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Abstract

Background: Obesity is now a global epidemic. In this study, we aimed to assess the rates of
obesity using several major diagnostic criteria in Chinese school adolescents in Hong Kong.

Methods: This is a cross-sectional study. Using a computer-generated coding system, we
randomly selected schools from different geographical regions in Hong Kong to obtain a
representative sample. Subjects aged |18 years of age were randomly selected from different
class of the schools. Their rates of obesity according to four different international and local criteria
were compared [International Obesity Task Force (IOTF) 2000 criterion; the Group of China
Obesity Task Force (COTF) 2004 criterion; Centers for Disease Control and Prevention (CDC)
2000 Growth Charts and the Hong Kong Growth Survey (HKGS) charts in 1993].

Results: Of the 2098 adolescents [982 (46.8%) boys and | 116 (53.2%) girls], the mean age (x SD)
was |5.1 £ 1.8 years (range: | |-18 years; median: 15.0 years). The crude rates of obesity were
similar based on IOTF, COTF or CDC criteria (boys: 3.9-6.0%, girls: 1.8-3.7%), however, the rate
increased to | [-27% if the HKGS charts were used. Obesity rate varied markedly according to age.
It decreased from 8—10% among those aged |2—13 years to 2—4% among those aged 17—18 years.

Conclusion: The prevalence of obesity in Hong Kong adolescents using various diagnostic criteria
were similar except for the 1993 HKGS criteria, which gave an exceeding high figure. Using the
IOTF, COTF or CDC criteria, the adolescent obesity in Hong Kong varied from 1.8% to 6.0%.

Background also among children and adolescents [1]. There is now
Obesity is now a global concern not only in adults but  consensus on the negative impact of obesity on physical,
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mental and social functions in children [2,3]. Moreover,
many obese children remain obese in their adulthood [4],
with possible increased risk of adult mortality and mor-
bidity [5-7].

In 2005, World Health Organization estimated that more
than 20 million children above age of 5 were overweight
worldwide [8]. Alongside with the rising prevalence of
childhood obesity in Western countries, the same phe-
nomenon is also running rampant in our region. In the
Chinese National Survey on Students Constitution and
Health conducted in 2000, using BMI values of 24 kg/m?2
and 28 kg/m? as cutoff points for overweight and obesity
respectively (the definition by the Working Group on
Obesity in China) [9], the corresponding prevalence in
Chinese children aged 7-18 years were 17.0% and 10.0%
for boys and 9.5% and 6.5% for girls, respectively [10].

Despite increasing number of publications on childhood
obesity in the Western countries, similar information in
Hong Kong children remains scanty. Besides, there are
ongoing debate on the most 'appropriate' definition and
optimal cutoff values for childhood obesity and over-
weight with different diagnostic criteria adopted by differ-
ent countries and authorities [11-14]. In this survey, we
examined the rates of overweight and obesity in 2098
Hong Kong Chinese school adolescents aged 11-18 years
using several major diagnostic criteria and their variabil-
ity. We aimed to report the problem of obesity in Hong
Kong adolescents and compare their rates according to
various diagnostic criteria. We also attempted to explore
the reasons and significance behind the difference in
obesity rates by these criteria. This will help us to better
understand them and improve the modification of our
diagnostic criteria in the future if deemed necessary.

Methods

A full list of all Chinese secondary schools in Hong Kong
was obtained from the Hong Kong Education Depart-
ment. Hong Kong comprises 3 major geographical regions
including Hong Kong Island, Kowloon and the New Ter-
ritories with a population of 6.7 million.

Based on the full list of Chinese secondary schools in
Hong Kong, we randomly selected schools from each of
the 3 geographical regions to obtain a representative sam-
ple population of Hong Kong Chinese adolescents. The
randomization was based on a computer-generated cod-
ing system. Amongst a total of 477 schools, 53 schools
(10% of the total) were selected. From each participating
school, 6 classes were randomly selected with one class
from each form (Form 1 to Form 6) to obtain a propor-
tional number of subjects aged 11-18 years of age. All par-
ticipants gave informed consent with parents' written
consent.

http://www.biomedcentral.com/1471-2431/8/10

Our team of research nurses visited each school during an
allocated time in the morning for measurement of anthro-
pometric indices. Body weight (kg) and body height (m)
were measured and the body mass index (BMI) was calcu-
lated. All data were collected during the period between
February 2003 and February 2004.

Definitions of overweight and obesity
Four criteria were used for the definitions of overweight
and obesity:

1. An international BMI-for-age reference curve for defin-
ing overweight and obesity in children 2 to 18 years of age
by the US National Center for Health Statistics, Centers
for Disease Control and Prevention (CDC) and the Inter-
national Obesity Task Force (IOTF) in 2000 (IOTF crite-
ria) [11] -

These criteria were based on median BMI by age and gen-
der in six nationally representative datasets from Brazil,
Hong Kong, Netherlands, Singapore, the UK and the US
from an international growth survey in 2000. These sur-
veys had over 10,000 subjects each and together covered
97,876 boys and 94,841 girls. Overweight and obesity
were defined as BMI-for-age > 25 and > 30 kg/m?2 respec-
tively.

2. A national BMI reference curve for Chinese children
and adolescents reported by the Group of China Obesity
Task Force (COTF) in 2004 (COTF criteria) [10] -

These criteria were based on the Chinese National Survey
on Students Constitution and Health in 2000 involving
244,200 primary and secondary Chinese students aged
7-18 years. Overweight and obesity were defined as BMI-
for-age > 24 and > 28 kg/m?2 respectively.

3. CDC 2000 Growth Charts for the United States (CDC
criteria) [15] -

These criteria were based on the US National data col-
lected in a series of 5 surveys between 1963 and 1994 for
children and adolescents aged 2-20 years. Overweight
and obesity were defined as BMI-for-age > 85 and > 95
percentiles respectively.

4. The Hong Kong Growth Survey (HKGS) conducted in
1993 with sex-specific reference charts of weight-for-
height (HKGS criteria) [16] -

This is the only local reference used to define obesity in
Hong Kong children. This was a territory-wide cross-sec-
tional growth survey which covered around 25,000 Hong
Kong Chinese children from birth to 18 years of age.
Childhood obesity in this survey was defined as weight >
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median weight for height x 120%. No definition for child-
hood overweight was set in this survey.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Science software (version 12.0). All
data are expressed as mean + SD or n (%) where appropri-
ate. Chi-square tests, ANOVA and Student's t test were
used for group comparisons. All comparisons were made
two-sided and a p-value < 0.05 (2-tailed) was considered
as significant.

Ethical Approval
The study was approved by the Clinical Research Ethics
Committee of the Chinese University of Hong Kong.

Results

Of the 53 schools selected, 14 schools consented and were
recruited for the survey. From these 14 schools, random
samples of 4598 students were identified from their six
forms (1 to 2 classes were randomly selected from each
form of each school with 30 to 45 students per each class).
Of these, 2115 school children consented and were
enrolled into the study giving a response rate of 46%. Of
the 2115 children, 17 missed their anthropometric assess-
ment. Hence, data on 2098 school children aged 11 to 18
years of age were analyzed in this survey. There were 982
(46.8%) boys and 1116 (53.2%) girls with a mean age (+
SD) of 15.1 + 1.8 years (range: 11-18 years; median: 15.0
years).

Table 1 summarizes the anthropometric parameters and
rates of overweight and obesity by various diagnostic cri-
teria in the 2098 Hong Kong Chinese adolescents. The
mean crude prevalence of overweight and obesity varied
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from 9.8-13.9% and 2.7-15.8% respectively, according
to different diagnostic criteria. Table 2 summarizes their
anthropometric parameters and rates of overweight and
obesity by age groups. Those aged 11 were discarded due
to small sample size (boys: n = 9; girls: n = 11). The mean
crude BMI varied from 19.1 to 21.1 kg/m2 in boys and
17.9 to 20.2 kg/m2 in girls.

Figures 1 and 2 summarize the rates of overweight and
obesity as defined by various criteria in the 2098 Hong
Kong Chinese adolescents categorized by age and gender.
The IOTF, COTF and CDC criteria showed similar rates of
overweight and obesity in Hong Kong Chinese adoles-
cents in most age groups. Based on these 3 criteria, the
rates of overweight varied from 5-8% in those aged 18
years to 24-31% in those aged 12 years among boys; and
4-6% in those aged 18 years to 16-18% in those aged 12
years among girls, while the rates of obesity varied from
around 3% in those aged 18 years to 11-22% in those
aged 11 years among boys; and 1-2% in those aged 18
years to 0-6% in those aged 12 years among girls. The
prevalence of obesity was much higher in boys than girls
(crude overall obesity rates: 3.9-6.0% vs. 1.8-3.7%,
depending on different diagnostic criteria).

The rates of obesity based on the HKGS criteria were much
higher than those derived from the IOTF, COTF or CDC
criteria (crude overall obesity rates: 18.1% in boys and
13.9% in girls). The rates of obesity varied from 11% in
those aged 18 years to 22-27% in those aged 11-13 years
among boys; and 12% in those aged 18 years to 16-17%
in those aged 11-13 years among girls.

Table I: Clinical parameters and prevalence of overweight and obesity by various diagnostic criteria in 2098 Hong Kong Chinese

adolescents.

Total (n = 2098) Boys (n = 982) Girls (n=1116) p-values comparing boys and girls
Age, years I15.1 £ 1.8 149+ 1.8 153+1.8 < 0.001
Height, cm 161.4 + 85 165.8 + 9.2 157.7 £ 5.5 <0.001
Weight, kg 523115 56.1 £13.0 489 + 88 <0.001
BMI, kg/m? 199 +£35 203 +£3.8 19.7 £3.2 <0.001
Childhood overweight, %
IOTF 9.91 13.54 6.72 <0.001
COTF 14.06 19.25 9.50 <0.001
CDC 12.44 17.31 8.15 <0.001
Childhood obesity, %
IOTF 2.76 3.87 1.79 0.004
COTF 4.77 6.01 3.67 0.012
CDC 4.10 6.01 242 <0.001
HKGS 15.87 18.13 13.89 0.008

IOTF, International Obesity Task Force; COTF, China Obesity Task Force; CDC, Center of Disease Control; HKGS, Hong Kong Growth Survey
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Table 2: Anthropometric parameters and prevalence of overweight and obesity of 2098 Hong Kong Chinese adolescents stratified by

age and sex.

Overweight Obesity
Height, cm Weight, kg BMI, kg/m? IOTF COTF CDC IOTF COTF CDC  HKGS
Boys (n = 973):
Age, years

12(n=97) 1544+93 470+ 11.4 19.5 + 3.6 237 309 309 5.2 42 82 25.8

I3(n=161) 158789 509 £ 13.9 200+42 20.5 27.3 28.0 6.8 9.9 10.6 27.3

14 (n=147) 1653 7.6 557 £ 14.1 202+ 44 15.0 19.7 19.0 4.1 7.5 7.5 19.7

I5(n=189) 168356 567+ 114 200+ 44 12.2 17.5 14.3 2.6 48 37 13.8

6 (n=185) 170259 59.7 £ 111 200 +35 9.2 15.1 10.8 27 38 38 14.6

I7(n=96) 171355 620+ 108 21.1 £34 9.4 15.6 12.5 3.1 42 42 14.6

I8(n=98) 1720+5.6 613111 207 £33 5.1 82 6.1 2.0 3.1 3.1 1.2

Girls (n = 1104):
Age, years

12(n=57) 1528+5.0 437 8.1 18.7 + 3.1 17.5 15.8 17.5 0 53 35 158

I3(n=138) 155.7+6.3 46.7£9.5 192 £33 9.4 12.3 1.6 22 43 29 16.7

14 (n=156) 157347 48.1 £ 8.6 19.4 £33 83 12.8 .5 1.9 38 1.9 13.5

I5(n=186) 158555 508 +9.6 202 +35 7.5 10.8 10.8 32 5.9 54 17.2

16 (n=283) 1586 %5.1 50.0 + 84 19.8 £ 3.0 4.6 7.8 49 1.8 25 1.8 12.0

I7(n=109) 157.8+49 49.7 £ 8.6 199 +3.2 37 6.4 4.6 1.8 37 1.8 1.9

I8 (n=175) 1588 %5.0 495+74 19.6 +2.8 34 5.7 34 0.6 23 0.6 12.0
Discussion children will grow up to become obese adults and most

Our study was limited by the volunteer nature of the
respondents. Nevertheless, the response rate was approxi-
mately 50% which is comparable with most volunteer
surveys. In this survey, we have noted high prevalence of
obesity in Hong Kong adolescents with good consisten-
cies amongst international and China definitions. In
Hong Kong, all children are required by law to receive for-
mal school education up to Form 3 (equivalent to Year 9
in the United States) with the majority completing Form
5 education. Hence, a sample from school children
should be able to represent the overall young populations
in Hong Kong. The random recruitment method in this
survey of children from all secondary schools in Hong
Kong also optimized the representative nature of our sam-
ples. However, the relatively small sample size of individ-
ual age group in our survey, especially among those aged
11 years, may introduce potential bias. Unfortunately, out
of the 53 schools that were selected, only 14 agreed to par-
ticipate. Although we cannot access the students' clinical
particulars among those schools that refused to join our
study, according to the full list of secondary schools in
Hong Kong, the schools being recruited were evenly dis-
tributed in different regions in Hong Kong across a wide
range of socio-economic classes.

Obesity is associated with significant morbidity and mor-
tality [17]. There is now growing concerns on the increas-
ing prevalence in childhood obesity and most obese

obesity related health problems are also applicable to
children [2-7]. Despite the global epidemic of childhood
obesity and associated health burden, the most 'appropri-
ate' criterion to diagnose obesity in children is still incon-
clusive [11-14].

In the year 2000, an international BMI-for-age reference
curve for defining overweight and obesity in children 2 to
18 years of age was developed jointly by the US National
Center for Health Statistics, Centers for Disease Control
and Prevention and the IOTF (IOTF criteria) [11]. The ref-
erence population was obtained from 6 large nationally
representative cross-sectional growth surveys in the US,
the UK, the Netherlands, Brazil, Hong Kong and Singa-
pore which collectively involved close to 200,000 young
subjects. On a national basis, both China and the US have
recommended their own reference charts for diagnosing
childhood obesity, as introduced by the Group of China
Obesity Task Force in 2004 (COTF criteria) and the Cent-
ers for Disease Control and Prevention of the US in 2000
(CDC criteria) [10,15].

In 1993, the Hong Kong Growth Survey (HKGS) reported
a sex-specific reference chart of weight-for-height to diag-
nose childhood obesity in Hong Kong (HKGS criteria)
[16]. According to the HKGS, childhood obesity was
defined as weight > [median weight-for-height x 120%].
Based on this chart, the obesity rates in our survey were
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Percentages of obesity as defined by various criteria in 2098 Hong Kong Chinese adolescents categorized by age and gender.
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11-27% in boys and 12-17% in girls. These figures were
much higher than those derived using other criteria such
as the IOTF or COTF criteria, which gave a rate of less than
10% in almost all age groups of either sex (except boys
aged 11 years). The HKGS criteria were reported more
than 15 years ago and given the rapid changes in lifestyle,
might not be applicable to today's young population.
Besides, the HKGS criteria uses median body weight while
BMI is now recommended for screening overweight/obes-
ity in children and adolescents [11,14,18]. These discrep-
ant findings also highlight the importance of periodically
reviewing the national growth charts. However, it also has
to be borne in mid that constantly redefining obestiy
based on contemporary measures will make comparisons
of secular data very difficult.

The IOTF criteria using an international BMI-for-age refer-
ence curve are widely frequently adopted by different
countries to allow international comparisons of preva-
lence rates of obesity in children. Based on the IOFT crite-
ria, the overall crude rate of obesity in Hong Kong
children aged 11-18 years was 2.8% with a higher rate in
boys than girls (3.9% vs. 1.8%). Although this rate was
considerably lower than that reported in the US (10.9% in
1996 and 22.1% in 2001) and Europe (9-29%) [19,20],
it is noteworthy that the younger the age, the higher the
obesity rate, especially in boys. This is in accord to other
reports that the prevalence usually peaks in those who
were younger [21]. Irrespective of the criteria, 10-20% of
our Chinese boys aged 11-12 years were considered obese
compared to only 2 to 3% among those aged 16-18 years.
The exact reasons behind are not clear but likely to be
multi-factorial including early pubertal development in
those Chinese children at ages 10-13 years. On the other
hand, the obesity rate by IOTF criteria was lower than the
rate by COTF criteria. This is not unexpected since the cut-
off values for obesity is 30 kg/m? in the former as com-
pared to 28 kg/m?in the latter.

Obesity is now a global concern among adults as well as
children and adolescents. A significant proportion of
obese children will eventually become obese adults [22].
Childhood obesity is associated with an increased rate of
mortality and morbidity in adulthood [23]. Woo et al
studied 36 asymptomatic overweight Chinese children
(BMI > 23 kg/m?, aged 9-12 year) and 36 age- and gender-
matched non-obese healthy children (BMI < 21 kg/m?2) in
Hong Kong [24]. The two groups of children were well
matched for blood pressures, blood cholesterol and blood
glucose levels. The overweight children, as compared to
non-obese counter-parts, were found to have impaired
arterial endothelial function and increased intima-medial
thickness of carotid arteries. These findings highlight the
potential impact of overweight, even of mild-to-moderate

http://www.biomedcentral.com/1471-2431/8/10

degree, on arterial function and structure in apparently
healthy young children.

According to a survey conducted by the Hong Kong Chil-
dren Health Service, the obesity rates (defined by the
HKGS criteria) of Hong Kong primary and secondary
school student boys and girls increased from 12.7% and
10.4% in 1998 to 14.7% and 12.4%, respectively, in 2001
[25]. Our data showed a further increase of obesity rate to
15.9% (boys: 18.1%; girls: 13.9%) in Hong Kong adoles-
cents in 2004.

Relevant figures using other criteria on childhood obesity
is lacking in Hong Kong. The present analysis reported the
most recent prevalence of overweight and obesity in Hong
Kong adolescents. A comparison of data at different time
intervals based on these criteria is not available. However,
it cannot be overemphasized that studying the trend of
change of obesity rates is important in different regions of
the world including our locality with Chinese popula-
tions.

Conclusion

Our findings indicated that the prevalence rates of obesity
in Hong Kong adolescents using various diagnostic crite-
ria were similar except for the 1993 HKGS criteria, which
gave an exceedingly high figure. Using the more recently
proposed IOTF, COTF or CDC criteria, the prevalence of
adolescent obesity in Hong Kong varied from 2.8% to
4.8% (3.9-6.0% in boys and 2.4-3.7% in girls) with par-
ticularly high rate in young boys. Although the present fig-
ures appear to be lower than that reported in Caucasians,
BMI was the main determinant for metabolic syndrome
reported to be 2-3% in these adolescents [26]. Given their
high rates of obesity, pre-adolescents are an important
population for monitoring and intervention.
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