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Abstract; Objective To determine the prevalence and the risk factors for childhood obesity in
Changsha and Shenzhen, China. Methods A case-control study was conducted in 209 obese children
(the cases) identified in the investigation on childhood obesity in 6 288 children aged 6 to 9 years in
Changsha and Shenzhen in China and 209 children with normal weight (the controls). The cases and
controls were matched by gender, age, and school. Adjusted odds ratio (aOR) and 95% confidence in-
tervals (CI) for the risk factors were measured. Results The prevalence rate of overweight and obese
children was 9.28% and 3.30% in Changsha, and 12.17% and 4.22% in Shenzhen, respectively. The
rate of overweight children is significantly higher in Shenzhen than in Changsha. No statistical difference
was observed in the rate of obesity between the children in both cities. Paternal obesity (OR 1.78, 95%
CI 1.01 to 3. 16), maternal weight gain during pregnancy =15.0 kg (OR 5.22, 95% CI 2.78 to
9.80), birth weight =4.00 kg (OR 2.55, 95% CI 1.24 to 5.26), unhealthy snacks =1 per week
(OR3.94,95% CI1.11 to 13.99), and watching television =2 hours per day( OR 2.35, 95% CI 1.01
to 5.47) were associated with childhood obesity when potential confounding factors were adjusted by multi-
variable logistic regression analysis. Conclusion Paternal obesity, gestational weight gain, high birth
weight, and unhealthy life-style are important risk factors for obesity in urban children in south China.
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Obesity has become a serious public health
problem worldwide. The World Health Organization
( WHO ) reported that approximately 1.6 billion
adults ( aged 15 and above ) were overweight, at
least 400 million adults were obese , and at least 20
million children under the age of 5 years were over-
weight globally in 2005, and by 2015, approxi-
mately 2.3 billion adults will be overweight and more

than 700 million will be obese''' . Childhood obesity

is associated with hypertension, impaired vascular
function, and Type 2 diabetes, and the increased

risks of cardiovascular diseases and diabetes in the

affected children will

lives'?) .

continue into their adult
Data from the International Obesity Task
Force ( IOTF ) indicated that the rate of overweight
children aged 6 to 8 years was from 10. 5% to

25.6% in some countries >’ .

For example , in recent
years , a rapid increase in childhood obesity has no-
ticeably occurred within Beijing'*' .

It is estimated that 95% of childhood obesity is
simple obesity”’. Many genetic and environmental
factors may have been involved in the complex patho-
genesis process leading to the development of child-
hood obesity. Although several studies have been
carried out to examine the risk factors of childhood
obesity'** | the results have not been consistent.
Furthermore , the rapid economic development and
the shift from the traditional life-style to a more

Western life -style in China, especially among young
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children, may have a major impact on childhood
obesity. The objective of this study was to examine
the prevalence and the risk factors of childhood obe-
urban  south  China I0TF

sity in using  the

standards'”’ .

1 MATERIALS AND METHODS

1.1 Samples and subjects

This study was carried out between March and
June , 2005, in Changsha and Shenzhen in China. We
used a multi-stage cluster sampling method to select 15
elementary schools for this study. During the first
stage , we selected the Kaifu District in Changsha city
in Hunan Province and the Nanshan District in
Shenzhen city in Guangdong Province. During the
second stage , we randomly selected 10 of 62 elementa-
ry schools in Kaifu and 5 of 45 in Nanshan.
1.2 Collection of data

Data on age and gender for all children aged 6 to
9 years in the selected schools was collected and their
height and weight were measured. The Cole criteria
were used to classify childhood obesity by body mass
index ( BMI; kg/m®)""). Briefly, a child with BMI
equivalent to an adult BMI of 30 and above was diag-
nosed as obese , and a child with BMI equivalent to an
adult BMI between 25 and 30 was diagnosed as over-
weight (Tab. 1). A case-control study was conducted

in 209 obese children and 209 control children of nor-
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mal weight. The cases and controls were matched by
school (same ), age ( within 6 months ) , and gender
( same ). Self-designed questionnaire was used to
collect data on the obese and control children’ s paren-
tal and family information, maternal and perinatal con-
ditions , feeding during the first 6 months of life , and

diet and exercises during childhood. We also conducted

parental anthropometric measurements .

Tab. 1 Corresponding BMI criteria for overweight and obese
male and female children aged 6 to 9 years according

to adult criteria

BMI =25 (adult overweight criteria) BMI =30 (adult obesity criteria)

Age
Male Female Male Female

6.0 17.55 17.34 19.78 19.65
6.5 17.71 17.53 20.23 20.08
7.0 17.92 17.75 20.63 20.51
1.5 18.16 18.03 21.09 21.01
8.0 18.44 18.35 21.60 21.57
8.5 18.76 18.69 2.1 2.18
9.0 19.10 19.07 nm 2.81
9.5 19.46 19.45 23.39 23.46

Body weight was measured while wearing single
clothes and no shoes with a PGT-160 pointer ( the ac-
kg ).

Standing and sitting height were measured without wear-

curacy of measurement went down to 0. 1

ing shoes with a TZG stadiometer ( the accuracy of
measurement went down to 0.1 cm ). Chest circumfer-
ence , waist circumference , and buttocks circumference
were measured with a tape measure ( the accuracy of
measurement went down to 0. 1 cm ). Skin thickness
was measured on the upper arm and the back of the
body by trained technicians. All field workers were
trained before the commencement of the study, and an
operating manual was provided to them. All the ques-
tionnaires were filled out by the parents. All the re-
turned questionnaires were examined by the researchers
for consistency and completeness. When a questionnaire
was found to be incomplete or inconsistent , a telephone
follow-up or home visit by the research team was

arranged to obtain the correct information from the

parents.

1.3 Statistical analysis

SPSS for Windows ( Version 13.0) was used for
datum entering, editing, and analysis. We first de-
scribed the distribution of overweight and obese children
by age and gender. We made comparison of the rates
of overweight and obese children by chi-square test,
and the difference is statistically significant when P <
0.05. We then estimated the independent effect of
risk factors for childhood obesity by conditional logistic
regression analysis. Simple obesity was the outcome of
the study. Independent variables included in the re-
gression model were paternal obesity , maternal obesity ,
maternal weight gain during pregnancy , birth weight ,
feeding mode before 6 months of age, the time of
adding meat to a child’ s diet, frequency of having
Western snacks, duration of a meal, duration of
watching TV per day, and duration of playing outside
per day.

2 RESULTS

A total of 6288 children aged 6 to 9 years (3 306
boys and 2 982 girls) in the 15 participating elemen-
tary schools were examined ( response rate 100% ).
Among them, 641 (10. 19% ) were overweight and
226 (3.59% ) were obese. The rates for overweight
and obese children were significantly higher in boys
than girls (Tab. 2). A U-shaped association between
and BMI at childhood was

birth weight observed

(Fig. 1).

Tab. 2 Comparison of the rates of overweight and obese
male and female children in Changsha and Shen-

zhen, China

Screened Overweight Obesity
Groups
Number Number ~ Prevalence/% Number  Prevalence/%
Gender Male 3306 418 12.64% % 178 538"
Female 2982 223 7.48 48 1.61
City  Changsha 4299 399 9.28" 142 3.30
Shenzhen 1989 242 12.17 84 4.22
Total 6288 641 10.19 226 3.59

Compared with female, # # P <0.001; Compared with Shenzhen, ##P <0.001.
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Fig. 1 Relationship between birth weight and BMI.

Two hundred and nine (92.5% ) obese chil-
dren and 209 control children with normal weight were
the The

showed that paternal obesity , maternal weight gain

included in case -control  study . results
during pregnancy =15. 0 kg, birth weight =4. 00
kg, unhealthy snacks =1 per week, and watching

television =2 h per day were independently related to

childhood obesity ( Tab. 3).

Tab. 3 Risk factors for simple obesity in children aged 6 to 9 years in China in a case-control study

Crude Adjusted
Risk factors Exposed/Non exposed b ¢

OR OR 95% CI OR OR 95% CI
Paternal obesity BMI=25.0 / <25.0 38 62 1.63  1.09 -2.43 1.78 1.01-3.16
Maternal obesity BMI=25.0 / <25.0 8 24 3.00 1.40-6.42 1.79  0.64 -5.00
Maternal weight gain during pregnancy =15.0 kg / <15 kg 17 105 6.18 3.95-9.67 5.22  2.78-9.80
Birth weight =4.00 kg / =2.50 kg and <4.00 kg 21 48 2.29 1.39-3.77 2.55 1.24-5.26
Feeding mode before 6 months old Artificial / Breast 47 80 1.70 1.19-2.43 1.74  0.95-3.20
Time of adding meat to a child’ s diet Before 6 months / after 6 months 59 92 1.4 1.12-2.17 1.87  0.76 -4.59
Frequency of having Western snacks per week =1/ <1 28 49 1.75 1.11-2.77 3.94 1.11-13.99
Duration of a meal <15 min / >15 min 51 80 1.57  1.11-2.23 1.51 0.78-2.94
Duration of watching TV per day =2h/ <2h 20 38 1.90 1.12-3.23 2.35 1.01-5.47
Duration of playing outside per day <2h/ >2h 53 83 1.57 1.11-2.21 1.44  0.72-2.85

b: Case is unexposed but control is exposed; c¢: Case is exposed but control is unexposed.

3 DISCUSSION

Our study of 6 288 school children aged 6 to 9
years in Changsha and Shenzhen in China showed
that the rates of overweight and obese children were
10.19% and 3. 59% .
with the TOTF reports®’ | which suggests that child-

These rates are consistent

hood obesity has already become an important public
health problem in China, especially in urban China.
We also found that the rate of obesity in boys was
higher than that in girls. This finding is consistent
with the data from other studies of the Chinese popu-

81 but is different from the results from non-

[9]

lation
Chinese populations Chinese culture favors boys.
Reasons for the boy preference in China are not
clearly understood. Due to lack of a social security

system in China, parents rely on their sons’ eco-

nomic support when they get old. Daughters usually
live with their husbands’ families after marriage and
cannot provide the same level of support to their own
parents as sons do. Moreover, family names are
considered an important symbol of the family and
children are usually named after the husband ’ s fam-
ily name. Another interpretation of the difference in
obesity between boys and girls is that parents tend to
overfeed boys because physical strength is considered
the most important health issue for them while for
girls staying slimmer is a sign of beauty' '’

It is interesting that in our data, a U-shaped
association between birth weight and BMI at childhood
was observed. This observation is similar to the asso-
ciation of birth weight and Type 2 diabetes, with
both low birth weight and macrosomia associated with

Increased BMI or
obesity during childhood is a risk factor of Type 2

. . . 11-12]
an increased risk of diabetes!
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diabetes'”' . The
growth -related Type 2 diabetes may represent different

slow growth- and accelerated
disease mechanisms, and both may be modified by
growth during infancy and childhood " . Infants
with high birth weights tend to have a large mass of
lipocytes , which once formed, are difficult to be
removed or reduced , and thereby provide a founda-
tion for the development of obesity!"”’. Low birth
weight is also considered to be a risk factor for

childhood obesity!"*?) .
birth weight on childhood obesity was not statistically

However, the effect of low

significant in our study. This may be caused by the
small number of children with low birth weight. Fur-
ther studies are needed to explore the real reasons
why low birth weight was not statistically significant
after adjustment for confounding factors.

In the case-control study, we found that paren-
tal obesity was related to childhood obesity. This
finding is consistent with results from several previ-

ous studies'*'"’

, which suggests that a genetic factor
is an important determinant of childhood obesity.
The study of Liu et al. "’ offered a potential mecha-
nism. Excessive weight gain during pregnancy in-
creased the risk of childhood obesity , which is simi-
lar to the finding of Szostak - Wegierek , et al. '*'.
Weight gain during pregnancy measures, at least in
part, the amount of energy intake of the mother
and the amount of maternal energy intake will affect
fetal growth. Because the fetus is sensitive to mater-
nal energy intake and there is a rapid increase in
the volume of lipocytes during 24 to 37 weeks gesta-
tion'”’ | maintaining a normal but not excessive
weight gain, especially during 24 to 37 weeks ges-
tation , may be an important issue in the prevention
of childhood obesity.

The risk of developing childhood obesity sub-
stantially increased in children who were not breast

Adding
meat to the diet of a child before 6 months of age

fed during the first 6 months after birth.

also increased the risk of childhood obesity. These

findings are consistent with those of Ong, et

al. "% However, the association between these
two risk factors in childhood obesity disappeared
when potential confounding factors were adjusted.

Feeding for children younger than 6 months old is

usually based on the parents’ judgment. This may
explain why the effect of feeding practice in infancy
on childhood obesity disappeared when the risk factor
of parental characteristics was adjusted.

As it is consistent with previous studies>?" |
we found that diet and exercise during childhood
were important risk factors for the development of
childhood obesity in urban Chinese school age chil-
dren. These findings emphasize that actions need to
be taken to change the behaviors of school children
and to launch major educational campaigns in China
before the situation becomes uncontrollable.

In summary, the present study shows that
childhood obesity has become a major public health
problem in south China, especially for boys with one
or more of the following ;: a higher birth weight, one
or both obese parents, a mother who gained too
much weight during pregnancy, or an unhealthy life -

style. A U-shaped association between birth weight
and BMI at childhood was observed.

ACKNOWLEDGEMENTS

We wish to express our sincere gratitude to the
staff at the Nanshan Center for Disease Prevention
and Control , Shenzhen, Guangdong, and the Kaifu
Center for Disease Prevention and Control , Chang-
sha, Hunan, China for their collaboration in the
field work. We also thank Richard M. Reznick for
his comments about the manuscript. This research
was supported by the University of Ottawa 2004 -
2005 Initiation of Research ( IR) Grant.

REFERENCES .

[1] World Health Organization. Obesity and overweight [ EB/
OL]. [2009-08-06].
centre / factsheets / fs3 11/ en/ index. html.

[2] Burke V. Obesity in childhood and cardiovascular risk [ J ] .
Clin Exp Pharmacol Physiol, 2006, 33(9) :831-837.

[3] International Obesity Task Force. The global challenge of

http : // www. who. int/ media-

obesity and the international obesity task force [ EB/OL ] .
[2009-08-06]. http://www. iuns. org/ features/ obe-
sity / obesity . htm # International % 20 Obesity % 20 Task %
20 Force.

[4] Mi]J, Cheng H, Hou D Q, et al. Prevalence of overweight
and obesity among children and adolescents in Beijing in

2004 [ J]. Chin J Epidem, 2006, 27 (6):469-



16 FrEg R (BE2ERR) ,2010,35(1) http : //xbyx. xysm. net
474. [ M ]. Beijing: People’s Medical Publishing House,
[5] EHEE. ILBZIM]. %4 M. dbat: AR T AR 1982:136-160.
¥ ,1996.68-88. (18] Ong K K, Ahmed M L, Emmett P M, et al. Association
WANG Mudi. Pedology [ M ]. Beijing: People ’ s Medical between postnatal catch -up growth and obesity in childhood ;
Publishing House , 1996 :68-88. prospective cohort study [ J ]. BMJ, 2000, 320
[6] Moraes S A, Beltran Rosas J, Mondini L, et al. Preva- (7240) :967-971.

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

lence of overweight and obesity, and associated factors in
school children from urban area in Chilpancingo, Guerrero ,
Mexico, 2004 [ J ]. Cad Saude Publica, 2006, 22
(6):1289-1301.

Cole T J, Bellizzi M C, Flegal K M, et al. Establishing a
standard definition for child overweight and obesity world-
wide ; international survey [ J ]. BMJ, 2000, 320
(7244) . 1240-1243.

Liu J X, Huang Z N, Su H W. Analysis on situation of
obesity and its influence factors in children [ J]. Chin J
Public Health, 2006, 22(9) :1032-1033.

Kruger R, Kruger HS , Macintyre UE. The determinants of o-
verweight and obesity among 10- to 15 -year-old school chil-
dren in the North West Province , South Africa— the THUSA
BANA ( Transition and Health during Urbanisation of South
Africans ; BANA , children ) study [ J ]. Public Health
Nutr, 2006, 9(3) :351-358.

Li H. The actuality and countermeasure of child obesity
[J]. Chin J Med, 2005, 40(5) :7-8.

Pettitt D J, Jovanovic L. Birth weight as a predictor of type
2 diabetes mellitus ; the U-shaped curve [ J]. Curr Diab
Rep, 2001, 1(1):78-81.

Wei J N, Sung F C, Li C Y, et al. Low birth weight and
high birth weight infants are both at an increased risk to have
type 2 diabetes among schoolchildren in Taiwan [ J ] . Diabe-
tes Care, 2003, 26 (2) :343-348.

Roszkowska - Blaim M.
kidney [ J]. Przeql Lek, 2006, 63 ( suppl 3) :25-28.
Eriksson J G, Forsen T J, Osmond C, et al. Pathways of
infant and childhood growth that lead to Type 2 diabetes
[ J]. Diabetes Care, 2003, 26(11) :3006-3010.
Eriksson J G, Forsen T, Tuomilehto J, et al. Effects of

size at birth and childhood growth on the insulin resistance

Influence of obesity in children on

syndrome in elderly individuals [ J]. Diabetologia, 2002,
45(3):342-348.

Hales C N, Barker D J, Clark P M S, et al. Fetal and in-
fant growth and impaired glucose tolerance at age 64 [ J].
Br Med J, 1991, 303(6809) :1019-1022.
K. WREJF I WA RGE R M].
AR T A, 1982:136-160.

ZHU Xianyi. Internal Medicine ; Endocrine System Diseases

Jbat:

[19]

[20]

[21]

[23]

[24]

[25]

[26]

[27]

Eriksson J, Forsen T, Tuomilehto J, et al. Size at birth ,
childhood growth and obesity in adult life [ J]. Int J Obes
Relat Metab Disord , 2001, 25 (5) :735-740.

Ozanne S E, Fernandez-Twinn D, Hales C N. Fetal growth
and adult diseases [ J ] . Semin Perinatol , 2004 , 28 (1) .
81-87. ( Review)

XIWRAT, B, M, . ALK B-WEMEZKRER
WisfE 2B LA SN XERIT]. TR RE¥
W BE2FRR,2007, 32 (3):359-367.

LIU Zhaogian, MO Wei, HUANG Qiong, et al.

polymorphisms of human B2 adrenergic receptor genes and

Genetic

their association with obesity [ J ]. Journal of Central South
University . Medical Science, 2007, 32 (3) :359-367.
Szostak - Wegierek D, Szamotulska K, Szponar L. Influence
of maternal nutrition on infant birthweight [ J ]. Ginekol
Pol, 2004, 75(9) :692-698.

Ong K K, Emmett P M, Noble S, et al. Dietary energy in-
take at the age of 4 months predicts postnatal weight gain and
childhood body mass index [ J]. Pediatrics, 2006, 117
(3):503-508.

Buchan I E, Heller R F, Clayton P, et al. Early life risk
factors for obesity in childhood ; early feeding is crucial target
for preventing obesity in children [ J]. BMJ, 2005, 331
(7514) :453-454.

Johnson D B, Gerstein D E, Evans A E, et al. Preventing
obesity ; a life cycle perspective [ J]. J Am Diet Assoc,
2006, 106(1):97-102.

Goldfield G S, Mallory R, Parker T, et al.

open -loop feedback on physical activity and television viewing

Effects of

in overweight and obese children; a randomized , controlled
trial [ J]. Pediatrics, 2006, 11(1) :157-166.

BRI B ME A, X HE DY, L IR RSB A A RiE
BB EG S EM R LT]. Rl B
R, 2007, 32 (4):671-674.

LIANG Ying, XIE Xiongwei , LIU Yanfang, et al. Effect of
diet control combinated with aerobic exercise on the metabolic
Journal of Central South University. Medical

syndrome [ J ] .

Science , 2007, 32 (4) :671-674.

(Edited by CHEN Liwen)



