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Introduction
The prevalence of obesity in childhood has 
increased dramatically in recent decades. The 
increase has also been related to the rise in the 
risk of developing cardiometabolic and other 
comorbidities earlier in life.[1‑3] However, 
those were not the only consequences of 
childhood obesity. The risk of childhood and 
adolescent obesity consistent with the World 
Health Organization (WHO) definition[4]—
that is, excessiveness of adiposity—are 
almost similar. Excess adiposity in youth 
is a marker of increased cardiometabolic 
risk in adolescents and adults,[5,6] adult 
obesity persistence, and increased risk of 
death.[5] Meanwhile, adiposity in children 
and adolescents was strongly associated with 
pubertal development stages. Early pubertal 
development stages in females and males 
indicated a higher prevalence of central 
adiposity. The unfavorable effects of early 
maturation are, therefore, related to weight 
gain and obesity.[7]

Children with obesity are frequently taller 
for their age. They had accelerated linear 
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Abstract
Background: Childhood obesity is associated with faster linear growth; nonetheless, its benefit to the 
mature height of Indonesian children is questionable. This study aimed to evaluate the relationship 
between adiposity and height growth of Indonesian children, adolescents, and young adults aged 7 to 
23 years. Methods: Height and skinfolds at triceps, subscapular, suprailiac, and calf were measured 
in 2,520 children, adolescents, and young adults aged 7 to 23 years (boys = 1,116, girls = 1,404). 
Central adiposity (subscapular and suprailiac skinfolds) and peripheral adiposity (triceps and 
calf skinfolds) were projected against heights in each age group. The ANCOVA test and partial 
correlation were used for statistical analysis. Results: With the exception of ages 8 to 12 years, boys 
were always taller than girls after controlling for age and central or peripheral adiposity. Boys with 
higher central and peripheral adiposity were taller than their peers up to the age of 17 (r = 0.30–
0.72, P < 0.05, P < 0.01). Girls with central adiposity grew taller than their thinner peers until the 
age of 14 (r = 0.17–0.50, P < 0.05, P < 0.01), whereas girls with peripheral adiposity benefit from 
this advantage over a more extended period of time. Afterward, adiposity did not offer any benefit 
on heights. Conclusions: Children with high adiposity who were taller at an earlier age have no 
significant advantage over their thinner peers in terms of adult height.
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growth and advanced skeletal maturation 
and tended to mature earlier than lean 
children.[8] Pubertal growth patterns, 
including earlier pubertal onset timing, 
smaller pubertal intensity, and shorter 
pubertal spurt duration, had a negative 
association with mature height, while, at 
the same time, resulting in a higher risk for 
overweight and obesity in late adolescence.[5] 
A review study has reported that childhood 
obesity is associated with accelerated 
linear growth with effects on early puberty 
and impaired adult height.[9] Nonetheless, 
research relating adiposity, either central or 
peripheral, to height growth is scarce. This 
study aimed to examine the relationship 
between adiposity and height of Indonesian 
children, adolescents, and young adults aged 
7 to 23 years.

Materials and Methods
Subjects

As many as 2,520 children and young 
adults (1,116 boys and 1,404 girls) aged 7 
to 23 years were recruited in cross‑sectional 
studies in Yogyakarta Province, Indonesia, 
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between 2015 and 2018. The inclusion criteria were boys 
and girls aged 7 to 23 years, Javanese, good health, and 
living in Yogyakarta Province, Indonesia. Those with mental 
and physical disabilities were barred from participating in 
the study. The sample size was defined using the cluster 
sampling method with schools as the clusters. This 
study used a secondary analysis of those several studies. 
Therefore, the sample size was not determined.

Measurements

Height and skinfold thickness of the triceps, subscapular, 
suprailiac, and calf were measured using the International 
Society for the Advancement of Kinanthropometry 
protocol.[10] Anthropometric tools were used to measure 
height to the nearest 0.1 cm (GPM, Switzerland, 
Ltd). Skinfold thickness was measured on the triceps, 
subscapular, suprailiac, and calf using a Harpenden 
skinfold caliper to the nearest 0.2 mm. Central adiposity 
was defined as the sum of the subscapular and suprailiac 
skinfold (SS), whereas peripheral adiposity was defined as 
the sum of the triceps and calf skinfold (TC).

Statistical analyses

An ANCOVA analysis with age, central, and peripheral 
adiposity as covariates was used to assess mean differences 
between sexes stratified by age groups. The correlation 
between adiposity and heights was evaluated using 
partial correlation analysis while controlling for age and 
the statistical power (1‑β) was defined. SS and TC were 
plotted against height. SPSS (SPSS Version 25, SPSS 
Inc, Chicago, IL) was used for all statistical analyses, and 
P < 0.05 was considered statistically significant.

Results
Height between genders is compared with age and either 
total SS or TC as covariates in Table 1. They cannot be 
combined into a single model because the correlation 
between the sum of SS and TC is greater than 0.80. Except 
for children aged 8 to 12, boys were always taller than 
girls after controlling for age and central or peripheral 
skinfolds (P < 0.01).

Table 2 depicts the partial correlation between skinfold 
thickness and age‑adjusted height. SS and TC were 
significantly and positively correlated with height in boys 
aged 7 to 17 years (r = 0.30–0.72, P < 0.05, P < 0.01), 
except for age 12 years. On the other hand, girls showed a 
mostly significant positive correlation with central adiposity 
only until age 14 and peripheral adiposity until the age 
of 16 years, with r ranging from 0.17 to 0.50 (P < 0.05, 
P < 0.01). The statistical power was good overall from 7 
to 15 years, except for 9 and 12 years, particularly in boys. 
These findings suggest that adiposity remains positively 
correlated with height until a later age in boys than in girls, 
as also shown in the statistical power (1‑β), which was 
greater in boys than in girls.

The scatter plots of SS and TC versus height are shown in 
Figures 1 and 2. These graphs do not include young people 
aged 22–23 but exhibit a similar trend to those aged 21. At 
younger ages (7–11 years), boys and girls showed nearly 
identical positive correlations between central adiposity 
and height [Figure 1]. Beginning at age 12, the association 
between central adiposity and height differed between boys 
and girls. Boys still showed positive correlations, while 
the correlations in girls gradually declined. At older age, 
the association in both sexes gradually declined, reaching 
a negative association at adult height for girls, implying 
shorter stature in the centrally adipose women. The height 
pattern in relation to peripheral adiposity [Figure 2] 
resembles that of central adiposity.

Discussion
Our study indicates that, in our population, boys and 
girls achieve the same height at around 8 to 12 years. 
Boys had greater height than girls after the age of 
13. Furthermore, boys with central and peripheral 
adiposity were taller than their peers up to the age of 
17 years (r = 0.30–0.72, P < 0.05, P < 0.01). Afterward, 
adiposity did not give any advantage in height. Girls 
with central adiposity were taller than their slimmer 
peers only until the age of 14 (r = 0.17–0.50, P < 0.05, 
P < 0.01). In contrast, girls with peripheral adiposity 
have this advantage for a longer period. Afterward, 
adiposity did not give any benefit for height. It even 
seemed to be a liability because adipose women tended 
to be shorter than their slimmer peers.

Our findings suggest that children with high central or 
peripheral adiposity, despite their seemingly taller stature 
at a younger age, would probably not have an advantage 
over their slimmer peers in terms of adult height. The 
finding is consistent with previous studies that childhood 
and adolescent obesity posed accelerated linear growth that 
would impair adult height.[9]

The pattern of height increment values versus peripheral 
adiposity is similar to central adiposity. The height gap, 
however, widens with increase in adiposity and age up 
to 21 years of age. We propose that children with greater 
adiposity may attain greater height until age 13 but then 
attain the same height as those with less adiposity. Almost 
similar findings were reported in obese Indian boys.[11] The 
rapid growth in adolescents is thought to be caused by 
the onset of puberty.[9,12,13] Elongation of the long bones in 
the growth plates drives height growth,[14] which is held 
in place by a complex network of nutritional, cellular, 
paracrine, and endocrine factors. Growth velocity increases 
during the pubertal growth spurt then decreases and may 
even be zero after epiphyseal fusion. During puberty, 
estrogen stimulates the GH–IGF‑I axis, accelerating 
pubertal growth.[9,15] However, when a critical estrogen 
level is reached, epiphyseal closure and growth arrest 
occur. As puberty approaches its end, senescence occurs on 
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the growth plates. The height of the growth plate gradually 
decreases, beginning with the proliferative and hypertrophic 
zones.[16]

Childhood obesity, in particular, can accelerate puberty 
in girls while delaying puberty in boys.[13] It may explain 
why, in our study, children with more adiposity reached 
greater heights only up to 13 years, but at a later age, 
they reached the same heights as those with less adiposity. 
Accelerated weight gain is frequently associated with a 
similar acceleration in height velocity, and overweight 
children have slightly advanced bone ages during early 

puberty.[13] These findings could be attributed to growth 
plate maturation due to increased insulin‑like growth 
factor (IGF)‑1 bioavailability and early estrogenization. 
As a result, despite accelerated bone age and linear 
growth during puberty, children with obesity generally 
attain adult‑expected heights, possibly due to early 
estrogen‑associated epiphyseal closure.[9,13] Nonetheless, the 
onset time of puberty is not the most vital factor influencing 
adult height. Earlier puberty onset, smaller puberty 
intensity, and shorter puberty spurt duration are associated 
with the risks for lower mature height and higher obesity 
incidence in late adolescence.[15] Relative shortness during 

Table 1: Height differences between genders were compared using an ANCOVA with age (years) and either the sum of 
subscapular and suprailiac (SS) or the sum of triceps and calf (TC) skinfold as covariates

Age (years) N Boys Girls
Boys (1,116) Girls (1,404) Means 95% CI Means 95% CI

7 45 43 118.7** 117.4–120.1 114.6 113.2–116.0
8 42 36 121.2 119.7–122.7 120.0 118.4–121.6
9 46 43 126.6 124.9–128.2 124.9 123.2–126.6
10 35 39 129.3 127.5–131.1 131.1 129.4–132.8
11 47 57 135.7 133.8–137.6 137.8 136.0–139.5
12 48 56 145.0 142.7–147.4 146.3 144.1–148.4
13 181 214 152.5** 151.5–153.5 150.1 149.2–151.0
14 235 331 158.8** 157.9–159.6 151.9 151.2–152.6
15 154 184 161.9** 160.9–162.9 152.5 151.6–153.4
16 40 66 166.4** 164.7–168.2 154.3 153.0–155.6
17 28 53 168.9** 166.6–171.3 153.6 151.9–155.2
18 15 36 166.2** 163.2–169.2 154.0 152.2–155.7
19 23 31 167.0** 165.1–168.9 156.1 154.5–157.7
20 61 77 169.3** 167.9–170.8 154.7 153.4–156.0
21 68 72 166.4** 165.0–167.8 155.2 153.8–156.5
22 48 66 167.2** 165.4–169.1 156.1 154.5–157.6
**P < 0.01; CI: confidence interval; because the sum of subscapular and suprailiac (SS) and the sum of triceps and calf (TC) skinfold had 
correlations >0.80, they could not be combined in a single model

Table 2: Analysis of partial correlations between skinfold thicknesses and height, adjusted for age (years)
Age (years) n  SS (r Pearson)  TC (r Pearson)

Boys Girls Boys 1-β (%) Girls 1-β (%) Boys 1-β (%) Girls 1-β (%)
7 45 43 0.51** 95.74 0.42** 81.59 0.51** 95.74 0.50** 93.93
8 42 36 0.47** 89.58 0.46** 82.40 0.40** 76.21 0.39* 66.78
9 46 43 0.32* 59.30 0.24 34.59 0.37* 72.94 0.28 45.13
10 35 39 0.72** 99.94 0.38* 67.97 0.66** 99.50 0.41* 75.26
11 47 57 0.64** 99.91 0.36** 79.70 0.63** 99.87 0.31* 66.04
12 48 56 0.21 30.26 0.22 37.48 0.08 08.40 0.27* 52.84
13 181 214 0.41** 99.99 0.35** 99.96 0.34** 99.72 0.31** 99.66
14 235 331 0.30** 99.71 0.17** 87.56 0.19** 83.53 0.19** 93.68
15 154 184 0.36** 99.64 0.13 42.20 0.32** 98.33 0.17* 63.87
16 40 66 0.33* 55.88 0.18 30.65 0.27 39.83 0.26* 56.60
17 28 53 0.48* 75.64 −0.03 05.50 0.45* 69.16 0.10 11.00
18 15 36 0.37 28.25 −0.04 05.58 0.39 31.12 −0.10 08.93
19 23 31 0.34 36.43 −0.18 16.38 0.25 21.33 −0.29 36.01
20 61 77 0.12 15.20 0.17 31.75 0.13 17.05 0.28 70.16
21 68 72 0.18 31.45 −0.04 06.27 0.28 64.59 −0.12 17.17
22 48 66 0.21 30.26 0.05 06.83 0.10 10.39 −0.10 12.60
*P < 0.05; **P < 0.01; SS = sum of subscapular and suprailiac skinfold; TC = sum of triceps and calf skinfold
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childhood and less pubertal height gain may also result in 
shorter adulthood, as reported in Saudi boys.[9]

Our findings support the disadvantages of pediatric obesity 
by demonstrating that high adiposity children have a 
rapid increase in height during childhood rather than an 
advantage in mature height. In addition, studies show that 
excessive adiposity and weight gain during childhood are 
associated with CVD risks, cardiometabolic morbidity, 
and mortality.[1,2,6,17‑19] Further study may need to include 
an assessment of pubertal development stages since 
early pubertal in children indicated a higher prevalence 
of central adiposity[7,20] and to look at skinfold thickness 
and height growth at early infancy to determine adiposity 
rebound (AR), as children may have higher adiposity later 
in life and cardiometabolic risk.

The strengths of our study include a diverse age range 
from 7 to 23 years and a large sample size. However, the 

cross‑sectional design limited our ability to describe the 
growth process across all variables. Several studies have 
also indicated that parents’ height may influence children’s 
height.[21‑23] Unfortunately, the data were not evaluated in 
our research. Furthermore, we cannot recommend that our 
findings be generalized to national representatives because 
participants were only Yogyakarta residents; however, the 
sample was a Javanese population, Indonesia’s largest 
ethnicity.

In summary, our study discovered that at the ages between 
8 and 12 years, boys and girls had almost similar heights, 
but at the ages of 13 and up, boys were taller than girls. 
Boys with central and peripheral adiposity were taller 
from a young age than their peers up to 17 years and up 
to 14 years in girls. Finally, children with high central 
and peripheral adiposity from an early age do not exceed 
their slimmer peers regarding adult height. It is essential to 
educate people who have high adiposity during the growth 

Figure 1: Scatter plots of the sum of subscapular and suprailiac skinfold (SS) against height in children and young adults. The gaps of regression lines 
between boys (compact line) and girls (dash line) show greater starting at the age of 13 years and above. The R2 values of the regression lines from 7 to 
21 years in boys vs. in girls are 0.33 vs. 0.15 (7 y), 0.28 vs. 0.21 (8 y), 0.10 vs. 0.07 (9 y), 0.38 vs. 0.13 (10 y), 0.42 vs. 0.14 (12 y), 0.05 vs. 0.06 (12 y), 0.18 vs. 
0.13 (13 y), 0.09 vs. 0.03 (14 y), 0.11 vs. 0.01 (15 y), 0.12 vs. 0.01 (16 y), 0.22 vs. ‑ (17 y), 0.14 vs. – (18 y), 0.16 vs. 0.03 (19 y), 0.01 vs. 0.03 (20 y), 0.03 vs. 
0.001 (21 y), 0.02 vs. 0.004 (22 y)
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period, which is not advantageous in terms of their mature 
height despite putting them at risk of obesity‑related health 
problems.
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