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Background and Objectives: Body mass index (BMI) is widely used as a surrogate measure of adiposity. The 
relationship between BMI and body fatness varies by race, sex, and age and more variations have been found 
among children. This study investigated the relationship between BMI and fat mass among 3-5 year old children 
having different nutritional status. Methods and Study Design: A cross-sectional study was conducted in 15 
daycare centers in central Thailand. 137 healthy preschool children were recruited according to their nutritional 
status: thin [BMI for age Z scores, (BAZ) <-2 SD], normal BMI (-2 SD≤ BAZ ≤+2 SD), overweight/obese (BAZ 
>+2 SD), and stunted [height for age Z scores < -2 SD]. Fat-free mass was determined by deuterium dilution 
technique. Fat mass (FM) in kilograms (TFM) and in percentage (FM%), and fat mass index (FMI, FM/height2) 
were calculated. Results: FM and FMI were the highest in the overweight/obese groups. In the thin group, girls 
had higher FMI compared to boys (3.2 vs 2.8 kg/m2, p<0.05). The relationship between BMI with FMI and FM 
differed by nutritional status. BMI was more strongly associated with FMI, TFM, and FM% in the over-
weight/obese (r=0.97, 0.95, 0.80, p<0.05) and the normal (r=0.88, 0.84, 0.68, p<0.05) groups but not in the stunt-
ed group, and inconsistent in the thin group. Conclusions: The inconsistency in the relationship between BMI 
and body fatness suggests that BMI is appropriate for reflecting adiposity in normal and overweight/obese chil-
dren, but not undernourished preschool children. 
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INTRODUCTION 
The Fifth National Nutrition Survey in Thailand (2003) 
indicated that the prevalence of obesity (using weight-for-
height z score >+2SD) in children aged 0-5 years in-
creased from 5.4% in 1995 to 6.9 % in 2003.1,2 This 
equaled a 20% increase in prevalence of obesity in this 
age group. In the same survey, prevalence of wasting and 
stunting was 9.0% and 15.6%, respectively, suggesting 
the existence of a ‘double burden of malnutrition’.1,2 A 
later survey in 2006 also confirmed the double burden of 
malnutrition (DBMN), with a slightly decreased stunting 
prevalence (11.9%), while overweight/obesity was 6.9%.3 
Postnatal growth associated with feeding, especially 
around 4 y of age onward, results in the differential accre-
tions of fat and muscle mass, and becomes an important 
risk factor of obesity and non-communicable diseases 
(NCD) in later life. Prevention of obesity and stunting in 
young children remains a high priority in populations 
with nutrition in transition.4 Understanding the pattern of 
adiposity and fat-free mass among children with a mix of 
nutritional status will contribute to better planning for 
appropriate prevention strategy. Despite the increasing 
trend of childhood obesity, only a few studies have been 
conducted on body composition among preschool chil-
dren. There are several methods for measuring body 
composition in children; accuracy and cost are often con- 

 
 
sidered.5 The deuterium dilution technique is an accurate 
method for assessing body composition of children. This 
study used the deuterium dilution technique to assess fat 
mass and fat-free mass in preschool children aged 3-5 
years old having different nutritional (anthropometric) 
status, namely, stunting, thin, normal, and over-
weight/obesity. We aimed to determine the relationship 
between nutritional status and fat mass in these children. 
 
MATERIALS AND METHODS 
Study design and participants 
A cross-sectional study was conducted in preschool chil-
dren aged 3-5 years old in 15 purposively selected day-
cares in 2 provinces (Nakhon Pathom and Samut Prakan) 
in central Thailand. Children in each daycare center were 
screened and categorized into 4 nutritional status groups 
based on WHO growth reference 2006: 1) thin [body 
mass index for age z scores, (BAZ) <-2 SD], 2) normal 
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BMI (-2 SD≤ BAZ ≤+2 SD), 3) overweight/obese (BAZ 
>+2 SD), and 4) stunted [height for age z scores, (HAZ) 
<-2 SD].6  The total of 845 children was screened and 5%, 
3%, and 14% were categorized as stunted, thin, and 
overweight/obese, respectively. Among the normal and 
overweight/obese children, they were randomly selected 
into the respective categories. Due to a low prevalence of 
wasting and stunting, a non-random purposive sampling 
approach was employed to enroll children into the thin 
and stunted groups. The exclusion criteria included par-
ticular medical history, chronic diseases, ongoing medical 
treatments likely to affect body composition, and mal-
formation or muscle diseases. Sample size for the study 
was calculated using the equation by Kirk at the power of 
80%, 25 children (n=25) per group were needed.7 An ad-
ditional 20% of the sample size was recruited to compen-
sate for incomplete data. Therefore, a total sample of 30 
children in each group was recruited. Ethical clearance 
was approved by the Mahidol University Institutional 
Review Board, Thailand. The study protocol was ex-
plained to parents, children, and daycare center staff and 
written informed consent was obtained from a par-
ent/guardian of each child.  
 
Socio-demographic data 
Socio-demographic data were collected: maternal age, 
education and family income were interviewed using so-
cio-demographic questionnaire. Child birth date and 
birth-weight data were taken from birth certificates. Child 
age was calculated from birth date and the date when an-
thropometric assessment was done. 
 
Anthropometric measurements 
Weight and height of all children were measured using a 
standard technique.8The measurements were repeated in 
selected children on the day of deuterated water admin-
istration. Body weight was measured with light-weight 
clothing to the nearest 0.1 kg using a digital weighing 
scale (Seca digital scale model841, Seca Corporation, 
Hamburg, Germany). Standing height (without shoes and 
socks) was determined to the nearest 0.1 cm using a 
UNICEF wooden height board. Waist circumference (WC) 
was also measured on the same day. WC measurement 
was taken at the midpoint between the superior border of 
the iliac crest and the lowest rib cage, to the nearest 0.1 
cm using a non-stretching tape. All measurements were 
performed in triplicate and the average was used for anal-
ysis. Body mass index (BMI) was calculated. Weight for 
age z scores (WAZ), weight for height z scores (WHZ), 
HAZ, and BAZ were determined using the 2006 World 
Health Organization (WHO) growth standard for children 
0-5 years old. 6  
 
Body fat 
Total body water (TBW) was assessed by the deuterium 
dilution technique. In brief, after the baseline urine sam-
ple was collected, 20-mL deuterated water containing 2 g 
of 99% D2O was administered orally through a drinking 
straw. The three post-dose samples were collected at ap-
proximate 3 h, 4 h and 5 h after the dose was given. All 
urine samples were analyzed for the deuterium enrich-
ment using the Isotope Ratio Mass Spectrometry (SerCon 

Limited, United Kingdom). The TBW content was de-
rived using the plateau approach.9 Fat-free mass (FFM) 
was calculated from TBW using Lohman’s age 
appropriate hydration constants for preschoolers.10,11 Fat 
mass (FM) was obtained by subtracting FFM from total 
body weight and was expressed in kilograms and 
percentage. Fat mass index (FMI, FM/height2) and fat-
free mass index (FFMI, FFM/height2) were  calculated. 
 
Data analysis 
All continuous variables were tested for normality using 
the Kolmogorov-Smirnov test. Descriptive analyses were 
undertaken for demographic and anthropometric data 
using analysis of variance (ANOVA) or chi square test. 
Differences of FM and FFM of children with different 
nutritional status were examined using ANOVA; differ-
ences between sexes using unpaired T-test. Pearson’s 
correlation was used to explore the relationship of FMI 
and FM with BMI and WC in each nutritional group. All 
statistical analyses were performed using SPSS for Win-
dows version 18 (SPSS Inc, Chicago, IL, USA) and a p-
value of 0.05 was considered statistically significant.  
 
RESULTS 
Overall, 137 preschool children (70 boys and 67 girls) 
participated in the study. Due to a time gap between 
screening and assessment of body composition, more 
children were enrolled to replace the children who shifted 
to normal status. The proportion of boys and girls was 
similar in each nutritional status group. 
 
Background and anthropometric characteristics  
General and socio-economic characteristics are summa-
rized in Table 1. Data were compared among stunted, thin, 
normal BMI, and overweight/obese children. Mean age of 
children was not different among groups, and ranged 
from 46.0±5.7 to 49.0±6.5 months. Age of mothers, ma-
ternal education, and percentage of families with income 
below median were similar among all groups. 
    Anthropometric data are presented in Table 2. Children 
in the obese group had the highest birth weight (3.2±0.4 
kg) compared to other groups. There were no differences 
in birth length among the groups. Means of weight, height, 
WC, WAZ, HAZ, WHZ, and BAZ were the highest in the 
overweight/obese group compared to others. Weight and 
WAZ of the stunted children was similar to that of the 
thin children (12.6±0.8 kg vs 12.3±1.4 kg and -2.0±0.5 vs 
-2.3±0.7) but was less than that of the normal BMI chil-
dren. The means of WC were similar among children in 
stunted and thin groups (46.9±1.5 cm vs 44.9±1.7 cm), 
and significantly lower than that of the overweight/obese 
and normal BMI groups.  

Total fat mass (TFM) among the stunted (3.3±0.5 kg) 
and thin children (2.9±0.5 kg) was lower than those of the 
normal BMI (4.3±1.1 kg) and overweight/obese 
(10.1±2.9 kg) children (p<0.05) (Table 2). However, 
there were no significant differences in fat mass percent-
age (FM%) among stunted children when compared to 
normal, and thin children. Similar patterns were found for 
FFM and fat-free mass percentage (FFM%) among these 
anthropometric groups. FMI and FFMI were similar be-
tween the normal BMI and stunted groups; lowest in 
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the thin group and highest in the overweight/obese group.  
In each nutritional group, girls tended to have higher 

FM% compared to boys (Table 3). There was a signifi-
cant difference in FM% between boys and girls in all nu-
tritional groups, except for the overweight/obese group.  
However, statistical significant differences in FMI and 
TFM by sex was found only in the thin group (3.2 kg/m2 
in girls vs 2.8 kg/m2 in boys and 3.2 kg in girls vs 2.7 kg 
in boys, p<0.05). 
 
Relationship of body mass index and waist circumfer-
ence with body fat 
Associations between BMI with FMI and FM varied by 
nutritional status (Table 4). BMI was more strongly asso-
ciated with FMI, TFM, and FM% in the overweight/obese 
(FMI: r=0.97, p<0.05; TFM: r=0.95, p<0.05; FM%: 
r=0.80, p<0.05) and the normal BMI (FMI: r=0.88, 
p<0.05; TFM: r=0.84, p<0.05; FM%: r=0.68, p<0.05) 
groups than in the stunted group (FMI: r=0.63, p<0.05; 
TFM: r=0.60, p<0.05; FM%: NS). There was no signifi-
cant association between BMI with FMI and FM% in the 
thin group, while BMI was moderately significant associ-
ated with TFM (r=0.40, p<0.05).  

The relationships of WC with FMI, TFM, and FM% 
were significant in the normal BMI and overweight/obese 
groups, where the greater strength of the relationship was 
shown in the overweight/obese group (FMI: r=0.94, 
p<0.05; TFM: r=0.95, p<0.05; FM%: r=0.78, p<0.05) 
(Table 4). WC was not associated with FMI, TFM, and 
FM% in the stunted group. In the thin group, WC was not 
significantly related with FMI and FM%, but was moder-
ately significant correlated with TFM (r=0.45, p<0.05). 
 
DISCUSSION 
The present study aimed to examine the relationship be-
tween nutritional status defined by BMI-for-age Z-score 
(BAZ) and body fat measured by the deuterium dilution 
technique. We found that obese children had the highest 
fat mass and significantly different from other nutritional 
status group, while there were no significant differences 
in FM% among stunted, normal, and thin children. FM% 
tended to be higher in girls compared to boys; however, 
the gender difference was statistically significant only 
among the normal BMI and thin children and only among 
thin children when body fat is expressed as total fat mass 
(TFM, kg) and fat mass index (FMI, kg/m2). Significant 

Table 1. Socio-economic characteristics and anthropometry by nutritional status of 3-5 y old children 
 

Characteristics Normal BMI 
(n=47) 

Stunted  
(n=30) 

Thin  
(n=30) 

Overweight/obese 
(n=30) p value† 

Sex, men (%) 53 50 50 50  0.989 
Age  (mo) 46.0±5.7 48.9±5.3 49.0±6.5 47.8±4.7  0.067 
Age of mothers (y) 31±7 30±6 31±6 33±7  0.307 
Maternal education (%)        0.080‡ 

No education 2.2 3.4 0 3.3  
Grade 1-4 10.9 17.2 16.7 36.7  
Grade 7-12 41.3 51.7 63.3 36.7  
>grade 12 45.7 27.6 20.0 23.3  

Family income below median  
    (<15,000 THB/mo) (%) 

31.9 40.0 36.7 33.3  0.897‡ 

Birth weight (kg)   2.9±0.5a   2.8±0.5a    2.8±0.6a    3.2±0.4b  0.001 
Birth length (cm) 49.1±3.1 48.5±3.1 48.7±2.7 50.5±2.8  0.065 
Weight (kg) 15.2±2.0a 12.6±0.8b 12.3±1.4b 24.5±4.8c <0.001 
Height (cm) 99.1±4.3a 93.3±2.7b 98.8±5.6a 106.0±4.4c <0.001 
BMI (kg/m2) 15.5±1.4a 14.4±0.9a 12.5±0.4b 21.9±3.0c <0.001 
Waist circumference (cm) 49.8±3.3a 46.9±1.5b 44.9±1.7b 63.8±6.5c <0.001 
Weight for age z scores  -0.4±1.0a  -2.0±0.5b  -2.3±0.7b   3.0±1.6c <0.001 
Height for age z scores  -0.6±0.8a  -2.4±0.3b  -1.1±0.9c   0.6±0.8d <0.001 
Weight for height z scores   0.0±1.0a  -0.9±0.7b  -2.5±0.4c   3.9±1.6d <0.001 
BMI for age z scores   0.0±1.0a  -0.7±0.6b  -2.4±0.3c   3.9±1.8d <0.001 
 

†ANOVA (Tukey’s post hoc test), values in a row without a common superscript letter differ, p<0.05.  
‡Chi square test. 
Normal BMI: -2 SD BAZ 2 SD; Stunting: HAZ <-2 SD; Thinness: BAZ <-2 SD; Overweight/obesity: BAZ >2 SD. 
 
 
Table 2. Body composition of preschool children by nutritional status of 3-5 y old children 
 

Nutritional status Normal BMI 
(n=47) 

Stunted  
(n=30) 

Thin  
(n=30) 

Overweight/ 
obese (n=30) p value† 

Total body water (kg)   8.6±1.0a  7.2±0.6b   7.3±0.9b 11.3±1.6c <0.001 
Total body water (%) 56.4±3.2a  57.6±2.5a,b 59.4±2.6b 46.5±3.0c <0.001 
Fat mass (kg)   4.3±1.1a  3.3±0.5b   2.9±0.5b 10.1±2.9c <0.001 
Fat mass (%) 27.8±4.1a  26.2±3.2a,b 23.9±3.4b 40.5±3.9c <0.001 
Fat mass index (kg/m2)   4.3±0.9a  3.8±0.6a   3.0±0.4b   8.9±2.0c <0.001 
Fat-free mass (kg) 10.9±1.2a  9.3±0.7b   9.3±1.1b 14.5±2.0c <0.001 
Fat-free mass (%) 72.2±4.1a  73.8±3.2a,b 76.1±3.4b 59.5±3.9c <0.001 
Fat-free mass index (kg/m2) 11.1±0.8a 10.7±0.7a   9.5±0.5b 12.9±1.1c <0.001 
 

†ANOVA (Tukey’s post hoc test), values in a row without a common superscript letter differ, p<0.05. 
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Table 3. Fat mass and fat mass index by sex and nutritional status†‡ of 3-5 y old children 
 

Nutritional status FMI (kg/m2)  TFM (kg)  FM (%) 
Boys Girls p value  Boys Girls p value  Boys Girls p value 

Normal BMI 
(n=24:22)§ 

4.1  
(3.7, 4.5) 

4.0 
(4.2, 5.0) 

0.118  4.1 
(3.6, 4.5) 

4.5 
(4.0, 5.0) 

0.218  
 

26.3 
(24.7, 27.9) 

29.7 
(28.0, 31.4) 

0.006 
            

Stunted 
(n=14:15) 

3.6 
(3.3, 3.9) 

4.0 
(3.7, 4.3) 

0.117  3.2 
(29, 3.4) 

3.4 
(3.2, 3.7) 

0.151  
 

24.9 
(23.2, 26.5) 

27.7 
(26.2, 29.3) 

0.018 
            

Thin 
(n=15:15) 

2.8 
(2.6, 3.0) 

3.2 
(3.1, 3.4) 

0.002  2.7 
(2.4, 3.0) 

3.2 
(2.9, 3.4) 

0.020  
 

21.9 
(20.4, 23.3) 

25.9 
(24.6, 27.3) 

<0.001 
            

Overweight/obese 
(n=15:15) 

9.1 
(7.8, 10.3) 

8.8 
(7.6, 10.1) 

0.819  10.4 
(8.7, 12.1) 

9.7 
(8.0, 11.4) 

0.553  
 

39.8 
(37.5, 42.1) 

41.2 
(39.0, 43.5) 

0.398 

 
†Mean (95% CI); ANCOVA, adjusted for birth weight, age, maternal education, and household income. 
‡Unpaired T-test.  
§n=boys:girls 
FMI: fat mass index; TFM: total fat mass in kg; FM: fat mass in %. 
 
 
Table 4. Correlation coefficient (r) between body mass index (BMI, kg/m2) and waist circumference (WC) with body fat by nutritional status of 3-5 y old children 
 

Nutritional status BMI and FMI (kg/m2)  BMI and TFM (kg)   BMI and FM (%) 
r† p value  r† p value  r† p value 

Normal BMI  0.88 <0.001  0.84 <0.001  0.68 <0.001 
Stunted 0.63 <0.001  0.60   0.001  0.24   0.219 
Thin 0.33   0.083  0.40   0.036  0.13   0.514 
Overweight/obese 0.97 <0.001  0.95 <0.001  0.80 <0.001 
         

Nutritional status WC and FMI (kg/m2)  WC and TFM (kg)   WC and FM (%) 
r† p value  r† p value  r† p value 

Normal BMI 0.78 <0.001  0.84 <0.001  0.61 <0.001 
Stunted 0.08   0.684  0.07 0.727  -0.03   0.902 
Thin 0.32   0.096  0.45 0.018  0.21   0.283 
Overweight/obese 0.94 <0.001  0.95 <0.001  0.78 <0.001 
 
†Pearson correlation coefficients, adjusted for age and sex. Using Fisher’s z transformation: significant differences in the correlation coefficients (r) between overweight/obese vs. normal BMI; p<0.01 for BMI vs. 
FMI and WC vs. FMI, p<0.05 for BMI vs. TFM and WC vs. TFM, no significance for FM%. 
FMI, fat mass index; TFM, total fat mass in kg; FM, fat mass in % 
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relationships were found between BMI or WC and all 
body fat measures (FMI, TFM, FM%) among normal 
BMI and overweight/obese children.  For stunted children, 
only the relationships between BMI vs FMI and BMI vs 
TFM were significant. Lastly, for thin children, the rela-
tionships between BMI vs TFM and WC vs TFM were 
significant.  

Body mass index is generally considered a practical 
and simple indicator to measure, especially in the popula-
tion-based study for assessing nutritional status. The in-
consistent relationships between BMI and body fatness 
found in the present study warrants a concern in using 
BMI for assessing adiposity in children population when 
malnourished children are included, which is the case in 
developing countries. Comparison across studies has sev-
eral methodological challenges due to the use of different 
methods for assessing adiposity and its validation may be 
based on a different population from the one under study 
(e.g., equations based on skinfold thickness and bioim-
pedance analysis (BIA) were developed in Caucasian 
populations). Moreover, reported studies included appar-
ently healthy children and age range which was inclusive 
of children from young age through adolescents, i.e., 
complexity due to differential pubertal growth spurt in 
different populations. Only a few studies were conducted 
in preschool children (3-5 or 6 years old) in developing 
countries and malnourished children using isotope dilu-
tion or dual x-ray absorptiometry (DXA).   

The percent body fat in the present study is more simi-
lar to that reported in the western populations, while BMI 
was somewhat lower. Forsum et al (2013) found percent 
body fat (25-27%) for Swedish children at 4 years old 
(using Air displacement plethysmography), and Mei, et al 
(2002) in 3-5 years old American children, using 
DXA.12,13 Our result on percent body fat was also similar 
to older children (8-10 y) reported for Thai, Malay, and 
Filipino children using deuterium dilution method.14 In 
contrast, Yamborisut et al (2012) studied the central body 
fat distribution indices in 5-6 years old Thai preschool 
children having similar background characteristics as 
children in the present study and found percent body fat 
to be about 14% using BIA.15 A study in Japan using mul-
ti-frequency BIA in 3-5 years old children reported simi-
lar level of FM% (10-14%).16 Overall, however, our study 
confirms the previous findings that among children aged 
7-12 years old, Asians of different ethnic groups  tend to 
have higher fatness at the same BMI than Caucasians.14,17  

Freedman, et al found a significant difference between 
boys and girls aged 5-17 years old in the US.18 Girls had 
higher percent fat mass compared with boys, which is 
consistent with several studies in both preschool and 
school-aged children.13,14,16 The gender difference in our 
study was not consistent, depending on how the body fat 
is expressed (Table 3). When expressed as FM%, signifi-
cant gender differences were found among normal, stunt-
ed, and thin children, whereas TFM and FMI were also 
significant among thin children. Both stunted and thin 
children had lower TFM compared with normal BMI 
children, and thin children also had significantly lower 
FM%. Hoffman et al (2007) showed that at 10years old, 
stunted children had lower BMI and fat mass compared to 
non-stunted children. When followed-up four years later, 

stunted children had significantly higher increase in trunk 
fat.19 Therefore, undernourishment during early stage of 
life do not necessarily have an advantage in terms of adi-
posity as they grow older.  

The relationship between BMI and various measures of 
adiposity was not consistent in adults and children, and 
ethnic differences have been reported.14 Moreover, the 
correlation may also differ whether the adiposity measure 
is total body fat or regional distribution. Yamborisut et al 
(2012) reported very high correlations both between BMI 
vs trunk fat (derived from equation using sub-scapular 
and supra-iliac skin folds) as well as WC and total fat 
mass (measured by tetra-polar BIA).15 Since the deuteri-
um dilution method cannot assess regional fat distribution, 
these relationships will need to be confirmed using meth-
od such as DXA.  

The correlations between BMI and body fat expressed 
as FM% also tended to be lower than when using 
TFM.13,14,16 In addition, we found that the correlation co-
efficients between BMI or WC with FMI and TFM were 
significantly higher among overweight/obese children 
than that in normal BMI children (data not shown). Other 
studies showed that the accuracy of childhood BMI as an 
indicator of adiposity appears to increase with the degree 
of body fatness.18,20,21 Therefore, BMI or WC may still be 
valid indicators for assessing body fat among normal 
BMI to overweight/obese children, but not to be used for 
undernourished children. Due to relatively small sample 
size in the present study, this finding should be verified. 

In conclusion, we did not find the continuum of associ-
ations of body mass index and body fatness from under-
nourished to over-nourished conditions. While BMI and 
fatness association was found among normal to over-
weight/obese children, it is less certain among undernour-
ished (i.e., stunted and thin) children. Our study showed 
that BMI may not be an appropriate indicator for adiposi-
ty when malnourished (stunted and thin) young children 
are included.  

 
ACKNOWLEDGEMENTS 
The authors are grateful to all parents and children who partici-
pated in the study. We would like to express our appreciation 
for the assistance of Anura Kurpad and Thomas Preston in body 
composition assessment using the deuterium dilution technique. 
We specially thank Parul Christian for her suggestion on manu-
script preparation and Harold C. Furr for assistance in editing 
the manuscript. 
 
AUTHOR DISCLOSURES   
The authors have no conflicts of interest. This research project 
was supported by 1) Mahidol University and 2) The office of 
the Higher Education Commission and Mahidol University un-
der the National Research Universities Initiative. We thank the 
International Atomic Energy Agency for the support on stable 
isotope and laboratory supplies. 
 
REFERENCES 
1. Ministry of Public Health (MOPH). The Fourth National 

Food and Nutrition Survey in Thailand, 1995. Bangkok, 
Thailand: Nutrition Division, Ministry of Public Health; 
1995. (In Thai) 

2. Ministry of Public Health (MOPH). The Fifth National Food 
and Nutrition Survey in Thailand, 2003. Bangkok, Thailand: 
Nutrition Division, Ministry of Public Health; 2006. (In Thai) 



Body mass index and fat mass in preschool children                                 691 

3. Thailand National Statistical Office. Thailand Multiple 
Indicator Cluster Survey (MICS) December 2005- February 
2006, Final Report. Bangkok, Thailand: National Statistical 
Office; 2006. 

4. Dehghan M, Akhtar-Danesh N, Merchant AT. Childhood 
obesity, prevalence and prevention. Nutr J. 2005;4:24. 

5. Wells JC, Fewtrell MS. Measuring body composition. Arch 
Dis Child. 2006;91:612-7. 

6. WHO Multicentre Growth Reference Study Group. WHO 
child growth standards based on length/height, weight and 
age. Acta Paediatr Suppl. 2006;450:76-85. 

7. Kirk RE. Experimental design: procedure for the behavioral 
sciences. 2nd ed. Monterey, California: Brooks/Cole 
Publishing Company; 1982. 

8. Lohman T, Roche A, Martorell R, editors. Anthropometric 
standardization reference manual. Champaign, IL: Human 
Kinetics Books; 1988. 

9. International Atomic Energy Agency (IAEA). Assessment 
of body composition and total energy expenditure in humans 
using stable isotope techniques. Vienna: International 
Atomic Energy Agency; 2009. 

10. Lohman TG. Applicability of body composition techniques 
and constants for children and youths, Exercises Sports 
Science Review (Pandolf, KB, Ed). New York: MacMillan; 
1986. 

11. Lohman TG. Advances in body composition assessment. 
Champaign, IL: Humans Kinetics Publications.; 1992. 

12. Forsum E, Carlsson EF, Henriksson H, Henriksson P,  Löf 
M. Total body fat content versus BMI in 4-year-old healthy 
Swedish children. J Obes. 2013;2013:206715. doi: 10.1155/ 
2013/206715. 

13. Mei Z, Grummer-Strawn LM, Pietrobelli A, Goulding A, 
Goran MI,  Dietz WH. Validity of body mass index 
compared with other body-composition screening indexes 

for the assessment of body fatness in children and 
adolescents. Am J Clin Nutr. 2002;75:978-85. 

14. Liu A, Byrne NB, Kagawa M, Ma1 G, Poh BK, Ismail MN, 
Kijboonchoo K, Nasreddine L, Trinidad TP. Ethnic 
differences in the relationship between body mass index and 
percentage body fat among Asian children from different 
backgrounds. Brit J Nutr. 2011;106:1390-7. 

15. Yamborisut U, Sakamoto N, Visetchart P, Tontisirin K. 
Central body fat distribution indices in Thai preschool 
children. Open Journal of Pediatrics. 2012;2:47-52.   

16. Sakai T, Demura S, Fujii K.  Relationship between body 
composition and BMI in preschool children. Sport Sci 
Health. 2012;7:5-12. doi: 10.1007/s11332-012-0105-x.  

17. Deurenberg P, Deurenberg-Yap M, Foo LF, Schmidt G, 
Wang J. Differences in body composition between 
Singapore Chinese, Beijing Chinese and Dutch children. Eur 
J Clin Nutr. 2003;57:405-9. 

18. Freedman DS, Wang J, Maynard LM, Thornton JC, Mei Z, 
Pierson RN, Dietz WH, Horlick M. Relation of BMI to fat 
and fat-free mass among children and adolescents. Int J 
Obes (Lond). 2005;29:1-8. 

19. Hoffman DJ, Martins PA, Roberts SB, Sawaya AL. Body fat 
distribution in stunted compared with normal-height 
children from the shantytowns of Sao Paulo, Brazil. 
Nutrition. 2007;23:640-6. 

20. Bray GA, DeLany JP, Volaufova J, Harsha DW, 
Champagne C. Prediction of body fat in 12-y-old African 
American and white children: evaluation of methods. Am J 
Clin Nutr. 2002;76:980-90. 

21. Freedman DS, Wang J, Thornton JC, Mei Z, Sopher AB, 
Pierson RN, Dietz WH, Horlick M. Classification of body 
fatness by Body Mass Index–for-Age categories among 
children. Arch Pediatr Adolesc Med. 2009;163:805-11. 

 


