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Abstract

Background We aimed to analyze the characteristics of the body composition of children and adolescents aged
3-17in Suzhou, China.

Methods A cross-sectional study between January 2020 and June 2022 using bioelectrical impedance was con-
ducted to determine the fat mass (FM), fat-free mass (FFM), skeletal muscle mass, and protein and mineral contents
of 24,845 children aged 3-17 who attended the Department of Child and Adolescent Healthcare, Children’s Hospital
of Soochow University, China. Measurement data was presented in tables as mean+ SD, and groups were compared
using the independent samples t-test.

Results FM and fat-free mass increased with age in both boys and girls. The fat-free mass of girls aged 14-15
decreased after reaching a peak, and that of boys in the same age group was higher than that of the girls (p <0.05).
There were no significant differences in FM between boys and girls younger than 9- and 10-years old. The percentage
body fat (PBF) and FM index of girls increased rapidly between 11 and 15 years of age (p <0.05), and those of boys
aged 11-14 were significantly lower (p <0.05), suggesting that the increase in body mass index (BMI) was mainly
contributed by muscle mass (MM) in boys.

Conclusions The body composition of children and adolescents varies according to their age and sex. A misdiagno-
sis of obesity made on the basis of BMI alone can be avoided if BMI is used in combination with FM index, percentage
body fat, and other indexes.
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particular, skeletal muscle mass (SMM) increases rapidly
and body mass increases significantly in adolescent boys.
Indeed, the individual contributions of muscle mass
(MM) and fat mass (FM) to overall body mass cannot be
differentiated using BMI alone, meaning that obesity may
be over-diagnosed [3].

Currently, measures of body composition are widely
used in the clinic to evaluate individual nutritional sta-
tus, and FM and fat-free mass (FFM) (including water,
proteins, minerals, bone, and muscle) are typically quan-
tified. MM changes according to environmental stimuli,
such as diet and protein balance. Low muscle mass is
associated with a number of problems, such as muscle
weakness, poor immunity, and a higher risk of infection
[4]. In addition, persistent high FM can be associated
with hyperlipidemia, diabetes, hypertension, hyperurice-
mia, and other diseases [2]. Thus, the correct assessment
of changes in body composition is very important for the
timely identification, diagnosis, and treatment of nutri-
tional metabolic diseases [5, 6].

Many methods have been used to assess body compo-
sition, such as the measurement of skinfold thickness,
magnetic resonance imaging, dual-energy X-ray absorp-
tiometry (DXA), and bioelectrical impedance analysis
(BIA). BIA is a non-invasive method that involves the
passing of a low-frequency current through an organism,
which encounters resistance according to the nature of
the fluid and cellular structure through which it passes,
and the impedance of this signal is high in adipose tissue
and low in lean tissue. BIA proved to be an effective and
reliable scale for body composition assessment [7-10].
Because of the simplicity, low price, safety, and non-inva-
siveness of this technique, it is widely used in the clinic.
From pre-school period, school age to puberty, children
and adolescents undergo significant physical changes,
including bone mineral accumulation, linear growth,
gains in muscle and fat, sexual development and matura-
tion. These changes of FM and FFM vary according to age
and gender, and puberty process.

Fangfang Chen performed the research among 3- to
5-year-old children in Tianjin, China [11]. Ling Bai
reported the results of body composition using the BIA
in Chinese children (10-18 years old), mainly focus the
attention on the associations of body fat distribution and
lean body mass with blood pressure in normal-weight
children and adolescents [12]. Liu Zhang investigated the
relationship between body compositions and bone min-
eral density and the effect of composition substitution
among Chinese children (5-18years old) [13]. However,
previous analysises of body composition of children and
adolescents have seldom focused on the specific changes
in body composition that occurs with age, and com-
prehensive large samples studies were quite deficient,
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making it difficult to assess the growth trend and related
health risks of children. To fill this gap, we designed the
present study to assess body composition by BIA in Chi-
nese children and adolescents aged 3—17 years in Suzhou
(It is located between 119 ° 55’ - 121 ° 20" E and 30 ° 47’ -
32 ° 02’ N, in the southeast of Jiangsu Province. The city
has a low and flat terrain, crisscross rivers and numer-
ous lakes. There are four distinct seasons with mild cli-
mate and abundant rainfall), China, to characterize the
changes in various age groups and provide evidence-
based guidance regarding diet and exercise for children,
to promote their healthy development.

Methods

Study participants

The participants were selected from children aged 3-17
years who underwent a physical examination between
January 2020 and June 2022 from the Department of
Child and Adolescent Healthcare, the Children’s Hospi-
tal of Soochow University, China. The inclusion criteria
were: (1) availability of a complete set of basic demo-
graphic information (age and sex) ;(2) availability of
a complete set of data from the physical examination
(height, body mass, and body composition). The exclu-
sion criteria were the presence of severe chronic disease,
genetically determined endocrine or metabolic diseases,
or chromosomal or genetic abnormalities. Ultimately,
24,845 participants were enrolled, they were grouped on
the basis of their age, for example, if the child was 3-3.9
years old, he belonged to the 3 years old group. The study
was approved by the Ethics Committee of the Children’s
Hospital of Soochow University (No:2021CS092) and
informed consent was obtained from all participants or,
if participants were under 16, from a parent and legal
guardian.

Anthropometry

The children wore a single layer of light clothing and
stood against the wall. Their height and body mass were
measured twice using standard methods to 0.1 cm and
0.1 kg, respectively. BMI was calculated as body mass
(kg)/height (m)?.

Determination of body composition

Body composition was assessed using a body composi-
tion analyzer (Inbody ] 20, Inbody, Seoul, Korea) that
functions using the principle of BIA. It measures imped-
ance by applying alternating current to human body
[14]. The contact resistance will occur when the human
body contacts with the electrode. InBody]20 frequency
ranges from 5, 50 to 250 kHz, and it is phase sensitive,
high frequency is more suitable for measuring intra-
cellular fluid, low frequency is better fit for measuring
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extracellular fluid [15-17]. Multi-frequency is widely
used in clinical for analysis of individual body composi-
tion [18]. This procedure was performed by profession-
ally trained operators. The device was calibrated half an
hour before use every day. The children emptied their
bladders at this time, and the consumption of water was
not permitted within the half-hour preceding the meas-
urement. They wore a single layer of clothing without
shoes or socks, and stood in the appropriate position.
First, using the InBody tissue to wet the participants’
hands and feet, then standing on the InBody to measure
the weight and ensure that the heel keep straight with the
foot electrode. After entering the name, gender, age, and
height, the measurement began. The participants were
required to grasp the handle and place the thumb on the
oval electrode, keep arms straight and do not touch other
parts of the body. The whole process lasted about 1 min.
EM, FEM, MM, skeletal muscle mass (SMM), percentage
body fat (PBF), waist-to-hip ratio (WHR) were recorded;
and the fat mass index (FMI), fat-free mass index (FFMI),
and skeletal muscle mass index (SMMI) were calculated
by dividing the FM, FFM, and SMM by the square of
height (m?).

Statistics

Data were entered and verified by two people. SPSS
v.27.0 (IBM, Inc., Armonk, NY, USA) was used to analyze
the data. Measurement data was presented in tables as
mean +SD in Supplementary Tables 1, 2 and 3, and 95,
90, 75, 50, 25, 10, and 5 percentile cut-off values were
shown in Supplementary Table 4, differences among gen-
ders were compared by independent samples ¢-test or
Mann-Whitey U test. Kruskal-wallis was used to com-
pare multiple groups, followed by the least significant
difference test. Two-sided p <0.05 was considered to rep-
resent statistical significance.

Results

Comparison of indices of body composition in boys

and girls

A total of 24,845 children and adolescents aged 3-17
years were studied (8,830 girls and 16,015 boys). The
height, body mass, protein content, mineral content,
bone mineral content, FM, MM, FFM, SMM, and BMI of
the boys were significantly higher than those of the girls,
but the PBF of the boys was significantly lower (p <0.05),
as shown in Table 1.

Comparison of the major body components of boys

and girls of the same age

For children of the same ages, the protein, mineral, and
bone mineral contents; and the MM, SMM, SMMI, FEM,
FEMI of the boys were higher than those of the girls
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Table 1 Basic anthropometric and BIA data for the study group

Girls Boys t P

(n=8,830) (n=16,015)
Age(years) 8.05+249 840+2.71 132.14 0.00
Height (cm) 127.04+15.68 129.90+17.30 166.64 0.00
Weight (kg) 29.26+11.93 32.08+14.58 24031 0.00
BMI (kg/m?) 1744+354 18.12+4.01 178.81 0.00
Protein (kg) 4224134 470+1.79 500.68 0.00
Minerals (kg) 1.53+0.55 1.68+0.71 301.12 0.00
Bone mineral 127047 1.39+0.61 265.68 0.00
content (kg)
FFM (kg) 21.63+6.89 24.06+9.09 479.2 0.00
SMM (kg) 10.73+£4.05 12.20+538 499.957 0.00
MM (kg) 20.36+6.46 2267 +8.54 489.83 0.00
FM (kg) 7.59+5.82 8.04+6.82 26.66 0.00
PBF (%) 23.68+897 22.52+953 87.94 0.00

Abbreviations: BMI Body mass index, FFM Fat free mass, SMM Skeletal muscle
mass, MM Muscle mass, FM Fat mass, PBF Percentage body fat, t-test was used to
compare the data

(p<0.05) as shown in Supplementary Tables 1, 2 and 4.
There were no significant differences in the PBF of the
boys and girls aged 9-10 years (p>0.05), but it was higher
in girls of other ages (p <0.05), as shown in Supplementary
Tables 3 and Fig. 1. The FM of girls aged 6-8 and 13-15
years were higher than those of boys (p<0.05), boys’ FM
were higher than girls in 11-12 and 13-14 age groups
(p<0.05), but there were no differences in the other age
groups (p>0.05), as shown in Supplementary Table 2
and Fig. 2. The FMI of girls aged 4-5, 6-8, and 13-15
years were higher than those of boys and the FMI of boys
of 10-12 years of age was higher than that of the girls
(p<0.05), but there were no significant differences in the
other age groups (p >0.05), as shown in Fig. 3.

Trends in body composition with age

As the children got older, the protein, mineral, and
bone mineral contents; and the MM, SMM, SMMI, and
FFM of girls increased year by year (p<0.05), reach-
ing a peak at 14-15 years of age, and slowly decreasing
thereafter, as shown in Fig. 4. There was no significant
increase in FFMI in girls younger than 5 years of age,
and the change was similar to that of FFM in children of
>5 years of age. The protein content, MM, FEMI, SMM,
and SMMI of the boys continued to increase as they got
older, and the rates of the changes were greater than
those of the girls (p<0.05). Each index tend to grow
slower after the age of 15, and the difference was not
statistically significant (p > 0.05), as shown Figs. 4 and 5.
The FM and FMI of both boys and girls aged 3-5 years
were stable, but PBF decreased (p<0.05). After the age
of 7 years, the FM of both the boys and girls increased
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Fig. 1 Figure Changes in indexes of body composition in children aged 3-17 years in Suzhou, China. Comparison of the main body composition
indexes among boys and girls at various ages, * indicate the differences are statistical significant, where *: p< 0.05
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Fig. 2 Figure Changes in indexes of body composition in children aged 3-17 years in Suzhou, China. Comparison of the main body composition
indexes among boys and girls at various ages, * indicate the differences are statistical significant, where *: p < 0.05

rapidly, but in children younger than 10-12 years of 14 and 15 years of age, respectively. The PBF and FMI
age, the mean value in boys was higher than in girls. of the boys and girls showed similar changes below the
However, after the age of 12 years, the FM of the girls age of 11, but those of girls increased rapidly at the ages
increased faster and surpassed boys (p<0.05). The FM  of 5-6, 7-9, and 11-15 (p <0.05), but did not change at
of the girls and boys decreased after reaching peaks at  the ages of 6-7 or 9—10. Their values peaked at the ages
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Fig. 3 Figure Changes in indexes of body composition in children aged 3-17 years in Suzhou, China. Comparison of the main body composition
indexes among boys and girls at various ages, * indicate the differences are statistical significant, where *: p < 0.05
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Fig. 4 Figure Changes in indexes of body composition in children aged 3-17 years in Suzhou, China. Comparison of the main body composition
indexes among boys and girls at various ages, * indicate the differences are statistical significant, where *: p < 0.05

of 14 and 15, respectively, and then gradually decreased.  decreased (p <0.05) at the age of 11-14 years old, more
The PBF and FMI of boys did not significantly change at  substantially with respect to PBF. A comparison of these
the ages of 6-7 and 10-11 years, but rapidly increased  body composition indexes, according to sex and age, is
(p<0.05) at the ages of 7-10 and 14-15 years, and rapid  shown in Supplementary Tables 1, 2, 3 and 4.
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Fig. 5 Figure Changes in indexes of body composition in children aged 3-17 years in Suzhou, China. Comparison of the main body composition
indexes among boys and girls at various ages, * indicate the differences are statistical significant, where *: p < 0.05

Discussion

Body composition analysis is an important method
of evaluating the influences of diet, exercise, diseases,
growth, and development on the human body. The com-
ponents of the human body that can be quantified include
water, protein, minerals, and fat. Specifically, FM can be
used to predict the risk of obesity, hypertension, type 2
diabetes, cardiovascular disease, and other diseases; and
the FFM is important for exercise tolerance and balance
[19-21]. A good understanding of appropriate body com-
position and changes is important for health education,
dietary guidance, and physical exercise recommendations
during childhood development.

The body composition and distribution of materials
and tissues differ significantly as age, gender difference,
and puberty development varies accordingly [22]. Dur-
ing most of their childhood, the growth rates of boys
and girls are similar. The mean height, body mass, FM,
and FFM of boys are slightly higher than those of girls,
whereas the FMI of boys is lower than that of girls. From
childhood to adolescence, boys and girls gradually mani-
fest huge differences in physical, psychological, and
behavioral parameters because of differing secretion of
sex hormones. However, the values of indexes of body
composition, such as FM and FFM, change differently.

Luteinizing hormone (LH) and follicle-stimulating hor-
mone (FSH) in girls stimulate uterine growth and the
secretion of estrogen and small amounts of androgens.
Under the influence of sex hormones, most girls start

to appear secondary sexual characteristics at the age of
9-10, such as breast enlargement, pubic and under-
arm hair growth, internal and external genital devel-
opment, and menarche [23]. In addition, high blood
estrogen concentrations have direct effects on epiphyses
and indirectly stimulate an increase in pulsatile secretion
of growth hormone (GH) by the pituitary gland, which
causes increases in bone mineral content and skeletal
muscle mass [24]. However, estrogen has a bidirectional
effect on bone growth: at a low concentration, it acceler-
ates osteogenesis in the cartilage through activation of
the growth hormone/insulin-like growth factor-1 axis,
which increases the linear growth [25]; whereas when
present at a high concentration during late puberty, it
binds to receptors in growth plates, promoting epiphy-
seal closure [26]. Another characteristic change during
adolescence is a rapid increase in FM, mainly in the chest,
abdomen, and hips, which makes the bodies of girls
rounder, and their body composition gradually approach
those of adults [25].

Most boys enter adolescence at 11-12 years old, when
LH and FSH stimulate the testes to secrete androgens
and a small amount of estrogen, which results in a series
of changes including testicular enlargement, penis devel-
opment, the growth of pubic and underarm hair, voice
change, and spermatorrhea. Unlike girls, androgens cause
a rapid increase in SMM from early puberty in boys, and
their proportion of fat decreases, so that the “triangular”
male body shape, featuring stronger shoulders and chest,
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gradually develops. In contrast, PBF shows a downward
trend. In late puberty, height growth decelerates, all body
functions are well developed [27].

In the present study, the body composition of 24,845
children and adolescents of 3—17 years of age was charac-
terized cross-sectionally in Suzhou, China. The FM and
FEM of boys and girls of different ages vary significantly.
In addition, we found that the protein, mineral, and
bone mineral content; and the MM, SMM, SMMI, and
FEM of boys were higher than those of girls, and steadily
increased with age. These indexes peaked at 14—15 years
old in girls, after which they decreased, and the girls
reached physical maturity earlier than the boys. After the
age of 15, the protein content and skeletal muscle mass
of girls decreased year by year. Therefore, it is necessary
to appropriately reduce their daily calorie intake and they
should avoid the excessive intake of high-fat and high-
protein food. However, boys of the same age should con-
tinue to consume an appropriate diet to maximize their
growth potential.

Boys and girls have similar FM before the age of 9
years, and although these grow faster in boys than in girls
at the age of 9-11 years, it increases faster in girls after
the age of 12. There are also significant differences in the
PBF and FMI of boys and girls. In the present study, we
have shown that the values of these indexes in boys and
girls significantly decrease at the age of 3-5 years, which
is consistent with the results of a previous analysis of
the body composition of 3,593 healthy individuals aged
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4-24 years in Germany [28]. Besides, data from 1011
children aged 3-5 years old in Tianjin [11], And research
of 1243 preschool children in Xiamen, China [29], also
showed declining trend of FMI, and FM% among both
boys and girls. Thus, it appears that there are similari-
ties in the changes of body fat percentage in different
regions, countries and ethnicities. These changes may be
explained by the significant increase in physical activity
and the accompanying increase in skeletal muscle mass
over 3 years old. In the present study, PBF in girls were
higher than that in boys in every age group, except for
the 9- and 10-years old groups (all P<0.05), which was
in line with F F Chen’s results conducted in seven cit-
ies of China [30]. PBF and FMI increase rapidly again in
girls aged 7-9 years, which is closely associated with the
onset of puberty. In addition, at the age of 11-15 years,
FM continues to increase rapidly, peaking at approxi-
mately 15 years of age, after which it gradually decreases,
which suggests that FM increases more substantially
during mid- and late puberty. PBF and FMI decrease
rapidly in boys aged 11-14 years, whereas FM contin-
ues to increase, which may be because boys have entered
puberty by this age. During this period, androgens cause
a rapid increase in muscle mass which exceeds the fat
mass, resulting in a decline in the proportion of fat.
Furthermore, the BMI of boys shows a rapid upward
trend after the age of 11 years, as shown in Fig. 6. BMI
is known as an indicator of adiposity; however, both
FMI and FEMI affect BMI, making it impossible to
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Fig. 6 Figure Changes inindexes of body composition in children aged 3-17 years in Suzhou, China. Comparison of the main body composition
indexes among boys and girls at various ages, * indicate the differences are statistical significant, where *: p < 0.05



Zhao et al. BMC Pediatrics (2023) 23:358

differentiate body fat from lean mass using BMI alone
[31, 32]. Manfred James Miiller et al. [33] demonstrated
both FM and FFM increase with a rising BMI, and cor-
relation coefficients relating BMI to FM and FEFM were
similar, but regression lines differ in slopes. In addition,
the association between BMI and PBF was curve-linear.
Hye Won Park et, al. [34] reported decreases in FMI and
PBF despite increases in BMI, and a large increase in
FFMI was observed in males in Korean. Demerath, et al.
[35] explained that boys experience greater gains in mus-
cle and lean mass than in fat mass. Higher BMI scores
indicate that an individual has relatively more weight-
for-height than a person with a lower score. The value of
BMI indicates only this and does not provide any infor-
mation about FM or FFM. So, BMI is actually less than
ideal for measuring obesity [36, 37]. The BMI of girls and
boys showed an upward trend before the age of 14 and
15 respectively, as well as a steady growth in SMI. There
were significant fluctuations in the FMI and PBE, espe-
cially during the period of 11-14 years old, when the
above indicators rapidly descended among boys. Never-
theless, the BMI of boys in this age group was still on the
rise, suggesting that the increase in BMI was mainly con-
tributed by SMMI in boys. Therefore, clinicians should
comprehensively analyze the body composition of boys
of this age to avoid misdiagnosing them as having over-
weight or obesity, because of rapid increases in body
mass and BMI. The changes in body composition of boys
aged 9-17 years were previously assessed using DXA in
a study conducted in Colombia, where it was shown that
FMI continues to decrease at this age. F F Chen [30] also
reported FMI decreased obviously between 10-15 years
old in boys. Unlike the age group and change character-
istics from the above researches, in the present study,
the FMI of boys continues to decline at the age of 11-14,
subsequently increased transiently at 14—15 years old
and then decreased rapidly. The reasons for this discrep-
ancy may be due to the different research methods, envi-
ronments, ethnicities, or ages of the onset of puberty. In
addition, the nature of the education system in China
means that this increase in the FMI of adolescents at this
age is associated with great pressure, overload home-
work, long learning sessions, and insufficient daily exer-
cise, which may explain the increase in fat accumulation.
Thus, it is necessary to improve the health education of
adolescents, and to encourage a healthy lifestyle, com-
prising an appropriate diet, moderate exercise, and bal-
ance between activity and rest, in order to reduce the
incidence of overweight and obesity during adolescence.

The strengths of the present study include its large
sample size and the comprehensive analysis of the
changes in body composition, according to sex and age,
which should help understanding of the growth and
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development of children. However, the study also had
some limitations: the number of participants of > 15 years
of age was small, which may have caused some bias, and
the Tanner stages of the participants was not used to
compare their body compositions with their develop-
mental stages.

Conclusions

The present findings confirm that the body composition
of children and adolescents changes with age, especially
during puberty; and that girls show a significant increase
in fat mass, whereas boys show a significant increase
in muscle mass. Therefore, we suggest that the assess-
ment of the health status of children should involve an
analysis of body composition, to avoid the use of BMI
alone, which can lead to a misdiagnosis of overweight or
obesity.
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