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Introduction

O besity is an important metabolic problem of the recent 
century. The problem of childhood obesity is worsening 
in many countries at a dramatic rate.1 Therefore, assess-

ment of obesity in children and adolescents is important. One of 
the main components to consider in assessment of obesity is body 
composition. The total body fat mass and its dis tribution have 
been known to be important determinants in far-ranging nega-
tive effects of obe sity on health.2

Metabolic disorders are directly correlated to obesity and body 
composition. Obesity is a risk factor for DM type 2, cardiovas-
cular disease, non-alcoholic fatty liver and metabolic syndrome.3

Among many direct and indirect methods to evaluate adiposity, 
Body Mass Index (BMI) is being used as a most popular index, 
because of its simplicity, low cost and widely accepted reference 
values in children and adolescents.4,5 However, several authors 

have addressed its limitation: BMI cannot distinguish between 
fat and lean mass; BMI is not always an accurate predictor of fat 
distribution and its use for characterizing adiposity differs among 
different ethnic groups because of an alteration in body-fat pro-
portions.6–8

During childhood and adolescence, both fat mass and lean mass 
are increasing.9 BMI and waist circumference (WC) are indepen-
dent predictors of body fat percentile in adults,9 but it’s still un-
certain whether these two indices can predict body fat percentage 
in children.10 Waist circumference assessment has been used to 
estimate intra-abdominal fat and may be useful in evaluation of 
childhood obesity.11

Among available methods measuring fat mass and lean mass, 
dual-energy X-ray absorptiometry (DEXA) is the most widely 
used and can quantify the regional fat and lean tissue mass.12 This 
technique is also an ideal for children, because it delivers a very 
small dose of radiation.13 Thus, several countries have recently 
measured body fat by DXA in chil dren and adolescents and tried 

-
ences.14–16

Few studies have been conducted on the prevalence of obesity 
in the Iranian population17–20; however we do not have normative 
body composition percentiles for Iranian children and adoles-
cents. Therefore, we conducted this study to provide gender- and 
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this population. Additionally, our data can be used in determin-
ing adiposity distribution in Iranian children and comparison with 
other studies. 

Materials and Methods

Subjects
-

ducted to measure body composition by DXA. We studied in 
apparently healthy Iranian children and adolescents 9–18 years 
old in Kawar, an urban community located about 50Km east of 
Shiraz, the capital of Fars Province in southern Iran. Our subjects 
were girls and boys aged 9–18 years who were pupils of elemen-
tary, guidance, or secondary schools. By systematic random sam-

random sample of 7.5% was applied, and eventually 472 subjects 
(234 girls and 238 boys) participated in this study. We selected our 
samples randomly from all of the elementary, guidance, and sec-
ondary schools of this community according to student numbers 

the sampling frame after a random start. An endocrinologist ex-
amined all subjects; Tanner stage of puberty was distinguished, 
and each participant with the major chronic disorder was exclud-
ed. We divided our subjects into two groups with less than or more 
than three times physical activity weekly (physical education 
classes, organized sports, recreational activity, regular walking, or 
cycling) per week according to their or their parents’ views.21,22 
The study was approved by the ethics committee of Shiraz Uni-
versity of Medical Sciences. Consent forms were obtained from 
the parents of all participants.

 
Anthropometry
Weight was measured with a standard scale to the nearest 0.1 Kg 

(Seca, Germany) and height was measured with a wall-mounted 
meter to the nearest 0.5 cm in all subjects wearing light clothing 
and bare-footed. A waist circumference was measured at the level 
of the umbilicus to the nearest millimeter. BMI (Kg/m2) was cal-
culated by dividing weight (Kg) by height2 (m2). We divided our 
subjects to overweight and obese with BMI greater than the 85th 
percentile and 95th percentile, respectively.23 Based on our sub-

cutoffs.24

Body composition assessment
The Hologic system (Discovery QDR, USA) was used to mea-

sure TBFM in gram and TBFP. Total body Fat Free Mass (FFM) 
was measured by DEXA as total body bone mineral content in 
addition to total body lean mass.25 DEXA study was done with the 
participants wearing special clothing and shoes. Scanner stabil-
ity was checked throughout the course of the study with plots of 
daily spine phantom scans. We calculated FMI (Kg/m2) by divid-
ing total fat mass (Kg) by height (m2) and FFMI by dividing fat 
free mass (Kg) by height (m2

our laboratory was 0.7% for fat mass, and 1.9% for fat percentage 
and lean mass.

Statistical methods
Statistical analysis including: Student t-test, Mann-Whitney 

Test, multivariate linear regression analysis, and Pearson correla-

tion, all being done in SPSS V.18 and Medcalc V.8 software. A P 

The Lambda for skew, Mu for median and Sigma for general-

smoothed weight, height, BMI, TBFM, TBFP, FMI, and FFMI 
curves for age centiles. LMS Chart Maker26–28 and Excel software 

-
ing 5, 25, 50, 75, 85, and 95th percentiles of BMI, TBFM, TBFP, 

waist circumference and body fat measures were determined by 
locally weighted regression scatter plot smoothing.29

Results

Table 1 shows the mean and standard deviation (SD) for weight, 
height, waist circumference, BMI, TBFM, TBFP, FMI, and FFMI 
in each age group of boys and girls. In this study mean age of boys 
was 13.8 years old and mean age of girls were 13.7 years old (P 
=0.89 ). Girls had the mean weight of 41.5 ± 11.9, mean height of 
150.7 ± 11.6, mean waist circumference of 69.4 ± 10.1, and mean 
BMI of 17.9 ± 3.3. In boys, the mean weight was 44.7 ± 14.5, 
mean height 157.3 ± 15.9, mean waist circumference 67.5 ± 10.4, 
and mean BMI 17.5 ± 3.0. 

We divided our subjects to overweight and obese with BMI 
greater than the 85th percentile and 95th percentile, respectively 
based on our subjects’ BMI cutoff points. We found that 11.3% of 
boys and 11.0% of girls were overweight (BMI > 85 percentile) 
and 5.4% of boys and 4.2% of girls were obese (BMI > 95 percen-
tile). According to IOTF cutoffs, we found that 6.3% of boys and 
5.5% of girls were overweight and only 0.4% of girls were obese.  

Boys were taller and heavier than girls (P < 0.001), but there was 
P = 0.19). The waist 

circumference of 12–14-year-old girls was more than that of boys 
(P
change between two genders was not observed.

Mean TBFM in 18-year-old girls was more than twice in 9-year-
old girls. In boys, we detected about 75% increase in TBFM 
between 9–18 years of age. Mean TBFP in 9-year-old girls was 
25.3% and in 18-year-old girls it was 30.3% that showed 19% 
increase; On the other hand, 9-year-old boys had a mean TBFP 
of 18.1% in comparison to 14.2% in 18-year-old boys that indi-
cates 21.3% decrease. Boys exhibited an early rise and then fall 
in TBFP with age. Also, mean FMI in boys was 3.1 kg/m2 and in 
girls it was 5.1 kg/m2. Mean FFMIs in boys and girls were 14.5 
kg/m2 and 13.1 kg/m2, respectively.

years of age (P = 0.03 and P = 0.001); however, in boys only the 
P -

cant change (P = 0.8).
As a general rule, mean TBFM, TBFP and FMI in girls was sig-

vs. 3.1), respectively (all P < 0.001); however, the mean FFMI 
was 14.5 in boys in comparison to 13.1 in girls (P < 0.001). Table 
2 shows 5th and 95th percentiles for BMI, TBFP, FMI, and FFMI.  

Total body fat mass and total body fat percent percentiles
Figure 1 illustrates the reference percentile curves obtained for 

TBFM and TBFP for boys and girls by age (Figure 1). The me-
dian TBFM in boys increased from 4.8 Kg to 7.5 Kg and in girls 
from 6.0 Kg to 15.6 Kg in 9–18 years of age. The 95th percentile 
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curves of TBFM in boys diverged more from the 50th percentile 
curves, whereas in girls the rise in TBFM in the 50th and 95th per-
centile curves are in a similar manner.

Percentile curves of TBFP in boys are down sloping with me-
dian of 19.3% in 9-year-old boys and 12.6% in 18-year-old boys, 
whereas the median TBFP in girls has been increased about 30% 

from 9–18 years (23.5% in 9-year-old girls and 30.3% in 18-year-
old girls) and curves were up-sloping. TBFM was associated with 
age (r = 0.24), weight (r = 0.65), height (r = 0.33), and BMI (r = 
0.80) in boys as well as in girls, age (r = 0.54), weight (r = 0.83), 
height (r = 0.58), and BMI (r = 0.81) (P < 0.001).
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Fat mass index and fat free mass index percentiles
Reference percentile curves derived for FMI and FFMI for boys 

and girls by age are shown in Figure 2. The median FMI in boys 
was approximately constant and the remaining was near 2% from 

old girls had almost twice as much FMI as 9-year-old girls (6.0 vs. 
3.6) and the percentile curves were up-sloping. The 50th percentile 

age of 18. The maximum rise in mean FFMI in boys developed 
from 12–18. 

FMI in boys was associated only with weight (r = 0.35) and 
BMI (r = 0.65), whereas in girls it was associated with age (r = 
0.39), weight (r = 0.67), height (r = 0.34), and BMI (r = 0.75) (P 
< 0.001). FFMI in boys was associated with age (r = 0.62), weight 
(r = 0.86), height (r = 0.67), and BMI (r = 0.83), and in girls with 
age (r = 0.40), weight (r = 0.69), height (r = 0.41), and BMI (r = 
0.74) (P < 0.001).

Body composition and puberty
According to Tanner stages of puberty, subjects in this study 

were divided into early (Tanner stage 1 and 2), mid (Tanner stage 
3 and 4) and late (Tanner stage 5) puberty. Table 3 displays the 
mean ± SD for TBFM, TBFP, FMI, and FFMI in various stages 

of puberty.
Between early and mid-puberty TBFM, FMI, and FFMI sig-

P = 0.001, 0.001 and 0.002), but in 
P = 0.004 and 

P = 0.001). In compari-
son, between mid and late puberty period, all parameters in girls 

P < 0.05), whereas in boys only FFMI 
P = 0.001) and the change in the other 

We compared TBFM, TBFP, FMI, and FFMI between boys and 
girls in different stages of puberty. All parameters in girls were 
greater than those of boys in all stages of puberty (P = 0.001) 
except FFMI that was generally higher in boys than girls (P = 
0.001).

Body composition and physical activity
We divided our subjects into two groups with less than or more 

than three times physical activity per week. Boys accomplished 
more exercise than girls. In this study, 52.1% of boys participated 
in physical activities three times per week or more compared to 
9.8% of the girls.

In comparison of body composition in these two groups, we 
found that boys with more physical activity had a higher FFMI 

Puberty

Boys Girls

Number TBFM
(Kg)

TBFP
(%)

FMI
(Kg/m2)

FFMI
(Kg/m2) Number TBFM

(Kg)
TBFP
(%)

FMI
(Kg/m2)

FFMI
(Kg/m2)

Early 89 6.7±3.5 19.9±5.9 3.3±1.5 12.8±1.1 57 7.4±2.5 24.9±5.1 4.0±1.2 11.8±0.9

Mid 83 8.5±4.6 16.6±5.6 3.1±1.5 15.0±1.8 67 11.6±4.8 26.5±6.3 4.9±1.8 13.1±1.4

Late 47 8.8±5.0 14.6±5.9 2.9±1.6 16.3±1.7 93 15.2±5.2 30.2±5.8 6.0±1.9 13.8±1.5

Table 3. Mean level of body composition in different stages of puberty.

Table 4. 

 Table 5. The effect of age, gender, stage of puberty and BMI on Total body lean mass.

SE Sig
constant -12.36 1.16 <0.001
Age 0.03 0.11 0.78
Sex -3.61 0.28 <0.001
Stage of Puberty -0.03 0.20 0.86
BMI 1.34 0.05 <0.001

SE Sig
constant -8077.2 2007.7 <0.001
Age 237.7 199.5 0.23
Sex 8322.8 489.8 <0.001
Stage of Puberty 3205.5 354.6 <0.001
BMI 1241.0 87.3 <0.001

Boys Girls

SE Sig. SE Sig.

Constant 10.12 2.79 <0.001 26.11 3.82 <0.001

Age 1.71 0.21 <0.001 1.56 0.17 <0.001

FMI 1.87 0.28 <0.001 1.82 0.28 <0.001

FFMI 1.91 0.27 <0.001 0.94 0.34 <0.001

Table 6. The effect of age and body composition on waist circumference.
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than those with less physical activity (14.9 ± 2.1 vs. 14.0 ± 2.0) (P 

(16.6 ± 5.8 vs. 18.2 ± 6.2) (P -
cant difference in body composition measures in girls with more 
or less than three times physical activity per week.

Body composition and BMI
The relationship between BMI, waist circumference, TBFP, 

FMI, and FFMI has been shown in Figure 3. There was a relation-
ship between BMI and waist circumference in both genders and 
in all levels of BMI; waist circumference increased with the rise 
in BMI.

Correlation of BMI with TBFP and FMI in boys and girls were 
different. In girls TBFP increased with BMI rising. In boys only 
in BMI greater than 18 kg/m2 TBFP increased and before that 
decreased; but, FFMI depicted a direct relationship with BMI in 
both genders.

In multivariate linear regression analysis, we showed that age, 
gender, stage of puberty, and BMI predicted 73% of change in 
TBFM and 76% in total lean mass;  we also found that sex, age, 
fat mass and fat free mass predicted 70% of change in waist cir-
cumference (P < 0.001). According to our results, with each one 
kg/m2 increase in FMI, change in waist circumference in girls and 
boys was 1.8, but this change for each one kg/m2 rise of FFMI 
was 0.9 and 1.9 in girls and boys respectively (P < 0.001) (Tables 
4, 5, and 6).

Also, we evaluated the correlation between waist circumfer-
ence –as a marker of metabolic syndrome- and BMI (r = 0.78), 
TBFP (r = 0.32), trunk fat percent (r = 0.36) and FMI (r = 0.49) 
(all P < 0.001); we found that waist circumference had the great-
est correlation with FMI (P < 0.001) among the DEXA measured 
parameters.

Discussion

body composition in Iranian children and adolescents. We have 

for TBFM, TBFP, FMI, and FFMI using DXA-derived measures. 
These smoothed curves can be used to show differences in the 
body fat between different ethnic groups. 

Effect of ethnicity
We compared anthropometric measures of Iranian children and 

adolescents with participants of the same age group from Ko-
rea30 and Ohio.31

lower mean weight, height, and BMI than their participants. We 
determined the rate of obesity, according to our study percentile 
cutoffs and IOTF cut-offs and found a lower rate of overweight 
and obesity according to IOTF cutoffs in comparison to our study 
BMI cutoffs. Pandit and coworkers in India also showed a lower 
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the IOTF than that using Indian cutoffs.32  Prevalence of obesity 
in our subjects was lower than the Indian and the USA partici-
pants.32,33 Also we compared our results with the result of other 
studies in Iran. Rahmanian and coworkers in 2013 reported 9.1% 
obesity and 7.5% overweight in Iranian children and adolescents 
in CASPIAN-III study.20 In the study of Mohammadpour, the 
overall prevalence of overweight and obesity were 21.1 and 7.8% 
in Tehran City.19 The difference between these and our results 
seems to be due to different area of these studies and also different 

Iranian children and adolescents had lower mean TBFP than 
children and adolescents of the same age group in Korea.30 and 
India34 (P < 0.001). We compared the 5th, 25th, 50th, 85th, and 95th 
percentiles of TBFP in our Iranian subjects and American coun-
terparts in NHANES’s study35 and found that Iranian children and 
adolescents had lower TBFP in all age groups and in all percen-
tiles. Also we showed that total fat mass in Iranian children was 
lower than that of their participants in London and the southeast 
of England.36

Mean FFMI of Iranian boys was lower than that of boys in Ko-
rea,30 Ohio,31 and Chinese boys37 (all P < 0.001), but mean FFMI 
of Iranian girls was only lower than that of Ohio girls(31) (P < 

37 and 
Korea30 (P = 0.1, P = 0.3). Lower mean FFMI in Iranian boys is 
the same as the lower total body BMC and BMD that we showed 
in the previous study.22 

Effect of gender

between BMI in the two genders, TBFM, TBFP and FMI in girls 
were more than boys. TBFP curves in girls were relatively in-
creased between 9–18 years of age, whereas in boys TBFP had a 
diminished pattern in this age group. The same pattern has been 
observed in other studies.14,30,35,37,38 Kurtoglu and coworkers in a 
study on body fat measurement by a segmental body composition 
analyzer on Turkish Children and Adolescents found that body fat 

38 Data ob-
tained from NHANES also showed a drop in body fat percentage 
of boys in early adolescence, especially at the higher percentiles 
and a slow increase in body fat percentage of girls in the same 
age.35

We found different trends of change in FFMI curves between 
the two genders, showing that FFMI curves in girls was relatively 

31 
Canada,16 and China.37

During normal growth, boys gain more muscle mass and girls 
gain more fat mass.39 In both genders the predominant composi-
tion of BMI is fat free tissue (in our study FFMI is about 2.5–4.5 
times greater than FMI) and it seems that the rise of BMI is pre-
dominantly related to fat free mass in growing children, especially 
in boys.  Kirang Kim in Korea30 and Demerath, et al., in Ohio31 
also showed that age-re lated increase in BMI during childhood 
was attributed to in creasing fat free mass rather than fat mass.

The cause of gender differences in fat patterning before puberty 
is not well known.40 A part of these differences can be explained by 
the effect of insulin-like growth factor 1, dehydroepiandrosterone 
sulfate and leptin on fat percentage. However, these hormonal ef-
fects explained < 20% of sexual dimorphism in fat distribution.41

 Effect of Puberty
With the onset of puberty, we found important differences in 

measures of body fat between boys and girls. Fat percentages of 
girls were increased during puberty but in boys it was decreased. 
Kirang Kim, et al., in Korea measured the body fat by DEXA and 
found a decrease in TBFP in boys during early adolescence and 
increase in girls in the period of late adolescence.30  Also in Chi-
na, Wang, et al., showed an increase in muscle mass and central 
adipose tissue in boys and an increase in body fat mass, primarily 
peripheral adipose tissue, in girls during adolescence.40 Previous 
studies have referred to sexual dimorphism in body composition 
at birth to a small degree, but important differences develop dur-
ing puberty that is largely regulated by growth hormone and go-
nadal steroids (Testosterone in boys and estradiol in girls).40,42

Relationship between BMI and Body Composition
In this study, we evaluated the relationship between DEXA-

based body fat measurement with BMI and waist circumference. 
We considered whether BMI or waist circumference can be used 
as a substitute of body fat for estimation of obesity and its com-
plication.

We demonstrated that in girls, BMI correlates well with TBFP, 
but in boys, especially in BMI lower than 18 kg/m2, TBFP and 

by different body composition in the two genders, particularly 
during puberty; although in studies of American children and ado-
lescents, BMI was highly correlated with the percentage of body 
fat in both genders.43 The correlation between BMI and TBFP is 
stronger in higher BMI measures43 and our subjects had a lower 
rate of overweight and obesity in comparison to American coun-
terparts.33 The leanness of the Iranian children and adolescents 
may cause this discrepancy. 

Waist circumference is characteristic of the metabolic syn-
drome44 and its complications. Lee, et al., in their study found that 
waist circumference is associated with total body fat and insulin 
sensitivity.45

In this study, we evaluated the relationship between waist cir-
cumference and body composition values measured by DEXA 
and found that waist circumference had the greatest correlation 
with FMI between DEXA measured body fat parameters. DEXA 
can separate body mass into fat mass and lean mass; therefore, 
measurement of body fat in this method is performed without the 
confounding effect of other tissue components.46 

Using FMI for evaluation of adiposity and permitting fat mass 
assessment without interference from other components such as 
muscle or water. Thomas L. Kelly, et al., proposed the use of FMI 
as a parameter of low or excess fat in children.46

Limitation
This study had a number of limitations. The main limitation was 

its cross-sectional design. Future prospective studies are needed to 
validate our observations.

Another important limitation of our study is that the compari-
sons between the data obtained with different methods must be 
made with caution because variations between different modali-
ties may result in substantial differences in body composition 
measurements.

In conclusion, differences in body composition values in various 
nations can be explained by regional variation in genetic, dietary, 
and physical activity determinants. Results of this study suggest 
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caution in the use of BMI percentile changes for estimation of adi-
posity, especially in Iranian boys and particularly in lower BMI. 
Therefore, it could be suggested that using FMI values for clas-
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