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Abstract
Background and Objective Studies  have shown that adults with stunted growth have a higher risk of obesity and higher fat mass. This
study aimed to assess whether stature was associated with risk of obesity and adverse body fat composition in Indonesian adolescents.
Materials and Methods: This study used a cross-sectional study and included 730 adolescents aged 15-18 years in Yogyakarta, Indonesia.
Data on height and body mass index (BMI) were converted to height-for-age standard deviation scores (SDS) and BMI-for-age SDS, based
on the World Health Organizations (WHO) 2007 guidelines. Body fat percentage was measured with the Full Body Sensor Body
Composition Monitor and Scale (Omron HBF 516, Japan), which estimated body fat percentage using Bioelectrical Impedance Analyses.
Individuals were designated as shorter or taller using median height-for-age SDS with a cut-off of 1.0. BMI-for-age SD, waist circumference,
waist-to-height ratio and body fat percentage were compared using t-tests. Results: There was no difference in the odds for obesity
between shorter and taller adolescents. While taller adolescents had large waist circumferences, after controlling for height, shorter female
adolescents had larger waist-to-height ratios. Differences in body fat percentage were not consistent across gender and nutritional status.
Conclusion: There was no difference in the odds for obesity between shorter and taller adolescents. However, after controlling for height,
shorter adolescents had larger waist-to-height ratios.
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INTRODUCTION

Several studies in adults have found an association
between stunted growth or short stature with an increased
risk for obesity or adiposity, insulin resistance, type 2 diabetes
mellitus and other features of metabolic syndrome1,2. In
addition, short adults have lower energy expenditure that puts
them at higher risk of weight gain; this relationship has been
linked to sub-optimal growth early in life3. Intrauterine growth
retardation and malnutrition early in life are also associated
with lower lean body mass, which increases risk of adiposity
later in life4.

In contrast to studies in adults, research in children and
adolescents has revealed conflicting results. A study in
Germany found an inverse relationship between short stature
and obesity, such that taller children were at greater risk of
obesity2. However, a study in Brazil showed the opposite
findings in adults, in which shorter adolescents had an
increased risk for the accumulation of abdominal fat5. In South
Africa, one study found no association between stunted
growth and any parameter of body fatness in adolescents;
however,   this   study   observed   that   older  adolescents
with stunted growth tended to  gain  fat  faster  than their
non-stunted peers6.

Most previous studies have been performed in people of
Caucasian or African origin. Compared to Caucasians, Asian
people are more likely have higher abdominal fat based on
body composition7,8. In addition, East Asian people tended to
be shorter than Caucasians9. Therefore, this study aimed to
assess whether stature is associated with risk of obesity or
adverse body fat composition in Indonesian adolescents.

MATERIALS AND METHODS

Participants:  Participants  were  15-18-year-old  students
from the 10 public senior high schools in Yogyakarta,
Indonesia. Sample size was estimated using Open-Epi
(www.openepi.com). With a population of 5,261 students, the
estimated proportion of obesity in short adolescents was 4.2%
with a confidence level of 95%; therefore, the minimum
sample size was 3616. Since a cluster sampling method was
used, minimal sample size was doubled from the original
estimation to account for the design effect, resulting in a
minimal sample size of 721. There were approximately 25
students in a classroom. To include at least 721 students, we
randomly selected 29 classrooms as clusters from the available
156 classrooms (i.e., approximately 2-4 classrooms per high
school).

This study was approved by the Medical and Health
Research Ethics Committee, Faculty of Medicine/Sardjito
Hospital, Gadjah Mada University. Written informed consent
was obtained from the participants’ parents or legal guardians,
as well as the adolescent.

Data collection: Three  trained  nutritionists  measured
weight, height, waist circumference and body fat percentage.
One nutritionist measured height, one measured waist
circumference and one measured weight and body fat
percentage. All measurements were performed in duplicate;
the average of the two measurements was used for further
analyses. Measurements were taken in the morning, between
9 and 11 am, with children dressed in light school uniforms
without shoes.

Height was measured to the nearest 0.1 cm using a
portable stadiometer (Seca 213, Germany). Body weight was
measured to the nearest 0.1 kg using a digital scale (Omron
HBF 516, Japan). Body Mass Index (BMI) was calculated as
weight (kg) divided by height squared (m2). Data on height
and BMI were converted into  age  and  gender-specific
height-for-age standard deviation scores (SDS). BMI-for-age
SDS was based on the World Health Organization (WHO)10

growth reference guidelines.
Waist  circumference  (WC)  was  measured  in the middle

of the 10th rib and the iliac crest to the nearest 0.1 cm.
Participants were measured standing at the end of a normal
expiration using a non-elastic, flexible body circumference
measuring tape (Seca 201, Germany). Data on waist
circumference are presented as waist circumference (WC) and
waist-to-height ratio (WHtR).

Body fat percentage was measured using the Full Body
Sensor Body Composition Monitor and Scale (Omron HBF 516,
Japan), which estimates body fat percentage by Bioelectrical
Impedance Analyses (BIA)11. To enhance the accuracy of the
measurements, participants were requested to limit ingesting
meals and large amounts of water, in addition to withhold
moderate or vigorous physical activity (2-3 h) before the
measurements11,12. Participants with medical conditions that
could influence their body water composition like edema or
those with a cardiac pace maker or history of arrhythmia
(which could cause safety issues during measurements) were
excluded12.

Statistical analyses: The odds for obesity  in  adolescents
were analysed using chi-square tests. Differences in waist
circumference, waist-to-height ratio and body fat percentage,
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either stratified by gender alone or by gender and nutritional
status, were compared using t-tests at a 0.05-significance
level.

RESULTS

Out of the 882 students in the selected classrooms, 730
(83%) students (female: 435 (59.6%), male: 295 (40.4%) were
included in the study. Mean (SD) of gender-specific height-for-
age SDS and BMI-for-age SDS were -0.97 (0.82) and -0.09
(1.25), respectively.

The total mean (SD) percentage of body fat was 21.0
(7.5)% (female: 25.6 (4.2%), male: 14.3 (6.2%)). As female
adolescents had a significantly higher percentage of body fat,
with a mean difference of 11.3 [95% confidence interval (CI):
10.5-12.0] (p<0.001), further analyses were stratified by
gender. Table 1 shows a  comparison  of  BMI-for-age  SDS,
WC, WHtR and body fat percentage of adolescents stratified
by gender using median  height-for-age  SDS  with  a  cut-off
of 1.0.

The prevalence of wasting (BMI-for-age SDS <-2.0),
normal weight (BMI-for-age SDS $-2.0 and <1.0), overweight
(BMI-for-age SDS $1.0 and <2.0)  and  obesity  (BMI-for-age
SDS $2.0) were 4.2, 76.3, 13.2 and 6.3%, respectively.  There
was no difference in the odds  for  wasting  or  obesity
between shorter and taller adolescents, odds ratio (OR) of 1.0
(0.5-0.1) (p = 0.99) and 1.3 (0.9-1.9) (p = 0.13), respectively.
Table 2 shows a comparison of WC, WHtR and body fat
percentage of adolescents stratified by gender and nutritional
status.

DISCUSSION

The median height of the adolescents in this study was
one standard deviation below average based on the WHO
2007 guidelines10. Therefore, it was difficult to determine
whether their short stature was caused by sub-optimal growth
early in life or if their stature was genetically determined.
Participants of the present study were public high school
students from an urban area. However, it has been reported
that Asian people, especially those of East Asian origin, are
shorter than the WHO average, irrespective of socioeconomic
status9.

Associations between shorter stature and higher risk for
various aspects of the metabolic syndrome may be caused by
sub-optimal intrauterine growth or sub-optimal growth early
in life. Regardless of cause, the association between shorter
stature and higher risk for obesity, visceral adiposity and other
components of the metabolic syndrome should be further
studied3,4.

Our study did not find any difference in risk of obesity
based   on   height.   We   observed  that  taller  adolescents
had larger waist circumferences; however, when waist
circumference was controlled for, shorter adolescents were
found to have larger waists. Recent studies have found that,
together with BMI, lean body mass and skinfold thickness,
both waist circumference and WHtR are significant predictors
of cardiovascular risk13,14.

We did not observe differences in the percentage of body
fat between taller and shorter participants. However, lean
body mass measurements of these participants could predict
cardiovascular risk and should be further studied14.

Table 1: BMI-for-age standard deviation score, waist circumference, waist-to-height ratio and body fat composition across male and female adolescents
Female adolescents*
---------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean (SD)
----------------------------------------------------------------

Variables Shorter (n = 234) Taller (n = 201)  Mean difference (95% CI) p-value
BMI-for-age SDS -0.03 (1.17) 0.02 (1.16) -0.05 (-0.27-0.17) 0.64
Waist circumference (cm) 67.50 (8.3) 69.50 (8.9) -2.00 (-3.7- -0.4) 0.01
Waist-to-height ratio 0.44 (0.05) 0.43 (0.05) 0.01 (0.001-0.21) 0.03
Body fat (%) 25.60 (4.1) 25.60 (4.2) 0.03 (-0.8-0.8) 0.94

Male adolescents*
---------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean (SD)
----------------------------------------------------------------

Variables Shorter (n = 163) Taller (n = 132) Mean difference (95% CI) p-value
BMI-for-age SDS -0.37 (1.26) -0.08 (1.43) -0.300 (-0.61- -0.01) 0.060
Waist circumference (cm) 70.60 (9.0) 74.10 (10.6) -3.500 (-5.8- -1.2) 0.003
Waist-to-height ratio 0.44 (0.05) 0.43 (0.06) 0.004 (-0.009-0.02) 0.550
Body fat (%) 13.90 (5.6) 14.60 (6.7) -0.670 (-2.11-0.77) 0.360
*Shorter: Below or at median height-for-age SDS based on WHO growth reference 2007 (#-1.0), Taller: Above median height-for-age SDS (>-1.0) BMI: Body mass index,
CI: Confidence interval; SDS: Standard deviation score, WHO: World health organization
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Table 2: Waist circumference, waist-to-height ratio and body fat composition of shorter vs. taller across male and female adolescents based on nutritional status
Female adolescents*† Wasting Normal Overweight Obese
Mean (SD) waist circumference (cm)
Shorter 57.9 (3.2) 65.0 (4.8) 75.6 (3.5) 90.3 (11.1)
Taller 58.6 (3.2) 66.8 (6.8) 78.7 (5.0) 88.2 (4.2)
Mean difference (95%CI) -0.76 (-4.47-2.95) 0.63 (-3.04- -0.6)§ -3.22 (-5.35- -1.09)§ 2.13 (-6.58-10.84)
Mean (SD) waist-to-height ratio
Shorter 0.38 (0.02) 0.43 (0.03) 0.50 (0.02) 0.59 (0.07)
Taller 0.37 (0.02) 0.42 (0.04) 0.49 (0.03) 0.54 (0.03)
Mean difference (95%CI) 0.012 (-0.10-0.034) 0.01 (0.005-0.02)§ 0.004 (-0.008-0.18) 0.04 (-0.01-0.10)
Mean (SD) body fat (%)
Shorter 18.9 (3.3) 24.7 (2.7) 29.4 (3.7) 34.4 (5.9)
Taller 18.3 (2.4) 24.3 (2.9) 30.6 (2.5) 33.9 (1.1)
Mean difference (95%CI) 0.66 (-2.72-4.04) 0.39 (-0.20-0.99) 0.76 (-2.77-0.27) 0.48 (-4.00-4.96)
Male adolescents*†

Mean (SD) waist circumference (cm)
Shorter 59.3 (2.6) 68.8 (5.9) 81.3 (6.3) 94.4 (4.9)
Taller 62.7 (2.3) 70.1 (5.2) 84.1 (4.3) 95.0 (9.1)
Mean difference (95%CI) -3.36 (-5.96- -0.77)‡ -1.33 (-2.79- 0.13) -2.84 (-6.91-1.22) -0.67 (-8.72-7.38)
Mean (SD) waist-to-height ratio
Shorter 0.37 (0.02) 0.42 (0.03) 0.50 (0.02) 0.58 (0.03)
Taller 0.37 (0.01) 0.40 (0.03) 0.49 (0.02) 0.55 (0.04)
Mean difference (95%CI) 0.002 (-0.01-0.02) 0.02 (0.007-0.02)§ 0.01 (-0.005-0.03) 0.02 (-0.02-0.06)
Mean (SD) body fat (%)
Shorter 10.4 (2.4) 12.9 (4.4) 21.5 (3.5) 25.1 (1.34)
Taller 7.6 (1.0) 12.2 (4.1) 21.0 (2.6) 27.0 (5.01)
Mean difference (95%CI) 2.77 (0.84-4.69)§ 0.37 (-0.75-1.50) 0.40 (-1.94-2.75) -1.88 (-6.21-2.45)
*Shorter: Below or at median height-for-age SDS based on WHO growth reference 2007 (#-1.0), Taller: Above median height-for-age SDS (>-1.0), †Wasting: BMI-for-age
SDS <-2.0, Normal weight: BMI-for-age SDS $-2.0 and <1.0, Overweight: BMI-for-age SDS $1.0 and <2.0, Obese: BMI-for-age, SDS $2.0, ‡p<0.05, §p<0.001, BMI: Body
mass index, CI: Confidence interval, SDS: Standard deviation score, WHO: World health organization

CONCLUSION

There was no difference in the odds for wasting or
overweight/obesity between shorter and taller adolescents.
Taller  adolescents  had larger waist circumferences but
shorter  adolescents  to  had  larger  waist-to-height ratios
after controlling  for height. There was no significant
difference in body fat proportion between taller and shorter
participants.
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