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Abstract

Background Skeletal muscle as an essential body composition component plays an important role in maintenance of normal
growth and development as well as systemic glucose metabolism in children. No nationwide reference data for skeletal muscle
mass for Chinese youths are available in China. We aimed to establish the sex-specific and age-specific percentile reference
values of skeletal muscle mass for Chinese children and adolescents.
Methods This study consisted of 10 818 children and adolescents aged 3–17 years in Chinese urban area during 2013–15.
Dual-energy X-ray absorptiometry scan was performed to measure whole body muscle mass and appendicular skeletal muscle
mass. Lambda-mu-sigma method was used to obtain the sex-specific and age-specific percentile curves of muscle mass indices.
Results Overall, whole body muscle mass and appendicular skeletal muscle mass indices showed an increasing trend with
age for both sexes, with boys vs. girls having higher values of all muscle mass indices. Whole body muscle mass index in boys
increased slightly before age 9 years and then increased rapidly until 15 years and slowed down thereafter, while the mean
values in girls increased slightly before age 8 years, increased rapidly until 14 years and remained stable thereafter. Appendic-
ular skeletal muscle mass index increased rapidly until age 16 years and then increased slightly for boys; by contrast, for girls,
the mean values increased consistently before age 14 years but showed a slightly decreasing trend after that.
Conclusions This study established sex-specific and age-specific percentile reference values for skeletal muscle mass for
Chinese children and adolescents aged 3–17 years. These reference values can be used to evaluate the muscular development
in Chinese children and adolescents.
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Introduction

Skeletal muscle is an essential body composition component
and plays an important role in maintaining normal movement
and posture in both adults and children.1 Skeletal muscle is

considered as a major site of insulin-mediated glucose disposal,
accounting for 85% of insulin-mediated glucose utilization.2 A
large body of evidence has shown that in youths, high skeletal
muscle mass can increase insulin sensitivity,3 and low skeletal
muscle mass is associated with multiple metabolic risk factors
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and insulin resistance.4–7 In addition, high skeletal muscle mass
has been shown to improve bone health through biomechani-
cal stress and multiple myokines.8 Studies have shown that
about 40% of bone growth after birth is determined by muscle
development.9 Skeletal muscle mass, like bone mineral den-
sity,10 increases with age across childhood and adolescence.
Therefore, growth curves of skeletal muscle mass in youth need
to be established using percentile charts due to the dynamic
nature of growth. The growth curves for muscle mass indices
can be used to assess the muscle development in healthy chil-
dren and adolescents andmonitor loss ofmuscle in participants
with muscle-related metabolic diseases.

Multiple approaches such as magnetic resonance imaging,
computed tomography, dual-energy X-ray absorptiometry
(DXA) and bioelectrical impedance are available for assess-
ment of skeletal muscle. Among them, DXA has been recom-
mended as the preferred detection technology for assessing
skeletal muscle loss due to its low radiation, accuracy and
strong clinical feasibility.11,12 Several reference curves for
skeletal muscle for youths have been established in UK13

and South Korea.14 However, these reference values are lim-
ited by their small sample sizes and absence of data for indi-
viduals with age <5 years. To date, there is no reference data

of skeletal muscle mass for Chinese youths. Therefore, using
large-scale population-based data from the China Child and
Adolescent Cardiovascular Health (CCACH) Study, we aimed
to establish reference values of skeletal muscle measured
by DXA for Chinese children and adolescents.

Methods

Study population

The CCACH Study is a large-scale population-based cross-
sectional study conducted during 2013–15, which was
designed to select a representative sample of children and ad-
olescents aged 3–18 years living in urban areas of China. The
detailed information of the survey has been described else-
where.10 In brief, we firstly stratified China into five regions ac-
cording to characteristics of climate, economic development
and the residents’ life habits. Then, we selected one or two cap-
ital cities from each region and included a total of seven cities
(i.e. Beijing, Tianjin, Changchun, Jinan, Yinchuan, Shanghai and
Chongqing). Next, several schools were randomly selected from

Table 2 Reference values of MMI (kg/m2) among Chinese children and adolescents

Age
(years) L S Mean - 2 SD Mean - SD Mean Mean + SD Mean + 2 SD

Percentiles

P3 P10 P25 P75 P90 P97

Boys
3 �0.553 0.059 9.05 9.57 10.15 10.78 11.47 9.11 9.42 9.75 10.56 10.97 11.38
4 �0.553 0.065 9.13 9.71 10.35 11.06 11.85 9.20 9.55 9.92 10.82 11.27 11.75
5 �0.553 0.073 9.25 9.91 10.64 11.46 12.39 9.32 9.71 10.14 11.18 11.71 12.27
6 �0.553 0.081 9.33 10.06 10.89 11.83 12.89 9.41 9.85 10.32 11.51 12.11 12.76
7 �0.553 0.088 9.42 10.23 11.14 12.20 13.41 9.51 9.99 10.51 11.84 12.52 13.26
8 �0.553 0.096 9.54 10.43 11.44 12.62 14.00 9.64 10.16 10.74 12.22 12.99 13.83
9 �0.553 0.103 9.68 10.65 11.77 13.09 14.66 9.79 10.36 10.99 12.64 13.51 14.46
10 �0.553 0.111 9.87 10.92 12.16 13.63 15.39 9.99 10.61 11.30 13.12 14.09 15.17
11 �0.553 0.117 10.17 11.31 12.67 14.29 16.26 10.30 10.97 11.73 13.73 14.81 16.01
12 �0.553 0.121 10.60 11.83 13.30 15.08 17.25 10.74 11.46 12.28 14.46 15.65 16.97
13 �0.553 0.123 11.12 12.44 14.01 15.92 18.26 11.27 12.04 12.92 15.26 16.53 17.96
14 �0.553 0.123 11.65 13.03 14.68 16.68 19.14 11.80 12.62 13.53 15.99 17.32 18.82
15 �0.553 0.122 12.09 13.50 15.19 17.24 19.75 12.24 13.08 14.02 16.53 17.90 19.43
16 �0.553 0.120 12.39 13.82 15.53 17.58 20.09 12.55 13.40 14.34 16.87 18.23 19.76
17 �0.553 0.118 12.63 14.05 15.75 17.78 20.26 12.78 13.63 14.57 17.08 18.43 19.94

Girls
3 �0.387 0.062 8.43 8.95 9.52 10.13 10.80 8.49 8.80 9.13 9.92 10.31 10.72
4 �0.387 0.066 8.47 9.03 9.64 10.31 11.04 8.54 8.87 9.22 10.08 10.51 10.95
5 �0.387 0.073 8.53 9.15 9.84 10.60 11.44 8.60 8.97 9.37 10.34 10.83 11.34
6 �0.387 0.080 8.59 9.28 10.04 10.89 11.85 8.67 9.08 9.52 10.61 11.15 11.73
7 �0.387 0.087 8.68 9.43 10.27 11.22 12.30 8.76 9.21 9.69 10.90 11.51 12.16
8 �0.387 0.093 8.83 9.65 10.57 11.62 12.83 8.92 9.41 9.93 11.27 11.95 12.68
9 �0.387 0.099 9.05 9.94 10.95 12.11 13.45 9.15 9.68 10.25 11.71 12.47 13.28
10 �0.387 0.103 9.34 10.29 11.39 12.65 14.12 9.44 10.01 10.63 12.22 13.04 13.94
11 �0.387 0.106 9.67 10.69 11.86 13.22 14.81 9.78 10.38 11.05 12.76 13.64 14.61
12 �0.387 0.108 10.00 11.07 12.30 13.74 15.41 10.12 10.75 11.45 13.25 14.18 15.20
13 �0.387 0.108 10.28 11.38 12.65 14.13 15.86 10.40 11.05 11.77 13.62 14.59 15.64
14 �0.387 0.107 10.49 11.60 12.88 14.37 16.11 10.61 11.27 12.00 13.86 14.84 15.89
15 �0.387 0.105 10.62 11.73 13.00 14.48 16.20 10.75 11.40 12.13 13.98 14.94 15.98
16 �0.387 0.103 10.70 11.79 13.04 14.48 16.16 10.82 11.47 12.18 13.99 14.93 15.94
17 �0.387 0.100 10.76 11.83 13.04 14.45 16.06 10.88 11.51 12.20 13.97 14.88 15.86

MMI, muscle mass index; L, lambda; S, coefficient of variation; SD, standard deviation.
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each city to ensure the representativeness of sex, age and
socio-economic status.

All the students (n = 15 548) from the selected schools
were invited, and a total of 11 457 participated in a clinical
examination, including a questionnaire survey, anthropomet-
ric measurements and DXA scan. In the present study, we ex-
clude 639 subjects who met the following criteria: (i) with
physical disability or in vivo surgically implanted device and
the brace; (ii) with extreme values of height (≥197.5 cm),
weight (≥204 kg) or body mass index (BMI) (<mean - 3 SD
or >mean + 3 SD); (iii) with chronic metabolic diseases (e.g.
rheumatologic diseases, blood diseases and kidney
diseases); (iv) with a recent acute illness; (v) professional
athlete. Finally, a total of 10 818 individuals (5509 boys and
5309 girls) were included for data analysis.

This study was approved by the Ethics Committee of the
Capital Institute of Pediatrics. The written informed consents
were obtained from the participants and/or their parents.

Data collection

Weight and height were measured to the nearest 0.1 kg and
0.1 cm, respectively, in lightweight clothing without shoes in

a calibrated digital scale. Weight and height were measured
twice, and the mean values were used to calculate BMI (calcu-
lated as weight in kilograms divided by height in metres
squared). Whole body DXA scans (Hologic Discovery-A&W,
Bedford, MA, USA) were performed to assess body composi-
tion (fat mass, fat free mass and bone mass) according to
International Society of Clinical Densitometry’s standard oper-
ating method.11 Fat mass index (fat mass/height2) and fat free
mass index (fat free mass/height2) were calculated. Whole
body and four-limb muscle mass were calculated as fat free
mass minus bone mass. Appendicular skeletal muscle mass
(ASM) was calculated as the sum of the arms’ and the legs’
muscle mass, which is a good proxy for whole body skeletal
muscle mass.15 To account for the potential influence of body
size or height, several muscle mass variables were calculated
as below:

muscle mass index MMIð Þ ¼ whole body muscle
mass=height2 kg=m2� �

;

appendicular skeletal muscle mass index ASMIð Þ ¼ ASM=height2

kg=m2� �
;

Table 3 Reference values of ASMI (kg/m2) among Chinese children and adolescents

Age
(years) L S Mean - 2 SD Mean - SD Mean Mean + SD Mean + 2 SD

Percentiles

P3 P10 P25 P75 P90 P97

Boys
3 �0.064 0.117 2.53 2.84 3.19 3.59 4.05 2.57 2.75 2.95 3.46 3.72 3.99
4 �0.064 0.117 2.75 3.08 3.46 3.90 4.38 2.79 2.98 3.20 3.75 4.03 4.32
5 �0.064 0.116 3.05 3.42 3.84 4.31 4.85 3.09 3.31 3.55 4.15 4.46 4.78
6 �0.064 0.116 3.32 3.73 4.18 4.70 5.28 3.37 3.61 3.87 4.52 4.86 5.21
7 �0.064 0.117 3.56 3.99 4.49 5.05 5.68 3.61 3.87 4.15 4.86 5.22 5.60
8 �0.064 0.120 3.76 4.23 4.77 5.38 6.08 3.81 4.10 4.40 5.18 5.57 5.99
9 �0.064 0.125 3.94 4.46 5.05 5.72 6.49 4.00 4.30 4.64 5.49 5.93 6.39
10 �0.064 0.130 4.12 4.68 5.33 6.08 6.93 4.18 4.52 4.88 5.82 6.31 6.82
11 �0.064 0.135 4.34 4.95 5.67 6.49 7.44 4.40 4.77 5.17 6.21 6.74 7.32
12 �0.064 0.138 4.60 5.27 6.05 6.95 8.00 4.68 5.07 5.51 6.65 7.23 7.87
13 �0.064 0.139 4.89 5.61 6.45 7.42 8.54 4.97 5.40 5.87 7.09 7.72 8.40
14 �0.064 0.138 5.16 5.92 6.79 7.81 8.98 5.25 5.69 6.19 7.46 8.12 8.83
15 �0.064 0.136 5.37 6.14 7.03 8.06 9.26 5.45 5.91 6.42 7.71 8.38 9.11
16 �0.064 0.134 5.49 6.26 7.16 8.18 9.37 5.58 6.04 6.54 7.83 8.50 9.22
17 �0.064 0.131 5.57 6.34 7.22 8.23 9.40 5.66 6.11 6.61 7.89 8.54 9.25

Girls
3 �0.161 0.106 2.46 2.73 3.03 3.38 3.77 2.49 2.65 2.83 3.26 3.48 3.72
4 �0.161 0.108 2.60 2.89 3.21 3.59 4.01 2.63 2.80 2.99 3.46 3.70 3.96
5 �0.161 0.112 2.82 3.14 3.51 3.93 4.41 2.85 3.05 3.26 3.79 4.06 4.35
6 �0.161 0.115 3.02 3.38 3.79 4.26 4.79 3.06 3.27 3.51 4.10 4.40 4.72
7 �0.161 0.119 3.22 3.61 4.06 4.57 5.17 3.26 3.49 3.75 4.40 4.73 5.09
8 �0.161 0.122 3.41 3.84 4.33 4.89 5.55 3.46 3.71 3.99 4.70 5.07 5.46
9 �0.161 0.125 3.60 4.07 4.60 5.22 5.94 3.66 3.93 4.23 5.01 5.41 5.85
10 �0.161 0.127 3.80 4.30 4.87 5.54 6.32 3.86 4.15 4.48 5.31 5.75 6.22
11 �0.161 0.129 3.99 4.52 5.13 5.84 6.67 4.05 4.36 4.71 5.60 6.07 6.57
12 �0.161 0.129 4.15 4.70 5.34 6.09 6.96 4.21 4.54 4.90 5.83 6.32 6.85
13 �0.161 0.129 4.26 4.83 5.49 6.25 7.14 4.33 4.66 5.03 5.99 6.49 7.03
14 �0.161 0.128 4.33 4.90 5.56 6.33 7.22 4.40 4.73 5.11 6.07 6.56 7.10
15 �0.161 0.126 4.36 4.93 5.58 6.33 7.21 4.42 4.76 5.13 6.08 6.57 7.10
16 �0.161 0.123 4.36 4.92 5.56 6.29 7.14 4.43 4.75 5.12 6.04 6.52 7.04
17 �0.161 0.120 4.36 4.90 5.52 6.23 7.05 4.42 4.74 5.09 5.99 6.45 6.95

ASMI, appendicular skeletal muscle mass index; L, lambda; S, coefficient of variation; SD, standard deviation.
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appendicular skeletal muscle mass weight ratio ASMRð Þ
¼ ASM=weight�100%;11

upper limb skeletal muscle index ULSMIð Þ
¼ upper limbs skeletal muscle mass=height2 kg=m2� �

and lower limb skeletal muscle mass index LLSMIð Þ
¼ lower limbs skeletal muscle mass=height2 kg=m2� �

:

Statistical analysis

All data analyses were performed with SAS 9.4 software (SAS
Institute Inc., Cary, NC, USA). Continuous variables were
presented as mean ± standard deviation (SD). Smoothed
percentile curves for muscle mass indices including MMI,
ASMI, ASMR, ULSMI and LLSMI were constructed in boys
and girls separately using the lambda-mu-sigma (LMS)
method (LMS Chart Maker Pro Version 2.54, Medical
Research Council, London, UK), which converted skewed dis-
tribution to normal using the maximum likelihood method
and adjusted the curves of median (M), the coefficient of

variation (S) and the Box–Cox power (L) and smoothed the
percentile curves of muscle mass indices by cubic natural
smoothing spline functions.16,17 Percentile curves of muscle
mass indices were plotted with Origin Pro 2017.

Z values can be calculated by the following equation:

Z ¼
X
M

� �L � 1
LS

; L≠0ð Þ

where X is the muscle mass indices, L is the power trans-
formation, M is the median value and S is the population
SD. Percentiles were obtained from z-scores, for example,
z-scores of �1.645, �1.282, 0, 1.282 and 1.645 corre-
spond to the 5th, 10th, 50th, 90th and 95th percentiles,
respectively.

Results

A total of 10 818 children and adolescents were included in
this study, and their characteristics were presented in
Table 1. The selected characteristics included height, weight,
BMI, fat mass, fat free mass, muscle mass, ULSM, LLSM, fat

Table 4 Reference values of ASMR among Chinese children and adolescents

Age
(years) L S Mean - 2 SD Mean - SD Mean Mean + SD Mean + 2 SD

Percentiles

P3 P10 P25 P75 P90 P97

Boys
3 1.455 0.096 16.77 18.93 20.98 22.94 24.83 17.03 18.33 19.61 22.31 23.48 24.61
4 1.398 0.098 18.05 20.42 22.68 24.86 26.96 18.34 19.76 21.17 24.16 25.46 26.72
5 1.318 0.101 19.66 22.31 24.87 27.35 29.75 19.98 21.58 23.16 26.55 28.03 29.47
6 1.243 0.105 20.64 23.52 26.32 29.05 31.72 20.98 22.72 24.44 28.17 29.81 31.41
7 1.171 0.11 21.14 24.22 27.24 30.2 33.11 21.51 23.36 25.21 29.24 31.03 32.77
8 1.113 0.115 21.55 24.83 28.08 31.29 34.45 21.94 23.91 25.9 30.25 32.18 34.07
9 1.087 0.119 21.66 25.11 28.54 31.93 35.28 22.07 24.14 26.23 30.82 32.87 34.88
10 1.113 0.122 21.63 25.23 28.78 32.28 35.73 22.06 24.22 26.39 31.14 33.25 35.32
11 1.208 0.123 22.04 25.84 29.53 33.13 36.64 22.5 24.78 27.05 31.97 34.13 36.23
12 1.38 0.122 22.97 27.03 30.88 34.56 38.09 23.46 25.91 28.31 33.38 35.57 37.68
13 1.626 0.117 24.18 28.51 32.46 36.14 39.59 24.72 27.33 29.83 34.97 37.13 39.19
14 1.932 0.11 25.24 29.72 33.65 37.19 40.44 25.81 28.53 31.05 36.07 38.13 40.07
15 2.274 0.103 25.85 30.32 34.08 37.37 40.32 26.43 29.15 31.6 36.34 38.23 39.99
16 2.629 0.095 26.04 30.37 33.88 36.88 39.52 26.61 29.25 31.58 35.95 37.65 39.22
17 2.986 0.088 26.03 30.17 33.42 36.14 38.5 26.59 29.12 31.3 35.3 36.83 38.24

Girls
3 0.463 0.107 16.26 18.25 20.38 22.63 25.01 16.49 17.68 18.93 21.89 23.29 24.72
4 0.463 0.108 17.1 19.2 21.45 23.82 26.33 17.34 18.6 19.92 23.03 24.51 26.02
5 0.463 0.108 18.43 20.71 23.14 25.71 28.42 18.7 20.06 21.49 24.85 26.46 28.09
6 0.463 0.108 19.56 21.98 24.56 27.3 30.18 19.84 21.28 22.8 26.39 28.09 29.83
7 0.463 0.108 20.46 22.99 25.7 28.56 31.58 20.75 22.26 23.86 27.61 29.39 31.22
8 0.463 0.108 21.22 23.85 26.65 29.61 32.74 21.52 23.09 24.74 28.63 30.48 32.36
9 0.463 0.107 21.91 24.6 27.47 30.51 33.72 22.22 23.83 25.52 29.5 31.4 33.33
10 0.463 0.106 22.52 25.24 28.15 31.22 34.46 22.83 24.46 26.17 30.2 32.11 34.07
11 0.463 0.104 22.97 25.69 28.58 31.64 34.86 23.28 24.91 26.62 30.62 32.53 34.47
12 0.463 0.101 23.23 25.89 28.72 31.71 34.85 23.53 25.13 26.8 30.72 32.58 34.47
13 0.463 0.098 23.29 25.86 28.58 31.45 34.47 23.58 25.12 26.73 30.5 32.29 34.1
14 0.463 0.094 23.14 25.59 28.17 30.9 33.75 23.42 24.88 26.42 30 31.69 33.4
15 0.463 0.091 22.8 25.11 27.54 30.1 32.78 23.06 24.44 25.89 29.25 30.84 32.45
16 0.463 0.087 22.39 24.57 26.86 29.26 31.76 22.65 23.95 25.3 28.46 29.95 31.46
17 0.463 0.084 22.04 24.09 26.25 28.5 30.85 22.28 23.5 24.78 27.76 29.15 30.57

ASMR, appendicular skeletal muscle mass weight ratio; L, lambda; S, coefficient of variation; SD, standard deviation.
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mass index and fat free mass index. Overall, all values of
these variables increased with age for both sexes, except that
fat mass index increased before age 10 years and then
showed a decreasing trend thereafter. Boys vs. girls had
higher mean values of BMI, fat free mass, fat free mass index,
muscle mass but lower mean values of fat mass and fat mass
index at each age.

Tables 2–6 presented reference values for mean, mean ± 1
SD and mean ± 2 SD, as well as the 3th, 10th, 25th, 75th, 90th
and 97th percentiles for all muscle mass indices at each age
for boys and girls. Figures 1 and 2 presented the smoothed
LMS curves for mean, mean ± 1 SD and mean ± 2 SD for all
muscle mass indices for both boys and girls. Overall, boys
vs. girls had consistently higher values of all these indices at
each given age.

Muscle mass index showed an increasing trend with age
for both boys and girls. For boys, MMI increased slightly be-
fore age 9 years and then increased rapidly until 15 years
and slowed down thereafter. For girls, MMI increased slightly
before age 8 years, increased rapidly until 14 years and
remained stable thereafter.

The trend of ASMI increased rapidly until age 16 years and
then increased slightly for boys; by contrast, for girls, ASMI

increased consistently before age 14 years but showed a
slightly decreasing trend after that. LLSMI showed similar trend
with ASMI for both boys and girls. For ULSMI, boys had higher
values than girls, and the gap between sexes became wider
with increasing age. For boys, ULSMI increased slightly before
age 10 years, then increased dramatically until 14 years and in-
creased slowly again thereafter. For girls, ULSMI increased
slightly before age 9 years, and then increased at a greater rate
until 13 years, but stopped increasing thereafter.

For ASMR, boys and girls showed different increasing trend
patterns. In boys, ASMR showed a slightly increasing trend
from age 3 years to age 10 years, but then increased more
rapidly until 14 years. However, after age 14 years, ASMR
showed a slight decreasing trend. In contrast, in girls, ASMR
increased rapidly from age 3 years to age 12 years but
showed a moderate decrease during age 12–17 years.

Discussion

To our knowledge, this is the first study to develop sex-
specific and age-specific percentile reference values for

Table 5 Reference values of ULSMI (kg/m2) among Chinese children and adolescents

Age
(years) L S Mean - 2 SD Mean - SD Mean Mean + SD Mean + 2 SD

Percentiles

P3 P10 P25 P75 P90 P97

Boys
3 0.285 0.112 0.74 0.84 0.94 1.05 1.16 0.75 0.81 0.87 1.01 1.08 1.15
4 0.285 0.112 0.77 0.87 0.97 1.08 1.21 0.78 0.84 0.90 1.05 1.12 1.19
5 0.285 0.112 0.81 0.91 1.01 1.13 1.26 0.82 0.88 0.94 1.09 1.17 1.24
6 0.285 0.112 0.83 0.93 1.04 1.17 1.30 0.84 0.90 0.97 1.12 1.20 1.28
7 0.285 0.114 0.84 0.95 1.06 1.19 1.33 0.85 0.92 0.98 1.15 1.23 1.31
8 0.285 0.118 0.85 0.97 1.09 1.22 1.37 0.87 0.93 1.01 1.18 1.26 1.35
9 0.285 0.124 0.86 0.98 1.12 1.26 1.42 0.88 0.95 1.03 1.21 1.30 1.40
10 0.285 0.131 0.87 1.00 1.15 1.30 1.48 0.89 0.97 1.05 1.25 1.35 1.45
11 0.285 0.137 0.91 1.05 1.21 1.38 1.57 0.92 1.01 1.10 1.32 1.43 1.55
12 0.285 0.143 0.96 1.12 1.30 1.49 1.71 0.98 1.07 1.18 1.43 1.55 1.68
13 0.285 0.146 1.04 1.21 1.41 1.62 1.86 1.06 1.16 1.27 1.55 1.69 1.83
14 0.285 0.147 1.11 1.30 1.51 1.75 2.01 1.14 1.25 1.37 1.67 1.82 1.97
15 0.285 0.145 1.18 1.37 1.59 1.84 2.11 1.20 1.32 1.44 1.76 1.91 2.07
16 0.285 0.143 1.22 1.42 1.64 1.89 2.16 1.24 1.36 1.49 1.81 1.96 2.13
17 0.285 0.141 1.25 1.45 1.67 1.92 2.19 1.27 1.39 1.52 1.84 1.99 2.16

Girls
3 0.138 0.109 0.69 0.77 0.86 0.96 1.07 0.70 0.75 0.80 0.93 0.99 1.05
4 0.138 0.110 0.69 0.77 0.86 0.96 1.07 0.70 0.75 0.80 0.93 0.99 1.06
5 0.138 0.112 0.69 0.78 0.87 0.97 1.09 0.70 0.75 0.81 0.94 1.00 1.07
6 0.138 0.116 0.70 0.79 0.89 1.00 1.12 0.71 0.76 0.82 0.96 1.03 1.10
7 0.138 0.120 0.71 0.80 0.91 1.02 1.15 0.72 0.78 0.84 0.98 1.06 1.13
8 0.138 0.124 0.72 0.82 0.93 1.05 1.18 0.73 0.79 0.85 1.01 1.09 1.17
9 0.138 0.127 0.74 0.84 0.96 1.09 1.23 0.75 0.81 0.88 1.04 1.12 1.21
10 0.138 0.131 0.76 0.87 0.99 1.13 1.28 0.77 0.84 0.91 1.08 1.17 1.26
11 0.138 0.133 0.79 0.90 1.04 1.18 1.35 0.80 0.87 0.95 1.13 1.23 1.32
12 0.138 0.135 0.82 0.94 1.08 1.23 1.41 0.83 0.90 0.98 1.18 1.28 1.39
13 0.138 0.137 0.84 0.97 1.12 1.28 1.46 0.86 0.93 1.02 1.22 1.33 1.44
14 0.138 0.137 0.86 0.99 1.14 1.30 1.49 0.88 0.95 1.04 1.25 1.36 1.47
15 0.138 0.138 0.87 1.00 1.15 1.32 1.51 0.88 0.96 1.05 1.26 1.37 1.48
16 0.138 0.138 0.87 1.00 1.15 1.32 1.51 0.88 0.96 1.05 1.26 1.37 1.48
17 0.138 0.138 0.87 1.00 1.15 1.31 1.50 0.88 0.96 1.04 1.26 1.36 1.48

L, lambda; S, coefficient of variation; SD, standard deviation; ULSMI, upper limb skeletal muscle index.
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muscle mass indices for Chinese children and adolescents
aged 3–17 years using LMS method. These reference values
can be potentially used for assessing the growth and develop-
ment of skeletal muscle in Chinese children and adolescents
in epidemiological and clinical settings.

It is well documented that skeletal muscle has many phys-
iological functions through biomechanical stress and multiple
myokines.18 Studies have shown high muscle mass reduces
the risk of osteoporosis and contributes to cardiovascular
health in adults.19–21 Maintaining optimal skeletal muscle
mass in childhood may improve the peak muscle mass and
bone strength and exert beneficial effects on cardiovascular
health in adulthood. Therefore, establishing reference values
for muscle mass is important for assessing muscle develop-
ment during early growth. However, few studies have
established the growth curve of skeletal muscle mass in chil-
dren and adolescents. One prior study of 1985 Caucasian
children aged 5–18.8 years created sex-specific reference
curves for fat free mass and appendicular skeletal muscle
mass measured using bioelectrical impedance. Another study
of 1919 Korean children and adolescents aged 10–18 years
established the reference values for DXA measured skeletal
muscle mass. However, these reference values may be

inapplicable for Chinese youths due to potential ethnicity dis-
parity in muscle development. Compared with Korean boys,
Chinese boys had similar BMI levels but lower ASMI. This dif-
ference might be explained by variation in genetics, economic
status and diet habits. In addition, we found sex differences in
growth patterns in skeletal muscle mass for Chinese children
and adolescents. Although muscle mass indices increase rap-
idly during puberty for both sexes, boys vs. girls had a more
rapid increase, especially for ASMI and ULSMI. This sex differ-
ence may be related to the different levels of hormone.

The reference values of skeletal muscle for Chinese chil-
dren and adolescents can be used to assess the growth and
development of skeletal muscle in healthy children and to
monitor the loss of skeletal muscle in patients with some
metabolic diseases, for example, severe malnutrition, wasting
diseases and epilepsy. These reference data can also be used
to evaluate the health risk and treatment effects in partici-
pants with bone-related diseases. In the elderly, the defini-
tion of sarcopenia is inconsistent. For example, Rosetta
Study defined sarcopenia as SMI below mean minus 2 SD.22

Another two studies defined sarcopenia based on sex-specific
lowest 20% of study group.23,24 Given great variation in the
muscle mass during growth and development, we used sex-

Table 6 Reference values of LLSMI (kg/m2) among Chinese children and adolescents

Age
(years) L S Mean - 2 SD Mean - SD Mean Mean + SD Mean + 2 SD

Percentiles

P3 P10 P25 P75 P90 P97

Boys
3 �0.050 0.135 1.72 1.96 2.25 2.57 2.94 1.75 1.89 2.05 2.46 2.67 2.90
4 �0.050 0.132 1.91 2.18 2.49 2.84 3.25 1.94 2.10 2.27 2.72 2.95 3.20
5 �0.050 0.129 2.18 2.48 2.82 3.22 3.66 2.22 2.39 2.59 3.08 3.34 3.61
6 �0.050 0.127 2.44 2.76 3.14 3.56 4.05 2.47 2.67 2.88 3.42 3.70 3.99
7 �0.050 0.126 2.66 3.02 3.42 3.89 4.42 2.70 2.91 3.14 3.73 4.03 4.35
8 �0.050 0.128 2.86 3.24 3.68 4.19 4.77 2.90 3.13 3.38 4.02 4.35 4.70
9 �0.050 0.132 3.02 3.45 3.93 4.48 5.12 3.07 3.32 3.60 4.30 4.66 5.04
10 �0.050 0.136 3.19 3.65 4.18 4.79 5.49 3.24 3.51 3.81 4.58 4.98 5.41
11 �0.050 0.140 3.37 3.87 4.45 5.12 5.90 3.42 3.72 4.05 4.89 5.33 5.80
12 �0.050 0.142 3.58 4.12 4.75 5.47 6.32 3.64 3.96 4.31 5.22 5.70 6.21
13 �0.050 0.142 3.80 4.37 5.04 5.81 6.71 3.86 4.20 4.58 5.55 6.05 6.60
14 �0.050 0.141 3.99 4.59 5.28 6.09 7.02 4.06 4.41 4.81 5.81 6.34 6.90
15 �0.050 0.139 4.13 4.74 5.44 6.26 7.20 4.20 4.56 4.96 5.98 6.51 7.08
16 �0.050 0.136 4.21 4.82 5.52 6.33 7.26 4.28 4.64 5.03 6.05 6.58 7.15
17 �0.050 0.134 4.25 4.85 5.55 6.34 7.26 4.32 4.68 5.07 6.07 6.59 7.15

Girls
3 �0.090 0.123 1.67 1.89 2.13 2.41 2.73 1.70 1.82 1.96 2.32 2.50 2.69
4 �0.090 0.124 1.82 2.05 2.32 2.63 2.98 1.85 1.98 2.14 2.53 2.72 2.94
5 �0.090 0.124 2.06 2.32 2.63 2.98 3.38 2.09 2.24 2.42 2.86 3.09 3.33
6 �0.090 0.126 2.26 2.55 2.89 3.28 3.73 2.29 2.47 2.66 3.15 3.40 3.67
7 �0.090 0.127 2.43 2.75 3.12 3.55 4.04 2.47 2.66 2.87 3.40 3.68 3.97
8 �0.090 0.128 2.60 2.95 3.35 3.81 4.34 2.64 2.85 3.07 3.65 3.95 4.28
9 �0.090 0.130 2.78 3.15 3.59 4.09 4.67 2.82 3.04 3.29 3.92 4.24 4.59
10 �0.090 0.131 2.95 3.36 3.83 4.36 4.99 3.00 3.24 3.50 4.18 4.53 4.91
11 �0.090 0.132 3.13 3.57 4.07 4.65 5.31 3.18 3.44 3.72 4.45 4.83 5.23
12 �0.090 0.132 3.29 3.75 4.27 4.88 5.58 3.34 3.61 3.91 4.67 5.07 5.50
13 �0.090 0.131 3.39 3.86 4.40 5.02 5.73 3.44 3.72 4.02 4.80 5.21 5.64
14 �0.090 0.130 3.44 3.91 4.45 5.07 5.78 3.49 3.77 4.07 4.85 5.26 5.69
15 �0.090 0.128 3.45 3.91 4.44 5.05 5.75 3.50 3.78 4.08 4.85 5.24 5.67
16 �0.090 0.125 3.44 3.89 4.40 4.99 5.67 3.49 3.75 4.05 4.79 5.17 5.58
17 �0.090 0.122 3.42 3.86 4.35 4.92 5.57 3.47 3.73 4.01 4.73 5.10 5.49

LLSMI, lower limb skeletal muscle mass index; L, lambda; S, coefficient of variation; SD, standard deviation.
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Figure 1 Reference curves of MMI, ASMI and ASMR among Chinese children and adolescents. Red area: mean - 2 SD to mean - SD; yellow area: mean -
SD to mean; cyan area: mean to mean + SD; green area: mean + SD to mean + 2 SD. ASMI, appendicular skeletal muscle mass index; ASMR, appen-
dicular skeletal muscle mass weight ratio; MMI, muscle mass index; SD, standard deviation.
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specific and age-specific percentile values to evaluate healthy
and abnormal skeletal muscle mass in the present study.
Refer to the definition method for reference values of bone
mineral density, skeletal muscle indices at ranges of mean
to mean + SD and mean + SD to mean + 2 SD were defined
as ‘good’ and ‘excellent’, respectively. Skeletal muscle indices
at the range of mean - SD to mean and mean - 2 SD to mean -
SD were defined as ‘insufficient’ and ‘severe’.

The findings from the Physical Fitness and Health Research
of Chinese school students from 1985 to 2010 showed that
the trends in ULSMI and LLSMI were consistent with that of
grip strength and distance of standing long jump. These find-
ings indicated that physical activity may play a vital role in the
development of skeletal muscle in youth. Therefore, children
and adolescents are encouraged to engage in adequate
physical activity.

Our study has several strengths. First, this study had a
relatively large sample size of more than 10 000 Chinese
children and adolescents. Secondly, DXA as the golden stan-
dard technology for assessment of skeletal muscle was

applied in this study. Finally, the LMS curve smoothing
method was used in this study to obtain growth curves at
several specific percentiles. However, one limitation in the
present study is that our study participants were from
Chinese urban areas, and future studies involving rural
children and adolescents are needed to reflect the whole
spectrum of the youth population.

In conclusion, this study established sex-specific and age-
specific percentile reference values for skeletal muscle mass
for Chinese children and adolescents aged 3–17 years. These
reference values may be an important tool for assessing
muscle development and monitoring muscle-related diseases
for Chinese youth.
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