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Abstract

Objective: To derive age- and sex-specific reference values for waist circumference
(WC) and waist-to-height ratio (WHtR) for Han Chinese children and adolescents
and to establish the prevalence of excess central adiposity in our study population.
Design: Cross-sectional study of schoolchildren attending randomly selected primary
and secondary schools in south-west China in October 2003 and April 2004.
Anthropometry was measured using standard procedures. The LMS method was
used to construct smoothed WC and WHtR percentile curves. Overweight and
obesity were defined by the International Obesity Task Force IOTF) criteria and the
Working Group on Obesity in Children. Excess central adiposity fat was defined by
previously published WC cut-points and a WHtR =0-5.

Setting: Primary and secondary schools in Chongging, south-west China.

Subjects: A total of 7326 (49-2% boys) Han Chinese students at 5-17 years old.
Results: On the basis of the IOTF criteria, 26-4 % of boys were overweight or obese
compared with 164 % of girls (P<0-001). WC cut-points identified 31 % of boys and
28% of girls as having excess central adiposity, whereas using the WHItR criterion,
14-8% of boys and 5:6% of girls were identified. Young boys (5-12 years) had a
significantly (2<<0-001) higher WHIR than girls.

Conclusions: We have constructed WC and WHIR percentile curves for Han Chinese Keywords
children and adolescents living in Chongqing. Our measurements were based on a Central adiposity
student population with a relatively high rate of overweight and obesity. These data Han Chinese

will provide a point of reference for future studies measuring the prevalence of
overweight and obesity in China.
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Over the past two decades the prevalence of childhood both European and Asian adults® . For children and

overweight and obesity has increased dramatically in large
Chinese cities'”. In parallel, there has been an escalated
incidence of the metabolic syndrome®, a clustering of
cardiovascular risk factors including dyslipidaemia, hyper-
tension and insulin resistance'”. Excessive accumulation of
adipose tissue in both central subcutaneous and visceral
regions of children and adolescents has been associated
with these metabolic abnormalities”. The recommended
anthropometric measures that reflect central adiposity dis-
tribution in children include waist circumference (WC) and
waist-to-height ratio (WHtR). Both measures are highly
sensitive to upper body fat accumulation and predict
adverse cardiovascular risk factors™®.

Several studies have described ethnic differences in
WC7' and there are recognised cut-points for WC for
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adolescents, WC cut-points tend to be based on age- and
sex-specific reference values. Age- and sex-related WC
percentile values have been established in several countries
including the United States, the United Kingdom and
Australia”**'? WC percentile charts have been developed
for children living in Hong Kong"?® and Xinjiang Uygur
Autonomous Region(w, in north-west China. However,
both percentile charts have limitations. The percentile
charts for Hong Kong children do not differentiate between
ethnicities and the Xinjiang autonomous region charts are
based on limited numbers of children in each age group
(median: seventy-nine; (range: forty-seven to 131)).

The WHtR has also been proposed as a measure of
central adiposity and studies in adults and children have
suggested a cut-point of 0-5 as a simple means of indicating
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whether the amount of central fat is excessive™'”. The
WHIR cut-point has several advantages over WC cut-
points as it is easy to calculate and it is not age and sex
specific. WHtR has not been previously described in Han
Chinese children.

Establishing normative ethnic-specific data are essential
for early detection of excess central adiposity. The aim of
the present study was to derive age- and sex-specific
reference values for WC and WHI(R in Han Chinese chil-
dren and adolescents and to establish the prevalence of
excess central adiposity in our study population.

Materials and methods

Participants

This is a school based, cross-sectional study that was
conducted in the city of Chongging, south-west China
in October 2003 (primary schools) and in April 2004
(secondary schools). The total city population is
approximately thirty-two million of which 4-4 million
are primary- and secondary-school students (National
Chinese Census 2006, personal communication (F.X.)
with the Office of Primary and Middle School Health of
Chongqing Education Committee). For the present study,
7326 (49-2% boys) Han Chinese students aged 5-17 years
were recruited from fifteen primary schools and nine
secondary schools from a potential of thirty-eight primary
schools and eighteen secondary schools in Chongqing.
School selection was undertaken by the Office of Primary
and Middle School Health of Chongqing Education
Committee and was based on randomly computer-gen-
erated numbering to represent both urban and city areas
and to be representative of total school community. Two
classes in each grade were selected in collaboration with
the school principal based on timetables and operational
needs. A written informed consent was obtained from
~99% of the participants or from their parents and the
research protocol was approved by the Primary and
Secondary School Physical Health Division of the
Chongqing Education Committee.

Measurements

Anthropometric measurements included height, weight
and WC. Height was measured without shoes to the
nearest 0-5cm by a standard stadiometer. Weight was
measured to the nearest 0-5kg on calibrated scales,
wearing light clothing. WC was measured midway
between the lowest rib and the superior border of the
iliac crest with a non-elastic flexible tape and was recor-
ded to the nearest centimetre. All anthropometric mea-
surements were performed by trained health technicians.
BMI was calculated as weight/height® (kg/m?*) and WHItR
by dividing the WC (cm) by height (cm). Overweight
and obesity were defined by age- and sex-specific BMI
cut-off points according to the International Obesity Task
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Force (IOTF) criteria’® and Working Group on Obesity
in Children (WGOC)""” for children aged 7 years and
older. Excess central fat was defined by previously pub-
lished WC standards based on ethnic Chinese living in
Hong Kong"®'” and a WHtR = 0-5%.

Statistical analysis

Data were analysed using the Statistical Package for the
Social Sciences statistical software package version 15-0 for
Windows (SPSS Inc., Chicago, IL, USA). After assessing the
data distribution, sex differences in anthropometric data
were assessed with the Student’s ¢ test. Association between
age and WHIR was assessed using curve estimation. The y*
test was used as a measure of association between catego-
rical variables. The LMS method® was used to construct
smoothed percentile curves for WC using LMS ChartMaker
Light“”. The LMS method summarises the changing dis-
tribution by three curves representing the median (M),
coefficient of variation (S) and skewness (L); the latter
expressed as a Box—Cox power. Using penalised likelihood
methods, the three curves are fitted as cubic splines by non-
linear regression, and the extent of smoothing required is
expressed in terms of smoothing parameters or equivalent
degrees of freedom. Agreement between criteria for classi-
tying overweight and obesity was assessed by the k statistic.

Results

The anthropometric characteristics of the study population
are shown in Table 1. Boys were generally taller than girls,
except at 10 years of age when girls were on average 2-9 cm
taller than boys (P<0-001). Boys aged 6-10 years also had
a significantly higher BMI (P< 0-001). However, after the
age of 10 years sex difference in anthropometry were small.
Overall, using IOTF criteria 264 % of boys were overweight
or obese compared with 16:4% of girls (P<0-001) and
using the WGOC criteria (for children =7 years) 29-7% of
boys and 19-4% of girls (P<0-001) were overweight or
obese. The two classification criteria showed very good
agreement (k = 0-88, P<<0-001); 99-6% of children defined
as overweight or obese using the IOTF criteria were also
defined as overweight and obese using the WGOC criteria.

Smoothed WC and WHtR percentile curves for boys
and girls are shown in Figs 1 and 2. The percentile values
are shown in Tables 2 and 3 (WC and WHtR). WC
increased with age in both sexes until 15 years and then
plateaued. Boys had a higher WC than girls. The mean
WHIR was also higher in boys than girls until the age of 12
years (P<<0-001). In adolescents, the only statistical dif-
ference that was observed between sexes was at 15 years
when girls had a higher WHtR than boys, 0-43 compared
with 0-42 (P<<0-001). In contrast to the association
between age and WC, the association between age and
WHtR was flatter. In boys this association was negative,
age explaining 2-5% of the variance (R*= —0-025,
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Table 1 Anthropometric measures, prevalence of overweight and obesity, and excess central adiposity

44

Height (cm) Weight (kg) BMI (kg/m?) Overweight Obese Excess central adiposity (WC)* Excess central adiposity (WHtR = 0-5)
Age (years)t n Mean SD Mean SD Mean SD n % n % n % n %
Boys
5 96 1221 5.2 257 45 171 21 17 177 10 104 -t 13 13-5
6 217 1257 56 277 41 17-4 2:2 61 281 21 9-7 92 42-4 42 19-4
7 231 1301 67 30-2 6-:3 177 26 59 25-5 21 9-1 104 45-0 39 16-9
8 311 1322 8-9 31-2 76 176 2:6 65 20-9 21 6-8 102 32-8 49 15-8
9 342 1362 10-2 34-3 97 181 31 70 20-5 28 82 113 33:0 59 17-3
10 328 1413 100 38-1 10-5 18-8 31 76 23-2 23 70 107 326 60 18-3
11 347 1493 109 433 11-0 192 3-0 73 21-0 14 40 103 29-7 49 141
12 353 1553 119 489 14-0 199 3-8 71 20-1 22 62 105 29-7 56 15-9
13 352 1604 11-3 52-2 136  20-0 36 54 15-3 16 45 79 22-4 35 99
14 274 166-7 8-5 60-1 13-4 215 3-9 53 19-3 25 91 88 321 46 16-8
15 295 170-6 6-0 63-1 11-6 216 36 54 18-3 14 47 91 30-9 31 10-5
16 319 1707 5-9 63-4 17 217 36 39 12:2 15 47 90 28-2 35 11-0
17 136 1721 5-8 64-7 11-2 21-8 35 23 16-9 6 4-4 37 27-2 17 12-5
Total 3603 150-0 185 456 17.0  19-51 36 715 1999 236 66 1112 30-9 531 14-7
Girls
5 147 120-4 4-8 244 35 168 1-9 35 23-8 11 75 -t 10 6-8
6 226 1234 53 253 34 165 1-5 47 20-8 5 22 55 24-3 9 4-0
7 254 128-3 75 280 57 169 2-2 41 16-1 10 39 68 26-8 15 5-9
8 296 1311 9-2 29-6 7-0 17-0 2:3 40 135 13 4-4 64 21-6 16 5-4
9 312 1361 99 325 85 17-3 28 40 12-8 9 29 67 21-5 17 55
10 299 1442 9-9 37-6 9-2 17-9 2-8 42 14-0 7 23 74 42-7 7 2-3
11 359 149:2 91 42-3 9-7 18-8 2-8 55 15-3 4 11 78 217 14 39
12 351 1520 84 457 10-0 196 3-1 58 16-5 6 1-7 94 26-8 26 74
13 433 156-0 7-4  49-8 10-0 204 34 59 136 12 28 116 26-8 25 5-8
14 336 158:2 6-1 52-9 81 211 27 42 125 4 1-2 137 40-8 26 77
15 313 1587 5-9 53-1 75 211 2-5 32 10-2 2 06 121 38-7 23 7-3
16 284 1599 52 53-4 73 209 2:5 25 88 1 0-4 104 36-6 15 5-3
17 113 1597 5-2 54-4 71 21-3 5-3 12 10-6 0 0-0 35 31-0 5 4-4
Total 3723 1459  15-1 41-6 13-2 19-0 3-2 528 14-2 84 23 1013 27-2 208 5-6

WC, waist circumference; WHtR, waist-to-height ratio.

*Age- and sex-specific cut-points based on ethnic Chinese children living in Hong Kong('®'9),
tAge is in whole years, e.g. 5 years = 5-5-99 years.

$No cut-point available for 5-year-old children.
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Fig. 1 Smoothed waist circumference curves for the 5th, 10th,
25th, 50th, 75th, 90th and 95th percentile for (a) boys and
(b) girls

P<0-001). The relation between age and WHIR in girls
was best described as quadratic (R =0-021, P<0-001;
Fig. 2).

The age- and sex-specific WC cut-points based on
ethnic Chinese living in Hong Kong were approximately
equivalent to the 70th percentile of our population; 31-7 %
of boys and 28:3% of girls were identified as having
excess central adiposity (Table 1). Using these WC cut-
points, excess central adiposity was particularly prevalent
in 6- and 7-year-old boys (43:8%) and 14- to 17-year-old
girls (36-8%). In comparison the WHIR cut-point of 0-5
identified 14-:8% of boys and 10-8% of girls as having
excess central adiposity (Table 1). The highest WH(R was
observed (0-71) in a 14-year-old boy who had a BMI of
37-4kg/m?, 2:3% of children (3-1% boys, 1+1% girls) had
a WHtR > 0-55 and 0-7% (1-1% boys, 0:3% girls) had a
WHIR > 0-6.

Discussion

We constructed WC and WHtR percentiles for Han
Chinese children, aged 5 to 17 years, living in the city of
Chongging in 2003 and 2004. Our WC percentiles are
similar to those published on Han Chinese children living
in Xingjiang Uyger Autonomous Region"” but higher
than those published on children living in Hong Kong in
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Fig. 2 Smoothed waist-to-height ratio curves for the 5th, 10th,
25th, 50th, 75th, 90th and 95th percentile for (a) boys and
(b) girls

2005 and 2006 (Table 9)'¥. At the 90th percentile the
differences ranged from 2-4 to 7-2cm in boys and from
1-8 to 6:9cm in girls and were greater in both sexes
during early adolescence (13-15 years) compared with
younger children (6-9 years).

The difference in WC between Han Chinese living
in China and children living in Hong Kong can be
explained, in part, by the different rates of overweight
and obesity as defined by the IOTF criteria. In our cohort,
26% of boys and 16 % of girls were overweight or obese
compared with 21% and 14 % of boys and girls in the
Hong Kong cohort. Similar rates of overweight and obe-
sity to ours have been reported in Han adolescents (12-14
years old) living in Beijing; 24 % of boys and 18 % of girls
were overweight or obese'®. These rates are considerably
higher than the 2002 Chinese national figures of 6% for
children aged 7-17 years*?. The disparity between different
rates of overweight and obesity in rural China and large
cities has been well documented®?. The WC percentile data
in our study population are likely to represent the current
trend in overweight and obesity in Chinese cities.

Ethnicity is also a potential confounder in explaining
the difference in WC and WHtR percentiles. It is estimated
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Table 2 Waist circumference (cm) percentiles for boys and girls

F Xiong et al.

Table 3 Waist-to-height ratio percentiles for boys and girls

Age (years)* n 5th  10th 25th 50th 75th 90th 95th

Age (years)* n 5th  10th 25th 50th 75th 90th 95th

Boys
5 96 47-1 484 509 54-3 585 635 673
6 217 48-0 494 52-0 557 60-3 658 70-1
7 231 487 50-1 53-:0 569 619 679 726
8 311 49-2 50-8 53-8 579 632 697 748
9 342 50-2 51-8 549 59-3 650 72:0 777
10 328 51-5 532 565 61-0 67-1 746 807
11 347 52-8 546 580 62:8 692 77-0 83-3
12 353 54-1 56-0 59-6 646 712 791 854
13 352 559 579 617 669 735 812 871
14 274 587 607 645 697 76-3 84-0 89-8
15 295 609 628 664 71-3 77-7 853 912
16 319 61-8 636 669 716 77-7 854 916
17 136 62-1 63-7 669 713 772 849 915
Girls
5 147 46-2 47-3 49-3 519 551 588 615
6 226 46-2 474 49-6 525 56-1 602 633
7 254 46-5 47-8 50-1 53-3 57-3 62:0 656
8 296 47-0 48-3 50-8 54-3 586 638 67-8
9 312 479 49-3 52-0 557 60-3 658 699
10 299 49-2 50-8 53-8 577 62:6 681 721
11 359 511 52-8 559 60-1 651 706 746
12 351 53-3 55-1 584 62:6 67-7 733 77-1
13 433 55-7 575 60-8 651 702 757 794
14 336 579 597 629 671 721 775 812
15 313 592 60-8 639 679 727 780 816
16 284 595 61-1 640 678 72:4 77-3 80-8
17 113 59-7 61-2 639 675 71-8 764 798

Boys
5 96 0-39 040 042 045 048 051 0-54
6 217 0-39 040 0-42 0-44 0-48 0-51 0-54
7 231 0-38 0-39 0-41 044 048 051 054
8 311 0-38 0-39 0-41 044 047 0-51 0-54
9 342 0-38 0-39 0-41 044 047 0-51 0-54
10 328 0-37 0-38 040 043 047 0-51 054
11 347 0-36 0-37 040 042 046 0-50 0-54
12 353 0-36 0-37 0-39 042 0-46 0-50 0-53
13 352 0-36 0-37 0-39 042 045 0-50 0-53
14 274 0-36 0-37 0-39 042 045 050 0-53
15 295 0-36 0-37 0-39 042 046 050 0-53
16 319 0-36 0-37 0-39 042 045 0-50 0-53
17 136 0-36 0-37 0-39 0-42 0-45 0-49 0-52
Girls
5 147 0-36 0-38 0-40 043 046 049 0-50
6 226 0-36 0-37 0-40 0-43 0-46 0-48 0-50
7 254 0-35 0-37 0-39 042 045 048 0-49
8 296 0-35 0-37 0-39 042 045 0-47 0-49
9 312 0-35 0-36 0-39 042 0-44 047 0-48
10 299 0-35 036 0-39 041 044 047 0448
11 359 0-35 0-36 0-39 0-41 0-44 0-47 0448
12 351 0-35 0-36 0-39 0-42 0-45 0-47 0-49
13 433 0-35 0-37 0-39 042 045 048 0-49
14 336 0-36 0-37 0-40 0-43 0-46 0-48 0-50
15 313 0-36 0-37 040 043 046 0-48 0-50
16 284 0-36 0-37 040 043 046 049 0-50
17 113 0-36 0-38 0-40 0-43 0-46 0-49 0-50

*Age is in whole years, e.g. 5 years = 5-5-99 years.

that ~95% of Hong Kong residents are ethnic Chinese,
with no differentiation between Chinese ethnicities®®.
Anthropometric differences in children of different Chinese
ethnicities have been demonstrated'®. Measurement error
or sample bias is unlikely; both studies used the same
technique to measure WC and the participants in both
studies are representative of the population studied.
Similar to findings in a study on Australian children
WC identified a greater number of children and adoles-
cents as having excess central adiposity compared with
being classified as overweight or obese using BMI criteria.
These results are concerning and have public health
implications. Excessive accumulation of central adipose
tissue has been associated with cardiovascular risk
factors*>. Of particular concern was the high propor-
tion (44%) of young boys with increased WC. While the
explanation for the difference between younger and older
children is not clear, we speculate that it may represent the
advancing wave of the obesity epidemic for boys in China.
We also described the association between age and
WHtR in Han children and adolescents. In some popu-
lations WHItR has been shown to more readily identify
adolescents with adverse cardiovascular risk factors
compared with WC and BMI“®7?”, The WHIR is also
easy to calculate and is considered to be independent
of age and sex. However, in our study population we
observed a clinical and statistically significant sex differ-
ence in WHtR in young children (5-11 years). A similar
trend was observed in children living in Hong Kong**®.

Q4
)
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*Age is in whole years. e.g. 5 years = 5-5-99 years.

Table 4 Waist circumference (cm) corresponding to the 90th
percentile from three different populations

Han living in
Xingjiang Uyger Ethnic Chinese
Age Han living in Autonomous living in
(years) Chongging Region!'¥ Hong Kong®
Boys
5 63-5
6 65-8 63-4
7 67-9 65-5 65-0
8 69-7 67-4 66-6
9 720 70-2 68-5
10 74-6 731 70-6
11 77-0 75-8 72-5
12 791 78-3 74-0
13 81-2 80-4 75-3
14 84-0 82-3 76-8
15 85-3 83-9 78-3
16 854 855 796
17 84-9 87-0 80-7
Girls
5 58-8
6 60-2 58-4
7 62-0 60-7 60-0
8 63-8 62-1 61-6
9 65-8 63-8 63-4
10 68-1 66-0 65-1
11 70-6 68-5 66-9
12 73-3 71-4 68-4
13 757 74-4 69-7
14 775 76-7 70-6
15 780 77-9 71-3
16 77-3 78-0 71-8
17 76-4 77-3 72-2
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WHIR sex differences are likely to be a result of the differ-
ences in overall adiposity; 30% of boys aged 5-11 years
were overweight or obese compared with 19 % for gitls.

To date, no cut-points for WHtR have been validated
against metabolic outcomes for Han Chinese children and
adolescents. In the absence of metabolic markers we
defined excess central adiposity as a WHtR = 0-5. Fewer
children were identified as having excess central adip-
osity using a WHtR = 0-5 compared with WC cut-points,
10-2% and 30-0%, respectively. Almost all students
(99:5%) with a WHtR =0-5 were identified as having
excess central adiposity defined by WC cut-points. We
speculate that a WHIR cut-point of 0-5 may identify those
children at greatest metabolic risk. However, a limitation
of our study is that metabolic markers were not measured
and further studies are required to further investigate the
use of both the WC cut-points and WHtR in predicting
cardiovascular risk in Han Chinese children.

In conclusion, we have constructed WC and WHtR
percentile curves for Han Chinese children and adoles-
cents aged 5-17 years living in Chongqing. Our mea-
surements were based on a student population with a
relatively high rate of overweight and obesity. Using IOTF
criteria ~ 1 in 4 boys and 1 in 6 girls were overweight or
obese. These data will provide a point of reference for
future studies measuring the prevalence of overweight
and obesity in China.
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