
Comparison of different BMI cut-offs to screen for child and
adolescent obesity in urban China

Kun Qian1,†, Linglin Tan2,†, Shijian Li3, Ziang Li1, Feng Yu2, Huigang Liang4,
Sihan Gao5, Xiaofan Ren1, Jing Zhang1,* and Zhiruo Zhang1,*
1School of Public Health, Shanghai Jiao Tong University, Shanghai 200025, China: 2Qibao Community Health
Service Center of Minhang District, Shanghai, China: 3Department of Public Health, The State University of New York
College atOldWestbury,NewYork,NY,USA: 4Department of Business and Information Technology, FogelmanCollege of
Business and Economics, University of Memphis, Memphis, TN, USA: 5La Jolla Country Day School, La Jolla, CA, USA

Submitted 15 August 2019: Final revision received 17 February 2020: Accepted 2 March 2020: First published online 10 June 2020

Abstract
Objectives: To determinewhich set of BMI cut-offs is themost appropriate to define
child and adolescent obesity in urban China.
Design: A cross-sectional study was carried out between 1 November and 31
December in 2017.
Setting: Community Healthcare Center in Minhang District, Shanghai, China.
Participants: A total of 12 426 children and adolescents aged 7–17 years were
selected by cluster random sampling. Bioelectrical impedance analysis was the
gold standard to measure body composition.
Results: Comparisons of three sets of BMI cut-offs by sensitivity and κ value
revealed that the Working Group on Obesity in China (WGOC) (sensitivity
39·9–84·0 %; κ 0·51–0·79) and WHO (sensitivity 25·5–74·5 %; κ 0·35–0·78) cut-offs
were not superior to the International Obesity Task Force (IOTF) (sensitivity 47·9–
92·4 %; κ 0·58–0·85) cut-offs across all subgroups. The WGOC and WHO cut-offs
yielded higher misclassification rates, in the worst case, categorising 11·2 % of girls
with high adiposity as normal and 44·4 % of them as overweight, while the IOTF
cut-offs categorised 2·3 % as normal and 30·7 % as overweight. Individuals who
were classified by the IOTF cut-offs as overweight had the lowest ratios of high
adiposity (4·2–41·6 %) than by the BMI cut-offs for each subgroup. Among pubertal
girls, none of the BMI-based cut-offs indicated excellent agreement with body fat
percentage, and κ value of the WHO cut-offs (0·35 (95 % CI 0·29, 0·41)) was lower
than the other two sets of BMI cut-offs (all P< 0·001).
Conclusions:The IOTF cut-offs for Asian should be recommended for child obesity
screening in urban China. Pubertal individuals need a more accurate indicator of
obesity screening.
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Child and adolescent obesity may track into adulthood, giv-
ing rise to many health issues(1). Great international efforts
are underway to control child and adolescent obesity in
response to its rapid growth. To accurately define obesity,
it is essential tomeasure excess adiposity(2). Due to the high
cost of measuring excess body fat (BF) in clinical settings,
the BMI has become a substitute to screen for child and
adolescent obesity worldwide. However, it is debatable
that BMI is a reliable measure of excessive BF and hence
its usefulness of being a tool for obesity screening. Prior
studies have used different BMI cut-offs for obesity

screening among Chinese children and adolescents,
including those recommended by the International
Obesity Task Force (IOTF)(3), the WHO(4) and the
Working Group on Obesity in China (WGOC)(5). Given
the dynamics of BMI in children from birth to adolescence,
age- and sex-specific BMI cut-offs are used to identify child-
ren’s weight status.

In 2004, WGOC proposed a definition for childhood
obesity based on representative data from the 2000
Chinese National Survey on Students Constitution and
Health, and cut-offs were constructed based on the 85th
and 95th percentiles of the BMI-for-age growth curve sug-
gested by WHO rather than based on the adverse health†These authors contributed equally as co-first authors.
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outcomes(5). Over the past decades, China’s urbanisation
and rapid economic growth have led to the increasing
prevalence of child and adolescent obesity, especially in
cities. WGOC cut-offs might not be applicable for school-
aged children nowadays(6,7). Previous studies also used
other BMI references such as the WHO cut-offs, while
the IOTF cut-offs for Asians have long been infrequently
used. To the best of our knowledge, no studies have com-
pared the WGOC cut-offs with either the WHO cut-offs or
IOTF cut-offs or the three references concurrently.

This study compared the capacity of the three sets of
BMI cut-offs suggested by the WHO, IOTF and WGOC
to screen for high adiposity, to determine which is most
suitable for screening child and adolescent obesity in urban
China.

Methods

Participants
A total of 12 426 school students (6750 males and 5676
females) were enrolled in the study, aged 7–17 years from
the Longbai community of Minhang District, Shanghai,
China. They were selected from one of the thirteen com-
munities in Minhang District by cluster random sampling.
Data were collected from 1 November to 31 December
in 2017 and were analysed between 15 January and
7 March in 2018. Children and adolescents were eligible for
inclusion if they had no disease associated with pathological
obesity, or any cardiac, hepatic, kidney, liver or acute/chronic
disease. In general, girls begin puberty around 10–11 years
and end puberty around 15–17 years, compared with boys
at 11–12 and 16–17 years, respectively(8,9). Therefore, subjects
were divided into three age groups (7–10, 11–14 and
15–17 years) which roughly corresponded to pre-pubertal,
pubertal and post-pubertal or late-pubertal period.

Body composition assessment
The anthropometric measurements in the study were per-
formed by well-trained nurses or physicians at the Longbai
Community Healthcare Center. Before the measures, par-
ticipants were asked to fast, void and refrain from bathing
and vigorous activities for at least 2 h. BF% was estimated
by a bioelectrical impedance analysis (BIA) analyser
(TANITA BC-420 SMA), which determined total bodywater
by bioelectrical measurement with a high-frequency cur-
rent (50 Hz, 90 μA); then, each value of BF%, fat mass,
fat-free mass, muscle mass and bone mass was calculated
by the built-in equations. However, the equations are not
provided in official manuals or any literature as they are
company confidential (information provided by TANITA
Corporation)(10,11). The participant was told to stand on
the electrodes with both bare feet parallel without bending
knees, so that electric current is supplied from the elec-
trodes on the tips of the toes of both feet, and voltage is

measured on the heel of both feet. The TANITA BC-420
SMA was designed for children whose feet were too small
for the standard devices used for adults(12). The BIA meth-
odology and Tanita’s accuracy have been supported by
research in the previous study andwere validated in assess-
ing body composition in children(13–15). Compared with
other BF% measurements, BIA is the most suitable method
or interchangeable with the dual-energy X-ray absorptiom-
etry method for large-scale investigations(16,17).

Body fat percentage cut-offs
BF% directly reflects fat accumulation, and it was consid-
ered the gold standard for obesity screening. BF% cut-offs
for obesity were 25 % for boys aged 7–17 years, 30 % for
girls aged 7–14 years and 35 % for girls aged 15–17 years.
These BF% cut-offs correspond to moderate obesity as
defined by the Chinese Guidelines for the Prevention
and Control of Overweight and Obesity Among School-
Aged Children (the official guidelines designed for
Chinese children and adolescents aged 2–18 years), which
are associatedwith increased risks of cardio-metabolic con-
ditions in previous studies(18). They are relatively well
matched with adult cut-off values of 25 % for male subjects
and 35 % for female subjects. In Japan, another Asian coun-
try, the same BF% cut-offs are also recommended for
obesity screening in children and adolescents(19). To avoid
confusion due to different meanings of the term ‘obesity’,
the term ‘high adiposity’ or ‘adiposity’ is sometimes used
below to refer to BF%-defined obesity.

BMI cut-offs
Three sets of BMI cut-offs were used to screen for obesity in
children and adolescents in the present study, namely the
IOTF, WHO andWGOC standards. The IOTF standard was
released in 2000, based on data collected between 1963
and 1993 from several large, nationally representative
cross-sectional surveys in Brazil, Great Britain, Hong
Kong, the Netherlands, Singapore and the USA. Its IOTF
BMI cut-offs for overweight and obesity at age 18 years
are defined as 25 and 30 kg/m2, and 23 and 27 kg/m2 for
Asian children and adolescents, respectively(3). In this
paper, we adopted the IOTF cut-offs for Asian populations,
and hence all the references to the IOTF cut-offs below
refer to Asian cut-offs. The WHO reference (2007 edition)
data sets were derived from the Health Examination Survey
and the first National Health and Nutrition Examination
Survey for the United States between 1963 and 1974(4).
At 19 years, the BMI values at þ1 SD are identified as the
overweight cut-off for boys and girls and the þ2 SD value
as the obesity cut-off. These values are equivalent to the
overweight and obesity cut-off for adults (>25·0 and
>30·0 kg/m2). The WGOC cut-offs were based on BMI
growth curves developed by the 2000 Chinese National
Survey on Student’s Constitution and Health(5). Child and
adolescent overweight and obesity were defined as a
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BMI at or above the sex-specific 85th and 95th percentiles
on the WGOC BMI-for-age growth charts and were
smooth transition to the adults cut-offs for overweight
(>24·0 kg/m2) and obesity (>28·0 kg/m2) at 18 years.

Statistical analysis
To ensure blinding, two different investigators independ-
ently determined individual weight status via BMI and BF
% measurements. Microsoft Excel 2019 was used to com-
pile the results into a database, and all statistical analyses
were performed using SPSS version 20·0 (IBM). Mean
and SD were calculated for continuous variables, and ratios
and 95 % CI for categorical variables. The χ2 tests were used
to compare obesity rates among different age groups in
girls. The McNemar’s test was used to compare the preva-
lence of obesity between two sets of BMI cut-offs.
Diagnostic accuracy of BMI cut-offs for obesity screening
was evaluated by the κ statistic, which assesses the level
of agreement between BMI and BF% cut-offs by using
the term of the chance agreement(20). κ values >0·75
represent excellent agreement beyond chance, values
<0·40 represent poor agreement beyond chance and val-
ues between 0·40 and 0·75 may be taken to represent fair
to a good agreement beyond chance(21,22). Differences
between BMI cut-offs on κ values were examined by using
z test. Also, the performance of BMI cut-offs was evaluated
in terms of sensitivities and specificities, and theMcNemar’s
test was used to compare sensitivities (Se) and specificities
(Sp) between two cut-offs(23). All tests were two-sided, and
a P value< 0·01 was considered statistically significant.

Results

Characteristics and obesity prevalence
Characteristics of participants and obesity rates by sex and
age are presented in Table 1. There were higher rates of
obesity estimated by BF% cut-offs than by BMI-based
cut-offs (P< 0·001) except for pre-pubertal girls and
post-pubertal boys. The prevalence of high adiposity
among pubertal girls (20·1 %) was prominently higher than
pre-pubertal girls (9·6 %, χ2= 192·583; P < 0·001) and post-
pubertal girls (8·7 %, χ2= 15·466; P < 0·001) and was
approximately 2·0–3·9 times than obesity rates estimated
via BMI cut-offs (5·2–10·0 %). However, by using BMI
cut-offs, no differences in obesity rates between different
age subgroups were significant by pairwise comparisons
(all P> 0·01) among girls.

Sensitivity, specificity and agreement
Table 2 shows the sensitivities, specificities and κ values
pertaining to the three sets of BMI cut-offs by sex and
age. Very high specificities (92·4–100·0 %) in obesity
screening were reported by BMI cut-offs, while sensitivities
and κ values varied for BMI cut-offs in different sex and age
groups. The comparisons of three sets of BMI cut-offs by
sensitivity and κ value revealed that the WGOC (SE 39·9–

84·0 %; κ 0·51–0·79) and WHO (SE 25·5–74·5 %; κ 0·35–
0·78) cut-offs were no superior to the IOTF (SE 47·9–
92·4 %; κ 0·58–0·85) cut-offs across all subgroups. Among
boys, the WHO cut-offs did not perform as good as the
IOTF cut-offs in κ values (0·64 v. 0·74; P < 0·001) and sen-
sitivity (55·8 v. 66·7 %; P < 0·001) during pubertal growth.
The sensitivities and κ values of the WGOC cut-offs were
lower than that of the IOTF cut-offs (all P < 0·001) except
for post-pubertal boys. Among girls, theWHO cut-offs indi-
cated the worst agreement with BF% cut-offs, especially
during puberty (SE 25·5 %; κ 0·35) and post-puberty (SE
32·6 %; κ 0·46). The WGOC cut-offs had lower sensitivities
(v. IOTF) in subgroup aged 11–14 years (39·9 v. 47·9 %;
P < 0·01) but showing competitive κ values in all age peri-
ods. However, all the BMI cut-offs had found poor sensitiv-
ities and lower κ values in the pubertal groups, particularly
for girls (SE 25·5–47·9 %; κ 0·35–0·58). Among pubertal girls,
none of the BMI-based cut-offs indicated an excellent
agreement with BF% cut-offs, and κ value of the WHO
cut-offs (0·35 (95 % CI 0·29, 0·41)) was lower than the other
two sets of BMI cut-offs (all P< 0·001), which exhibited
poor agreement with BF%.

High adiposity classified by BMI cut-offs
The population who had high adiposity were classified by
BMI cut-offs, which is shown in Table 3. In general, individ-
uals with high adiposity accurately classified as obese
(1248, 73·1 % for boys; 400, 67·0 % for girls) by the IOTF
cut-offs were more than by other two sets of BMI cut-offs.
TheWGOC andWHO cut-offs yielded higher misclassifica-
tion rates, in theworst-case scenario, by categorising 11·2 %
of girls with high adiposity as normal and 44·4 % of them as
overweight, while the IOTF cut-offs categorised 2·3 % as
normal and 30·7 % as overweight. However, all BMI
cut-offs did not perform well among the pubertal group,
especially for girls with adiposity as they had very low
probabilities of being identified as obesity (25·5–47·9 %).

High adiposity in overweight children and
adolescents
Figure 1 shows the prevalence of high adiposity within dif-
ferent BMI categories. Large numbers of BMI-defined over-
weight individuals were found with high adiposity;
especially during puberty, the prevalence of high adiposity
varies from 33·0 to 68·5 % in boys with overweight and 41·6
to 71·0 % in girls with overweight, remaining very high
probabilities of being high adiposity in overweight partic-
ipants. Participants who were overweight classified by
the IOTF cut-offs had the lowest ratios of high adiposity
(4·2–41·6 %) than by the other BMI cut-offs for each
subgroup.

Discussion

This study compared the performances of three sets of
BMI cut-offs that are applied in Chinese children and
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Table 1 Characteristics of the study population by sex or age

Characteristics

Values*

Boys (n 6750) Girls (n 5676)

Total (N 12 426) 7–10 years 11–14 years 15–17 years 7–10 years 11–14 years 15–17 years

Mean or
ratio SD or %

Mean or
ratio SD or %

Mean or
ratio SD or %

Mean or
ratio SD or %

Mean or
ratio SD or %

Mean or
ratio SD or %

Mean or
ratio SD or %

Height (cm) 142·5 14·5 135·2 8·5 157·3 10·3 173·6 6·4 134·4 9·2 154·8 7·4 161·8 5·8
Weight (kg) 38·1 14·1 33·1 9·2 49·8 13·6 69·0 16·1 30·4 8·2 46·3 11·0 55·5 10·3
BMI (kg/m2) 18·2 3·7 17·9 3·3 19·9 4·0 22·8 4·8 16·6 2·8 19·1 3·6 21·1 3·5
BF% (%) 19·1 9·5 18·4 10·6 18·4 11·1 16·8 8·5 18·0 7·1 23·2 8·3 27·7 6·2
Fat mass (kg) 8·1 6·8 6·9 5·9 10·3 8·8 12·8 9·7 6·0 4·3 11·6 6·9 16·0 6·7
Fat-free mass (kg) 30·0 9·2 26·2 4·4 39·5 7·3 56·2 7·6 24·4 4·9 34·7 5·1 39·5 4·9
Total body water (kg) 22·0 6·8 19·2 3·2 28·9 5·4 41·1 5·6 17·9 3·6 25·5 3·8 29·2 3·6
Adiposity rate† (%) 18·5 17·9–19·2 25·7 24·4–27·0 26·5 24·4–28·5 15·7 12·2–19·2 6·9‡ 6·1–7·7 20·1 18·0–22·2 11·3‡ 8·1–14·5
Obesity rate by BMI-based cut-offs (%)
IOTF 15·2§ 14·6–15·8 20·5§ 19·3–21·7 18·0§ 16·2–19·8 20·9§ 17·0–24·8 9·6§ 8·7–10·6 10·0§ 8·5–11·6 8·7§ 5·9–11·5
WHO 12·8§ 12·2–13·4 20·4§ 19·2–21·6 15·0§ 13·4–16·7 11·6§ 8·6–14·7 6·7 5·9–7·5 5·2§ 4·0–6·4 3·7§ 1·8–5·6
WGOC 13·5§ 12·9–14·1 18·7§ 17·6–19·9 13·4§ 11·8–15·0 15·0 11·6–18·4 9·6§ 8·7–10·5 8·3§ 6·9–9·7 7·6§ 5·0–10·3

BF%, body fat percentage; IOTF, International Obesity Task Force; WGOC, Working Group of Obesity in China.
*Presented as mean and SD or ratio and 95% CI.
†Calculated by BF% cut-offs.
‡Significant difference from girls aged 11–14 years, P< 0·01 (χ2 test).
§Significantly different from BF% cut-offs in the same sex and age group, P< 0·01 (McNemar’s test).
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adolescents in urban setting. The IOTF andWGOC cut-offs,
recommended for Asian and Chinese populations, respec-
tively, were included. Althoughmany studies used different
BMI-based cut-offs such as WHO, IOTF and WGOC to
describe the prevalence of childhood obesity, a small num-
ber of articles have carried out comparative studies among
three or four sets of BMI cut-offs and drawn different con-
clusions for racial/ethnic groups(24–29). However, few stud-
ies made in-depth work on the performances of various
BMI cut-offs and examine whether they differ by sex and
age groups. Moreover, no articles engaged in comparing
IOTF Asian cut-offs with other BMI references to screen
for obesity in Chinese child and adolescent populations.
Actually, Asian children and adults tend to have a lower
BMI for a given body fatness than other ethnic groups(30).
Therefore, it is necessary to include the IOTF cut-offs for
Asians as well.

Performance of BMI in screening obesity is
influenced by age and gender
The large sample size enables the study of performance dis-
parities between sex-specific and age-specific groups. The
results show that the three different types of BMI-derived
cut-offs exhibited different capacities in various sex- and
age-specific groups. This calls into question the conclu-
sions from previous studies that evaluated the diagnostic
performance of BMI for childhood obesity, but did not clas-
sify subjects by age and gender in specific. Our results help
explain the contradictory results in previous studies with
some reporting higher sensitivity in boys than in girls
and others reporting the opposite(31–34). Consistent with
previous studies, our study revealed higher prevalence
of obesity in boys than in girls, indicating that urban boys
should be key target of obesity prevention(35). Our study
also found an underestimation of the prevalence of high
adiposity among pubertal girls using BMI cut-offs, another
group to be concerned in obesity prevention.

Modification of BMI cut-offs for childhood obesity
screening should be considered in urban China
The trade-off between sensitivity and specificity should be
considered to evaluate the performance of screening stan-
dards when there are no significant differences in κ values
between various BMI cut-offs. It is well known that inter-
ventions at an early age are essential to prevent childhood
obesity. For this reason, low cut-offs yielding higher sensi-
tivity are more conducive to primary prevention of child
and adolescent obesity. Conversely, high cut-offs yielding
lower sensitivity might reduce public awareness of the
prevalence of obesity, missing opportunities to institute
appropriate lifestyle interventions for mitigating health
risks. The way to prioritise the sensitivity was also used
in a similar study since the WHO and IOTF (not Asian
cut-offs) severely underestimated the obesity rates among
Asian children(25). In addition, parents in China oftenT

ab
le

2
A
cc
ur
ac

y
of

B
M
I-
ba

se
d
cu

t-
of
fs

fo
r
ob

es
ity
*
sc
re
en

in
g

A
ge

C
rit
er
ia

B
oy

s
G
irl
s

S
en

si
tiv
ity

%
S
pe

ci
fic
ity

%
κ†

%
S
E

S
en

si
tiv
ity

%
S
pe

ci
fic
ity

%
κ†

%
S
E

7–
10

ye
ar
s

IO
T
F

74
·6

72
·0
–
77

·1
98

·2
97

·7
–
98

·7
0·
78

0·
76

–
0·
80

85
·8

80
·9
–
89

·7
96

·0
95

·3
–
96

·6
0·
69

0·
65

–
0·
73

W
H
O

74
·5

71
·9
–
77

·0
98

·3
97

·8
–
98

·7
0·
78

0·
76

–
0·
80

72
·8
‡

67
·0
–
77

·9
98

·2
97

·7
–
98

·6
0·
72

0·
68

–
0·
76

W
G
O
C

68
·4
‡

65
·6
–
71

·0
98

·4
98

·0
–
98

·8
0·
73

§
0·
71

–
0·
76

84
·0

78
·9
–
88

·0
96

·0
95

·2
–
96

·6
0·
68

0·
63

–
0·
72

11
–
14

ye
ar
s

IO
T
F

66
·7

62
·3
–
70

·9
99

·5
99

·0
–
99

·8
0·
74

0·
70

–
0·
78

47
·9

42
·0
–
53

·9
99

·5
98

·8
–
99

·8
0·
58

0·
53

–
0·
64

W
H
O

55
·8
‡

51
·2
–
60

·3
99

·6
99

·1
–
99

·9
0·
64

§
0·
60

–
0·
68

25
·5
‡

20
·7
–
31

·1
99

·9
99

·4
–
10

0·
0

0·
35

§
0·
29

–
0·
41

W
G
O
C

49
·7
‡

45
·1
–
54

·3
99

·6
99

·1
–
99

·9
0·
59

§
0·
54

–
0·
63

39
·9
‡

34
·2
–
45

·8
99

·6
99

·3
–
99

·9
0·
51

0·
45

–
0·
56

15
–
17

ye
ar
s

IO
T
F

92
·4

82
·5
–
97

·2
92

·4
89

·0
–
94

·8
0·
75

0·
66

–
0·
83

76
·7

61
·0
–
87

·7
10

0·
0

98
·6
–
10

0·
0

0·
85

0·
77

–
0·
94

W
H
O

71
·2
‡

58
·6
–
81

·4
99

·4
97

·8
–
99

·9
0·
79

0·
70

–
0·
88

32
·6
‡

19
·5
–
48

·7
10

0·
0

98
·6
–
10

0·
0

0·
46

§
0·
30

–
0·
62

W
G
O
C

77
·3
‡

65
·0
–
86

·3
96

·6
94

·0
–
98

·2
0·
75

0·
66

–
0·
84

67
·4

51
·3
–
80

·5
10

0·
0

98
·6
–
10

0·
0

0·
79

0·
68

–
0·
89

IO
T
F
,I
nt
er
na

tio
na

lO
be

si
ty

T
as

k
F
or
ce

;W
G
O
C
,
W
or
ki
ng

G
ro
up

of
O
be

si
ty

in
C
hi
na

.
*C

al
cu

la
te
d
us

in
g
bo

dy
fa
t
pe

rc
en

ta
ge

cu
t-
of
f
po

in
ts

of
25

%
in

al
lb

oy
s,

30
%

in
gi
rls

ag
ed

7–
14

ye
ar
s
an

d
35

%
in

gi
rls

ag
ed

15
–
17

ye
ar
s.

†
S
ig
ni
fic
an

t
κ
st
at
is
tic
,
al
lκ

yi
el
de

d
P
<
0·
00

1.
‡
S
ta
tis
tic
al
ly

si
gn

ifi
ca

nt
di
ffe

re
nc

e
in

se
ns

iti
vi
ty

fr
om

IO
T
F
in

th
e
sa

m
e
su

bg
ro
up

,
P
<
0·
01

(M
cN

em
ar
’s

te
st
).

§S
ta
tis
tic
al
ly

si
gn

ifi
ca

nt
di
ffe

re
nc

e
in

κ
va

lu
e
fr
om

IO
T
F
in

th
e
sa

m
e
su

bg
ro
up

,
P
<
0·
00

1
(z

te
st
).

Different BMI to screen for obesity in China 2489

https://doi.org/10.1017/S1368980020000828 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020000828


equate being overweight or obese with being strong and
healthy, which would inevitably exacerbate the negligence
of children’s obesity. Therefore, provided they have
yielded adequate specificity, cut-offs with higher sensitivity
are necessary to improve obesity screening. Based on this
premise, the IOTF cut-offs rather than the officially recom-
mended WGOC cut-offs are evidently more suitable for
obesity screening in urban Chinese children and adoles-
cents. Apart from different data sources, difference also lies
between the IOTF and WGOC cut-offs at 18 years of age;
the IOTF cut-offs for obesity are based on country-specific
centile curves passing through BMI 27 kg/m2 at the age of
18 years, while those of the WGOC are based on curves
passing through BMI 28 kg/m2. This may account for the
better obesity screening performance of the IOTF cut-offs
observed in our study.

Attach importance to girls whose fatness
dynamically increase
BMI is now irreplaceable in most low- to middle-income
countries, due to its convenience. Previous studies have
attributed high specificity but moderate or low sensitivity
to the BMI standards in children and adolescents(19). Not
only are there disparities in sensitivity between different
BMI cut-offs but also for the same BMI cut-offs, the sensi-
tivity varies between different ages and sexes groups,
which has not been previously reported. Our study sug-
gests that none of the BMI-derived cut-offs investigated is
adequate for obesity screening in pubertal groups, espe-
cially for girls. A possible explanation is that the increases
in adiposity may be higher than that indicated by BMI dur-
ing puberty(36–38). Evidently, fat accumulation resumes in
both sexes but that it is twice as rapid in pubertal girls(39).
We therefore utilised conservative BF% cut-offs in girls

(cut-offs for moderate obesity for girls aged 7–17 years
according to Chinese guidelines), yet surprisingly the
prevalence of BF%-defined obesity is still 100–287 % higher
than that determined by the various BMI-derived cut-offs.
This suggests that the high prevalence of obesity in puber-
tal girls should not be solely attributed to physiological fat
accumulation. Over half (52·1–74·5 %) of the individuals
with high adiposity were misclassified into non-obese
groups whatever the BMI cut-offs were used, arising poor
agreement between BF% and BMI cut-offs in girls aged
11–14 years. Even using IOTF to classify the girls aged
11–14 years, the highest prevalence (41·6 %) of high adi-
posity was found in overweight when compared with other
age subgroups (4·7–33·0 %). Therefore, more accurate
indicators or techniques should be incorporated into
obesity screening in girls during puberty.

Notably, the emergence of large numbers of high adi-
posity among children and adolescents arises with rapid
economic growth in China, but only 39·9–84·0 % of them
are identified as obese by the WGOC cut-offs. Those find-
ings should not be overlooked, and stronger measures are
necessary to control obesity in future, particularly in eco-
nomically developed cities in China. In addition, previously
reported sex disparities inwhich boys exhibited greater rates
of high adiposity than girls are no longer evident during
puberty(40). Therefore, attention should be paid to changes
in body weight and fat accumulation during growth in both
boys and girls. The public health agencies need to initiate
innovative weight management and behavioural interven-
tions, especially for girls who are overweight.

Limitations in our study
The current study has some limitations. First, we used BIA
to determine BF%, rather than dual-energy X-ray

Table 3 Different BMI categories among high adiposity

BMI cut-offs

High adiposity*

Boys (n 1707) Girls (n 597)

All 7–10 years
11–14
years

15–17
years All 7–10 years

11–14
years

15–17
years

n % n % n % n % n % n % n % n %

IOTF
Normal 11 0·6 10 0·9 1 0·2 0 0·0 14 2·3 2 0·7 12 4·2 0 0·0
Overweight 448 26·2 286 24·5 157 33·1 5 7·6 183 30·7 36 13·4 137 47·9 10 23·3
Obese 1248 73·1 870 76·4 317 66·7 61 92·4 400 67·0 230 85·8 137 47·9 33 76·7

WHO
Normal 15 0·9 12 1·1 3 0·6 0 0·0 50 8·4 3 1·1 47 16·4 0 0·0
Overweight 511 29·9 285 24·4 207 43·6 19 28·8 265 44·4 70 26·1 166 58·0 29 67·4
Obese 1181 69·2 869 74·5 265 55·8 47 71·2 282 47·2 195 72·8 73 25·5 14 32·6

WGOC
Normal 51 3·0 27 2·3 24 5·1 0 0·0 67 11·2 5 1·9 62 21·7 0 0·0
Overweight 572 33·5 342 29·3 215 45·3 15 22·7 162 27·1 38 14·2 110 38·5 14 32·6
Obese 1084 63·5 797 68·4 236 49·7 51 77·3 368 61·6 225 84·0 114 39·9 29 67·4

IOTF, International Obesity Task Force; WGOC, Working Group of Obesity in China.
*Defined as body fat percentage cut-off points of 25% in all boys, 30% in girls aged 7–14 years and 35% in girls aged 15–17 years, presented as n and percentages.
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absorptiometry, which is generally regarded as the gold
standard modality for measuring BF%(41). However, pre-
vious studies have shown strong correlations between
BIA and dual-energy X-ray absorptiometry, and BIA is
more suitable than dual-energy X-ray absorptiometry for
use in large population-based studies(42,43). Second, our
study recommends to lower the cut-offs in order to screen
for child and adolescent obesity, but it also gives rise to a
possibility that those with normal weight status are labelled
as overweight or obesity by this stricter standard, which
might have negative psychosocial impact(44).

Conclusion

The IOTF cut-offs for Asian perform better than the cut-offs
by WHO and WGOC and should be recommended for

child and adolescent obesity screening in urban China.
Individuals during puberty need an even more accurate
indicator to screen for obesity. The public health agencies
should implement appropriate weight management,
behavioural and environmental interventions to reduce
the obesity prevalence, especially for boys and puber-
tal girls.
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