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Abstract

Background: Childhood obesity has become a major public health problem in China. The objective of this study
was to examine the effect of age and sex on the relationship between fat-free mass (FFM) and fat mass (FM),
fat-free mass index (FFMI) and fat mass index (FMI) in Chinese children using body composition chart analysis, and
to compare the changing pattern with Caucasian and Japanese counterparts.

Methods: A total of 1458 children (790 boys and 668 girls) between 5 and 18 years of age were studied to
determine a body composition by bioelectrical impedance analysis. The relationship of FFM and FM, FFMI and FMI
were delineated by body composition charts.

Results: Different changing patterns in body composition were observed during 5-11y (younger age group), and
12-18y (older age group), with non-significant sex difference with FM and FMI for the younger age group and
significant sex and age differences for the older age group. For the younger age group, simultaneous increase of
FFM and FM was found in both genders. However, for the older age group, the increase in weight and BMI with
age is largely due to the increment of FFM and FFMI in boys, and of FM and FMI in girls. In addition, different
changing patterns in body composition exist between Chinese children and their Caucasian and Japanese
counterparts, largely due to the higher fat mass component in Chinese subjects.

Conclusions: Our results indicate that age- and gender-related changing patterns of body composition in Chinese
children may differ at different growth stage, and differ with those in Caucasian and Japanese children at the same
age period. Such changing patterns should be considered when designing the intervention proposal for childhood

obesity in China.
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Background

Obesity has become a major public health problem glo-
bally, especially in children [1]. In China, with the recent
economic development and lifestyle changes, the preva-
lence of childhood obesity has increased rapidly [2,3].
National epidemiological survey showed that the preva-
lence of childhood obesity in 2006 was 8.9% for boys
and 5.3% for girls, which was 3.6 and 4.7 times higher
than that of 1996 for boys and girls respectively [4]. The
ongoing epidemic of childhood obesity has highlighted
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the importance of growth patterns of body compos-
ition. However, little is known regarding the age- and
sex-related pattern of changes in body composition in
Chinese children [5].

Growth involves the deposition of both fat mass (FM)
and fat-free mass (FFM) components. Quantitative infor-
mation on FM and FFM has been extensively reported
on different population [6-9]. However, there is relatively
little discussion of the way by which such data is
expressed. The body mass index (BMI, weight/height?) is
commonly used as a simple way of assessing excess
weight. Nevertheless, there are well-known limitations
regarding the use of BMI as it cannot distinguish FFM
and FM, and not sensitive to the change in adiposity
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during childhood [10-12]. BMI is not able to distinguish
whether it is an increase in FM or a decrease in FFM that
causes the increase in the body mass of a child, but it can
be partitioned into the fat and lean components of FMI
(FM index=FM/height®) and FFMI (FFM index=FFM/
height®). It is therefore desirable to investigate the rela-
tionship of both compartments (FM and FFM, FMI and
FEMI) when analyzing the body composition data.

Currently, there are a number of methods developed
to assess the body composition [13]. It is rarely possible
to make measurements on large samples with sophisti-
cated techniques, like dual energy X-ray absorptiometry
or deuterium dilution. Bioelectrical impedance analysis
(BIA) is relatively inexpensive and easy to use, and
therefore suitable for epidemiological studies. It can dis-
tinguish between lean and fat tissue on the basis of their
different conductance and impedance characteristics
[14], and has been shown to be reliable and valid, even
in children [15-17].

The body composition chart (BCC) was developed to
delineate the relationships between FM (FMI) and FFM
(FFMI) [18,19]. This simple chart provides four kinds of
information at the same time: FM (FMI), FFM (FFMI),
body mass index (BMI), and fat percentage, by which
those who have a small BMI (slim) without excess fat
can be distinguished from the slim who maintain a large
FM. Wells [20] used BCC to examine the relationship of
BMI and body fatness in reference Caucasian infants
and children aged 1-10 years. More recently, Hattori
et al. [19] reported the age-related patterns of change in
FM/FMI and FEM/FFMI in Japanese subjects aged 11-59
years. Since it is known that human body composition is
ethnicity dependent, these body composition charts may
not be applicable to children of other ethnicity. This study
was therefore carried out to examine the effect of age and
sex on the relationship between FM and FFM, and FFMI
and FMI in Chinese children in age ranging from 5 to 18
years using body composition chart analysis. A secondary
aim was to compare the results of Chinese children with
those of Caucasian and Japanese counterparts at the same
age period.

Subjects and methods

Subjects

A total of 1458 individuals, 790 males and 668 females,
between 5 and 18 years of age, living within the urban
area of the municipality of Chongqing city, China partici-
pated in this study. All participants were recruited from
six local primary and secondary schools. Those who are
willing to attend this project were selected. They were
apparently healthy, and those engaged in any intense
sport training programs were excluded. Full informed
consent was obtained from the parents/guardians of each
child before the start of the study. Ethical permission was
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granted by the Human Subject Review Committee,
Beijing Sport University.

Measurements

All the measurements were taken in a local fitness
club by a single well-trained examiner (H.H.) between
October and November, 2011. Subjects were dressed in
light sports attire. Height was measured to the nearest
0.01 cm with barefoot, using a stadiometer fixed to a
wall in the laboratory. Body weight was measured to the
nearest 0.01 kg on an electrical digital scale.

The body composition was assessed with bioelectrical
impedance analysis (BIA) using a multi frequency bioelec-
trical impedance analyzer (InBody J10, Biospace, Seoul,
Korea). The measurements were performed according to
general recommendations from the manufacturer, at least
2 h after ingestion of a light breakfast and after voiding
the urinary bladder before the measurement. The body
measurements and BIA were conducted in the morning
on the same day.

Two types of body composition charts were used in
this study. The details have been described elsewhere
[19]. Briefly, the means of FFM and FM for male and
female subjects of every age group were plotted on the
body composition chart 1 in common units (kg). The
x-axis represents FFM and the y-axis FM, with add-
itional diagonal lines indicating weight and fat percent-
age (% fat). Therefore, four kinds of information were
provided at the same time in this chart: FM, FFM,
weight, and % fat. The values of body compartment of
FM (kg) and FFM (kg) measured with BIA were used
to calculate two indices of height-normalized body
composition: FFMI, calculated as FFM/height’, and
FM]I, calculated as FM/heightz. The means of FFMI and
FMI for male and female subjects are plotted on body
composition chart 2 in common units (kg/m?). The
x-axis represents FFMI and the y-axis FMI, with add-
itional diagonal lines indicating BMI and % fat. As such,
four kinds of information were provided at the same time
in this chart: FMI, FFMI, BMI, and % fat.

Statistical analysis

Based on the age-related changing patterns in both body
composition charts, analysis of variance was used to in-
vestigate the effect of sex and age on FFM and FM, as
well as FEMI and FMI for two growth stages (5-11y, and
12-18y). All statistics were calculated using the SPSS
statistical package (version 16.0).

Results

The means and standard deviations of height, weight,
EM, FEM, BMI, FEMI, FMI and fat percentage were pre-
sented in Tables 1 and 2.
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Table 1 Body size and body composition of Chinese boys by age group

Age N Height Weight BMI FM FMI FFM FFMI FAT
group Mean SD Mean sD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
5 44 11282 523 2238 379 1748 190 566 233 438 159 1672 191 1310 067 2448 641
6 70 11897 520 2511 4.84 1767 269 632 336 443 223 1879 228 1324 092 2408 882
7 105 12453 545 27.73 527 17.78 250 662 346 421 204 2111 260 13.57 095 2273 772
8 48 13061 556  30.14 516 1762 245 708 380 413 207 2307 240 1349 078 2250 807
9 60 13317 651 31.98 6.25 1794 262 772 405 432 213 2426 336 1362 092 23.09 784
10 49 13690 604 3537 8.56 18.70 344 9.14 563 477 275 2623 376 1393 107 2398 943
1 52 141.75 759 3740 =871 1845 3.04 878 511 432 229 2862 499 1413 119 2231 815
12 63 15185 945 4742 1361 2028 413 1135 7.0 485 283 36.07 851 1542 199 2261 869
13 60 15895 827 5245 1098 2064 336 1069 644 423 250 4176 705 1641 157 1942 829
14 50 16506 554 5952 1153 2179 385 1262 7.05 462 257 4690 6.0 1717 192 20.10  8.06
15 55 16992 581 6383 10.54 2207 325 1363 628 473 220 5020 6.16 1734 153 2063 678
16 50 169.15 456 64.42 837 2248 250 1259 492 438 1.66 5183 511 1810 147 1937 576
17 39 170.79 928 6513 1184 2216 292 1273 652 431 208 5241 755 1784 150 1883  6.29
18 45 169.07 505 67.79 9.60 2372 327 1449 7.4 510 260 5330 489 1862 115 2085 7.69

Figure 1 shows the age-related changes in FM and
FFM in male and female subjects from 5 to 18 y old.

According to the general changing pattern, two age

the older age group (Table 3). Between 5 y and 10 vy, the
age-related patterns in the boys and girls are similar with
simultaneous increase of FFM and FM. During this

groups (younger age group: 5-11y, and older age group:
12-18y) were analyzed separately, and the results of ana-
lysis of variance showed different changing patterns in
body composition with age and sex. Although the FFM
showed significant sex and age differences for both
groups, the FM for sex difference was non-significant,
but was significant for age difference for the younger age
group, whereas significant sex and age differences for

period, boys exhibit higher FM and FMM than girls at
each age point, except 8 y old with higher FM in girls.
Age 11 appears to be the only age point where the girls
have higher FM and FFM than boys. However, totally
different changing patterns were found afterwards, char-
acterized by a sharp rise of FM with a relatively slight in-
crease in FFM for the girls, and a sharp rise of FFM with
a relatively slight increase in FM for the boys. In terms

Table 2 Body size and body composition of Chinese girls by age group

Age N Height Weight BMI FM FMI FFM FFMI FAT

group Mean sD Mean sD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
5 2411076 422 2099 262 1708 166 528 188 429 145 1570 126 1282 059 2463 617
6 35 11652 494 22.60 4.27 1656 242 541 307 393 215 1719 179 1263 063 2259 874
7 44 12176 6.77 24.86 433 1664 176 572 270 381 168 1914 245 1287 076 2196 723
8 43 12819 566 28.50 587 1724 269 725 377 436 212 2125 277 1288 084 2417 778
9 48 13356 5.75 29.38 4.12 1643 163 640 239 360 137 2299  3.09 1283 091 2156 640
10 35 13927 7.57 35.07 9.20 1785 323 895 497 451 225 26,11 5.06 1334 134 2408 778
11 44 14748 843 4131 1037 1875 305 1071 557 480 216 3060 557 1395 119 2470 721
12 66 15280 7.81 43.76 840 1861 237 1067 392 453 151 3309 554 1408 128 2377 552
13 52 15534 1013 49.75 842 2050 223 1393 453 576 170 3582 545 1474 111 2764 558
14 50 15672 6.51 50.53 6.87 2057 259 1484 401 6.07 176 3569 436 1450 121 2907 486
15 66  158.17 6.07 54.55 7.80 21.78 268 1751 479 700 188 3704 402 1478  1.05 3170 49
16 61  159.20 5.20 55.19 6.78 2174 211 1752 424 691 160 3766 402 1483 1.05 3158 526
17 57 159.14 557 54.70 6.35 2158 209 1760 393 695 151 3710 359 1463 101 3192 444
18 43 15755 5.04 5225 497 21.06 197 1592 358 644 154 3633 318 1462 090 3040 514
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Figure 1 Age-related change of the relation between FM and FFM in Chinese boys and girls aged 5-18y. M: male, F: female.

of fat percentage, it remains relatively unchanged for
both sexes before 12 y, however, it decreases slightly for
boys while it increases rapidly for girls afterwards.

The height-normalized changes in FFM and FM in
both male and female subjects are shown in Figure 2.
Table 4 showed the results of analysis of variance,
with age and sex as the factors, of FFMI and FMI of
two age groups. Although the FFMI showed signifi-
cant sex and age differences for both groups, the FMI
for sex difference was non-significant, but was signifi-
cant for age difference for the younger age group,
whereas significant sex and age differences for the
older age group. Although boy has higher FFMI at
each age point between 5 y and 11 vy, plots are dense
in a narrow range for both sexes, indicating that the body
composition change is proportionate to the change in
height squared. In male subjects, the plots from 11 y
onwards move directly toward the right-hand side,

indicating a consistent increase of FEMI with relatively
little change in FMI in the period. In contrast, the
plots from 12 y onwards move toward the upper side
of the chart for girls, which were characterized by a
sharp rise of FMI with relatively little change in
FFMI. At each age point, the boys have higher BMI
than girls. The increase in male BMI between 5 and
18 y is due to increasing FFMI, while FMI remains
relatively unchanged during this period. On the other
hand, however, the girls show an increase in both
components.

Correlations of BMI with FM, FFM, FMI, and FFMI
are shown in Table 5. BMI was positively and signifi-
cantly correlated with FM and FMI weight for each sex
at all ages. Correlations were moderate to high between
BMI and FEM and between BMI and FFMI for each sex
at each age, with significant difference from zero with
the exception to FFM for girls at age 5.

Table 3 Results of analysis of variance, with age and sex as the factors, of FFMI and FMI of 5-11 y group and 12-18 y

group
df FFMI FMI
SS ms F P SS ms F P

5-11y Sex 1 4367 43.67 45.28 <0.01 4.84 4.84 1.06 03
Age group 6 87.19 14.53 15.07 <0.01 40.87 6.81 149 0.18
Sex X age group 6 6.28 1.05 1.09 0.37 25.28 421 092 048
Residual 687 662.55 0.96 314092 4.57

12-18y Sex 1 1331.26 1331.26 659.07 <0.01 48042 48042 106.96 <0.01
Age group 6 28548 4758 23.56 <001 151.71 25.29 563 <001
Sex X age group 6 14281 238 11.78 <0.01 184.46 30.74 6.84 <0.01
Residual 743 1500.78 202 3337.25 449
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Figure 2 Age-related change of the relation between FMI and FFMI in Chinese boys and girls aged 5-18y. M: male, F: female.

Figure 3 shows the changing pattern in body compos-
ition in Caucasian [20,21] and Chinese subjects between
5 and 10 y. Although both Chinese and Caucasian sub-
jects exhibited simultaneous increase of FFM and FM
with age, differences exist in a number of aspects. Cau-
casian girls had higher weight and BMI than boys, which
is opposite to Chinese children. In addition, Chinese
boys and girls have considerably higher weight and BMI
than their Caucasian counterparts. The fat percentage
ranges 20-30% for Chinese children, whereas 10-20% for
Caucasian children. Moreover, although Caucasian chil-
dren had constantly lower FM and FMI at each age
point, by 10 vy, they had similar FFM and higher FFMI
than their Chinese counterparts.

Although the general trend in the changing pattern of
body composition was similar, great disparity was also
observed between Chinese children and their Japanese
counterparts [19] between 11-17y (Figure 4). Higher

FFM and FFMI were in Japanese girls, however, even
higher FM and FMI in Chinese girls led to the higher
weight and BMI than their Japanese counterparts. Dur-
ing 11-14 y, Japanese boys had constant FM, and an ob-
vious decline in FMI. However, during the same period,
FM increases and FMI remains almost unchanged in
Chinese boys.

Discussion

In the current study, the relationship between FM and
FFM, and FFMI and FMI in Chinese children was, for
the first time, examined using body composition chart
analysis. These charts graphically present the age and
sex-related patterns of changes in body composition of
Chinese children aged 5-18 years in this cross-sectional
study. Although changes with age cannot be accurately
determined from cross-sectional data due to potential
cohort or generational differences, the current study

Table 4 Results of analysis of variance, with age and sex as the factors, of FFM and FM of 5-11 y group and 12-18 y

group
df FFM FM
SS ms F P SS ms F P

5-11y Sex 1 104.34 104.34 9.20 <0.01 7.58 7.58 0463 0.50
Age group 6 11212.71 1868.79 164.74 <0.01 1429.40 23823 14.53 <0.01
Sex X age group 6 275.07 45.85 4.04 <0.01 170.93 2849 1.74 0.1
Residual 687 7793.28 11.34 11261.76 16.39

12-18y Sex 1 1331.26 1331.26 659.07 <0.01 48042 48042 106.96 <0.01
Age group 6 28548 4758 23.56 <0.01 151.71 2529 563 <001
Sex X age group 6 142.81 238 11.78 <0.01 184.46 30.74 6.84 <0.01
Residual 743 1500.78 202 3337.25 449
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Table 5 Correlations of BMI with Body Composition
Variables

Age group Boys Girls

FM  FMI FFM FFMI FM FMI FFM FFMI
5 093* 094* 059* 060* 093* 095% 039 062*
6 091* 093* 047* 056* 097* 097* 055% 060"
7 093* 093* 059* 064* 092* 093* 039* 051*
8 095 096* 047* 068* 096* 097 059 076*
9 094* 095* 046" 066* 090* 087* 036* 0.55*
10 097* 096* 0.70* 0.73* 095% 094* 0.74* 083*
[ 096* 095 064* 079% 097* 096* 0.76* 086*
12 094* 090* 069* 0.79* 090* 086* 066* 081*
13 092* 090* 052* 071* 087* 087* 045% 066"
14 0.89* 090* 0.70* 081* 091* 091* 045 081*
15 091* 092 060* 081* 094* 096* 055 086*
16 082* 0.79* 058 0.75% 087* 086* 050* 063*
17 093* 092 062* 082* 084* 089 047* 074*
18 097 096* 050* 079* 090* 092* 032* 071*

* Significantly different from zero P<0.05.

indicates several trends in body composition changes
during growth period in Chinese children, which are
somewhat different from Caucasian and Japanese sam-
ples at the same age period.

From 5 to 18 y, the weight and BMI tend to increase
with age for Chinese subjects, and Chinese boys tend to
have higher weight and BMI than girls. Similar trend has
also been reported in a number of studies for Chinese
children [22-24]. In Chinese traditional opinion, boys
tend to receive extra attention in early life, and are
expected to be strong, while girls should be slim. Hence,
boys prefer to have a larger body size than girls [25].
What is more, using body composition chart analysis,
this current study further illustrates how growth may
affect lean and fat development differentially at different
times. Between 5 and 11 vy, concurrent increase of FFM
and FM is generally observed, and the fat percentage was
constant for both genders. Therefore, the weight gain is
due to both FM and FFM components. The results of
analysis of variance, with sex and age group as the fac-
tors, revealed that the FM and FMI showed insignificant
sex difference, whereas the FFM and FFMI showed sig-
nificant sex and age differences. As higher FFM is found
in boys both on an absolute and height-normalized basis,
it is suggested that boys gain relatively more lean mass
components than girls during this growing period.

Of interest, totally different changing pattern was
found between 12 and 18 y. The results of analysis of
variance for this period indicated that FM/FMI and
FEM/FEMI showed significant sex and age differences
with significant interactions. From 11 to 13 vy, fat
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percentage decreases in boys, but increases in girls. Such
gender differences appear to be largely due to the greater
production of estrogen by the females and testosterone
by the males [26]. The age-related changing patterns are
generally characterized by a sharp rise of FM with a rela-
tively slight increase in FFM for girls, and a sharp rise of
FFM with a relatively slight increase in FM for boys. Un-
like the previous stage, the increase in weight and BMI
with age for this stage is largely due to the increment of
FFM and FFMI in boys, and of FM and FMI in girls.
Therefore, boys’ physiques become more lean and mus-
cular in this growing period. Our findings were in ac-
cordance with the report by Chumlea et al. [27], who
investigated body composition for children aged 10-18
y, and found that boys have a constant annual increase
in lean body mass without a constant annual increase in
total body fat; whereas, girls have a small annual change
in lean body mass with a constant annual increase in
total body fat.

Ethnic differences have been extensively reported on
human body composition [28,29]. In the current study,
different changing pattern in body composition was also
found between Chinese children and their Caucasian
and Japanese counterparts using BCC analysis. Between
5 and 10 y, Chinese boys and girls have considerably
higher weight and BMI than their Caucasian counter-
parts, which is almost entirely due to the higher fat mass
components in Chinese children. Similarly, the higher
weight and BMI in Chinese boys and girls in comparison
to their Japanese counterparts between 11-17y is largely
due to the higher FM and FMI components. Taken to-
gether, our results revealed that the different changing
pattern in body composition between Chinese children
and their Caucasian and Japanese counterparts largely
lies in the higher fat mass component found in Chinese
subjects. Such ethnicity-dependent differences may be
attributed to a number of factors, including the molecu-
lar genetic factor and many other obesogenic environ-
mental factors [29].

With the rapid economical development, the Chinese
population, especially those living in urban areas, is
undergoing a remarkable but undesirable nutrition,
physical and behavioral transition, closely associated
with obesity and many other disorders [30-32]. Being
aware of this increasing health problem, a number of
interventions have been taken for the prevention or
treatment of overweight among children and adolescents
since the 1990s [33-36]. Nevertheless, the efficacy of
these interventions has been mainly inconclusive [37].
As recommended by numerous other studies, our find-
ings also highlight the importance of intervention tar-
geted at the overweight of Chinese children. More
importantly, several implications from our findings may
be useful for the interventional strategy. Firstly, at early
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J

childhood period, Chinese boys tend to have larger body
size than girls, which is opposite to that in Caucasian
children. Such disparity is very likely due to an indistinct
pre-school fatness loss phase [38] for Chinese boys, im-
plying that our intervention should be taken on children,
especially boy, as early as possible. Secondly, during
early to mid-childhood, the gain in FFMI in Chinese
children is much less than Caucasian children. Also, the
lean mass components are constantly lower in Chinese
girls than Japanese girls from 11 to 17 years. What is
more, a typical preadolescent fat loss phase [36], which
was observed in Japanese boys between 11 to 14 years, is
less evident in Chinese boys. As such, special attention
should be paid on the particular component(s), time

point(s) and gender(s) when designing the intervention
proposal.

There are some limitations to our study. Firstly, our
study was carried out in 2011, about 10 years later than
Harriot’s [19], and 30 years later than Fomon’s [21]. In
addition, BIA was used to assess body composition in
our study, whereas, deuterium dilution and densitometry
in Fomon’s [21] and Harriot’s [19], respectively. Such
inconsistence probably underestimated the differences
between Chinese children and their Caucasian and
Japanese counterparts. Another concern is that this study
was conducted only in Chongqing city. There are regional
variations and urban-rural difference in the growth of
Chinese children [22,23,31]. Whether or not our findings
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can be generalizable to children in China needs further
investigations on children from different regions of China.

Conclusion

In conclusion, our results indicate that age- and gender-
related changing patterns of body composition in Chin-
ese children may differ at different growth stage. In
addition, the changing pattern of body composition in
Chinese children is different from that in Caucasian and
Japanese counterparts at the same age period, largely
due to the higher fat mass component found in Chinese
subjects. Our findings have some important clinical

implications when designing the intervention proposal
for childhood obesity in China.
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