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Abstract

Background: Although various anthropometric methods are available for assessing body composition, these have not been com-
pared in Iranian adolescents. The objective of the present study was to compare body mass index (BMI), waist circumference (WC),
waist to hip ratio (WHR), waist to height ratio (WHtR) and sum of four skinfolds as predictors of percentage body fat (PBF) and diag-

nosis of excess adiposity in Iranian adolescents.

Methods: In this cross-sectional study, all anthropometric measurements were made in133 adolescents (65 boys and 68 girls), aged
10-18 years.PBF was determined using the bioelectrical impedance analysis method. Linear regression and receiver operating char-
acteristic (ROC) analysis were used to analyze the data. Potential covariates including sex, age, and pubertal stage were adjusted.

Results: Rzadj of models for BMI, WC, WHR, WHtR, and skinfolds were 0.67, 0.56, 0.19, 0.56, and 0.56, respectively (P < 0.001).
The AUC value of BMI to differentiate between normal and obese adolescents was 0.92 (P < 0.001). The AUC of BMI was significantly

higher than those of WC, WHR, and WHtR (P < 0.05).

Conclusions: The performance of BMlI is better than other anthropometric indices in predicting PBF and diagnosing excess adiposity

in Iranian adolescents.
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Introduction
besity is increasing rapidly among the youth, and exist-
O ing evidence shows that adolescent obesity continues
into adulthood.'** Obesity in childhood and adoles-
cence is associated with increased risk of hypertension, cardio-
vascular disease, diabetes and other metabolic diseases during
adulthood.** Moreover, the consequences of obesity are not
only physical, but also psycho-social.®
Measurement of percentage body fat (PBF) is an ideal way
to diagnose obesity. However, methods of percentage body
fat measurement such as dual energy X-ray absorptiometry
(DEXA) and underwater weighing are expensive and not read-
ily available in all settings such as physicians’ offices and for
epidemiologic studies.” Bioelectric impedance analysis (BIA),
a simple method of estimating percentage body fat, is moder-
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ately accurate in comparison to gold standard methods includ-
ing DEXA.® In addition, BIA is appropriate for use in adoles-
cents because it does not require exposure to radiation.?

Multiple anthropometric indices, including body mass index
(BMI), waist circumference (WC), waist to hip ratio (WHR),
waist to height ratio (WHtR) and skinfold thickness, have been
used to identify adolescents at risk of obesity. Body mass index
is used commonly as an indicator of the presence of overweight
and obesity in adolescents, due to the ease, safety and accuracy
of measurement. However, it has variable sensitivity in children
and adolescents.’ Waist circumference and WHR are predictors
for central fatness and WHtR has been proposed as another
simple index for abdominal obesity.'Skinfold thickness has
long been used as an index of subcutancous fat.!'Nevertheless,
it is not known which index is the best measure of fatness in
Iranian adolescents.

Various screening tools are available for assessing body com-
position and identifying adolescents at risk of excess adipos-
ity, but these have not been compared in Iranian adolescents.
Furthermore, correlations between these measurements are
specific to the population and cannot be extrapolated to other
ethnic groups.'>" Therefore, the aim of the present study was
to compare BMI, WC, WHR, WHItR and skinfold thickness as
predictors of percentage body fat measured by BIA in Iranian
adolescents. Moreover, we compared the diagnostic quality of
these variables in screening adolescents at risk of excess adi-

posity.



Materials and Methods

Study design and subjects

In this cross-sectional study, a random sampling technique was
used to select adolescents, aged 1018 years from Tehran’s ur-
ban population of District 13 in 2007. This study was conducted
within the framework of the Tehran Lipid and Glucose Study
(TLGS). Complete data were collected for 133 adolescents (65
boys and 68 girls). Participants underwent a physical exami-
nation by trained physicians to reasonably exclude any health
problems. Subjects were excluded if they had a medical history
of chronic disorders including cardiovascular, renal, rheuma-
tologic and congenital diseases. Oral assent was attained from
adolescents and informed written consent was obtained from
the parents of adolescents before the initiation of the study. The
study was conducted according to the Declaration of Helsinki
and was approved by the ethical committee of the Research In-
stitute for Endocrine Sciences (RIES), Shahid Beheshti Univer-
sity of Medical Sciences.

Anthropometric evaluation and pubertal assessment

Body weight was measured to the nearest 0.1 kg using a digi-
tal scale (Seca, Hamburg, Germany) with minimal clothing and
without shoes. Height was measured with a measuring tape to
the nearest 0.1 cm in a standing position, without shoes and with
shoulders in a normal position. Body mass index was calculated
as weight/height? (Kg/m?). Waist circumference was measured
at the narrowest level and hip circumference was measured over
light clothing at the widest girth of the hip, using a flexible tape
meter."* These measurements were recorded to the nearest 0.1
cm. Waist to hip ratio was calculated as waist circumference
divided by hip circumference value and waist to height ratio
was calculated as waist circumference divided by height val-
ue. The skinfold thickness of the triceps, biceps, subscapular
and suprailiac areas was measured in duplicate to the nearest 1
mm with a Harpenden caliper (British Indicators, Burgess Hill,
West Sussex, UK). Sites on the right side of the body were mea-
sured.” The triceps, biceps, subscapular and suprailiac skinfold
measurements were summed up to obtain the sum of four skin-
folds (SF4). All anthropometric measurements were taken by
the same trained person.

All adolescents underwent a physical examination by a spe-
cialized physician to determine their pubertal stage. Pubertal de-
velopment was clinically assessed on the basis of Tanner stages
which defines 5 pubertal stages, based on external primary and
secondary sex characteristics, including the size of breasts,
changes in genitalia, and development of pubic hair.'®

Bioelectrical impedance analysis

Percentage body fat was determined using the BIA method.
Anthropometric measurements and BIA were performed on the
same day and by the same technician. Bioelectrical impedance
analysis was carried out with the Tanita TBF-531 bioelectrical
impedance analyzer (Tanita UK Ltd., Middlesex, UK). Whole
body impedance at 50 kHz was measured. Measurements were
taken after at least 5 hours of overnight fasting, with an empty
bladder, and after removal of any jewelry and metal accessories.
Each participant was instructed to remove socks and shoes and
then lie supine with arms away from the body. Alcohol was used
to clean the skin where the electrode would be placed. Two elec-
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trodes were placed on the hand, one at the level of the ulnar head
on the wrist and the other just behind the middle finger. On the
foot, the two electrodes were attached at the level of the medial
and lateral malleoli and just behind the toes.

Statistical analysis

All data were analyzed using SPSS version 15 (SPSS Inc.,
Chicago, USA). Data are given as mean values and standard
deviations for continuous variables and frequency (percentage)
for categorical variables. The normality of the distribution of
variables was tested by the Kolmogorov-Smirnov test. Signif-
icant mean difference between boys and girls was compared
using the independent samples #-test for normally distributed
variables and the Mann-Whitney U test for variables not nor-
mally distributed including age, biceps skinfold and subscapu-
lar skinfold. Inter-group comparisons of categorical variables
were performed using chi-square test. We selected the follow-
ing potential predictors of percentage body fat for evaluation:
BMI, WC, sum of skinfolds, WHR, and WHtR. Sex, age and
pubertal stage are major determinants of body composition in
adolescents.!” Linear regression was used to estimate the as-
sociation between PBF and the study predictor variables along
with potential covariates including sex, age, and pubertal stage.
We also analyzed data using similar regression models after
stratifying by sex. Furthermore, using receiver operating char-
acteristic (ROC) analysis, the ROC curves of BMI, WC, sum of
skinfolds, WHR, and WHtR were drawn to show how well they
could categorize adolescents into groups of obese and normal,
using percentage body fat as the gold standard. Fatness levels
at or above 25% in males and 30% in females are indicative of
increased risk of excess adiposity in adolescents.'® The accu-
racy of the indices used to identify obesity was assessed by area
under curve (AUC) values. AUC is independent of prevalence
of the disease and can be interpreted according to the following
guidelines: non-informative/equal to chance (AUC=0.5), less
accurate (0.5 < AUC < 0.7), moderately accurate (0.7 < AUC
< 0.9), highly accurate (0.9<AUC<1), and perfect discrimina-
tory test (AUC=1).""The statistical significance of differences
between curves was assessed using STATA software package
version 10.0 (Stata Corporation, College Station, TX, USA) ac-
cording to the algorithm developed by DeLong et al.?® Statistical
significance was set at P value < 0.05.

Results

Comparison of basic characteristics between boys and girls

Table 1 represents the anthropometric measurements of 133
adolescents (65 boys and 68 girls). Of these, 20 (15%) were pre-
pubertal (10 boys and 10 girls) and 113 (85%) were pubertal or
postpubertal. There were significant differences between boys
and girls in age and Tanner stages (P < 0.05). The boys tended
to be significantly heavier than girls (P < 0.001) and tended
to have slightly higher fat mass (P = 0.055) and significantly
higher lean mass (P < 0.001) than the girls. While there was no
difference in total body fat between boys and girls, percentage
body fat was significantly higher in girls (P = 0.006).There were
significant differences in BMI, WC, WHR, and WHtR between
boys and girls (P < 0.05). Single skinfolds and their sums were
not significantly different between boys and girls (P > 0.05).
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Table 1. Characteristics of 133 adolescents.

Variables Total (n=133) Boys (n=65) Girls (n=68) P:
Age (years) ' 13.8+2.8 14.6+2.3 13.0+£2.9 0.001
Weight (Kg) 58.2+18.9 67.2+18.2 49.5+15.4 <0.001
BMI (Kg/m?) 22.845.1 24,5452 21.3+4.6 <0.001
Body fat (%) 28.5+8.1 26.6+9.1 30.4+6.3 0.006
Body fat (Kg) 17.3+8.9 18.9+10.2 15.9+7.2 0.055
Lean mass (Kg) 41.1£13.2 48.9+12.6 33.6+8.7 <0.001
Waist (cm) 75.6+12.1 81.1+11.8 70.3+9.8 <0.001
WHR 0.81+0.06 0.82+0.07 0.79+0.06 0.002
WHtR 0.48+0.06 0.49+0.07 0.46+0.05 0.01
SF4 (mm)” 73.9+31.4 75.8+34.0 72.1+28.7 0.495
Biceps skinfold (mm) 13.947.8 14.148.6 13.6+7.1 0.935
Triceps skinfold (mm) 20.249.1 20.7+10.2 19.748.1 0.549
Suprailiac skinfold (mm) 19.949.7 20.7+11.4 19.1+£7.5 0.334
Subscapular skinfold (mm) 20.0+10.3 20.3+10.6 19.7+10.1 0.692
Tanner stages

1 20 (15.0) 10 (15.4) 10 (14.7)

2 16 (12.1) 9(13.8) 7(10.3) 0.018

3 27(20.3) 10 (15.4) 17 (25.0)

4 18 (13.5) 15(23.1) 3(4.4)

5 52(39.1) 21(32.3) 31 (45.6)
*Sum of biceps, triceps, suprailiac and subscapular skinfolds." Mean + SD for continuous variables and number (percentage) for qualitative variable. *Using

independent samples #-test except for age, biceps skinfold, and subscapular skinfold using Mann-Whitney U test and Tanner stages using Chi-square.

Table 2. Predictors of body fat percent in adolescents.

Comparison of BMI, WC, WHR, WHIR and Skinfolds as an estimate
of percentage body fat

The regression models with PBF as a dependent variable are
presented in Table 2. PBF was first regressed for BMI alone.
Results indicated that BMI was significantly associated with
PBF (P < 0.001), with BMI accounting for approximately 37%
of between-subject variance in fatness. Sex, age and Tanner
stage were next added to the multiple regression models as co-
variates. They added significantly to the model (R, 4= 0.67).

Waist circumference explained approximately 56% of be-
tween-subject variance in fatness after adjusting for sex, age,
and pubertal stage (P < 0.001).Sum of 4 skinfolds was signifi-
cantly associated with PBF, explaining 48% of the variance.
When sex, age and Tanner stage were added as covariates in
a regression analysis, R?, 4 increased substantially to 0.56 (P <
0.001).

Waist to hip ratio explained only 8% of between-subject vari-
ance in PBF. The model variance increased to 19% with the
addition of sex, age and Tanner stage to model (P < 0.001).
Waist to height ratio was significantly associated with PBF, ex-
plaining 41% of the variance (P <0.001). A significant effect of
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q Regression coefficients q
Variables Unstandardized & SE Standardized(Beta) Pyalue Adjusted R*
BMI

Model 1° 0.97 0.11 0.61 <0.001 0.37

Model 21 1.42 0.09 0.90 <0.001 0.67
Waist

Model 1° 0.32 0.05 0.49 <0.001 0.23

Model 27 0.56 0.05 0.84 <0.001 0.56
SF4 ¢

Model 1° 0.18 0.02 0.70 <0.001 0.48

Model 27 0.18 0.01 0.72 <0.001 0.56
WHR

Model 1* 3.81 1.05 0.30 <0.001 0.08

Model 2° 5.20 1.06 0.41 <0.001 0.19
WHtR

Model 1* 8.40 0.86 0.65 <0.001 0.41

Model 2f 9.53 0.78 0.73 <0.001 0.56
" Unadjusted " Adjusted for sex, age and tanner stage * Sum of biceps, triceps, suprailiac and subscapular skinfolds.

adding sex, age, and pubertal stage to the model was observed
(Rzadj= 0.56, P <0.001).

The results of data analysis after stratifying by sex showed
that BMI could explain more between-subject variance in fat-
ness in boys than in girls (R?, g=0.70 and 0.67 for boys and
girls, respectively, adjusted for age and pubertal stage). When
boys and girls were considered separately, Rzadj of models re-
vealed that prediction of PBF by WC, SF4, WHR, and WHtR
was better in boys than in girls (P< 0.001) (Data not shown).

Diagnostic quality of BMI, WC, WHR, WHtR and Skinfolds in screen-
ing excess adiposity

Among the adolescents, 76 (57.1%) were obese (29.3% boys
and 27.8% girls) and 57 (42.9%) were normal (19.5% boys and
23.3% girls). There was no significant difference between boys
and girls in obesity distribution defined by PBF (P =0.515).Re-
ceiver operating characteristic curve was applied to determine
the ability of BMI, WC, sum of skinfolds, WHR, and WHtR as
discrimination tools for obesity in adolescents, and the global
accuracy of these variables to define obesity were assessed by
AUC (Table 3).
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Table 3. Areas under ROC curve of BMI, WC, SF4, WHR, and WHtR for diagnosing obesity defined by percentage body fat.

95% Confidence Interval

Variables* Area under the curve SE P

Lower Upper
BMI 0.916 0.025 <0.001 0.867 0.965
wC 0.881 0.030 <0.001 0.822 0.939
SF4 0.885 0.030 <0.001 0.825 0.944
WHR 0.739 0.044 <0.001 0.653 0.826
WHtR 0.880 0.031 <0.001 0.820 0.940
BMI = body mass index, WC = waist circumference, SF4 = sum of biceps, triceps, suprailiac and subscapular skinfolds, WHR = waist to hip ratio, WHtR =
waist to height ratio *Adjusted for sex, age, and pubertal stage.

The AUC value from the analysis using BMI to differentiate
between the normal and obese adolescents was 0.92(P < 0.001).
The AUC values of WC, SF4, and WHtR in identifying excess
adiposity were 0.88for all (P < 0.001).The AUC of BMI was
significantly higher than WC, WHR, and WHtR (P < 0.05);
however, no statistically significant difference was observed be-
tween BMI and SF4 (P =0.247).The accuracy of WHR to define
obesity was lower than 0.8 (P <0.001).

Discussion

This study is of practical importance for routine clinical evalu-
ation of adolescent body composition. Body mass index was
better than other factors interms of predicting PBF. Our results
showed that BMI, WC, SF4, and WHtR provided higher AUC
values than WHR index for adolescents after controlling for sex,
age and pubertal stage. Overall, the AUC value of 0.92 for BMI
indicates that 92% of the time, a randomly chosen adolescent
from the excess adiposity group will have higher BMI than a
randomly chosen adolescent from the normal-fat group. Area
under curve values for WC, SF4, and WHtR were greater than
0.8, indicating that the global accuracy of these indices was
good and their differentiation was moderately accurate. The re-
sults indicated that WHR differentiated only 74% of subjects
correctly, which is fairly good.

This study contributes to the current body of knowledge show-
ing the superiority of BMI over other anthropometric indices
in prediction of obesity among adolescents.?'»* Comparison of
these results with previous studies is difficult due to differences
in sample size, methods of body fat measurement, age range of
participants, statistical analysis and criteria of excess adipos-
ity. Of the many studies of anthropometric indices as predic-
tors of body fatness in adolescents, some used skinfold-derived
body fat as the gold standard and others used PBF measured by
DEXA or BIA.

Some studies support the use of BMI as a measure to predict
adiposity among adolescents.?'> However, validation studies in
different populations are needed.”' Ellis et al., concluded that
BMI can provide a general description of adiposity in healthy
pediatric population, but it is a poor predictor of adiposity for
the individual child.?® On the contrary, in a longitudinal study,
Demerath et al., concluded that BMI changes may not accurate-
ly reflect changes in adiposity in adolescents over time, espe-
cially among boys and children of lower BMI.?’

As mentioned previously, the ability of BMI to discriminate
between fatness groups in this study was excellent, making our
findings comparable with those of previous studies.?®** Neovius
and Rasmussen evaluated the accuracy of the BMI as a diag-

nostic test to define excess adiposity using the cut offs of Wil-
liams et al., and reported that BMI correctly grouped 84.6% of
subjects. 2* Laurson et al., showed that 90% of children were
classified into their respective PBF groups correctly using BMI,
and that body fat estimated from skinfolds is highly related to
BMI.* Power et al., suggested that an ideal measure for adoles-
cent obesity should meet the following criteria: simplicity, low
cost, and ease of use, and acceptability to the subjects.>® There-
fore, BMI is the most appropriate measure for defining obesity
in adolescents.

Although no immediate explanation is available for these in-
consistent results, an important consideration is that our results
may be sample- and population-specific and the level of asso-
ciation between adiposity and BMI is affected by race.’! More-
over, PBF is highly variable and yields different values even
for people with the same BMI.3? Some studies emphasized that
the accuracy of BMI as an indicator of fatness is strongly deter-
mined by the degree of fatness.?*

In this study, the ability of BMI to discriminate between fat-
ness groups was slightly but significantly better than WC, WHR,
and WHtR. It is important to note that WC, WHtR, and SF4 also
performed reasonably well. One study demonstrated that WC
provides equivalent diagnostic quality to BMI and is always
superior to WHtR.*® Furthermore, Maffeis et al., observed that
WC measured at the age of 8 years, may be a promising index
to assess adiposity.* However, in another study, WC percentile
had no advantage over BMI percentile for diagnosis of high fat
mass in children.’’ In the present study, the global accuracy of
WHIR in discriminating excess adiposity was 88%. Consistent
with our findings, Weili et al. demonstrated that the accuracy of
using WHItR to define overweight and obesity was higher than
90% in Chinese children and adolescents, although they used
BMI cutoffs to define obesity.** In this study, WHtR contributed
better to prediction of fat mass and diagnosis of excess adiposity
compared to WHR. Our results are in general agreement with
those of other studies showing that WHR is a poor index of cen-
tral fatness in children and adolescents.**

Traditionally, body fatness has often been estimated from mea-
surements of skinfold thickness. However, in this study, the sum
of 4 skinfolds explained 48% of the variance in PBF. Further-
more, skinfold thickness offers direct measurement of subcuta-
neous fat and concerns have been raised about the accuracy of
this index because of limited body regions measurement and
poor reproducibility by different observers, especially in fatter
subjects.*! Moreover, Watts et al., showed that body fat derived
from skinfold measure is a poor predictor of total fat derived
from DEXA in obese children and adolescents.** On the con-
trary, some studies have shown that skinfold was better than
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BMI and WC in predicting PBF.##

After stratifying by sex, our results showed that BMI could
explain more between-subject variance in fatness in boys than
in girls, adjusting for age and pubertal stage; this finding is
consistent with the study of Hubert et al., which reported that
BMI displayed better accuracy values among French boys, and
BMI changes in boys were associated with decrease in PBF
and increase in FFM.* In contrast, Morimoto et al., examined
gender differences in the relationship between BMI and PBF
measured by BIA in Japanese children, and they showed that
PBF can be predicted by BMI in children, but the correlations
in boys were not as strong as those in girls.” Furthermore, Srdic
et al., reported that girls had stronger correlation between BMI
and PBF compared to boys.* They indicated that one possible
explanation is that individual variation in body composition
in boys is more than girls. The reason for these differences in
results of various studies is unclear. In this study, BMI was
better in predicting PBF in girls before adjusting for pubertal
stage; these results, however, were reversed after adjusting for
pubertal stage. Therefore, pubertal stage can be an important
factor in this relationship. Further studies will be necessary to
ascertain the mechanisms underlying this gender difference in
various ethnic groups.

The study strengths include using both linear regression and
ROC curves to compare the associations between the gold
standard and anthropometric indices with adjustment of im-
portant confounding variables, especially pubertal stages.
Moreover, we used the percentage body fat as gold standard
to define excess adiposity. The major limitations of this study
were its cross-sectional design, the small sample size rela-
tive to some studies, and cut offs used to classify obese and
normal adolescents, which were not ethnicity-specific. We
chose percentage body fat cutoffs of 25% and 30% for boys
and girls, respectively, developed by Williams et al., as the
reference standards for excess adiposity; PBF thresholds of
Iranian adolescents should be further investigated. Ethnicity-
specific cut offs may further increase the agreement of the
two anthropometric indices. Further work is required to com-
pare the usefulness of PBF cutoffs to those of BMI and WC
classifications of overweight and obesity in adolescents. In
addition to the above mentioned limitations, bioelectrical
impedance analysis was used for PBF assessment due to its
safety in adolescents,® although it is not as precise as DEXA.
More advanced methods, such as DEXA, could be used to as-
sess body composition in future studies.

Conclusion

As anthropometric indices are commonly used in clinical set-
tings and for epidemiological studies to screen excess adipos-
ity, it is important to compare their ability to predict PBF and
their accuracy to discriminate excess adiposity in adolescents.
This observation shows that health care practitioners, at least in
Iran, could routinely use BMI, which is inexpensive and feasi-
ble, to identify adolescents at increased risk of excess total fat.
In general, the performance of BMI is slightly better than other
indices that reflect visceral fat in predicting PBF and diagnos-
ing excess adiposity in Iranian adolescents.
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