more fundamental level, the establishment of 
normative data on body size, shape and composition of 
Asian children from different locations is an important 
priority, particularly in the context of the current 
challenge of overweight and obesity and the burgeoning 
problem of type 2 diabetes. Ideally, such information 
should be available from birth and across the growing 
years. This would enable a better definition of healthy 
growth in this population and most importantly, to 
understand associations between growth during childhood 
and later health outcomes.  

The lack of comprehensive data on the growth and de-
velopment of Asian children contributes to the challenge 
of accurately documenting and then comparing physical 
characteristics of children from different locations. It is 
critical to establish reference data in populations of Asian 
children11 such as age- and sex-specific BMI cut-offs for 
overweight and obesity. Reported prevalence of over-
weight and obesity depends on the definition used, for 
example whether from the International Obesity Task-
force (IOTF, 2000),20 US Centres for Disease Control 
(CDC, 2000),21 or World Health Organisation (WHO, 
2006).22,23 The IOTF BMI cut-offs for example may not 
be appropriate for Asian children and adolescents because 
they are mainly based on Caucasian populations and low-
er cut-offs have been reported as more appropriate for 
defining BMI-related health risk in Asian populations.24 
The actual prevalence of overweight and obesity may be 
significantly higher than reported in the published litera-
ture with even greater public health consequences. 

A logical extension beyond the collection of anthropo-
metric data is to better understand the relationship be-
tween BMI and percentage body fat (%BF) in this popu-
lation. We recently addressed this issue in a large group 
of 8-10 year-old children (N=1039)9 encompassing a 
wide BMI range, recruited from China, Lebanon, Malay-
sia, The Philippines and Thailand. Body composition was 
determined using the criterion deuterium dilution tech-
nique to quantify total body water (TBW) and subse-
quently FFM, FM and %BF. Ethnic differences were 
found in the BMI-%BF relationship but varied by BMI. 
For example, %BF in Filipino boys was approximately 
2% lower than Thai and Malay counterparts. In contrast, 
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Thai girls had approximately 2% higher %BF values than 
Chinese, Lebanese, Filipino and Malay girls at a given 
BMI. Compared with Caucasian children of the same age, 
Asian children had 3-6 units lower BMI at a given %BF. 

In the context of various classification approaches, ap-
proximately one-third of the obese Asian children (%BF 
above 25% for boys and above 30% for girls) in our study 
were not identified using the WHO classification and 
more than half using the IOTF classification. In summary, 
a lack of understanding of ethnic differences in body size, 
proportion and fat distribution may contribute to misuse 
or misinterpretation of results obtained from anthropo-
metric indices alone.25 Results from the study by Liu et 
al9 confirmed the necessity to consider ethnic differences 
in body composition when developing BMI cut-points 
and other obesity criteria in Asian children. 
 
Total body water (TBW) assessment by deuterium dilu-
tion technique 
Quantification of TBW using the deuterium dilution 
technique enables the subsequent estimation of FFM and 
based on the two-compartment model, FM can be derived 
as the difference between body weight and FFM. The 
technique is suitable for both field settings and large-scale 
studies, is non-invasive and therefore suitable for more 
widespread use and the generation of normative data (see 
Table 1).  

The technique involves the collection of biological 
samples (saliva or urine) in the field and subsequent 
analysis in a laboratory facility. The IAEA has made a 
significant contribution over many years to capacity 
building in the application of the deuterium dilution 
technique to quantify TBW in low- and middle-income 
countries, including in Asia. The IAEA has also helped to 
fund key initiatives associated with better understanding 
the relationship between body fat and metabolic risk in 
pre-adolescents and adolescents, and also the prevention 
and management of chronic disease in children and 
adolescents in the context of the epidemic of obesity and 

type 2 diabetes. In addition, the Agency has contributed 
to increased access to Isotope Ratio Mass Spectrometers 
(IRMS) dedicated to nutrition applications and also 
Fourier transform infrared spectroscopy (FTIR) for 
analysis of deuterium enrichment in saliva. This support 
has contributed significantly to the more widespread use 
of stable isotopes to assess body composition in the 
region. 
 
Bioelectrical impedance analysis (BIA) 
Despite the relative simplicity of the technique and wide 
range of commercial devices available, BIA has been 
used and abused in the research context. Given the cost 
and technical challenges associated with the widespread 
use of the criterion measure of TBW assessment, the deu-
terium dilution technique, considerable attention has been 
paid to validation of BIA against the criterion measure. 
With the support of the IAEA and other agencies, some 
recent studies have assessed the validity of BIA for the 
estimation of TBW and FFM using the deuterium dilution 
technique as a reference in multi-ethnic samples of Asian 
children.10 We recruited 948 participants (492 boys and 
456 girls) from five Asian countries, including China 
(East Asia), Lebanon (West Asia), Malaysia, Philippines 
and Thailand (South East Asia), and in each country par-
ticipants in each gender and age group were randomly 
divided into two groups, a validation group (328 boys and 
302 girls) and a cross-validation group (164 boys and 154 
girls). To harmonize data collection across the five coun-
tries, the same equipment and technique, including deu-
terium oxide dilution approach was employed and all 
measurements were conducted following standardized 
operating procedures by trained investigators. The BIA 
prediction equations for TBW and FFM developed in the 
study are valid for use in Chinese, Lebanese, Malay, Fili-
pino and Thai children aged 8-10 years across a wide 
BMI range (12.2-34.9 kg/m2). Our population-specific 
BIA prediction equation provides an appropriate tool for 
the accurate assessment of body composition among 
Asian children. It also provides the opportunity to com-
pare obesity prevalence based on percent body fat rather 
than BMI using a relatively inexpensive, simple to use 
technique. 
 
Conclusions and recommendations 
In summary, the relationship between BMI and %BF dif-
fers by ethnicity among Asian children confirming that 
the widespread application of a single BMI cut-off point 
may not be appropriate to screen for health risks in all 
Asian children. Asian children have a higher %BF than 
Caucasian children at any given BMI - this also suggests 
that Asian children may be at higher risk of developing 
obesity-related health problems at lower BMI values. 
Because relatively little is known about ethnic variation 
in health risk across %BF ranges and there is no widely 
accepted classification of excess body fat among children, 
there is an urgent need to undertake further research to 
address the dose-response relationship between %BF and 
health risk in children and adolescents in different ethnic 
groups.9,10,26 Such work will also necessitate the systemat-
ic use of standardized anthropometric and body composi-
tion techniques, including stable isotope approaches, to 

 
Table 1. Body composition reference techniques 
 
Total body water (TBW) Stable isotope dilution technique 

(deuterium or oxygen-18) is the 
criterion measure of TBW. Suit-
able for use in field settings and 
in large-scale studies. 

  

Body density 
 

Air Displacement 
Plethysmography (ADP, Pea 
Pod® and Bod Pod®). Commonly 
limited to use in laboratory set-
tings. 

  

Bone mineral content 
 

Dual X-ray Absorptiometry 
(DXA). Typically limited to 
laboratory-based studies. 

  

Additional approaches 
Bioelectrical imped-
ance analysis (BIA) 

Widely used but relevance based 
on quality of algorithm(s). Typi-
cally data collected on Caucasian 
populations. 

  

Anthropometric meas-
urements and predic-
tion equations 

Harmonized approaches needed 
and ethnic-specific equations. 
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establish more comprehensive normative data on Asian 
children and adolescents from different backgrounds. 

An increase in education and training of health profes-
sionals and capacity building, ideally with the support of 
international, regional and local agencies is required to 
inform evidence-based health policy and practices in the 
region. There is also an urgent need for more aggressive 
intervention programs targeting diet and physical activi-
ty,11 a major focus of which should be to institute inter-
vention strategies to increase awareness and promote 
healthy lifestyles in schools.16 
 
AUTHOR DISCLOSURES 
The authors declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this arti-
cle and no funding was received for the preparation of this paper. 
 
REFERENCES 
1. de Onis M, Blössner M, Borghi E. Global prevalence and 

trends of overweight and obesity among preschool children. 
Am J Clin Nutr. 2010;92:1257-64. doi: 10.3945/ajcn.2010.2 
9786. 

2. Florentino RF. The burden of obesity in Asia: Challenges in 
assessment, prevention and management. Asia Pac J Clin 
Nutr. 2002;11(Suppl):S676-80. doi: 10.1046/j.1440-6047.11. 
s8.4.x. 

3. Monteiro CA, Moura EC, Conde WL, Popkin BM. 
Socioeconomic status and obesity in adult populations of 
developing countries: a review. Bull World Health Organ. 
2004;82:940-6.  

4. Hossain P, Kawar B, El Nahas M. Obesity and diabetes in 
the developing world - a growing challenge. N Engl J Med. 
2007;356:213-5. doi: 10.1056/NEJMp068177. 

5. Ramachandran A, Chamukuttan S, Shetty SA, Arun N, 
Susairaj P. Obesity in Asia - is it different to the rest of the 
world. Diabetes Metab Res Rev. 2012;28(Suppl 2):47-51. 
doi: 10.1002/dmrr.2353. 

6. Santoro N. Childhood obesity and type 2 diabetes: the 
frightening epidemic. World J Pediatr. 2013;9:101-2. doi: 10. 
1007/s12519-013-0410-8. 

7. Sinha R, Fisch G, Teague B, Tamborlane WV, Banyas B, 
Allen K et al. Prevalence of impaired glucose tolerance 
among children and adolescents with marked obesity. N 
Engl J Med. 2002;346:802-10. doi: 10.1056/NEJMoa012578. 

8. Wells J. How should pediatricians in India address 
behaviour patterns associated with childhood obesity? 
Indian J Pediatr. 2011;48:763-4. doi: 10.1007/s13312-011-
0120-z. 

9. Liu A, Byrne NM, Kagawa M, Ma G, Poh BK, Ismail MN, 
Kijboonchoo K, Nasreddine L, Trinidad TP, Hills AP. 
Ethnic differences in the relationship between body mass 
index and percentage body fat among Asian children from 
different backgrounds. Br J Nutr. 2011;106:1390-7. doi: 10. 
1017/S0007114511001681. 

10. Liu A, Byrne NM, Ma G, Nasreddine L, Trinidad TP, 
Kijboonchoo K, Ismail MN, Kagawa M, Poh BK, Hills AP. 
Validation of bioelectrical impedance analysis for total body 
water assessment against the deuterium dilution technique in 
Asian children. Eur J Clin Nutr. 2011;65:1321-7. doi: 10. 
1038/ejcn.2011.122. 

11. Nguyen PV, Hong TK, Hoang T, Nguyen DT, Robert AR. 
High prevalence of overweight among adolescents in 
Ho Chi Minh City, Vietnam. BMC Public Health. 2013;13: 

141. doi: 10.1186/1471-2458-13-141. 
12. Misra A, Khurana L. The metabolic syndrome in South 

Asians: epidemiology, determinants, and prevention. Metab 
Syndr Relat Disord. 2009;7:497-514. doi: 10.1089/met.2009. 
0024. 

13. Malik VS, Willett WC, Hu FB. Global obesity: trends, risk 
factors and policy implications. Nat Rev Endocrinol. 2013;9: 
13-27. doi: 10.1038/nrendo.2012.199. 

14. Nazare JA, Smith JD, Borel AL, Haffner SM, Balkau B, 
Ross R, Massien C, Almeras N, Despres JP. Ethnic 
influences on the relations between abdominal subcutaneous 
and visceral adiposity, liver fat, and cardio metabolic risk 
profile: the International Study of Prediction of Intra-
Abdominal Adiposity and Its Relationship with Cardiometa-
bolic Risk/Intra-Abdominal Adiposity. Am J Clin Nutr. 
2012;96:714-26. doi: 10.3945/ajcn.112.035758. 

15. Ramachandran A, Ma RC, Snehalatha C. Diabetes in Asia. 
Lancet. 2010;375:408-18. doi: 10.1016/S0140-6736(09)609 
37-5. 

16. Wee BS, Poh BK, Bulgiba A, Ismail MN, Ruzita AT, Hills 
AP. Risk of metabolic syndrome among children living in 
metropolitan Kuala Lumpur: a case control study. BMC 
Public Health. 2011;11:333. doi: 10.1186/1471-2458-11-333. 

17. Pelone F, Specchia ML, Veneziano MA, Capizzi S, Bucci S, 
Mancuso A, Ricciardi W, de Belvis AG. Economic impact 
of childhood obesity on health systems: a systematic review. 
Obes Rev. 2012;13:431-40. doi: 10.1111/j.1467-789X.2011. 
00968.x. 

18. Colagiuri S, Lee CM, Colagiuri R, Magliano D, Shaw JE, 
Zimmet PZ, Caterson ID. The cost of overweight and 
obesity in Australia. Med J Aust. 2010;192:260-4. 

19. Binns C, Low WY. Obesity: upsetting the public health 
balance. Asia Pac J Public Health. 2013;25:121-3. doi: 10. 
1177/1010539513479003. 

20. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a 
standard definition for child overweight and obesity 
worldwide: international survey. BMJ. 2000;320:1240-3. doi: 
10.1136/bmj.320.7244.1240. 

21. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, 
Flegal KM, Mei Z, Wei R, Curtin LR, Roche AF, Johnson 
CL. 2000 CDC Growth Charts for the United States: 
methods and development. Vital Health Stat. 2002;246:1-
190. 

22. World Health Organization. The WHO Child Growth 
Standards. Geneva: World Health Organization; 2006. 

23. Chen S, Binns CW, Zhang YX. The importance of definition 
in diagnosing obesity: a review of studiesof children in 
China. Asia Pac J Public Health. 2012;24:248-62. doi: 10. 
1177/1010539512441617. 

24. World Health Organization. Appropriate body-mass index 
for Asian populations and its implications for policy and 
intervention strategies. Lancet. 2004;363:157-63. doi: 10.10 
16/S0140-6736(03)15268-3. 

25. Kagawa M, Byrne NM, King NA, Pal S, Hills AP. Ethnic 
differences in body composition and anthropometric 
characteristics in Australian Caucasian and urban 
Indigenous children. Br J Nutr. 2009;102:938-46. doi: 10.10 
17/S0007114509311733. 

26. Liu A, Byrne NM, Kagawa M, Ma G, Kijboonchoo K, 
Nasreddine L, Koon Poh B, Ismail MN, Hills AP. Ethnic 
differences in body fat distribution among Asian pre-
pubertal children: a cross-sectional multicenter study. BMC 
Public Health. 2011;11:500. doi: 10.1186/1471-2458-11-500.



                                                                               Childhood obesity in Asia                                                                   343                                                             

 

Mini Review 
 
Childhood obesity in Asia: the value of accurate body 
composition methodology 
 
Andrew P Hills PhD1,2, Najat Mokhtar PhD3, Sharon Brownie PhD2,4, Nuala M Byrne 
PhD5  
 
1Mater Mothers’ Hospital, Centre for Nutrition and Exercise, Mater Research Institute - UQ, Brisbane, 
QLD, Australia  
2Griffith Health Institute, Griffith University, Brisbane, QLD, Australia 
3Nutritional and Health Related Environmental Studies Section, Division of Human Health, International 
Atomic Energy Agency (IAEA), Vienna, Austria 
4Green Templeton College Praxis Forum, Oxford University, Oxford, UK 
5Bond Institute of Health and Sport, Bond University, Gold Coast, QLD, Australia 

 
亚洲儿童肥胖：准确的体成分测量方法的价值 
 
儿童肥胖是一个重要的全球性公共健康问题，影响到包括亚洲在内的越来越多

的中低收入国家。快速的营养和体育活动的过渡，即更多的高能量密度低营养

食物的摄入和许多孩子缺乏体力活动为主的生活方式更加助长了肥胖的流行。

在发育期，体格测量和体成分测量相结合是定量生长发育速度和质量最好的方

法。然而，可用的规范数据通常是在白人儿童中收集的。为了更好地定义和描

述亚洲儿童的超重和肥胖，并监测营养和体育活动的干预措施，有必要增加使

用标准化的体格测量和身体成分测量方法。本文报告了国际原子能总署

（IAEA）的促进措施，并概述了未来亚洲在儿童肥胖的预防和管理方面的研

究需求。 
 
关键词：儿童肥胖、亚洲、体成分、方法、稳定同位素 


