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ABSTRACT
Childhood obesity in China: prevalence, determinants and health
Ph.D.-thesis by Yanping Li, Division of Human Nutrition, Wageningen University,
Wageningen, The Netherlands. The National Institute for Nutrition and Food Safety,
Chinese Center for Disease Control and Prevention, Beijing, China. 2007
Over the past two decades, China has been undergoing rapid socio-economic and
nutrition transitions. Along with these transitions, childhood obesity and its related
metabolic and psychological abnormalities are becoming serious public health problems
in China. However, no national figures on the occurrence of childhood obesity, its
determinants and its relationship with metabolic syndrome were available in China,
until now.
Data of 44880 youngsters aged 7-17 years from the nationally representative 2002
China National Nutrition and Health survey was used to study the prevalence of
childhood obesity. This thesis indicates that, the overweight prevalence of Chinese
youngsters was 4.4% and the obesity prevalence was 0.9%, as defined by International
Obesity Task Force criteria. The estimated total number of overweight youngsters was
12 million, which means that one in thirteen overweight children worldwide was living
in China. Both the overweight and obesity prevalence and their increment were higher
in urban than in rural areas and higher in boys than in girls. The prevalence increased
with the family’s income level and the mother’s educational level. Compared with
children with normal weight parents, the prevalence increased if one or both parent(s)
were overweight or obese, up to more than 10 fold (Prevalence ratio 12.2, 95% CI:
7.2-20.7) in case both parents were obese.
Compared to their normal weight counterparts, overweight children consumed
significantly more dietary energy (4.8%), protein and fat, but less carbohydrate; more
cooking oil, meat and meat products, and dairy products, but less cereal grains and

vegetables. On average, overweight children spent half an hour less on
moderate/vigorous activities, and 2.3 hours more on low intensity (sedentary)
activities per week. The prevalence ratio (0.6) of children who walked to and from
school was statistically significant, indicated that children who walked to/from school
have a 60% lower prevalence of overweight and obesity compared to those who went
to/from school by bus. Other significant prevalence ratios were: moderate/vigorous
activities ≥ 45 min/day (0.8); low intensity physical activities >2 hours/day (1.3);
consumption of ≥ 25 g/d cooking oil (1.4); ≥200 g/d meat and meat products (1.5); ≥100
g/d dairy products (1.8).
Overweight and obese children had higher risk of metabolic syndrome, body
dissatisfaction and depression. It is estimated that more than 3 million Chinese
adolescents aged 15 to 19 years have the metabolic syndrome (3.7%). Of the
adolescents having parents with metabolic syndrome, once they are overweight or at
risk of overweight, their risk of metabolic syndrome would be much higher (46.4%).
Overweight girls, but not boys, had mildly but significantly higher total Children
Depression Inventory score; both obese girls and obese boys showed a higher level of
negative self-esteem scores, which was partially explained by body dissatisfaction.
About seven in ten children were not satisfied with their body weight. More than one
fifth underweight girls still wanted to be thinner while more than one third obese boys
wanted to be heavier. Children who wanted to be thinner showed significantly higher
scores of ineffectiveness and negative self-esteem.
In conclusion, obesity is an increasing problem among youngsters in China, especially
in urban areas. Since childhood obesity prevalence is positively associated with
socio-economic status, the rapid economic development in China may result in a sharp
rise in overweight and obesity prevalence unless effective preventive actions are taken.
Fat intake, low intensity activities and active transport to/from school may be suitable
targets for overweight prevention among Chinese school children.
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Introduction

Introduction

Over the past two decades, China has been undergoing rapid socio-economic and
nutrition transitions. A 10-fold increase in the gross domestic product parallels an
increase in more energy-dense foods, a decrease in transport related physical activity,
and an increase in leisure time inactivity.1,2 With these rapid transitions, China is
experiencing a shift from under- to over-nutrition problems. Overweight prevalence
increased from 6.4% to 7.7% during 1991-1997 based on a survey in eight provinces.3
In developed countries and to a lesser extent in China the rise in childhood obesity was
reported to be related to an increase in metabolic and psychological abnormalities.4-18
However, no national figures on the occurrence of childhood obesity, its determinants
and its relationship with metabolic syndrome are currently available in China.
This thesis presents 1) national estimates of overweight and obesity prevalence for
youngsters aged 7-17 years in China in 2002, as well as the trend in the last 20 years; 2)
information on the determinants of childhood obesity in China; 3) national estimates of
metabolic syndrome prevalence and distribution among Chinese youngsters in 2002; 4)
the relationship between body weight, body dissatisfaction and depression symptoms.
In this first chapter, we will display the worldwide epidemic of childhood obesity, and
its determinants. The related metabolic and psychosocial abnormalities will be
discussed next. Against this background, the aims, research questions, and the outline of
the thesis will be presented.

PREVALENCE OF CHILDHOOD OBESITY AND TRENDS
According to the latest estimates by the International Obesity Task Force (IOTF), ten
percent of the world’s school-aged children are estimated to be overweight, a total of
155 million.19 Approximately 30-45 million within that figure are classified as obese accounting for 2-3% of the world’s children aged 5-17 years.19 Prevalence varies greatly
worldwide. By the IOTF definition, more than 30% children in the Americas, around
20% in European countries, and less than 10% in Asia-pacific countries are overweight
(including obesity).19
Increasing trends of childhood obesity prevalence have been observed in both
developed and developing countries.3,20-22 The prevalence of overweight among non-
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Hispanic black and Mexican-American adolescents increased more than 10 percentage
points between 1988-1994 and 1999-2000.22 The latest figures in England,23 based on
official data from the Health Survey for England for 2001/2, show that rates of
overweight among both boys and girls in the 7-11 year age groups are four times the
level found 30 years ago. The original overweight figure in 1974 was 7%, rose to 20%
in 1998, and leapt even higher to 27% four years later. The percentage of obese children
in this age group increased from 1% in 1974 to 7% in 2001/2. The prevalence of obesity
in Cremona (Italy) children aged 6-11 years rose from an overall level of 6.1% in 1990
to 13.6% in 1998. In Brazil, the prevalence of overweight increases from 4.1% in 1975
to 13.9% in 1997.24,25 Data from eight provinces in China show a similar but weaker
trend, from 6.4% in 1991 to 7.7% in 1997.3
Previous studies conclude that the prevalence of obesity is negatively correlated with
socioeconomic status (SES) in developed countries, in contrast, positively correlated
with SES in developing countries.19,26-28 For example, in the US, overweight is high in
rural areas, in poor families, and in children of mothers having low education level.27-31
To the contrary, Brazilian adolescents of the high-income group are two to three times
more liable to overweight and obesity, and the prevalence is higher in urban than in
rural areas.24,25 Similar results are also found in China.32 A survey in four provinces
showed that obesity is more common in urban areas, positively related with family
income level and more common in children of mothers with higher education. The
possible explanation is that those with higher income and education, urban living are
more likely to be “westernized” and therefore experience higher risk of obesity.32
Nationally representative data for childhood obesity are available in many developed
countries and some developing countries. Such as the “National Health and Nutrition
Examination Survey” in US,22 “Health Survey for England” in England,23 “Estudo
Nacional sobre Despesa Familiar–ENDEF” in Brazil.24,25 In China, several surveys have
examined the problem of childhood obesity. The “National Surveys on Students
Constitution and Health”33 routinely investigate the obesity prevalence in 31 provinces
of China, but are only limited to students. School-aged children not going to school are
not included. The “China Health and Nutrition Survey”34 is based on data from eight
provinces and the “Dietary Behaviour Survey in 4 cities”32 from four provinces. They
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all provided valuable information on childhood obesity in China, but are not nationally
representative.
In conclusion, childhood obesity is rapidly emerging as a global epidemic that will
have profound public health consequence. National estimates of the problem are
necessary for both public health research and policy making. Up till now no national
figures of the occurrence of childhood obesity and its distribution are available in
China.

DETERMINANTS OF CHILDHOOD OBESITY
The epidemic of obesity results from a combination of genetic susceptibility, increased
availability of high-energy foods and decreased opportunities for physical activity.19,35-38
Family and genetic effect
It is clear that obesity often tracks in families. Family studies yield estimates of the
fraction of the variation in the population that is inherited (the heritability).39 Having
obese relatives increases one’s risk for obesity, even if family members do not live
together or share the same patterns of exercise and food intake.40-42 A review by Allison
et al.35 note that adoption and family studies have found heritability in the range 25–
50%, while monozygotic twin studies report a heritability of BMI as high as 85%, with
the typical estimate of heritability at 50%, meaning about one-half of the variation in
body mass within a population is a result of inherited factors. 40,41,43 Genetic research
suggests that, overall, more than 600 genes, markers, and chromosomal regions have
been associated or linked with human obesity phenotypes.44
Previous studies indicate that parental body weight is the most potent risk factor for
childhood obesity.45-49 Treuth and colleagues48 found a stepwise increase in gains in fat
mass and percent body fat over time occurred with increasing parental body weight
status. The association reflects both genetic and environmental influence on the
development of overweight. Besides the high genetic similarity among members of a
family,47 parents play an important role in the development of children’s physical
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activity patterns,46 eating behaviors and attitudes.45 Parents’ socioeconomic status also
has important effect on childhood obesity.27,30,31
However, rapid changes in the numbers of obese children within a relatively stable
population do not indicate a change in genetic background. Genes for overweight only
express where the environment allows and encourages their expression. These obesitypromoting environmental factors are sometimes referred to as ‘obesogenic’ (or
‘obesigenic’).19 Allison et al.35 review previous studies and suggest that some 10% of
the population may become overweight even in environments that mitigate weight gain,
and a similar proportion of the population might have a strong genetic predisposition to
remain thin even in obesogenic environments. The majority of the population carries
combinations of genes that may have evolved to cope with food scarcity. Such a genetic
predisposition is maladaptive in an environment of ready availability of calorie-dense
food and where low energy expenditure is the norm. It has been said that a child’s
genetic make-up ‘loads the gun’ while their environment ‘pulls the trigger’.50
Energy, nutrients and food pattern
Total energy intakes, as assessed by the doubly labelled water method, predicts
increases in body fat during childhood. The WHO MONICA Project indicates that
between country differences in temporal trends of total energy supply per capita explain
41% of the variation of the trends in mean BMI, the effect is similar upon the
prevalence of overweight and obesity. Trends in percent of energy supply from total fat
per capita explain 7% of the variation of the trends in mean BMI when the total energy
supply per capita is adjusted for. 51
The key dietary factors that have been most often associated with weight gain or obesity
include high dietary fat intakes,52-54 overconsumption of energy-dense foods,55,56 and
based on recent research, diets characterized by a greater reliance on carbohydrate-rich
foods with a high glycemic index compared to those with a low glycemic index.57
Consumption of high fat foods is thought to be a particularly powerful predictor of
weight gain because of the efficiency with which fat is metabolized and its high caloric
density and palatability. Furthermore, because fat intake produces weak satiety signals
relative to other macronutrients, it results in greater overall intake.26 Experiments in
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laboratory animals have repeatedly shown that there is a strong positive relationship
between dietary fat intake and body weight.58,59

Using laboratory techniques to

determine body composition and energy expenditure, the body fat mass was positively
correlated with intakes of total fat, saturated and monounsaturated fatty acids.60 In
contrast to animal experiments and clinical studies, the epidemiologic studies of diet
and body weight have shown mixed results, ranging from a positive to an inverse
relationship.61-63 Cross-sectional studies are generally in agreement that dietary fat is
positively associated with relative weight,62 whereas the prospective studies of diet in
relation to weight change give inconsistent results.53,61,63 Fiber limits energy intakes by
lowering a food’s density and allowing time for appetite control signals to occur before
large amounts of energy have been consumed. As reviewed by Drewnowski et al,
energy density is related to the diet’s fat content and higher energy intakes, usually fail
to suppress appetite, and in some cases, associated with modest weight gain.64
Analyzing food balance data from developing countries, Drewnowski and Popkin65
suggested that the classical correlation between income and dietary pattern has been
drastically changed by the globalization of food production and marketing. Even lower
income countries appear to consume a higher percentage of calories from fat, a fact
attributed to the widespread availability and low cost of vegetable oils.66 There is
increasing evidence that dairy intakes are associated with body weight regulation among
both adults67-69 and children.70-74 Increasing dietary calcium may lessen diet-induced
adiposity by modulating adipocyte intracellular Ca2+ and thereby leading to a reduction
in lipogenesis and the stimulating of lipolysis.70-76 Other compounds within dairy
products, such as whey protein,70-74,76 conjugated linoleic acid,77 and branched chain
amino acids,78 may also act in concert with dietary calcium to produce antiobesity
effects. Fruit and vegetable consumption may affect energy intake and body weight
because these foods are high in water and fiber and low in energy.79 Increased
consumption of fruit and vegetables could help to reduce energy intake, promote satiety,
and aid weight management.80 Of the two cross-sectional analyses in children, one
shows that lower vegetable intake was associated with overweight in both boys and
girls,81 whereas the other showed an association in boys only.82
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Energy expenditure, physical activity and sedentary behavior
A second determinant of obesity that follows from the energy balance model is caloric
expenditure. When the level of total caloric expenditure is lower than caloric intake,
accumulation of adipose tissue ensues. Thus, low physical activity and/or increasing
sedentariness are widely thought to be related to weight gain.83 Childhood overweight
has been found in some studies to be associated with low levels of physical activity84,85
and high levels of sedentary activities,63 although these findings are not universal.86,87
High daytime activities, measured by a motion sensor, of children aged 4-8 y of age has
been associated with reduced childhood adiposity.88 Furthermore, increasing physical
activity levels have been associated with reduced levels of body fat in preschool
children and young school-aged children.89-91 The meta-analysis by Rowlands et al.92
concluded that there was a weak to moderate relation between body fat and activity in
children. Physical activity level has been shown to be inversely associated with
percentage body fat in both younger children and adolescents with correlation of -0.52
and -0.53, respectively.90,93
In adults, walking has been demonstrated to be beneficial to health and weight
control,94,95 while motorized vehicle use seems to be associated with overweight and
other disorders. Among U.S. young adults, the proportion of individuals using active
transportation is higher among non-overweight compared to overweight ones (to work:
9.2% vs 6.8%; to school: 29.7% vs 22.6%).94 Among Chinese adults, going to and from
work by walking or bicycle seems to reduce risk of overweight by half compared to
going by bus.96 Men who acquired a motor vehicle experience a 1.8 kg greater weight
gain and have two to one odds of becoming obese.97
Multivariate studies have found that television viewing and video games playing for
longer periods of time promotes obesity.86,98-105 Andersen reported that boys and girls
who watch four or more hours of television each day have more body fat and a greater
body mass index than those who watch less than two hours per day recently.103 Dietz
and Gortmaker104 reported that the amount of television viewing is related to obesity in
both cross-sectional and longitudinal investigations and this result was repeated in
1996.105 The results show a strong dose–response relationship between number of
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hours of television viewing and the prevalence of overweight at the end of the period,
even after adjusting for previous overweight, baseline maternal overweight,
socioeconomic status, household structure, ethnicity, and maternal and child aptitude
test scores. Those children watching television the most (over 5 h day-1) were five times
as likely to be overweight than those watching fewer than 2 h day-1.
Socioeconomic status
Socioeconomic status (SES) is usually presented as a composite index combining
income, education, occupation and, in some developing countries, place of residence
(urban/rural). 26
The relation between the prevalence of obesity and socioeconomic status has been
reviewed by Sobal and Stunkard.27 They concluded that obesity was negatively
correlated with obesity in developed countries, but is positively related with obesity in
populations of developing countries. In China, Ma et al.32 found significantly more
obese children in high-income families than in low-income families. This confirmed
previous findings in Brazil, where Brazilian adolescents in a high-income group were
two to three times more liable to obesity than their lower-income counterparts.106
Martorell et al. showed that in developing countries overweight was more common in
children of mothers with higher educational achievement.107 In China, children of welleducated parents tended to be more obese than their counterparts with poorly educated
parents.32 Parents’ educational level with higher income may be associated with
increased away-from-home consumption of high fat items and increased consumption
of meat, and/or more sedentary transportation, less house work, and less active work,
which in turn is associated with higher risk of developing childhood obesity.26
In conclusion, obesity is a multi-factorial disease and its development is the result of
multiple interactions between genes and environment. Dietary factors and physical
activity patterns have a strong influence on the energy balance and can be considered
to be the major modifiable factors through which many of the external forces
promoting weight gain act. Higher socioeconomic status may be linked to high risk of
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obesity. National estimates of the determinants of childhood obesity would be very
important for developing prevention programs in China.

METABOLIC SYNDROME
Obesity is now so common that it is beginning to replace under-nutrition and infectious
diseases as the most significant contributor to ill health. In particular, obesity is
associated with diabetes mellitus, coronary heart disease, dyslipidemia, as well as
metabolic syndrome.
Metabolic syndrome refers to a clustering of specific cardiovascular disease risk
factors.108 There are several syndrome definitions for adults, such as the World Health
Organization (WHO) criteria109 and the Third Report of the National Cholesterol
Education Program’s Adult Treatment Panel (ATP III) criteria.110,111 Pediatric metabolic
syndrome has been reported in many populations, but the results are incomparable
because a unanimous definition is lacking4,6,9-12. Based on the ATP III criteria110,111,
Cook et al.5 proposed pediatric metabolic syndrome criteria for U.S. children and
adolescents defined as having three or more of the following abnormalities: high fasting
glucose level, hypertension, abdominal obesity, high triglyceride level and low highdensity-lipoprotein cholesterol (HDL-C) level.
High fasting glucose
Body mass index is a significant predictor of both glucose and insulin levels,
independent of age and sex.112 Obesity beginning in childhood often precedes the
hyperinsulinemic status.113 Obesity leads to insulin resistance and increases circulating
insulin concentrations over time. It seems that at some point a loss of control of blood
glucose begins to emerge, resulting in dietary glucose intolerance. This ultimately
results in type 2 diabetes.113 In a study of childhood diabetes, Scott et al.114 found
excess body weight among over 90% of adolescents with type 2 diabetes while among
children with type 1 diabetes excess bodyweight was found in about 25% of cases.
Obese children are at increased risk of being classified as having diabetes or impaired
fasting glucose (odds ratio 5.1, 95% CI 1.51, 17.0).112 Parallel to the increase in
prevalence and severity of obesity in childhood and adolescence, the frequency of
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diabetes seems to increase.113,115,116 In Cincinnati the prevalence of adolescent type 2
diabetes increased 10-fold from 0.7 to 7.2 cases per 100 000 population in the period
1982 to 1994.115
Hypertension
Although hypertension is a less common medical consequence of childhood obesity
than of adult obesity, several studies have shown an association between blood pressure
and BMI in obese children and adolescents.117-120 Obese adolescents have a blood
pressure distribution that is skewed to the right.119 The mean blood pressure for the
obese group is one standard deviation higher than the mean blood pressure for the
general population.119 Obesity is frequently associated with hypertension in children.
Up to 30% of obese children suffer from hypertension,117 and among adolescents one
survey found 56% of those with persistently elevated blood pressure are also
overweight.121 Another study has shown that overweight school children were 2.4 times
as likely as normal weight children to have an elevated level of diastolic blood pressure,
and 4.5 times to have elevated systolic blood pressure.118 Among Chinese students aged
6-15 years, Wang et al.120 found that the relative risk for hypertension in overweight
and obesity groups were 3.0 and 4.9, respectively, as compared to their normal weight
counterparts. The most reasonable hypothesis to explain the pathogenesis of obesity
hypertension is that hypertension is primarily related to selected insulin resistance,
which could result in sodium retention and alterations in ion transport. 119,122-124
High triglyceride level and low HDL-C level
Childhood obesity has been frequently observed to be associated with a significant
decrease in HDL-C and increased levels of triglycerides.118,125,126 Increases in the body
mass index have been found to be associated with the levels of triglycerides and HDL-C,
as well as the risk of elevated triglycerides and decreased HDL-C, in both US and China.
11,118,127

The Bogalusa Heart Study indicated that overweight schoolchildren are 7.1

times as likely as their normal weight counterparts to have an elevated level of
triglycerides and 3.4 times to have low HDL-C.118 Steinberger and Rocchini have
determined that the lipid abnormalities observed in obese adolescents are directly
associated with insulin resistance.113,119 It is suggested that hyperinsulinemia increased
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triglycerides through enhanced hepatic very-low-density-lipoprotein synthesis and
through a defect in very-low-density-lipoprotein removal.

An increased rate of

degradation of the apoprotein angiotensin I (the major lipoprotein in HDL-C) is
believed to be a major cause for the reduced level of HDL-C observed in many insulin
resistant subjects.119
Clustering of the risk factors
The combination of cardiovascular risk factors has been well documented in adults.111
Recent studies have shown that potential risk factors for cardiovascular diseases already
tend to cluster in childhood and they are strongly associated with obesity.4-7,11,118
Metabolic syndrome is found in nearly 1 in 10 American adolescents, two third has at
least one metabolic abnormality. Nearly one third (31.2%) of overweight/obese
adolescents have metabolic syndrome.7 The prevalence of the metabolic syndrome
increases with the severity of obesity and reaches 50 percent in severely obese
youngsters.11 The use of overweight as screening tool could identify 50% of
schoolchildren who had two or more risk factors.118 In Hungary, the percentage of obese
children who had at least 1, 2, 3 and 4 risk factors were 33.3%, 28.3%, 15.0% and 8.9%,
respectively, while in the normal weight group, it was 16.7%, 3.8%, 0.4% and 0,
respectively.6 A recent report of adolescents in Taiwan found that 55% overweight girls
and 70% overweight boys had at least one risk factor and 25% had two or more.4
Hypertension and hyperlipidemia were also found in Chinese overweight and obese
children, though no mention was made of the metabolic syndrome until recently.
Hypertension prevalence of normal weight, overweight and obese children was 6.7%,
19.7% and 32.2%, respectively.120 An increasing trend of serum total cholesterol and
triglyceride and a decreasing trend of HDL-C are found with increasing BMI.128
Increased clustering of cardiovascular disease risk factors is found with elevated levels
of BMI among Chinese adults.
In conclusion, as childhood obesity increases, its medical consequences are becoming
more common and more frequently recognized. Although studies have examined
metabolic abnormalities, the metabolic syndrome has not been well characterized in
Chinese children and adolescents at the national level.
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PSYCHOLOGICAL STATUS
Obesity is a stigmatizing condition, because obese people live in a culture that
condemns their physical appearance, and perhaps more importantly, blames them for it.
It is conceivable that they would suffer emotionally from the negative attitudes, and
discrimination.129-132 Children as well as adults stereotype the obese as lazy, ugly and
stupid, and weight-related teasing is common place.129-132 As a result, it has been
assumed that obese people, especially children and adolescents, will experience poor
psychological as well as physical health. Psychological problems associated with
childhood obesity include negative self-esteem, poor body image, depression, avoiding
interaction with peers, school performance difficulties, anxiety, lack of emotional wellbeing and the feeling of chronic rejection.132
Body image and body dissatisfaction
In 1935, Schilder defined body image as “the picture of our own body which we form in
our own mind”. Body image is an important underlying psychological factor associated
with body weight. Overemphasis on thinness among children and adolescents may lead
to negative self-esteem, depression, unhealthy dieting practices and eating disorders,
whereas underestimation of body weight may increase risk of the development of
overweight and obesity.26
Body dissatisfaction is most frequently defined as the discrepancy between a person’s
perceived size and the size they would like to have, ideally.133,134 There are consistent
findings of a relationship between BMI and body dissatisfaction in children, particularly
in girls.132,135
Consistently, researchers have shown that both boys and girls who have a greater BMI
desire to be thinner.136,137 For example, Rolland et al. found that 78% of the girls who
are overweight want to be thinner while only 30% of the normal-weight girls want to be
thinner. Similarly, 60% of boys who are overweight want to be thinner.137 Page and
Allen found that girls expressing the greatest body dissatisfaction are those who believe
they are overweight.138 Several studies of children in the USA and England have
revealed that, the majority of girls agree that it is bad to be fat, half express a desire to
be thinner, and about a third express a fear of becoming fat.137,139,140 BMI influences the
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children’s perception of ideal size. Overweight and obese children are more likely to
select thinner figure as the ideal size than non-overweight children, the higher the BMI,
the thinner the ideal body size that was chosen (correlation coefficient -0.16 for boys
and -0.11 for girls).141
Community-based cross-sectional studies document greater body dissatisfaction in
heavier children and adolescents.

142-149

Studies among adult women and adolescent

girls have shown a connection between body weight and body dissatisfaction.150,151
Body dissatisfaction was also found in overweight boys, but to a lesser extent.152
Davison et al.153 found that this already starts at the age of 5 years, that is, BMI among
girls of 5 years is associated with body dissatisfaction, but lower than at the age of 9.
Among 11,868 Native American adolescents, Neumark-Sztainer et al.154 reported that,
weight dissatisfaction is expressed by 30.7%, 44.8%, and 55.9% of non-overweight,
moderately overweight and very overweight boys, respectively. Weight dissatisfaction
is expressed more frequently by girls: 59.1%, 76.9% and 84.4% among non-overweight,
moderately overweight and very overweight girls, respectively.154
The association between BMI and body dissatisfaction is also found in prospective
studies.

Presnell et al. found higher BMI is associated with increases in body

dissatisfaction 9 months later in girls.145 In addition, girls who show greater increases in
weight across age 7 to 9 reported greater increases in body dissatisfaction. Stice and
Whitenton146 also found the elevated adiposity emerged as one of the most potent
predictors of increases in body dissatisfaction. Results from a meta-analysis suggest that
being overweight is moderately related to body image distortion and that this effect is
consistent across studies.155 It has been suggested that perceived pressure to be thin
from one’s social environment fosters body dissatisfaction because repeated messages
that one is not thin enough would be expected to produce discontentment with physical
appearance.156,157 There is also experimental evidence that an intervention that decreases
thin-ideal internalization resulted in reduced body dissatisfaction.158
Childhood obesity and depression
The word “depression” can be used to refer to a feeling state or mood, a “syndrome”, or
a psychiatric diagnosis. The typical symptoms associated with a depression include
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dysphonic mood, a sense of worthlessness, or hopelessness, persistent thoughts of death
or suicide, difficulties in concentration or decision-making, disturbance in sleeping or
eating patterns, and a lack of energy.133
A strong link between obesity and depression is often observed in clinical setting
whether the focus of treatment was obesity or a depression disorder.159 The depression
scores in the Children’s Depression Inventory and the prevalence of depressive
disorders in the clinical obese group are significantly higher than in the non-clinical
obese group, while both of the obese groups were more depressed than the control
group.13 In the literature, obese adolescents showed significant depression.14,160,161
Erickson’s population-based samples show manifest more depression symptoms among
overweight girls, but not boys,14 similar to Falkner’s observation.162
A prospective study indicated that chronic obesity in boys is associated with depression
during the 8-year study period.160 Weight loss study found that severely obese subjects,
especially younger women with poor body image, are at high risk for depression.161 A
weight loss was associated with a significant and sustained fall in depression (Beck
Depression Inventory) scores.161 The results of meta-analysis of obese individuals
presenting for weight loss or general population controls suggest a moderate effect of
obesity on depression and that this result is consistent across studies.155
As number of mechanisms exist through which depression and obesity may be linked or
interact.161 Symptoms of depression correlated significantly with reported body image
dissatisfaction, which may aggravate depression. The severely obese person certainly
suffers stigmatization, and major psychosocial disturbance, which may also cause or
aggravate a depression illness.
Depression may also be linked to weight gain through a number of changes in behavior
leading to changes in diet or physical activity. Some prospective studies indicated that
depressive symptoms would predict obesity onset.163-165 Pine et al.165 showed that
childhood depression was associated with an increased body mass index (BMI) in
adulthood. Depressed mood in adolescence is associated with an increased risk for the
development and persistence of obesity. As indicated by Goodman and Whitaker,163
among those adolescents not yet obese at baseline, the odds of becoming obese in the
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next year are doubled if they had a depression mood at baseline. A four year follow up
study of Stice et al.163 shows more than a fourfold increase in risk for obesity onset for
each additional depression symptom at baseline. So depression may also be cause of
obesity. Studies on the psychological correlates and sequence of obesity have usually
characterized the relationship between depression and obesity as unidirectional,
depression may be cause or consequence of obesity, no conclusion by now.
Childhood obesity and self-esteem
Self-esteem is defined by William James (1890) in terms of a balance between a
person’s attainments and their goals or aspirations. Others emphasize the social aspect
of self, such that whether we have high or low self-esteem depends at least partly upon
how others regard and treat us. In the clinical and public health literature there appears
to be consensus about the fact that self-esteem is one of the casualties of obesity in
children and adolescents. This is in spite of a review of 35 studies by French and
colleagues166 which concluded that the association between obesity and low self-esteem
is modest, and that the scores in overweight and obese children generally fall within the
normal range. Various studies found lower self-esteem among 6-18 years old obese
children, compared with their non-obese counterparts.167-171 The decrease in global selfworth score per 10 kg/m2 increasing in BMI is 0.19.172 Age/gender standardized BMI
accounts for 9% of the variance in appearance self-esteem in children 8 years and
older.173
The association between weight and self-esteem has been found in many cross-sectional
studies including both clinic and community based.147,174-177 Significantly negative
association between adiposity and the level of self-esteem is found in girls as young as 9
years.174 Lean children have higher self-esteem than obese children.178 Zeller et al.177
found a significant proportion of adolescents reporting low self-esteem (based on a
sample of clinical obese subjects) than their normative samples, and in Braet et al.’s
survey,167,179 all obese children regardless of help-seeking had lower self-esteem.
Phillips and Hill’s175 general population based study has shown that overweight is
associated with reduced self-esteem in some, but not all, areas of the lives of British
girls aged 9 years. Based on the school sample of 2863 children aged 5-13 years, Wake
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et al.176 indicated that obese children are twice as likely to suffer low self-esteem as
their normal weight peers. Hill also found that obese young adolescent children were 24 times more likely than normal weight peers to have low perceived athletic competence,
physical appearance and global self-worth.180 French et al.166 reported in their review
that 13 of the 25 published cross-sectional studies show significantly lower self-esteem
in obese youngsters.
A prospective study reported that higher BMI z-score in 5-10 year old children at
baseline predicts poorer self-esteem 4 years later.181 Studies that look at the impact of
weight loss treatment on self-esteem typically report improvements in some if not all
dimensions of self-esteem. Walker and colleagues182 found dose-response effect of
weight loss and improvements of self-esteem, that greater weight loss is associated with
higher increases in self-esteem, which suggest that obesity may be causally related to
lower self-esteem. Influences such as societal emphasis on having a slim figure, high
level of peer victimization, and rejection associated with obesity, as well as beliefs
endorsed by many obese children that obesity hinders social interactions, may lower the
self-evaluations of obese youngsters.
Interaction of body weight, body dissatisfaction, self-esteem and depression
Based on the previously referred studies, we propose perceived pressure to be thin, thinideal internalization and body dissatisfaction are intermediates in the relationship
between overweight/obesity and mood problems for children and adolescents.183,184
Theoretically, elevated body mass results in body dissatisfaction, because being
overweight is not currently considered socially desirable. This body dissatisfaction in
turn may contribute directly to depression, because appearance is a central evaluative
dimension in Western cultures. Several studies have found that body dissatisfaction
increases the risk of subsequent onset of depression among children and
adolescent.15,158,183
In general, the studies found a positive correlation between body image satisfaction and
various measures of self-esteem. Both Wood et al.185 and Tiggemann and WilsonBarrett157 have found overall significant relationships between body dissatisfaction and
self-esteem. Children who report higher levels of body dissatisfaction report lower
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global self-worth, poorer self-esteem, and are generally dissatisfied with other aspects
of their lives such as school achievement.135,186,187 It has been suggested that children
who blame their obesity on their own behavior suffer from lower self-esteem than those
who feel that external causes (e.g., genetics, medical problems) are linked to their
obesity.169,178 In a meta-analysis of the relationship between weight and self-esteem,
Miller and Downey reported that even in children, perceived size was a better predictor
of self-esteem than was actual body weight.188
In the studies reported by Rierdan and Koff [15] and Kaplan et al.178, it was weightrelated body image concern and perception of body weight, not the objective BMI or
actual weight categories that significantly predicted depressive symptoms. Likewise
Kim and Kim189 showed that 15–19 year old Korean girls who perceived themselves to
have a weight problem were at increased risk of depression and low self-esteem,
regardless of actual BMI. These results suggest that body image or weight perception
may have a mediating effect on the relationship between actual body weight and
depressive psychological symptoms. It might also be the case that non-weight-related
aspects of body image disturbances (e.g., dissatisfaction with the appearance of certain
body parts) are more important than weight per se in promoting depression. This
interpretation is supported by the fact that body mass only accounted for 18% of the
variance in body dissatisfaction.158
Research in China
A somewhat heavier body has been considered to be a symbol of family fertility and
wealth in the traditional culture of China. Although this belief may still exist in some
rural, less economically developed areas, it seems to have become an element of the
past in urban areas. As indicated by Ma et al.,32 body dissatisfaction scores are
significantly related to BMI in both boys and girls above 5 years old, and the absolute
value of these correlations increase with age. The average absolute value of body
dissatisfaction scores for obese girls is 2.0, which revealed that obese girls desired, on
average, a two-figure thinner body size than their current body size. Body
dissatisfaction is more prominent in obese children and adolescents; 37.5% of the obese
boys and 47.2% of the obese girls are moderately dissatisfied with their body weight.
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Examination of the direction of body dissatisfaction shows that 69.7% obese boys and
69.6% obese girls wish to be thinner.
Depression symptoms are very frequent among children in China, it is estimated that
one fifth children catch depression.190 Parents having too high expectations of their
only one child is thought to be the main cause. Perception of overweight in Chinese
adolescents is also associated with more experience of depression. A sub-cohort of 2179
Chinese adolescents indicates that perceived overweight boys and girls are more likely
to experience anxiety and depression than perceived normal and underweight subjects.18
Other studies conducted in China suggest that those students who are overweight or
obese experienced more emotional problems and lower social cooperation skills than
normal weight students.191,192
In conclusion, there is a common belief that overweight children are unhappy with
their weight and experience more psychosocial distress, particularly negative selfesteem, poor body image and depression. Body image or weight perception may have
a mediating effect on the relationship between actual body weight and depressive
psychological symptoms. But there is limited information on the relationship between
body weight and depression, as well as body dissatisfaction and depression among
younger Chinese children.
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RATIONALE
Indirect evidence from a variety of sources indicates that obesity is preventable and that
the prevention of weight gain is easier, less expensive, and more effective than treating
obesity after it has fully developed. National estimates of childhood obesity (Chapter 2)
are needed to evaluate the problem in China and related determinants (Chapter 3) are
necessary for developing effective prevention strategies. WHO26 indicates that
prevention efforts can be separated into three levels (1) universal/public health
prevention (directed at everyone in the population); (2) selective prevention (directed at
subgroups of the population with an above average risk of developing obesity); (3)
targeted prevention (directed at those with existing weight problems and those at high
risk of diseases associated with overweight).193 Study the obesity related metabolic
syndrome (Chapter 4) and depression (Chapter 5) would be helpful for a targeted
prevention approach.

RESEARCH QUESTIONS
As described in the Rationale, the following research questions will be studied:
1. What is the prevalence of childhood obesity in China? Is there a time trend?
2. Which are the determinants of childhood obesity in China?
3. What is the prevalence and distribution of pediatric metabolic syndrome in
China? Is there an association with childhood obesity?
4. What is the relationship between body dissatisfaction, depression and childhood
obesity in China?
National estimates of childhood obesity, its determinants and pediatric metabolic
syndrome were based on the 2002 National Nutrition and Health Survey. It is a
nationally representative cross-sectional survey that covered 31 provinces, autonomous
regions and the municipalities directly affiliated to the Central Government (Hong Kong,
Macao and Taiwan were not included). In order to investigate the relationship between
body weight, body dissatisfaction and depression symptoms among Chinese children,
third and fourth grade students (N=3886, aged 9 or 10 years) from 20 schools in Beijing,
China, were measured for fasting body weight and height, were asked to choose the
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figures of body image and to complete the self-reported Children’s Depression
Inventory (CDI) questionnaire.

OUTLINE
This paragraph gives an outline of the following chapters in this thesis.
In Chapter 2, the prevalence and its trend from 1982 to 2002 of overweight and obesity
among youngsters in China are described. The data of children aged 7-17 years from
three cross-sectional national surveys including “China National Nutrition Survey of
1982” (5 334 boys and 4 793 girls), “China National Nutrition Survey of 1992” (8 048
boys and 7 453 girls) and “2002 China National Nutrition and Health Survey” (23 242
boys and 21 638 girls) are used in this study.
In order to investigate the determinants of childhood overweight and obesity in China,
the prevalence of overweight (including obesity) is compared among different dietary
and physical activity patterns and parental body weight status (Chapter 3). A total of
6826 children aged 7-17 years from the 2002 China National Nutrition and Health
Survey are included in the study. Information on food intakes are collected using 3 days
24-hour dietary recall method by trained interviewers. The amounts of cooking oil and
condiments consumed are weighed. An interview-administered one-year physical
activity questionnaire is used to collect physical activity information.
Since no national figure of the occurrence of metabolic syndrome is currently available
in Chinese adolescents, Chapter 4 aims to estimate its prevalence and distribution
among Chinese youngsters. Applying the criteria for US adolescents, we estimated the
prevalence of metabolic syndrome among 2761 adolescents aged 15 to 19 years using
data of the 2002 China National Nutrition and Health Survey. The association between
pediatric metabolic syndrome and childhood obesity is also studied, after considering
the effect of parents’ metabolic syndrome status.
In Chapter 5, we investigate the relationship between body weight, body dissatisfaction
and depression symptoms among Chinese children. The study population is a
representative sample of 9 and 10 years students in 2005 of the third and fourth grade
from 20 schools in urban Beijing, China. Classroom surveys and physical measures are
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completed during regular school days by trained investigators. Body image is assessed
by the Ma silhouette,8 which was developed from Collins silhouette194 and adapted to
the Chinese situation. The Children’s Depression Inventory (CDI) developed by Kovacs
133

is used to measure depression symptoms among children.

In the final chapter of this thesis, we reflect on the main findings of the previous
chapters, and discuss their implications for the childhood obesity prevention strategies
in China (Chapter 6).
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ABSTRACT
Objective: To describe prevalence and trend of overweight and obesity, as well as its
co-existence with stunting, among youngsters in China, 1982-2002.
Design and subjects: The data of children aged 7-17 years from three cross-sectional
national surveys including “1982 China National Nutrition Survey” (5 334 boys and 4
793 girls), “1992 China National Nutrition Survey” (8 048 boys and 7 453 girls) and
“2002 China National Nutrition and Health Survey” (23 242 boys and 21 638 girls)
were used in this study.
Methods: Overweight and obesity were defined according to age, sex, specific BMI
cut-off points of International Obesity Task Force (IOTF).
Results: Overweight prevalence of Chinese youngsters was 1.2%, 3.7% and 4.4%,
while the obesity prevalence was 0.2%, 0.9% and 0.9% in 1982, 1992 and 2002,
respectively. Both the overweight and obesity prevalence and their increment were
higher among boys in urban areas. The prevalence increased along with the family
economic levels and mother’s educational levels. In 1982, 28.4% of overweight and
69.6% of obese youngsters were stunted, decreased to 22.0% and 46.4% in 1992, and
then to 5.7% and 7.7% in 2002, respectively.
Conclusion: The prevalence of overweight and obesity of Chinese youngsters were low
in 1982. There has been a rapid increase since then, especially in large cities. Stunted
youngsters among overweight and obese decreased dramatically at the same time.
Key words: Chinese youngsters, overweight, obesity, trend, stunt
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INTRODUCTION
During the past two decades, China has experienced rapid socio-economic and
nutritional transitions. A 10-fold increase in the per capita gross domestic product
paralleled an increase in energy-dense foods, a decrease in transport related physical
activity and an increase in leisure time inactivity.1-6 Average daily food intake from
animal source increased from 61g in 1982 to 159g in 2002, cooking oil consumption
increased by 10g each 10 years, while the cereal grains and vegetable intakes decreased
more than twenty percent.2 At the same time, television and car ownership increased
remarkably, while public transport became more and more popular in China.1
With these rapid transitions, China is experiencing a double burden of malnutrition and
over-nutrition. Previous studies indicated that overweight and obesity prevalence among
Chinese youngsters increased rapidly during last two decades, but these were based on
the data from only a few provinces in China.7,8 The “National Surveys on Students
Constitution and Health” routinely investigate the obesity prevalence in 31 provinces of
China, but body weight was not measured in the fasting state, which will have
decreased the accuracy of the obesity estimation.9 So the purpose of current study is
firstly to present national estimates of overweight and obesity prevalence for youngsters
between 7 and 17 years in China, as well as its trends in the last 20 years.
The phenomenon of childhood obesity accompanied by stunting has been reported in
developing countries as well as in developed countries, particularly in countries
experiencing economic transition, where stunting remains a major problem, changes in
incomes and eating practices lead to obesity at the same time. Popkin, Richards and
Montiero found a significant association between stunting and overweight status in
children of Russia, Brazil, China and Republic of South Africa.10 The income-adjusted
prevalence ratios of being overweight for a stunted child ranged from 1.7 to 7.8. Similar
associations were also found among Chinese children under 5 years, the overweight
prevalence increased less rapidly or even decreased when the prevalence of stunting
decreased.11 But no study had considered the co-existence of stunting when they
reported the obesity prevalence and its trends among youngsters in China. These
individuals with increased weight and shorter length need specific attention, especially
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from the side of public health. So, the second purpose of present paper was to describe
the phenomenon of co-existence of stunting and obesity, as well as its trends in the last
20 years.

SUBJECTS AND METHODS
Sampling Procedure
Three national surveys on nutrition were conducted respectively in 1982, 1992 and 2002,
i.e. 1982 China National Nutrition Survey (1982 CNNS), 1992 China National Nutrition
Survey (1992 CNNS) and 2002 China National Nutrition and Health Survey (2002
CNNHS).
1982 CNNS covered 25 provinces and three municipalities, all administrative units
directly under the control of central government with the exception of Tibet.12 A
two-stage random sampling method was used to select the survey households. Four to
20 survey sites were chosen in each province/municipality proportional to its population
size, and a cluster of 50 households were randomly sampled from each selected survey
site. A total of 256 survey sites was finally chosen, including about 12, 000 households
and 71, 000 individuals. In addition 546 institutional units covering 166, 000 individual
were surveyed, including factories, schools, kindergartens, and governmental
institutions etc.12 The characteristics of the study population were compared with those
of the 3rd National Population Census (1980), and no significant differences were found,
indicating a good representation of the total population.13
Stratified multi-stage cluster random sampling method calling the “8×2×2×30 program”
was used in the 1992 CNNS. The primary unit was country/city, the secondary unit was
township/district and the tertiary unit was village/neighborhood. There were eight
primary units sampled from each province, two secondary units from each primary unit,
two tertiary units (study sites) from each secondary unit. Thirty two study sites were
selected in each province and a total of 960 study sites were randomly selected. Thirty
households were sampled from each study site as subjects of the survey. Finally, a total
of 100 201 subjects aged 2 years above from 28 000 households completed the survey.14
The characteristics of the study population were compared with those of the 4th
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National Population Census, and no significant differences were found, indicating
representative of the whole population.15
The 2002 China National Nutrition and Health Survey is a nationally representative
cross-sectional survey that covered 31 provinces, autonomous regions and the
municipalities directly affiliated to the Central Government (Hong Kong, Macao and
Taiwan were not included). Multistage cluster sampling method was used for subject
selection. Stage 1: all the 2860 counties/districts/cities of China were divided into six
areas (big cities, medium and small cities, rural 1, 2, 3 and 4) based on its type and the
level of economic development (from high to low). Twenty-two counties/districts/cities
from each area were randomly selected. A total of 132 counties/districts/cities were
randomly selected at this Stage. Stage 2: three townships/sub-districts were randomly
selected

from

each

selected

counties/districts/cities.

A

total

of

396

townships/sub-districts was randomly selected at this Stage. Stage 3: two
villages/neighborhood committees were randomly selected from the selected
townships/sub-districts. A total of 792 villages/neighborhood committees were
randomly selected at this Stage. Stage 4: 90 households were randomly selected from
each village/neighborhood, and finally, a total of 71 971 households were randomly
selected to represent the national data.16 The comparison of the characteristics of study
population with the 5th National Population Census showed that the study population is
representative for the whole population.17
The present samples were subgroups of the 1982 CNHS, 1992 CNHS and 2002
CNNHS, subjects aged 7 to 17 years old were included in the present study.
Anthropometrical measurement
Fasting body weight was measured in the morning to the nearest 0.10 kg with a
balance-beam scale while the subjects were wearing lightweight clothing. Height was
measured to the nearest 0.1 cm using a standard steel strip stadiometer in bare footed
subjects.
The estimation of the prevalence of overweight and obesity was based on cut-off points
derived from international data as recommended by the Childhood Obesity Working
Group of the International Obesity Task Force.18
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Stunting was defined as height-for-age below -2 standard deviation (Z-score) from the
NCHS/WHO reference median value.19
The protocol of the survey was approved by the Ethical Committee of the National
Institute for Nutrition and Food Safety, Chinese Center for Disease Control and
Prevention. Signed consent forms were obtained from both their parents or guardians
and the children themselves.
Statistical analysis
Considering the sampling method of equal-sample-size of the six areas and the
proportion difference between the sampling and whole population, the overweight and
obesity prevalence in 2002 was weighted by the population proportion of six classified
areas according to the data of the China Fifth National Population Census.1 In order to
adjust for changes in age distribution across the surveys, estimates of overweight and
obesity prevalence were age-adjusted by the indirect method to the sex specific age
distribution of the Fifth National Population Census.1 Stunting proportion was
calculated among the overweight and obese subjects. Trend estimates for urban and
rural areas separately were available only for 1992 to 2002 because these surveys had
similar urban/rural information. Cox regression analysis was used to estimate the
Prevalence Ratios of overweight and obesity between boys and girls, as well as between
urban and rural youngsters, where survival time is artificially set equal to 1.

RESULTS
The sample size from the three national surveys is shown in Table 1.
Prevalence
The prevalence of overweight and obesity of Chinese youngsters aged 7-17 years in
2002 was 4.4%, the obesity prevalence 0.9% (Table 2). More boys and more urban
children tended to be overweight or obese than their respective counterparts. After
adjusted the confusing factors including family economic level, parents’ educational
level and careers, as well as relative effects of sex, living areas and age, the adjusted
overweight and obese prevalence ratio of boys to girls was 1.5 and the urban to rural
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was 2.5, respectively.
Trends
Trends of the overweight and obesity prevalence from 1982 to 2002 are shown in
Table 2. The age standardized prevalence of overweight and obesity increased three fold
in 20 years. Age-standardized prevalence of obesity among boys increased from 0.2% in
1982 to 1.0% in 1992, and continued to 1.1% in 2002. Among girls, a remarkable
increase of obesity prevalence was found from 1982 to 1992, but not between 1992 and
2002. The obesity prevalence decreased from 1.4% in 1992 to 0.7% in 2002 for girls
aged 7-12 years, while the rate increased from 0.1% to 0.5% for girls aged 13-17 in the
same period (Table 2).
Among urban youngsters, from 1992 to 2002, the overweight prevalence increased
by 38% and obesity by 5%, among rural youngster, the overweight prevalence increased
by 17%, while the obesity prevalence decreased by 7%. Separately by boys and girls,
increasing trends were found among boys of both overweight and obesity prevalence
and in both urban and rural areas. The largest increase of overweight was 42% found in
urban boys, while least in rural girls (Figure 1). The trends of obesity prevalence was
increasing among boys and decreasing among girls, especially among rural girls.
Co-existence of stunting and obesity
The percentage of stunted youngsters among the overweight youngsters was 28.4%,
22.0% and 5.7% in 1982, 1992 and 2002, respectively, which was 69.6%, 46.4% and
7.7% among the obese youngsters in 1982, 1992 and 2002, respectively.
The percentage of stunted youngsters among the overweight and obese in urban and
rural areas was compared in Table 3. In 1992, 34.1% of the obese youngsters in urban
areas were stunted and 56.2% in rural areas. This decreased dramatically from 1992 to
2002. In 2002, 2.9% of obese youngsters in urban area were stunted, which was 21.6%
in rural area. In 1992, among overweight and obese subjects, stunting was more
frequent among 7-12 years old than 13-17 years old youngsters, while in 2002, it was
the reverse.
Subgroup Analysis
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Large differences in overweight and obesity prevalence were observed between
youngsters living in different areas. Those living in large cities had the highest
prevalence. Those living in medium or small cities or in rural 1 also had high prevalence,
while their counterparts living in rural 4 had the lowest (Table 4).
The overweight and obesity prevalence increased along with socioeconomic status.
Educational level of parents also showed positive relationship with children’s risk of
being overweight or obese, after adjusted other factors, significant effect was only found
of mother’s educational level. Youngster whose parents were manager or officer showed
higher prevalence of overweight and obesity than the farmers’ children, unemployed
mother’s children also showed significantly higher risk of overweight and obesity.

DISCUSSION
The results of the present study provide compelling evidence for a strong increase in
overweight and obesity prevalence among youngsters in China. Not being a problem in
the 80’s of last century, in 2002, the overall overweight prevalence reached 4.4% while
obesity reached 0.9%, being higher in boys than in girls, in urban than in rural areas,
and among high than among low socio-economic status groups.
The prevalence and trend of childhood obesity could be compared to other studies in
China. The “National Surveys on Students Constitution and Health (CNSSCH) ”
investigated the physical status and fitness of students in 31 provinces of China,
excluding school-age children not going to school.9 The obesity prevalence estimated by
the 2000 CNSSCH using Chinese standard was 4.4% and 1.5% for urban and rural boys,
2.3% and 1.0% for urban and rural girls, which was similar to our results.9 The “China
Health and Nutrition Survey” is a longitudinal study in eight provinces, that confirms
the results of our cross sectional comparisons.9 The increase in the childhood obesity
prevalence was of a similar magnitude.
Compared to other countries, the overweight and obesity prevalence in 2002 were still
relatively low in China. As defined by IOTF standards, the overweight (including
obesity) prevalence of Chinese youngsters was 5.3% (9.7% in urban and 3.8% in rural),
while it was more than 30% in the USA and almost 20% in the European.20 Nevertheless,
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the estimated absolute total number of overweight youngsters based on IOTF standards
was 12 million in China. Compared to the latest estimates from the report by Lobstein,
one in 10 children worldwide is overweight, total 155 million,21 which means that 1 in
13 overweight children worldwide is living in China.
The present study found a decreasing trend of obesity prevalence among younger ones
from 1992 to 2002, which may be due to a prevalence of stunting. Same trend was also
found in children under 5 years in China.11 The overweight prevalence among Chinese
children under 5 years was 1.7% in 1990, rapidly rising to 11.1% in 1995, but
decreasing to 4.2% in 1998 and 3.1% in 2000. The association with increased weight
and shorter length is thought to be a changed hormonal response in combination with a
poor dietary content, rich in carbohydrates and poor in protein, which resulted in failure
of linear growth.22,23 When stunted children are faced with a higher-energy dense,
higher fat diet, weight gain will coincide with sub-optimal linear growth.22-27 Previous
studies suggested that fat metabolism of stunted children was impaired to an extent that
might lead to increased obesity and other metabolic shifts.26,28 Energy intake per
kilogram body weight and fasting respiratory quotient was significantly higher, while
the resting metabolic rate and fasting fat oxidation were significantly lower in the
stunted children compared with the control children, leading to obesity in at risk
populations.25,26,28 From 1982 to 1992, the overweight and obesity prevalence increased
rapidly, partly due to the rapid increasing of body weight but less rapid increasing of
height (high stunting prevalence), while from 1992 to 2002, the stunted proportion
among overweight and obese ones decreased rapidly, so the increasing trend of
childhood obesity was not as quickly as previous decade, even decreased among the
younger ones. The average increment of height from 1992 to 2002 was 3.4-3.9cm and
2.0-3.3cm of youngster aged 7-12 y and 13-17y, respectively.29
The strength of our data is that all three surveys are nationally representative. Both the
fasting body weight and height of a large number of children were measured by trained
investigators. In order to estimate the reproducibility, body weight of 2396 subjects and
height of 2418 subjects in CNNHS 2002 were measured twice by different investigators.
A high correlation was found between the two measurements (Weight: r=0.98, P<0.01;
Height: r=0.99, P<0.01), the coefficients of variation between two measurements were
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0.17% for weight and 0.12% for height. Detailed information about the quality control
was given elsewhere.30 The most important problem is the comparability of the
measurements over time since the different surveys spanned a period of 20 years. In
order to minimize this problem, the training programs of the investigators were kept
similar, and measurements were all carried out with same type of scales, organized by
the same institute. Unfortunately, there was no exact record about the participation rate
of individuals. Among the 792 villages/neighborhood committees randomly selected, 65
(8.2%)

refused

to

participate

in

CNNHS

2002.

In

such

cases,

another

village/neighborhood committee was randomly chosen from the remaining ones.30
According to the investigators who carry out the measurements in 2002, once the
village/neighborhood committee decided to participate, the individual response rate was
always more than ninety percent. In 1982 and 1992, it is expected to have been even
more. 30
In conclusion, obesity is an increasing problem among youngsters in China, especially
in urban areas, although prevalence is still lower than in developed countries,
particularly in rural areas. The prevalence of overweight and obesity reached epidemic
proportion since 1992. The trend continued to increase until 2002 and is expected to rise
further, especially in large cities. The stunted prevalence among overweight and obese
youngsters decreased dramatically at the same period. This implies that ‘simple and
well-designed intervention studies in obese children and adolescents, which can be
transferred into usual clinical practice’ are also urgently needed by China. 31
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Table 1 Number and percentage of participants in sex and age groups by survey
CNHS1982

(yrs)

Boys

CNHS1992

Girls

Boys

CNNHS2002
Girls

Boys

Girls

7-

138

2.6

147

3.1

801

10.0

730

9.8

2655

11.4

2444

11.3

8-

318

6.0

281

5.9

801

10.0

690

9.3

2705

11.6

2487

11.5

9-

322

6.0

359

7.5

784

9.7

690

9.3

2751

11.8

2566

11.9

10-

368

6.9

364

7.6

929

11.5

847

11.4

2727

11.7

2657

12.3

11-

364

6.8

387

8.1

770

9.6

651

8.7

2864

12.3

2745

12.7

12-

475

8.9

440

9.2

750

9.3

667

8.9

3013

13.0

2791

12.9

13-

448

8.4

418

8.7

763

9.5

701

9.4

1888

8.1

1689

7.8

14-

515

9.7

417

8.7

702

8.7

654

8.8

1592

6.8

1479

6.8

15-

477

8.9

504

10.5

605

7.5

622

8.3

1351

5.8

1274

5.9

16-

757

14.2

692

14.4

624

7.8

607

8.1

989

4.3

867

4.0

17-

1152

21.6

784

16.4

519

6.4

594

8.0

707

3.0

639

3.0

Total 5334 100.0 4793 100.0
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Table 2 Overweight and obesity prevalence (%)1,2 among Chinese youngsters
in 1982, 1992, 2002
Sex

Boy

Girl

Total

Overweight and

Age

Overweight

Obesity

(y)

1982 1992 2002

1982 1992 2002

Obesity
1982 1992 2002

7-12

1.7

3.9

5.0

0.3

1.5

1.4

2.0

5.4

6.5

13-17

0.5

3.7

4.6

0.1

0.4

0.7

0.7

4.1

5.3

Total

1.1

3.8

4.9

0.2

1.0

1.1

1.4

4.8

5.9

7-12

1.3

3.9

3.3

0.2

1.4

0.7

1.5

5.3

4.0

13-17

1.2

3.0

4.6

0.0

0.1

0.5

1.3

3.1

5.2

Total

1.3

3.5

3.9

0.1

0.8

0.6

1.4

4.3

4.5

7-12

1.5

3.9

4.2

0.2

1.4

1.1

1.7

5.4

5.3

13-17

0.8

3.4

4.6

0.1

0.2

0.6

0.9

3.6

5.2

Total

1.2

3.7

4.4

0.2

0.9

0.9

1.3

4.4

5.2

1

Overweight and obesity defined using International Obesity Task Force standards;18

2

The prevalence was age standardized according to the Fifth National Population Census.1
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14
Overweight

Obesity

12
1.7

10

(%)

8

1.5

0.9

6

1.0
9.8

4

0.9

6.9

0.8

2
2.6

7.1
5.3

3.3

0.7

0.5

2.7

2.9

0
1992 2002
Urban

1992 2002
Rural

1992 2002
Urban

Boys

1992 2002
Rural
Girls

Figure 1 Comparison between 1992 and 2002 of overweight and obesity among
Chinese youngsters aged 7-17 years by urban and rural
1

Overweight and obesity defined using International Obesity Task Force standards;18

2

The prevalence was age standardized according to the Fifth National Population Census.1
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Table 3 Stunting1 proportion (%) among overweight and obese2 youngsters

Among normal weight youngsters (%)
Rural

Urban

Rural

Among obese youngsters (%)

Sex

Age

Boy

(y)
7-12

1992
15.7

2002
4.6

1992
33.9

2002
19.4

1992
10.8

2002
1.9

1992
34.8

2002
10.3

1992
34.7

2002
1.9

1992
56.3

2002
20.4

13-17

17.8

10.4

35.9

25.1

2.9

4.0

23.9

15.4

21.4

2.3

50.0

16.3

Total

16.6

5.5

34.7

21.5

7.6

2.2

30.8

12.2

31.7

1.9

55.4

19.4

7-12

15.7

4.8

35.7

21.4

17.0

2.6

42.3

8.4

36.1

3.5

57.7

27.7

13-17

14.9

8.8

27.8

21.3

16.3

7.8

21.6

15.3

40.0

14.3

50.0

17.9

Total

15.3

5.4

32.3

21.4

16.7

3.5

30.8

12.3

36.4

4.4

57.0

25.0

Total 7-12

15.7

4.7

34.7

20.4

12.9

2.2

37.6

9.6

35.5

2.5

57.0

23.1

13-17

16.3

9.6

31.9

23.3

8.5

5.8

22.6

15.3

26.3

7.6

50.0

17.0

Total

16.0

5.5

33.6

21.5

11.0

2.7

30.8

12.2

34.1

2.9

56.2

21.6

Girl

Urban

Among overweight youngsters (%)

1

The subjects whose height for age z score less than -2 according to CDC/WHO 1978 reference;

2

Overweight and obesity defined using International Obesity Task Force standards.18

Urban

Rural
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Table 4 Overweight and obesity prevalence among Chinese youngsters in 20021
Children aged 7-12yrs

N

Boys
Overw
eight
(%)

Domicile Region
Large-City
3699
Small -City
4475
1st level village
1770
2st level village
2181
3st level village
2158
2432
4st level village
Family Income (Yuan/Year/Number)
<800
2298
800-1999
4876
2000-4999
4154
5000-9999
2388
1376
≥10000
Educational Level of Mother
Illiterate
932
Primary
3889
Junior high school
5601
Senior high school
2754
College and higher
1535
Educational Level of Father
Illiterate
260
Primary
2665
Junior high school
6201
Senior high school
3306
College and higher
2036
Career of Mother
Farmer
5962
Unemplyed
3083
Technician/worker
3329
Manager/officer
1188
Others
1096
Career of Father
Farmer
5843
Unemplyed
845
Technician/worker
4335
Manager/officer
1676
Others
1714
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Obesity

N

(%)

Girls
Overw Obesity
eight
(%)
(%)

18.7
8.5
4.5
3.3
4.3
2.0

5.3
1.8
1.6
1.1
1.0
0.7

3714
4318
1602
1944
1984
2128

12.7
5.8
3.2
1.7
2.8
1.9

2.3
0.7
0.7
0.6
0.9
0.3

3.7
4.4
7.5
11.4
17.6

1.4
1.0
2.1
3.5
4.6

2308
4429
3715
2192
1420

2.8
2.9
5.4
8.9
11.1

0.6
0.5
1.1
1.5
1.7

2.1
3.0
7.0
13.6
17.2

1.5
1.0
1.7
3.7
4.4

849
3557
5185
2747
1492

1.6
2.1
5.0
9.9
10.9

0.4
0.4
1.0
1.9
0.9

2.7
3.0
5.8
11.7
15.5

1.5
0.7
1.5
3.4
4.1

222
2492
5765
3045
2011

0.5
2.1
4.2
7.9
11.0

0.0
0.7
0.9
1.4
1.1

2.8
7.5
13.3
15.7
12.4

0.9
2.3
3.9
3.0
2.6

5369
2971
3224
1164
1058

1.9
5.9
9.1
10.7
7.6

0.5
1.0
1.3
1.5
1.8

2.9
10.3
10.9
13.9
10.8

0.9
2.7
2.9
3.9
2.7

5320
843
4131
1585
1610

2.3
6.8
8.0
9.2
6.2

0.5
1.1
1.1
1.7
1.5
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(continue)
Children aged 13-17yrs

N

1

Boys
Overw
eight
(%)

Domicile Region
Large-City
667
13.5
Small -City
795
7.4
1st level village
1116
4.8
2st level village
1294
3.3
3st level village
1346
3.6
st
1309
1.3
4 level village
Family Income (Yuan/Year/Number)
<800
1133
2.2
800-1999
2575
3.4
2000-4999
1738
5.9
5000-9999
692
8.7
283
10.2
≥10000
Educational Level of Mother
Illiterate
729
2.3
Primary
2189
2.6
Junior high school
2259
5.3
Senior high school
800
10.0
College and higher
125
12.8
Educational Level of Father
Illiterate
216
2.3
Primary
1527
2.6
Junior high school
2802
4.3
Senior high school
1188
7.0
College and higher
224
12.1
Career of Mother
Farmer
3524
2.9
Unemplyed
1468
6.5
Technician/worker
676
8.3
Manager/officer
221
8.6
Others
196
7.7
Career of Father
Farmer
3577
2.6
Unemplyed
359
8.4
Technician/worker
1228
7.3
Manager/officer
392
9.7
Others
385
6.0

Girls
Overw
eight
(%)

Obesit
y
(%)

640
781
951
1207
1220
1149

9.2
6.0
4.2
3.6
4.6
2.9

0.5
0.9
0.4
0.4
0.2
0.3

0.6
0.3
0.7
1.3
1.4

1220
2267
1462
613
295

4.0
3.7
6.0
5.4
6.4

0.3
0.4
0.5
0.7
0.0

0.4
0.2
0.7
1.4
2.4

704
1896
2065
750
140

3.8
3.2
5.7
6.5
4.3

0.4
0.3
0.6
0.5
0.0

1.4
0.4
0.8
0.3
1.3

228
1340
2510
1075
220

4.4
3.4
5.0
5.0
6.8

0.4
0.5
0.3
0.6
0.5

0.4
0.9
1.3
1.4
0.0

3152
1393
631
217
150

3.5
6.5
6.2
6.9
3.3

0.4
0.5
0.6
0.9
0.0

0.3
1.4
1.0
0.8
1.3

3212
315
1061
400
367

3.7
8.9
5.7
6.8
3.8

0.3
0.6
0.7
0.5
0.5

Obesit
y
(%)

N

1.8
0.6
0.6
0.5
0.7
0.2

Overweight and obesity defined using International Obesity Task Force standards developed by Cole et
al.18
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ABSTRACT
Objective: In order to investigate the determinants of childhood overweight and obesity
in China, the prevalence of overweight (including obesity) was compared according to
different dietary and physical activity patterns and parental body weight status.
Design and subjects: A total of 6826 children aged 7-17 years from the 2002 China
National Nutrition and Health Survey were included in the study.
Methods: Information for dietary intake was collected using 3 consecutive 24-h recalls
by trained interviewers. The amounts of cooking oil and condiments consumed were
weighed. An interview-administered 1-year physical activity questionnaire was used to
collect physical activity information.
Results: The heavier the parental body weight, the higher the overweight prevalence in
children. The prevalence ratio increased if parent(s) were overweight and/or obese, up
to 12.2 if both parents were obese. Overweight children consumed significantly more
dietary energy, protein and fat, but less carbohydrate than their normal weight
counterparts. On average, overweight children spent 0.5 h less on moderate/vigorous
activities, and 2.3 h more on low intensity activities per week. The following prevalence
ratios were statistically significant: walking to and from school (0.6); moderate/vigorous
activities ≥ 45 min/d (0.8); low intensity physical activities >2 h/d (1.3); the
consumption of ≥ 25 g/d cooking oil (1.4); ≥200 g/d meat and meat products
consumption (1.5); ≥100 g/d dairy products (1.8). After adjustment for parental body
weight status and socioeconomic status, only cooking oil consumption and walking to
and from school remained significantly related to child overweight.
Conclusion: Parental weight status is an important determinant. Fat intake, low
intensity activities and active transport to/from school may be suitable entry points for
overweight prevention among Chinese school children.
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INTRODUCTION
Not being a problem at all in the 1980s, the prevalence of overweight and obesity
among children in China were approximately 5% and 2% respectively in 2002.1
Compared to that in developed countries, childhood obesity is still relatively rare in
China, however, the risk for metabolic syndrome among overweight adolescents is
similar to those living in the USA. Moreover, childhood obesity and its adverse health
consequences may persist to adulthood. A positive relationship was found between
childhood obesity and increased morbidity and mortality in adulthood.2
Obesity is a multi-factorial disease and its development is the result of multiple
interactions between genes and environment.3,4 Twins adoption, and family studies have
found that heritability of BMI was in the range of 25-85%, but it is the environment that
allows the expression of obesity . 3,4
The purpose of the present study is to investigate the important determinants of
childhood overweight and obesity in China, including dietary intakes, leisure time
physical activity patterns, parental weight status and socioeconomic status, using the
data of the 2002 China National Nutrition and Health Survey. This is the first national
representative survey addressing the relationship among diet, physical activity and
obesity of children and their parents together in China. The findings will be helpful for
developing national strategies for the prevention of childhood overweight and obesity in
China.

METHODS
The 2002 China National Nutrition and Health Survey is a nationally representative
cross-sectional survey5 that covered thirty-one provinces, autonomous regions and the
municipalities directly affiliated to the Central Government (Hong Kong, Macao and
Taiwan are not included). A multi-step cluster sampling method (equal sample size at
each step) was used for subject selection. All 2860 counties/districts/cities were divided
into six categories (big cities, medium and small cities, rural 1, 2, 3 and 4) based on its
type and the level of economic development (from high to low). From each of six
categories, twenty-two counties/districts/cities were selected using a systematic
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sampling method and a total of 132 counties/districts/cities were chosen at Step 1. Three
townships/sub-districts were randomly chosen from each selected country/district/city
and a total of 396 at Step 2. Two villages/neighborhood committees (792 in total) were
randomly chosen from the selected townships/sub-districts at Step 3. Ninety
households were randomly selected from each village/neighborhood, giving a total of
71,971 households. From each village/neighborhood thirty out of ninety

households

were randomly selected for dietary and physical activity assessments. Sampling
involved a total of 272 023 subjects aged 2-101 years, representing the national
population, one third of them randomly selected for the dietary and physical activity
investigation and of these subjects, 8861 were aged 7 to 17 years.
Data collection
Subjects went to the study sites (such as neighborhood committee center, the office of
the village leader, etc.) for the anthropometric measurements. Investigators made home
visits to collect the food and activity information.
Fasting body weight was measured in the morning to the nearest 0.10 kg with a
balance-beam scale (Liaoning) while the subjects were wearing lightweight clothing.
Height was measured to the nearest 0.1 cm using a standard steel strip stadiometer
(Liaoning) in bare footed subjects.5 The standard procedure was followed by all trained
investigators.
Trained interviewers went to subjects’ home to collect the information on food intake
using the 24-h dietary recall method for three consecutive days (two weekdays and one
weekend day) and to weigh the home cooking oil and condiment consumption of all the
family members in these 3 d.5 The percentage of the oil and condiments from home that
child consumed was calculated by the ratio of child’s energy requirement : energy
intakes of all family members. The energy and nutrient intakes were calculated using
the data of dietary intake in conjunction with the China Food Composition Table.6
Energy density of each subjects was calculated as average energy intake (kJ) divided by
average food weight (g) per d,7 all beverages except water were included in the food
weight calculation.
Information on leisure time physical activity was collected using a 1-year physical
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activity questionnaire administered by trained interviewers. The questionnaire consisted
of four domains: transport; exercise; sedentary activities; housework. Active transport
was defined as going to/from school mainly by bike or by walking, while inactive
transport was defined as going by bus, motor-cycle, car or sitting at the back of a
parent’s bike. Sedentary activities included television viewing, computer use, video
games, reading and study. Housework included cooking, washing by hand, cleaning the
house and taking care of elders/babies. Moderate to vigorous activities included
sports/exercise, active transport and housework, and low intensity activities included
sedentary activities, inactive transport and studying.
The protocol of the survey was approved by the Ethical Committee of the National
Institute for Nutrition and Food Safety, Chinese Center for Disease Control and
Prevention. Signed consent forms were obtained from both their parents or guardians
and the children themselves.
Definition of overweight
Overweight was defined using age- and sex- specific BMI cut-off points developed by
the Working Group for Obesity in China (2004), as BMI for age- and sex- specific
categories between the 85th and 95th percentile, whereas obesity was defined as BMI at
95th percentile or higher.8 In the present study, overweight (≥ 85th percentile) among
children included both overweight and obesity.
Adult (parent) overweight and obesity were defined as BMI 24-28 kg/m2 and BMI ≥ 28
kg/m2 respectively as recommended by the Working Group for Obesity in China.9
Statistical methods
Only one child from the 1775 families that have more than one child living together was
randomly selected for the analysis, then 6828 from the 8861 children were included in
the present study.
Dietary intakes and physical activity patterns were presented by overweight and normal
weight children. Differences between the overweight and normal weight groups were
compared using Wilcoxon's signed rank sum test for continuous values, while χ2 tests
were applied to proportions for those with and without certain patterns. Cox regression
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analysis10,11 was used to estimate the Prevalence Ratios (PR) of overweight between
different dietary or physical activity patterns, where survival time is artificially set equal
to 1. The cut-off points of the food intakes used in Cox regression analysis (see Table 5)
were defined according to the Food Pagoda for Chinese people.12 The moderate to
vigorous physical activity duration cut off was taken at 45 minutes per day that had
been thought to be minimally required to prevent the transition to overweight or
obesity.13
The data of body weight and height information of the parents were available in a
random subgroup of 4596 children. Prevalence of childhood overweight was calculated
by parental weight status groups, and the prevalence ratio was calculated using Cox
regressions.
Because parental weight and socioeconomic status may influence child weight
independently, as well as through eating/activity, we included the results both with and
without adjustment of parental weight and socioeconomic status in the results part.
All statistical analyses were done with the SAS (version 9.1), and the significant level
was set at 0.05.

RESULTS
Weight, height and body mass index (BMI) of the 6828 subjects are shown in Table 1.
Overweight and obesity percentage of the present sample was 4.5 and 2.2, respectively.
Dietary intake
The dietary energy and nutrient intakes of overweight and normal weight children are
described and compared in Table 2. Overweight children consumed significantly more
dietary energy, protein and fat and less carbohydrate than their counterparts with normal
weight. Protein and fat contributed significantly more, while carbohydrate contributed
significantly less to the daily energy intake among overweight children.
The contribution of several food items to total food weights is shown in Table 3.
Overweight children consumed less cereal grains and vegetables, and more fruits, meats,
cooking oil, egg, fish, milk and legumes.
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Physical activity
Table 4 presents the average duration of leisure time activities among all children in the
sample and among children participating in the respective activities. Overweight
children spent less time on housework and active transport and also performed less total
moderate/vigorous activities, but they spent longer time on low intensity activities,
including leisure time reading, computer use, video games, study and inactive transport.
On average, overweight children spent 2.3 h per week more on low-intensity activities
and 0.5 h less in moderate/vigorous activities than their counterparts with normal
weight.
Parental weight status
The prevalence of childhood overweight by parental weight status is shown in Table 5.
The heavier the parental body weight, the higher the overweight prevalence in children.
Among the children whose parents were both obese, 39.1% were overweight. The
prevalence ratio increased if parent(s) were overweight and/or obese, up to 12.2 if both
parents were obese. After including the dietary and physical activity patterns of children
in the model, the prevalence ratio still increased steadily with parental weight status
(Table 5).
Prevalence analysis
Overweight prevalence and prevalence ratios of children with different lifestyles are
shown in Table 6. Overweight prevalence among children who spent more than 45
min/day on moderate/vigorous activities or walked to school was less than their
counterparts who spent less than 45 min/d on moderate/vigorous activities or went to
school by bus. A significantly higher prevalence of overweight was observed among
those who spent more than 2 h on low intensity activities, consumed ≥ 25 g cooking oil,
≥ 200 g meat and meat products and/or ≥ 100 g dairy products daily. The prevalence
ratios were 1.3, 1.4, 1.5 and 1.8, respectively.
Adjustment for parental weight status, family income and mother’s educational levels
resulted in loss of significance of the prevalence ratio of moderate/vigorous activities ≥
45 min/d, low-intensity physical activities ≥ 2 h, ≥ 200 g meat and meat products and ≥
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100 g dairy products but the prevalence ratios of walking to/from school and ≥ 25 g
cooking oil were still significant (0.6 and 1.3, respectively). The prevalence ratios and
95% CI of middle and high family income levels were 1.4 (1.1, 1.8) and 1.7 (1.1, 2.5),
of middle and high mother’s educational levels were 1.3 (1.0, 1.7) and 1.7 (1.1, 2.6),
respectively.
DISCUSSION
Based on present cross-sectional observation, overweight children consumed
significantly more dietary energy, protein and fat but less carbohydrate than their
counterparts with normal weight. On average, overweight children spent 0.5 h less on
moderate/vigorous activities, but 2.3 h more on low intensity activities per week.
Several dietary and physical activity factors are related to overweight among Chinese
children. Parental body weight is also an important determinant. The addition of
parental body weight status, family income level and mother’s education to the model
made some of the associations disappear. However, it can be argued that this may lead
to over-adjustment, since income and educational status may be part of the same causal
pathway.
Unlike in the USA, where obesity prevalence increased while the reported dietary fat
intakes decreased in recent decades,14 in China, obesity increased parallel with dietary
fat increment. The average daily dietary fat intake among Chinese people increased
from 48 g to 58 g during 1982-1992, and continued to increase to 76 g per d during
1992-2002. Among Chinese adolescents, contribution of dietary fat to total energy
increased one to two points in only 2 years (from 1991 to 1993).15 Energy and fat
intakes have been found to be positively associated with BMI among male adults and
energy intake among women in China.16 The present results show that overweight
Chinese children reported high energy and fat intakes. Over consumption of cooking oil
may be one of the contribution factors for overweight. The recommended consumption
of fats and oil is 25 g/d (Chinese Nutrition Society), however, 70.1% of overweight
children failed to follow this recommendation. Over consumption of oil was also
observed in overweight Chinese women.17 Current results about energy density is in
direct opposition to data found elsewhere, specifically the USA,18 because the Chinese
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diet is still plant food based. It really looks paradox when the overweight eat more
high-energy density foods such as meat, cooking oil, fish, eggs, etc, while their diet is
low energy density. From table 3, it can be seen that those foods account for a very low
percentage of the total foods, in contrast rice, wheat and their products contributed 40%
total foods and >50% energy. Therefore, the energy density of these diets depends
relatively more on the cereals.
Low physical activity and/or increasing sedentary activities are widely thought to be
related to weight gain.18 The current study shows that overweight children spent less
time on moderate/vigorous physical activities, especially housework and active
transport, but not exercise. In adults, walking has been demonstrated to be beneficial to
health and weight control,17,20 while motorized vehicle use seems to be associated with
overweight and other disorders. Among US young adults, the proportion of individuals
using active transportation was higher among non-overweight compared to overweight
ones (to work 9.2 vs 6.8%; to school 29.7 vs 22.6%).20 Among Chinese adults, going to
and from work by walking or bicycle seems to reduce the risk of overweight by 50%
compared with going by bus.17 Men who acquired a motor vehicle experienced a 1.8 kg
greater weight gain and had 2:1 odds of becoming obese.21
The present study is in line with previous studies,22-26 concluding that parental
overweight was the most potent risk factor for childhood obesity. Treuth and
colleagues22 found that a stepwise increase in gains in fat mass and percent body fat
over time occurred with increasing parental body weight status. The association reflects
both genetic and environmental influence for the development of overweight. In
addition to the high genetic similarity among members of a family,23 parents play an
important role in the development of children’s physical activity patterns24 and eating
behaviors and attitudes.25 Parents may be responsible for the over consumption of
cooking oil by children. Parents’ socioeconomic status also has important effect on
childhood obesity.26
Being nationally representative and comprising both diet and physical activity
information and parental information are strengths of the present study. The limitation is
that the results are based on cross-sectional observation. Therefore, it is not possible to
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demonstrate a cause-and-effect relationship. The observed associations may be either
causal in direction or a consequence of childhood obesity.
Based on the associations we found, the following points might be considered in further
studies and if confirmed, in prevention programs: (1) the tradition of going to/from
school by walking or by bike should be encouraged; (2) limiting the fat intake and
particularly the over-consumption of cooking oil in China is a challenge, given the habit
of frying foods; (3) reduce low-intensity activities and encourage the children to be
more active; (4) parental participation and family involvement may enhance the effect
of such programs on childhood obesity in China.
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Table 1 Characteristics of the children (Mean±SD)
Overweight

Normal Weight

N

458

6368

Girls (%)

36.5

42.9

Age (y)

11.4±2.8

11.2±2.7

Height (cm)

148.3±15.8

141.5±15.8

Weight (kg)

52.0±15.2

33.7±11.2

BMI (kg/m2)

23.1±2.9

16.3±2.2

Chapter 3

Table 2 Energy and nutrients intakes of overweight and normal weight children
(Mean±SD)
Energy (MJ/day) 1
Protein (g/d) 1
Protein (%)2
Fat (g/d) 1
Fat (%)2
Carbohydrate (g/d) 1
Carbohydrate (%)2
Fiber (g/mJ) 1
Food weight (g)
Energy density (kJ/g) 1

Overweight

Normal Weight

8.5±2.7

8.1±2.7*

63.7±23.7

56.2±21.4*

12.7

11.8*

79.3±41.9

65.6±42.1*

34.7

29.6*

264.9±102.3

279.3±97.8*

52.6

58.7*

1.2±0.7

1.3±0.7*

1008.1±340.6

912.7±308.2*

8.7±2.1

9.1±2.1*

Mean values were significantly different: *P<0. 05;
1
2

Wilcoxon's signed rank sum test;
χ2-test.
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Table 3 Food patterns of overweight and normal weight children
(Mean)
Food Weight

Energy
(%)1

(g)

(%)2

(kJ)

Over

Normal

Over

Normal

Over

Normal

Over

Normal

weight

weight

weight

weight

weight

weight

weight

weight

Rice/Wheat

372.7

391.5*

39.4

44.9*

4406.6

4791.1

52.4

60.3*

Vegetable

216.5

220.5

21.3

23.9*

222.0

231.2

2.7

3.0*

Meat/products

87.4

64.7*

8.4

6.8*

979.4

772.0*

11.2

9.0*

Fruit

64.3

53.9*

5.5

5.1*

107.8

94.5*

1.3

1.2*

Oil

40.8

35.9*

4.2

4.0*

1530.3

1343.9*

17.8

16.0*

Milk/Dairy

55.8

24.3*

4.7

2.2*

138.8

65.2*

1.7

0.8*

Egg

31.7

20.4*

3.2

2.3*

174.7

112.0*

2.1

1.5*

Fish

38.9

24.0*

3.6

2.5*

114.1

72.3*

1.4

0.9*

Bean/products

15.5

13.0*

1.6

1.5*

232.4

216.5*

2.7

2.6*

Others

84.5

64.4*

8.1

6.9*

572.7

380.4*

6.5

4.6*

1

Percentage of total food intake (food weight of each kind (g) / total food intake (g));

2

Percentage of total energy intake (energy intake from each kind of food (kcal) / total energy intake (kcal));

*

P<0.05, Wilcoxon's signed rank sum test.
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Table 4 Physical activity patterns of overweight and normal weight children
Duration1

Participation

Duration2

(h/week, Mean±SD)

Rate (%)

(h/week, Mean±SD)

Over

Normal

Over

weight

weight

Exercise

1.1±2.1

0.8±1.9

41.7

Housework

1.1±3.1

1.7±4.0

Active transport

1.9±1.6
4.1±4.1

Normal

Over

Normal

weight

weight

41.2

2.7±2.6

2.0±2.6*

29.5

39.8*

3.6±4.7

4.3±5.3*

2.2±1.9

84.5

91.6*

2.3±1.5

2.4±1.9

4.7±4.9

93.7

96.4*

4.4±4.1

4.9±4.9

weight weight

Mod/Vig Physical activity

Moderate/Vigorous
Physical activity time

Low intensity activities (Inactive)
Television

9.3±6.5

9.4±6.4

91.7

90.2

10.1±6.1

10.5±5.8*

Leisure reading

5.1± 6.6

4.6±6.4*

67.7

57.4*

7.5±6.8

8.0±6.7*

Computer

0.9±2.8

0.5±2.4*

13.3

6.7*

6.9±4.1

7.4±5.9

Video games

0.5±2.1

0.3±1.7*

9.2

5.4*

5.9±4.4

5.3±4.9

Studying

7.9±4.3

6.9±4.1*

98.7

97.4

8.0±4.3

7.1±4.0*

Inactive transport

0.4±1.4

0.2±0.9*

14.4

5.9*

3.0±2.5

3.0±2.3

Total inactive time

24.2± 11.7 21.9±11.2*

Duration1: Average duration among all children in sample;
Duration2: Average duration among participating children;
*

P<0.05, Wilcoxon's signed rank sum test for mean comparison, and χ2-test for participate rate.
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Table 5 Prevalence of childhood overweight by parental weight status
Childhood Overweight
Parental Weight Status

Prevalence

Prevalence Ratio1 (95%CI)

(%)

Unadjusted

Adjusted2

At least one underweight

3.0

0.9 (0.5, 1.8)

1.0 (0.5, 1.9)

Both normal weight

3.2

–

–

One normal weight, one overweight

6.9

2.2 (1.6, 3.0) *

1.9 (1.4, 2.7) *

Both overweight

11.4

3.6 (2.5, 5.0) *

3.1 (2.2, 4.3) *

One overweight, one obesity

22.0

6.9 (4.7, 10.0) *

5.6 (3.8, 8.3) *

Both obesity

39.1

12.2 (7.2, 20.7) *

9.5 (5.5, 16.3) *

1

Prevalence ratio of having overweight or obese children compared to the group that both parents are normal
weight, Cox regression analysis, *P<0.05;

2

Other factors included in the model: Energy and food intakes, leisure time physical activity and inactivity
patterns, mother’s educational and family income levels.
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Table 6 Association between determinants and overweight status

Risk Factors

N

Overweight
prevalence

1

Prevalence
Ratio2
OR (95%CI)

Sex
Boys

3925

7.4

Girls

2901

5.8*

< 45

4809

7.2

≥ 45

2017

5.6*

By bus

440

15.0

By bike

1156

9.0

0.7 (0.5-1.1)

By walk

5230

5.5*

0.6 (0.5-0.8) *

≤2

1626

4.9

>2

5200

7.3*

< 200

5531

5.6

≥ 200

1295

11.3*

< 25

2782

4.9

≥ 25

4044

7.9*

< 100

6161

5.9

≥ 100

665

14.3*

0.8 (0.7-1.0) *

Moderate/vigorous activity (min/day)
0.8 (0.6-1.0) *

Transport to/from school

Inactivity (hours/day)
1.3 (1.0-1.7) *

Meat and meat products (g/day)
1.5 (1.2-1.8) *

Cooking oil (g/day)
1.4 (1.2-1.8) *

Diary product (g/day)

1*

1.8 (1.4-2.3) *

P<0.01, χ2-test;

2*

P<0.05, Cox regression analysis, other factors included in the model but not significant at 0.05 level are
energy intake, cereal, vegetable/fruit, and legume consumption.
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ABSTRACT
Objective: Since national figures on the occurrence of metabolic syndrome among
Chinese adolescents are lacking, this study aims to estimate its prevalence and
distribution among Chinese youngsters.

Design and subjects: The 2002 China National Nutrition and Health Survey (CNNHS)
is a nationally representative cross-sectional study.

Methods: Applying the criteria for US adolescents, we estimated the prevalence of
metabolic syndrome among 2761 adolescents aged 15 to 19 years.

Results: The prevalence of the metabolic syndrome among Chinese adolescents overall
was 3.7% (10% in US adolescents). It was 35.2%, 23.4% and 2.3% among adolescents
who were overweight (BMI ≥95th percentile), at risk of overweight (BMI between 85th
and 95th percentile) and normal weight (BMI below the 85th percentile), respectively.
Urban boys had the highest rate (5.8%) compared to girls and rural youngsters. Among
adolescents who had a BMI ≥85th percentile and one or two parent(s) with the
metabolic syndrome, the prevalence was 46.4%. A total of 96% of overweight
adolescents had at least one and 74.1% overweight adolescents had at least two
abnormalities of the metabolic syndrome. Based on these figures it is estimated that
more than three million Chinese adolescents have metabolic syndrome.

Conclusions: Both overweight and metabolic syndrome prevalence among adolescents
are still relatively low in China, but the prevalence of metabolic syndrome among
Chinese overweight adolescents is similar to those living in the USA.
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INTRODUCTION
Metabolic syndrome refers to a clustering of specific cardiovascular disease risk
factors.1 There are several definitions of metabolic syndrome for adults,2-7 such as the
International Diabetes Federation definition,4 WHO criteria7 and the Third Report of the
National Cholesterol Education Program’s Adult Treatment Panel (ATP III) criteria.2
Pediatric metabolic syndrome has been reported in many populations, but the
estimations are difficult to compare because a unanimous definition is lacking.8-13 Based
on the ATP III criteria, Cook et al14 proposed pediatric metabolic syndrome criteria for
US children and adolescents defined as having three or more of the following
abnormalities: high TAG level; low HDL-C level; high fasting glucose level; abdominal
obesity; hypertension. In 2004, de Ferranti et al.15 developed less restrictive criteria
analogous to ATP III. According to de Ferranti’s definition, the prevalence of metabolic
syndrome among US adolescents was 10%, and nearly 30% among overweight/obese
US adolescents.15
In China, pediatric overweight and obesity emerged only during the last few decades.
Being very low in the 1980’s, the overall prevalence of overweight and obesity among
children in China were approximately 5% and 2%, respectively, in 2002.16 Along with
the rise of childhood obesity, related metabolic abnormalities began to be routinely
observed and reported.8-13,15 But no national representative data about metabolic
syndrome of Chinese adolescent have been published. The purpose of the current study
is to estimate the prevalence and distribution of the metabolic syndrome among Chinese
adolescents using the national representative survey data of 2002 China National
Nutrition and Health Survey.

SUBJECTS AND METHODS
Sampling
The 2002 China National Nutrition and Health Survey is a nationally representative
cross-sectional survey that covered 31 provinces, autonomous regions and the
municipalities directly affiliated to the central government (Hong Kong, Macao and
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Taiwan were not included). Detailed information of the sampling method has been
described elsewhere.17 Briefly, a multi-step cluster sampling method was used for
subject selection. A total of 272 023 subjects aged 2-101 years old representative for the
Chinese population were surveyed . The sample consisted of 8456 adolescents aged
15-19 years old and one third of the selected families (n 2913) were randomly selected
to have blood samples drawn.
Among the 2913 adolescents, missing values for height/weight, waist, blood pressure
and blood samples accounted for 1.8%, 0.8%, 2.1% and 2.1%, respectively. A total of
2761 adolescents had complete measurements of waist circumference, blood pressure,
plasma glucose, TAG, HDL, and were not currently pregnant. Children younger than 15
years were recruited, but did not have waist circumference and blood pressure
measurements taken. There was no significant difference in age, weight, height, BMI
and sex ratio between adolescents who had complete measurements and those who did
not.
Among the 2761 subjects, 2469 adolescents’ mothers (response 89.4%) and 2186
adolescents’ fathers (response 79.2%) participated in the investigation, 2326 mothers
(response 94.2%) and 2064 fathers (response 94.4%) had complete measurements for
metabolic syndrome. Of them, 1861 adolescents had full information of both mother
and father. There was no significant difference in weight, height and BMI between
parents who had complete measurements and those who did not. Parents who completed
the measurements were 0.4 year older than those who did not.
Measurements
The fasting body weight, height, waist circumference, and blood pressure of the
adolescents and their (biological) parents were measured following standardized
procedures by trained interviewers. The waist circumference was measured to the
nearest 0.1cm at the midpoint between the bottom of the rib cage and the top of the iliac
crest at the end of exhalation.18 Subjects’ seated resting blood pressure was measured
twice to the nearest 2 mmHg. The first and fifth Korotkoff sounds were used to
represent the systolic and diastolic blood pressure.18 The mean of these two
measurements was recorded.
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Fasting blood samples (5ml) of the adolescents and their (biological) parents were
collected after approximately 10-14 h overnight fast, drawn into tubes containing
heparin as an anticoagulant for preparation of plasma. After the blood was draw, the
tubes were gently shaken and then separated by centrifugation at 3200 rpm for 10-15
min. Plasma glucose level was measured with a spectrophotometer within 4 h after a
fasting blood sample was obtained. Other plasma samples were moved into airtight
storage tubes and stored at -80°C prior to shipment on dry ice to the Chinese Center for
Disease Control and Prevention for lipid measurements. Plasma total cholesterol, TAG
and HDL-cholesterol were measured enzymatically with a Hitachi 7060, 7180
auto-analyzer (Hitachi, Tokyo, Japan).18
The protocol of the survey was approved by the Ethical Committee of the National
Institute for Nutrition and Food Safety, Chinese Center for Disease Control and
Prevention. Signed consent forms were obtained from both their parents or guardians
and the adolescents themselves.
Quality control of physical measurements
Fasting body weight, height and blood pressure were all objectively measured by
trained investigators and the duplicate measurements in subgroups showed very high
reproducibility (correlation coefficients of duplicate measurements was 0.99 for height
and 0.98 for weight). Plasma was separated immediately and all fasting glucose samples
were measured within 4 h. Every tenth sample was measured twice (correlation
coefficients of duplicate measurements was 0.98), at the same time, one reference
sample, one quality control sample and one blind sample were measured before every
thirtieth sample18. Blind serum samples provided by the US Center for Disease Control
were analysed in our lab (China Center for Disease Control) seven times at regular
intervals over the course of the analysis of the samples from the 2002 China National
Nutrition and Health Survey; the relative difference ranged from -7.02% to 1.60% for
TAG, and from -1.05% to 4.21% for HDL-cholesterol.18
Definition
Metabolic syndrome was defined using the criteria proposed by de Ferranti et al.,15 as
three or more of the following variables and cutoff points: (1) fasting TAG ≥1.1mmol/l
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(100mg/dl); (2) HDL-cholesterol boys: <1.2mmol/l (45mg/dl); girls: <1.3mmol/l
(50mg/ dl); (3) fasting glucose ≥6.1mmol/l (110mg/dl); (4) waist circumference >75th
percentile for age and sex for US adolescents; (5) systolic blood pressure and/or
diastolic blood pressure >90th percentile for sex, age and height recommended by the
National Heart, Lung, and Blood Institute (USA.).19 The ATP III criteria2 were used for
the definition of the adults (parents) metabolic syndrome. BMI was calculated as body
weight divided by the square of height (kg/m2), in order to compare with US
adolescents, the BMI status was classified by age-, sex- specific BMI standards for US
adolescents (<85th, 85th-95th and ≥95th percentile by age and sex).20
Statistical analysis
The prevalence of metabolic syndrome was estimated overall, by gender, by region
(urban or rural), by BMI and stratified by the presence of parental metabolic syndrome.
BMI was estimated using the US historical percentiles that were derived from the
NHANES III survey: normal weight: <85th; at risk of overweight: 85th-95th and
overweight: ≥95th percentile of US adolescents by age and sex.20 Prevalence values
were compared using χ2 tests. Sampling weights were applied to national estimates
according to the data of the Fifth National Population Census21. All statistical analyses
were done with the SAS (8.2e for Windows, SAS Institute Inc. Cary, NC, USA), and the
significant level was set at 0.05.

RESULTS
Characteristics of adolescents and their parents are shown in Table 1. A total of 2761
adolescents (boys 1478; girls 1283) aged 17.1 (SD 1.5) (15-19) years participated in the
investigations. A total of 2326 adolescents’ mothers aged 42.7 (SD 4.9) years and 2064
adolescents’ fathers aged 44.9 (SD 5.6) years finished all measurements for metabolic
syndrome; among them, there were 1861 couples.
Prevalence of metabolic syndrome is shown in Table 2. The overall prevalence of
metabolic syndrome in Chinese adolescents aged 15-19 years was 3.7%. Based on
population weighting, we have estimated that more than three million Chinese
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adolescents have the metabolic syndrome. Metabolic syndrome was present in 35.2% of
overweight adolescents (BMI ≥95th percentile) compared with 23.4% of at-risk
adolescents (BMI 85th to <95th percentile) and 2.3% of those with a BMI below the 85
percentile (P<0.01). The prevalence of the metabolic syndrome by sex and region is
shown in the Fig. 1. Urban boys had the highest rate at 5.8%, whereas their rural
counterparts (2.9%) had the lowest rate (P<0.01). Urban girls had comparable
prevalence as their rural counterparts (3.5% v. 3.7%).
Adolescents having parent(s) with metabolic syndrome had a higher rate of metabolic
syndrome than their counterparts (10.7% v. 3.0%, P<0.01; Table 2). The prevalence of
metabolic syndrome by adolescents’ BMI status and parental metabolic syndrome status
is shown in Fig. 2. Among normal weight adolescents, metabolic syndrome prevalence
was low whether they had parents with (5.1%) or without (2.1%) metabolic syndrome.
Once they developed overweight or were at risk of overweight, the prevalence increased
dramatically, especially if their parent(s) had metabolic syndrome. More than 40%
(46.4%) of adolescents who had BMI ≥85th percentile and parent(s) with metabolic
syndrome met the criteria of metabolic syndrome.
The proportion of subjects with one or more metabolic abnormalities is also shown in
Table 1, 96.3% overweight adolescents had at least one and 74.1% had at least two
abnormalities of metabolic syndrome. The distribution of each metabolic abnormality is
shown in Table 3. Overall, low HDL-cholesterol levels were the most common, whereas
high fasting glucose levels and abdominal obesity were the least common abnormality.
Central obesity, high fasting glucose, high TAG level and hypertension all significantly
worsened with increasing body weight status.
The prevalence of metabolic syndrome of children with a high family income was
significantly higher than their counterparts whose family income was low or
intermediate. No significant association was found between mother’s educational level
and the child’s metabolic syndrome (Table 2). Family income status was also positively
associated with the risk of having four metabolic abnormalities, but the children from
poor families were at a significantly higher risk of having at least one metabolic
abnormality. Family income status was also positively related to the prevalence of
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abdominal obesity and negatively related to HDL-cholesterol level. The prevalence of
low HDL-cholesterol level among children whose mother’s educational level was low
(49.6%) or high (45.8%) was both lower than those whose mother’s educational level
was medium (54.2%) (Table 3).

DISCUSSION
This is the first study examining the prevalence and distribution of metabolic syndrome
among 15- to 19-year-old Chinese adolescents using a national representative sample.
Compared with their US counterparts, the prevalence of metabolic syndrome is still low
in China (about 10% in the USA v. 3.7% in China).15 The prevalence of metabolic
syndrome among overweight adolescents is quite similar in China and in the USA
(27.7% v. 31.2%). Overweight adolescents who had one, two, three and four items of
the metabolic abnormalities are also comparable between Chinese (75.9%, 51.9%,
20.4% and 5.6%) and USA adolescents (88.5%, 56.0%, 28.7% and 5.8%) (both
applying the criteria developed by Cook et al.).14
Comparing the different individual metabolic abnormalities between Chinese and US
adolescents,14,15 the prevalence of abdominal obesity and high TAG levels was lower,
while the prevalence of low HDL-cholesterol level and elevated blood pressure was
higher among Chinese than US adolescents. The differences may be caused by genetic
factors, dietary habits, physical activity patterns or other lifestyle differences that need
further research. High levels of HDL-cholesterol have previously been reported in some
Chinese populations,22 more recent data, however, suggested that the lipids profile of
Asian populations is changing with a trend toward decreased HDL-cholesterol and
increased total cholesterol and LDL-cholesterol, possibly as a result of the changing
lifestyles.23,24 Serum lipid concentrations of various Chinese population samples are
now closer to that of Western populations.25,26 In order to compare with the US
adolescents, we used the old cut-point for high glucose level of 110mg/Dl. When the
new cut-point of 100mg/dL was applied, 2.8% of Chinese adolescents had a high
glucose level.
One limitation of the present study is that the estimation of the metabolic syndrome is
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based on a proposed definition for US adolescents using the historical cut-points from
the NHANES III due to the lack of a metabolic syndrome definition for Chinese
adolescents. Whether the US criteria are applicable for Chinese adolescents is still
questionable. As previous studies found a higher body fat percentage at the same BMI
among Asian adults, specific overweight (BMI ranging from 24.0 kg/m2 to 27.9 kg/m2)
and obesity (BMI equal or above 28 kg/m2) definitions were then developed.27-29 Using
the US upper limits for waist circumference may have underestimated the prevalence,
while using the US lower limit for HDL-cholesterol level may have overestimated the
prevalence, considering the generally lower adult weight and waist circumference of
Chinese compared with US adults. Another limitation of the present study is that we
compared the Chinese adolescents aged 15-19 years with US adolescents aged 12-19
years. As similar results were found for older and younger adolescents in the USA,14,15
our comparison may still be valid.
Strengths of the study were the national representativeness, and the high quality control
of physical examination and laboratory analysis.18 High reproducibility was observed in
our duplicate measurements; moreover, there is good agreement between Chinese and
American laboratory measurements in TAG and HDL-cholesterol. Evaluating parental
history of metabolic syndrome was also a strengthen of the present study.
In conclusion, the prevalence of metabolic syndrome is lower among Chinese than US
adolescents. But among overweight subjects, the prevalence of metabolic syndrome is
comparable. It is estimated that more than three million Chinese adolescents aged 15 to
19 years have metabolic syndrome and 40% of them have elevated body weight. Of the
adolescents having parents with metabolic syndrome, once they are overweight or at
risk of overweight, their risk of metabolic syndrome would be much higher. The present
findings highlight the need for effective childhood obesity prevention strategies and
actions in China, especially among the adolescents having parents with metabolic
syndrome.
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Table 1 Characteristics of adolescents and their parents
(Mean±SD)
Adolescents

Mother

Father

2761

2326

2064

Age (years)

17.1±1.5

42.7±4.9

44.9±5.6

Height (cm)

162.3±8.8

155.9±6.0

166.6±6.4

Weight (kg)

53.2±10.2

57.3±9.7

64.7±11.2

BMI (kg/m2)

20.1±3.0

23.5±3.4

23.2±3.3

n
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Table 2 Number of Metabolic Syndrome Risk Factors among Chinese Adolescents aged
15-19 years, 2002CNNHS (%)

Adolescent Characteristics
Total
Sex
Boy
Girl
Region
Urban
Rural
BMI status, percentile
Normal (<85th)
At risk (85th to <95th)
Overweight (≥95th)
Parent Characteristics
Mother’s MetS status
No
Yes
Father’s MetS status
No
Yes
Parental MetS status
No (Both)
Yes (1 or both)
Mother’s educational level
Low (illiterate)
Middle (Primary or
Junior middle school)
High (Senior middle school
Or above)
Family’s economic level
(Yuan/Year/Per family member)
<2000
2000-10000
≥10000

≥1

No. of risk factors
≥2
≥ 3(MetS)

≥4

2761

68.5

23.3

3.7

0.6

1478
1283

65.0
72.6

23.0
23.9

3.4
4.0

0.6
0.5

833
1928

60.5
72.0

19.2
25.1

4.2
3.5

1.5
0.1

2613
94
54

67.0**
81.9
96.3

20.6**
60.6
74.1

2.3**
23.4
35.2

0.0
6.4
18.5

2218
108

67.5**
81.5

22.5**
37.0

3.3**
11.1

0.5**
3.7

1920
144

67.6
72.9

22.4**
36.1

3.3**
11.8

0.5**
3.5

1656
205

67.1**
76.6

22.3**
34.6

3.0**
10.7

0.4**
3.4

255

67.3

23.2

2.0

0.0

1208

69.9

24.7

4.1

0.5

398

64.2

20.5

4.6

1.8

837
860
140

71.8**
66.3
60.0

25.6
22.6
17.9

3.0*
4.3
7.1

0.4**
0.6
3.6

No. of
Subjects

Abbreviation: CNNHS: China National Nutrition and Health Survey;
MetS: Metabolic syndrome, with 3 or more risk factors;
χ2-test of prevalence of metabolic syndrome risk factors between subgroups, *P<0.05, **P<0.01.
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Table 3 Prevalence of Individual Metabolic Syndrome Risk Factors among Chinese
Adolescents Aged 15 to 19 Years, 2002 CNNHS (%)
High
Abdominal
Glucose
Obesity
Level
Adolescents Characteristics
Total
Sex
Boy
Girl
Region
Urban
Rural
BMI status, percentile
Normal (<85th)
At risk (85th to <95th)
Overweight (≥95th)

High
TAG
Levels

Low
HDL-C
Level

Elevated
BP

3.8

0.8

19.6

53.8

18.2

4.0
3.6

0.8
0.8

16.2
23.7

50.1
58.1

21.2
14.8

7.4
2.3

1.0
0.7

17.9
20.3

42.5
58.7

16.9
18.7

1.0**
43.6
85.2

0.8**
3.2
3.7

19.1**
34.0
42.6

52.4
55.3
57.4

16.6**
36.2
37.0

0.9**
5.6

19.6
25.9

52.0
60.2

17.5**
28.7

0.9**
3.5

19.7*
28.5

51.9
52.8

17.6**
26.4

1.0*
3.0

19.8**
27.6

51.3
55.2

17.7**
27.1

1.2

22.8

49.6**

16.9

1.3

20.6

54.2

19.6

1.3

19.2

45.8

17.1

1.0
1.4
2.1

22.9
19.0
17.1

57.7**
47.7
41.4

17.1
20.7
16.4

Parent Characteristics
Mother’s MetS status
No
3.8**
Yes
13.9
Father’s MetS status
No
3.5**
Yes
13.9
Parental MetS status
No (Both)
3.1**
Yes (1 or both)
13.3
Mother’s educational level
Low (illiterate)
2.0**
Middle (Primary or
3.4
Junior middle school)
High (Senior middle school
7.9
Or above)
Family’s economic level
(Yuan/Year/Per family member)
<2000
2.0**
2000-10000
5.1
11.4
≥10000

Abbreviation: CNNHS: China National Nutrition and Health Survey;
MetS: Metabolic syndrome, with 3 or more risk factors; BMI, body mass index; HDL-C, high-density
lipoprotein cholesterol; BP, blood pressure;
χ2-test of prevalence of individual metabolic syndrome between subgroups, *P<0.05, **P<0.01.
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Figure 1 Prevalence of the Metabolic Syndrome by Sex and Area
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ABSTRACT
Objective: To investigate the relationship between body weight, body dissatisfaction and
depression symptoms among Chinese children.
Methods: The fasting body weight and height of third and fourth grade students (n 3886,
aged 9 or 10 y) from 20 schools in Beijing, China, were measured, and the students were
asked to choose the figures of body image and to complete the self-reported children’s
depression inventory (CDI) questionnaire.
Results: The CDI Cronbach’s alpha was 0.81. The total CDI score was 9.60±7.50, 13.2%
of children (boys 16.7% v. girls 9.5%) were at risk of depression symptoms. Overweight
girls, but not boys, had significantly higher total CDI score than their normal weight
counterparts. Both obese girls and obese boys showed a higher negative self-esteem scores.
More than one fifth underweight girls still wanted to be thinner while more than one third
obese boys still wanted to be heavier. Children who wanted to be thinner showed slightly
higher scores of ineffectiveness and negative self-esteem. After introducing the body
dissatisfaction into the model, overweight was still associated with total CDI score among
girls and obesity was still associated with negative self-esteem among both boys and girls.
Conclusion: Overweight girls show significantly higher depression symptom score than
their normal weight counterparts, which maybe partially explained by body dissatisfaction.
Obese boys and girls are both more likely to suffer from low self-esteem, which is partially
explained by body dissatisfaction.
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INTRODUCTION
It is commonly believed that overweight children are unhappy with their weight and
experience more psychosocial distress, particularly depressive symptoms.1,2 BMI is related
to body dissatisfaction in children, particularly in girls. Body dissatisfaction is higher in
overweight and obese children and adolescents than in their normal-weight counterparts.3,4
Researches have shown that adult women and female adolescents have a connection
between depression and body weight.5-8 Among a clinical sample of obese children and
adolescents, 50 percent of subjects are classified as depressed,8 Erermis et al.9 reported that
obese group has a slightly higher score. Rierdan and Koff10 reported that it was
weight-related body image and perception of body weight rather than the objective BMI or
actual weight categories that significantly predict depressive symptoms. The relationship
between depression symptoms and BMI in preadolescent girls seems to be explained by an
excess of overweight concerns.1 It is hypothesised that body image or weight perception
might have a mediating effect on the relationship between actual body weight and
depressive psychological symptoms.
Higher body dissatisfaction has also been found among overweight and obese girls and
boys in China.11 Among Chinese adolescent girls, high BMI is significantly related to
higher self-reported depression symptoms.12 Perceived overweight adolescent boys and
girls are more likely to experience depression than their normal weight and underweight
counterparts.13 But there is limited information on the relationship between body weight
and depression, as well as between body dissatisfaction and depression among younger
children in China.
This study focused on the following aspects in a large population-based sample of nine and
ten year old girls and boys living in Beijing, China:
Whether body weight is associated with depression symptoms;
Whether body weight is associated with body dissatisfaction;
Whether body dissatisfaction is associated with depression;
Whether body dissatisfaction could account for a relationship between body weight and
depression symptoms.
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SUBJECTS AND METHODS
Subjects
The study population was a representative sample of 9 and 10 years old students in 2005 of
the third and fourth grade from 20 schools in urban Beijing, China. Parents were informed
of the study in writing and given the opportunity to refuse their children’s participation.
Children could refuse participation at any time. The study obtained a response from 96% of
the selected student population. Approximately 2% of these responses were excluded
because of missing or invalid information. Classroom surveys and physical measures were
completed during regular school days by trained investigators.
The Human Investigations Review Committees at the National Institute for Nutrition and
Food Safety, Chinese Center for Disease Control and Prevention, provided ethical approval.
Written informed consent was obtained from all parents and subjects before the start of the
study.
Measures
Body Weight Status
Fasting body weight was measured in the morning using a digital electronic scale (Seca,
model 890, Hamburg) to the nearest 0.1kg with the subject only wearing underwear.
Height was measured to the nearest 0.1 cm using a standard steel strip stadiometer in bare
footed subjects.
Overweight was defined using age- and sex- specific BMI cut-off points developed by the
Working Group for Obesity in China (WGOC), as body mass index (BMI) for age- and
sex- between 85th and 95th percentile, whereas obesity was defined as BMI at the 95th
percentile or higher, underweight was defined as BMI at 5th percentile or lower.14
Body Dissatisfaction
Body image was assessed by the Ma silhouette,11 which was developed from Collins
silhouette15 and adapted to the Chinese situation. There were two arrays of pictures for
children, boys or girls, respectively. Each array had seven black-white line-drawn
silhouettes ranging from very thin to very fat.11 Subjects were asked to select one picture
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that fits best with each of the following statements: (1) “looks most like YOU” (for current
own body image), (2) “you would most want to look like” (for ideal body image). A higher
score indicates a larger body image.
Subtracting the ideal body image from the current body image yields the body
dissatisfaction (BD) rating. The BD rating ranges from –6 to 6. BD = 0 means no
discrepancy between the current and ideal body image. A mismatch of one position was
described as body dissatisfaction (BD≥1 or BD≤-1). A BD rating of >0 indicated that the
boy/girl’s current body image was bigger than his/her ideal body image (want to be
thinner), while a BD rating of <0 indicated that the boy/girl’s current body image was
smaller than his/her ideal body image (want to be heavier)
Depression Symptoms
The Children’s Depression Inventory (CDI) developed by Kovacs16 has been used most
often to measure depression symptoms among normal children, which was designed to
survey cognitive, effective, and behavior manifestations of depression in children and
adolescents. It contains 27-item self-rating scales ranging from 0 to 2 that yield total scores
from 0 to 54, where a higher score reflects greater symptomatology. Kovacs16 has specified
a 19-point cutoff as the ideal threshold discriminating children at risk of depression from
non-depressed children. The CDI has shown good test-retest reliability, internal
consistency, and construct validity.17 The validity and reliability of the Chinese version are
sufficient.18
The CDI factors are labeled as negative mood, interpersonal problems, ineffectiveness,
andedonia, and negative self-esteem, the definitions of the CDI self-report factor scales are
listed in the CDI manual,16 where ineffectiveness reflects negative evaluation of one’s
ability and school performance, and negative self-esteem reflects low self-esteem,
self-dislike, feeling of being unloved, and a tendency to have thoughts of suicide.
Total score was the overall depressive symptomatology across the five factor scales.
Statistical analysis
Bivariate Analyses
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As recommended by Matthey and Petrovski[19] that the CDI is better suited as a
continuous measure of mood but not the cutoff scores which should not be used to screen
for the likely presence or absence of depression. We compared the total CDI score and five
factor scores among underweight, normal weight, overweight and obese children, as well
as among the children who was or not satisfied with their body image, by analysis of
variance (ANOVA) with the Tukey post-hoc comparisons. The proportion of body
dissatisfaction was described by gender and by BMI status.
Multivariate analyses
Multivariate tests of the effect of underweight, overweight and obesity on the total CDI
score and factor scores were conducted. The data were then analyzed while the body
dissatisfaction status was further controlled.
Hierarchical linear model of SAS PROC MIXED was used to examine the outcomes as a
function of both student level characteristics and school level predictors.

RESULTS
The CDI Cronbach’s alpha was 0.81 in the current study, while internal consistency
reliability estimates for the 5 subscales of the CDI were 0.75, 0.48, 0.71, 0.81 and 0.75 for
negative mood, interpersonal problem, ineffectiveness, andedonia and negative self-esteem,
respectively.
A total of 3886 students were selected from grade three and four of 20 primary schools in
urban Beijing in the summer of 2005. The characteristics of the students are shown in
Table 1. No significant difference was found in age, parent’s BMI status, parent’s
educational level and family economic level between boys and girls. Significantly more
boys were classified as overweight or obese than girls. The total CDI score of boys were
10.8±7.9, which was significantly higher than that of girls. Totally, 13.2% of children (boys
16.7% vs girls 9.5%, P<0.05) were at risk of developing depression symptoms (CDI≥19).
Bivariate analysis
Overweight girls had significantly higher total CDI score, but the absolute difference was
small. Overweight and obese girls also showed a significantly higher level of
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ineffectiveness score than underweight girls. Both obese boys and girls showed a
significantly higher negative self-esteem score than their normal weight counterparts
(Table 2).
One third children wanted to be thinner and one third wanted to be heavier. After stratified
by BMI status, more underweight boys wanted to be heavier than underweight girls, while
relatively more obese girls wanted to be thinner than obese boys (Table 3). More than one
fifth underweight girls still wanted to be thinner while more than one third obese boys still
wanted to be heavier (Table 3).
Boys who wanted to be thinner showed significantly higher scores of ineffectiveness and
negative self-esteem than those who wanted to keep their current body image. Girls who
wanted to be heavier and thinner showed a significantly higher total CDI score and a
higher score of the four factor including negative mood, ineffectiveness, andedonia, and
negative self-esteem (Table 4).
Multivariate analyses
Among girls, the estimated Z value of school and residual was 1.72 (P=0.04) and 30.63,
respectively. These estimates suggested that schools differed in their average total CDI
score and there were even more variations among students within schools. Similar results
were found after body dissatisfaction was introduced into the models.
The overweight girls still showed a significantly higher CDI score after the body
dissatisfaction was introduced into the model, but the estimated value was a little less
(Table 5). Overweight and obese girls all showed a significantly higher negative
self-esteem score (Table 5).
Only negative self-esteem score was significantly higher in obese boys, which was still
significant after the body dissatisfaction was introduced into the model (Table 5).

DISCUSSION
This study suggested that boys living in urban Beijing had a higher CDI score than girls,
and more boys were at risk of developing depression symptoms. Overweight girls showed
significantly higher depression symptom score than their normal weight counterparts,
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which maybe partially explained by body dissatisfaction. Both obese boys and girls were
more likely to suffer from low self-esteem, which could be partially explained by body
dissatisfaction.
Depression is one of the most psychological problems in adolescents20 and the rates of
depression have been increasing over the last several decades.21,22 As reported by Scheidt
et al.23 49% of adolescent girls and 34% of adolescent boys showed weak depression
symptoms, while 29% USA youth24 and 35%-50% Mexican-American youths25 have
depression symptoms. The CDI has been used most often to measure depressive symptoms
among normal children. The prevalence of depressive risk in our sample was 13.2% when
the cutoff point of 19 was used as the threshold. This figure is in line with other
epidemiologic studies that reported prevalence rates of depressive risk ranging from
5~20% using self-report CDI.26-31
Overweight children display more psychosocial problems though the extent of these
problems is usually small. In our sample, overweight was associated with mildly increased
depression symptoms among girls. Previous studies showed that adult women and female
adolescents have a connection between depression and body weight in western countries5-8
and China.12 Our results indicate that in younger Beijing girls, body weight is also
associated with depression symptoms. We also found a higher body dissatisfaction among
overweight and obese Beijing children.
Theoretically, elevated body mass results in body dissatisfaction because overweight is not
currently considered socially desirable,32 and body dissatisfaction may in turn increase the
chance of depression.5,10,33 So body dissatisfaction is thought to be related with body mass
and depression. Cognitive aspects of body-image disturbance, rather than actual body
dimensions, may play a more important role in the etiology of depression.1,32 However, in
our sample, both overweight and body dissatisfaction were associated with depression
symptoms, the relationship between body weight and depression symptoms could only
partially explained by body dissatisfaction. It might also be the case that
non-weight-related aspects of body dissatisfaction, as well as other characteristics related
with body weight, are also very important in promoting depression.
This is the first study in Chinese younger children to explore the relationship between body
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weight, body dissatisfaction and depression symptoms in China. The results indicate that
body weight-related body dissatisfaction and depression symptoms occur in younger
children, which should be considered in the future pediatric weight management programs
in China. The international childhood depression measurement of CDI used in our study
could also provided the chance to compare the results with other studies. The Chinese
version CDI was translated from English and vice verse for construct validity and had
shown higher validity and reliability in Chinese children.18 The Cronbach’s coefficient
alpha estimate was 0.85 and split half reliability was 0.83 of the Chinese version CDI,18 no
less than the English versions.16,25 In the current sample, the Cronbach’s coefficient alpha
estimates were 0.81 for total score and 0.48-0.81 for subscales.
One limitation of the present study is that the results are based on cross-sectional
observations. Therefore, whether the associations represent cause or consequence of
childhood overweight remains unknown. Another limitation is that we did not include
information on body weight teasing and eating behavior, as teasing from family, peers and
teachers may account for the relationship between body weight, body dissatisfaction and
depression.34-37 Children’s diet and physical activity patterns may be related to body weight
and depression,38-41 but they were not included in current analyses. Further analyses of our
project should focus on the association of diet and physical activity patterns with
depression, and the intervention effect of diet and physical activity on the improvement of
depression symptoms in younger children living in Beijing.
There is evidence that even moderate levels of depression have a negative impact on
children and are associated with significant impairment in school and peer functioning in
children.42,43 Gotlib et al.44 found that adolescents with a high score on depression
questionnaires, but do not meet diagnostic criteria for depression have as much
psychosocial dysfunction as those who meet diagnostic criteria for depression. So the
expert panels recommend a multidisciplinary approach to pediatric weight management
programs, including psychosocial factors in the assessment and therapeutic programs.45,46
Some body weight intervention programs focusing a healthy lifestyle do result in positive
psychological improvement.38,40,47 We are currently implementing a school-based and
parents involved obesity intervention program focusing on physical activity in Beijing. The
improvement of depression and anxiety symptoms will be evaluated after 1 year
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intervention.
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Table 1 Subjects Characteristics (%)

Total (N)
Age (years)
9
10
BMI status1,*
Underweight
Normal Weight
Overweight
Obesity
Mother’s BMI status2
Underweight
Normal Weight
Overweight
Obesity
Father’s BMI status2
Underweight
Normal Weight
Overweight
Obesity
Mother’s educational level3
Low
Middle
High
Father’s educational level3
Low
Middle
High
Family’s income4
Low
Middle
High
Children’s Depression Inventory
Score (CDI, M±SD)
Depression (CDI≥19)

Boys
1987

Girls
1899

All
3886

47.2
52.8

46.7
53.3

46.9
53.1

4.4
61.1
16.9
17.6

5.0
74.8
10.4
9.8

4.7
67.8
13.7
13.8

6.4
69.3
19.8
4.5

6.4
67.0
20.8
5.8

6.4
68.1
20.3
5.2

2.3
43.6
49.3
4.8

2.3
44.2
48.9
4.6

2.3
43.9
49.1
4.7

18.9
33.8
47.3

17.3
35.6
47.1

18.1
34.7
47.2

17.8
37.0
45.2

15.6
37.5
46.9

16.7
37.2
46.1

28.4
57.2
14.4
10.8±7.9

29.7
53.4
16.9
8.3±6.8

29.0
55.3
15.7
9.6±7.5

16.7

9.5

13.2

1

Defined according to the Chinese reference developed by the Working Group for Obesity in China (WGOC), overweight: BMI between
85th and 95th percentile, obesity: BMI≥ 95th percentile, underweight: BMI≤5th percentile, significantly difference between boys and
girls, χ2-test, P<0.05;
2
Body weight of parents, underweight: BMI<18.5; overweight: BMI between 24 and 25; obesity: BMI≥28;
3
Educational level: Low, lower than junior middle school; Middle, high middle school; High, college/university or above;
4
Family’s income: Low, <2000Yuan/Month; Middle, 2000-6000Yuan/Month; High≥6000Yuan/Month.
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Table 2 Children’s depression inventory score according to their BMI status
(Mean±SD)

Children’s Depression Inventory Score
BMI status

Total

Negative Interpersonal

In-

Endogenous

Negative

Mood

Problem

effective

Depression

Self-Esteem

Boys
Underweight

12.0±8.9

2.8±2.5

1.5±1.6

2.1±1.8

3.5±3.3

2.1±2.1a,b

Normal Weight

10.7±7.9

2.4±2.2

1.6±1.4

1.8±1.8

3.0±2.9

1.9±1.9b

Overweight

10.3±7.8

2.3±2.2

1.6±1.4

1.7±1.8

2.7±2.7

1.9±1.8a,b

Obesity

11.3±7.4

2.6±2.2

1.7±1.4

1.9±1.8

2.9±2.6

2.2±1.8a

Underweight

7.0±5.1b

1.6±1.6

1.1±0.9

0.8±1.2b

2.3±2.0

1.2±1.5c

Normal Weight

8.2±6.7a,b

1.9±2.0

1.2±1.0

1.1±1.4a,b

2.4±2.6

1.5±1.7bc

Overweight

9.4±7.3a

2.3±2.1

1.3±1.1

1.3±1.6a

2.6±2.8

1.8±1.8ab

Obesity

8.7±7.5a,b

1.8±2.1

1.3±1.1

1.2±1.5a,b

2.4±2.8

2.0±1.9a

Girls

a,b,c

One-way ANOVA performed with Tukey post-hoc analysis to compare the effects of BMI status and body

dissatisfaction on depression symptoms,
difference.
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Table 3 Distribution of body dissatisfaction according to BMI status
Body Dissatisfaction (n, %)
BMI status

≤-3

-2 or -1

0

1 or 2

≥3

Underweight

39 (44.8)

22 (25.3)

17 (19.5)

6 (6.9)

3 (3.5)

Normal Weight

280 (23.1)

143 (11.8)

506 (41.7)

108 (8.9)

176 (14.5)

Overweight

19 (5.7)

62 (18.5)

63 (18.8)

78 (23.2)

114 (33.8)

Obesity

49 (14.0)

64 (18.2)

34 (9.7)

143 (40.7)

61 (17.4)

Total

387 (19.5)

291 (14.7)

620 (31.2)

335 (16.9)

354 (17.7)

7 (7.5)

38 (40.4)

29 (30.9)

11 (11.7)

9 (9.5)

Normal Weight

225 (15.9)

266 (18.7)

463 (32.6)

320 (22.5)

146 (10.3)

Overweight

37 (18.7)

23 (11.6)

19 (9.6)

84 (42.4)

35 (17.7)

Obesity

20 (10.7)

23 (12.3)

5 (2.7)

94 (50.3)

45 (24.1)

Total

289 (15.2)

350 (18.4)

516 (27.2)

509 (26.8)

235 (12.4)

Boys

Girls
Underweight

Body dissatisfaction (BD) = current body image - ideal body image. A BD rating of >0 indicated that the
boy/girl’s current body image was bigger than his/her ideal body image (want to be thinner), while a BD
rating of <0 indicated that the boy/girl’s current body image was smaller than his/her ideal body image
(want to be heavier).
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Table 4 Children’s depression inventory score according to their body dissatisfaction status
(Mean±SD)
Children’s Depression Inventory Score
BD status

Total

Negative Interpersonal

In-

Endogenous

Negative

Mood

Problem

effective

Depression

Self-Esteem

Boys
Want to be heavier

10.6±7.8

2.4±2.2

1.6±1.4

1.8±1.7ab

2.9±2.8

1.9±1.8 ab

Keep same

10.4±8.0

2.3±2.3

1.7±1.4

1.7±1.8b

2.9±2.9

1.8±1.8b

Want to be thinner

11.3±7.8

2.5±2.2

1.7±1.4

1.9±1.8a

3.1±2.8

2.2±2.0a

Want to be heavier

8.7±7.2a

2.1±2.1a

1.2±1.1

1.2±1.5ab

2.5±2.7a

1.6±1.7a

Keep same

7.3±6.3b

1.6±1.9b

1.2±0.9

1.0±1.4b

2.1±2.4b

1.3±1.6b

Want to be thinner

8.6±6.7a

2.0±2.0a

1.2±1.0

1.2±1.5a

2.5±2.6a

1.7±1.7a

Girls

a,b,c

One-way ANOVA performed with Tukey post-hoc analysis to compare the effects of BMI status and body

dissatisfaction on depression symptoms,
difference.
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Table 5 Hierarchical linear analysis of the effect of BMI status on children’s depression
symptoms with or without introducing body dissatisfaction

Standard
Error

Negative
self-esteem score
Estimate
Standard
Error

-1.2
0.7
*
1.3
0.5
0.6
0.5
F(3,56)=3.59 P=0.02

-0.3
0.2
*
0.3
0.1
*
0.4
0.1
F(3,56)=6.79 P=0.01

-1.2
0.7
*
1.1
0.5
0.3
0.5
*
1.2
0.4
*
1.0
0.4
F(3,56)=2.65 P=0.06
F(2,38)=5.19 P=0.01

-0.3
0.2
0.3
0.1
*
0.4
0.1
*
0.3
0.1
*
0.3
0.1
F(3,56)=4.73 P=0.01
F(2,38)=4.13 P=0.02

1.1
0.9
-0.4
0.5
0.6
0.5
F(3,56)=1.46 P=0.24

0.2
0.2
0.0
0.1
*
0.1
0.3
F(3,56)=3.35 P=0.03

1.2
0.9
-0.7
0.5
0.3
0.5
0.0
0.5
1.0
0.5
F(3,56)=1.69 P=0.18
F(2,38)=2.77 P=0.08

0.2
0.2
0.0
0.1
*
0.2
0.1
0.1
0.1
*
0.3
0.1
F(3,56)=2.20 P=0.10
F(2,38)=4.00 P=0.03

Total CDI score
Estimate
Girls
Model 1
Underweight
Overweight
Obese
BMI status effect
Model 2
Underweight
Overweight
Obese
Want to be heavier
Want to be thinner
BMI status effect
Body dissatisfaction effect
Boys
Model 1
Underweight
Overweight
Obese
BMI status effect
Model 2
Underweight
Overweight
Obese
Want to be heavier
Want to be thinner
BMI status effect
Body dissatisfaction effect

Hierarchical linear model of SAS PROC MIXED was applied, *P<0.05
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Discussion

This thesis addresses childhood obesity in China, with regard to the prevalence,
determinants and related health risks. The study was conducted as part of the 2002
China National Nutrition and Health Survey (CNNHS), conducted to describe the
nutrition status, prevalence of selected diseases and associated risk factors. The
psychological status of Chinese children and its relationship with childhood obesity was
investigated in 9 and 10 years children in urban Beijing, China.
In the present chapter, we first give an overview of the main findings, followed by a
discussion of the internal validity and external validity. After that, we discuss the
interpretation of the associations, and continue with the implications and
recommendations for future research.

MAIN FINDINGS
The prevalence of overweight and obesity of Chinese children and adolescents was low
in 1982. There has been a rapid increase since then, especially in large cities. If this
trend continues, overweight will soon reach the epidemic propositions. As defined by
IOTF criteria, the overweight prevalence of Chinese youngsters in 2002 was 4.4% while
the obesity prevalence was 0.9% The estimated total number of overweight youngsters
was 12 million, which means that one in thirteen overweight children worldwide was
living in China. (Chapter 2)
Both the overweight and obesity prevalence and their increment were higher in urban
than in rural areas and higher in boys than in girls. The prevalence increased with the
family’s income level and the mother’s educational level (Chapter 2). Compared with
children with normal weight parents, the prevalence increased if one or both parent(s)
were overweight or obese, up to a ratio of 12.2 in case both parents were obese.
Compared to their normal weight counterparts, overweight children consumed
significantly more dietary energy, protein and fat, but less carbohydrate; more cooking
oil, meat and meat products, and dairy products, but less cereal grains and vegetables.
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On average, overweight children spent half an hour less on moderate/vigorous activities,
and 2.3 hours more on low intensity activities per week. The overweight prevalence was
also significantly lower among children who walked to and from school. (Chapter 3)
Overweight and obese children had higher metabolic syndrome prevalence (Chapter 4),
body dissatisfaction and depression (Chapter 5). It is estimated that more than three
million Chinese adolescents aged 15 to 19 years have the metabolic syndrome (3.7%),
and 40% of them have elevated body weight. Of the adolescents having parents with
metabolic syndrome, once they are overweight or at risk of overweight, their risk of
metabolic syndrome would be much higher. (Chapter 4)
Overweight girls, but not boys, had mildly but significantly higher total Children
Depression Inventory score; both obese girls and obese boys showed higher level of
negative self-esteem scores, which was partially explained by body dissatisfaction. A
large percentage of children were not satisfied with their body weight, more than one
fifth underweight girls still wanted to be thinner while more than one third obese boys
still wanted to be heavier. Children who wanted to be thinner showed significantly
higher scores of ineffectiveness and negative self-esteem. (Chapter 5)
Our findings highlight the need for effective prevention strategies and actions for
childhood obesity in China, especially among the children having parents with higher
body weight or metabolic syndrome.
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5
Risk Factors

1982
1992

4

Overweight

Prevalence

(%)

Ratio

2002

3

By bus

15.0

(%)

Transport to/from school

By bike

9.0

0.7 (0.5, 1.1)

2

Walking

4.5

0.6 (0.5, 0.8)

Cooking oil (g/d)
1

<25

4.9

≥25

7.9

1.4 (1.2, 1.8)

0
Overweight

Obesity
Less physical activity, inactive transportation, high meat and

Childhood overweight and obesity prevalence increased

edible oil intakes, high SES and parental obesity were all

dramatically.

related to obesity.

PREVALENCE (Chapter2)

DETERMINANTS (Chapter 3)
Childhood
Obesity

25

50
No parents with MetS

20

One or more parents with MetS

Depression(%)

40

MetS(%)

30

20

Underweight

Obesity

15

10

5

10

0

0

BMI<85th

BMI >=85th

Boy

Girl

Interaction bbetween overweight of adolescents and

Higher prevalence of depression in obese boys and girls, as

parental metabolic syndrome

well as underweight boys.

METABOLIC SYNDROME (Chapter 4)

DEPRESSION

Figure 1 The main findings of this thesis

132

(Chapter 5)

Chapter 6

INTERNAL VALIDITY
Representativeness
The data used in Chapter 2-4 were from the 2002 China National Nutrition and Health
Survey (CNNHS), which is a nationally representative survey.1 In order to be nationally
representative and to have sufficient representation of urban and rural areas, respectively,
a four stage stratified random sampling method with equal-sample-size was used.
Demographic characteristics (gender ratio, family size, and proportion of minority) of
the sample of the 2002 CNNHS were compared with that of the 2000 China National
Population Census,2 and differences were small and not significant. The test of
goodness of fit was used to compare the age distributions of the two surveys, and no
significant differences were found.3 Myer’s Index was only 4.2, indicating absence of
age related selection.3
There was no record about the participation rate of individuals. Among the 792
villages/neighborhood committees randomly selected, 65 (8.2%) refused to participate
in 2002 CNNHS. In such cases, another village/neighborhood committee was randomly
selected from the remaining ones. According to the investigators who carry out the
measurements in 2002, once the village/neighborhood committee decided to participate,
the individual response rate was always more than ninety percent.
We are convinced that the study sample was sufficiently representative of Chinese
children at a national scale.
Definition of childhood obesity
Currently, the two most widely used international classification references for
overweight and obesity of children and adolescents are those of the WHO/NCHS and
the International Obesity Task Force (IOTF). They are suitable for research use and for
monitoring and evaluating changes in populations, because the cut-off points provide a
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standard benchmark against which all population groups can be compared and trends
assessed.4 In order to compare with USA adolescents, the WHO/NCHS childhood
obesity classification was used in Chapter 4. The IOTF definition was applied in
Chapter 2 for national estimate of the prevalence and trends of childhood obesity in
China, because the IOTF definition was developed basing on six countries data and was
thought more suitable for international comparisons.5
The Working Group for Obesity in China (WGOC) recommended an age-, sex- specific
BMI classification reference for Chinese children in 2003.6,7 Association with disease
risk indicates that the WGOC is a better reference for Chinese children and adolescents
than the IOTF. Applying the WGOC reference, hypertension (age-, sex-, height- specific
systolic and/or diastolic blood pressure >90 percentile), prevalence of normal weight,
overweight and obesity was 6.7%, 19.7% and 32.2%, respectively.8 An increasing trend
of serum total cholesterol and triglyceride and a decreasing trend of HDL-C are also
found with the increasing of BMI.9 Evaluation of the performance of BMI percentile as
a screening indicator of metabolic syndrome showed that Youden’s index reached its
peak at the 85th percentile (WGOC overweight), representing the point in the ROC
graph that is nearest to the upper left corner. This means that this WGOC overweight
cut-off point has optimal sensitivity and specificity to predicting the metabolic
syndrome.10
It is concluded that the BMI classification reference for overweight and obesity
recommended by the WGOC is the better predictor of health risks among Chinese
children and adolescents and can be used as a basis for prevention. Therefore, it is
used as the primary reference in this thesis (Chapter 3 & 5).
Children’s Depression Inventory (CDI)
The Children’s Depression Inventory (CDI) used in Chapter 5 was first developed in
1975, and revised several times. The currently used version was developed in 1992.11
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CDI has shown good test-retest reliability, internal consistency, and construct validity,
with total score reliabilities ranging from 0.80 to 0.88 in the normative samples.11 It has
been translated to different languages and hundreds of studies have been conducted
using CDI as a measure of depression. In 2000, Xie and Li introduced it to China.12 The
Chinese version CDI was translated from English, and vice versa in order to evaluate
construct validity. It showed high validity and reliability in Chinese children.12
Cronbach’s alpha coefficient of the Chinese version was 0.85 and split half reliability
was 0.83,12 similar to the English versions.11,13 In the current sample, the Cronbach’s
alpha was 0.81 for total score and 0.48 to 0.81 for subscales. The prevalence of
depressive risk in Chinese children was 13.2% (Chapter 5),which is in line with other
epidemiologic studies that reported prevalence of depressive risk ranging from 5~20%
using same definition.14-19
In conclusion, the assessment of depression mood in the present study is reliable.
Measurements
Accurate measurement of anthropometry is extremely important for the assessment of
the physical growth and development. A scale and measuring tape for weight and height
produced by the same factory were provided to each study site. The equipments were
recalibrated daily. The investigators were trained for one week and only those who past
the exam qualified for the investigation. The measurements were taken twice by trained
investigators following a standard procedure20 and the average of the two measurements
was computed.1 The quality control results indicated that the duplicate measurements in
subgroups showed a high reproducibility (correlation coefficients of duplicate
measurements was 0.99 for height and 0.98 for weight).21
All fasting glucose samples were measured within 4 hours. Every tenth sample was
measured twice (correlation coefficients of duplicate measurements was 0.98), one
reference sample, one quality control sample and one blind sample were measured
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before every 30th sample.1 Blind serum samples from the U.S. CDC were analysed in
our lab (China CDC) seven times at regular intervals during the period of the analysis of
the 2002 CNNHS samples. The relative difference ranged from -7.02% to 1.60% for
triglyceride, and from -1.05% to 4.21% for HDL-C.1
We conclude that the quality of anthropometric and blood sample measurements in
the present study is adequate.
Confounders
A confounder in the relationship between childhood obesity and its determinants is a
factor that is associated with childhood obesity, and also related to the studied
determinants, but not part of the causal chain. A confounder is, at least in part,
responsible for an observed association between childhood obesity and its determinants.
Age is an important example of a confounder in the relationship between childhood
obesity and its determinants. Childhood obesity increased until 12 (boy)/13 (girl) years
old after which it declined.22 Children’s lifestyles including dietary behaviors and
physical activity patterns also changed with their growth.23,24 Adjustment for age was
therefore performed in the study of the association between childhood obesity and its
determinants (Chapter 3).
Other potential confounders include socioeconomic status and parent’s educational
levels. Parental weight and socioeconomic status may influence child weight
independently, as well as through eating/activity, so we included the results both with
and without adjustment of parental weight and socioeconomic status in Chapter 3.
Socioeconomic status may also be a potential confounder of the association between
childhood obesity and metabolic syndrome, which may influence the onset of obesity
and may be related to the metabolic syndrome. We did not adjust the confounding of
socioeconomic status in present study of the association between childhood obesity and
metabolic syndrome for not enough samples for multiple analysis (Chapter 4), but
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adjustment for these factor was performed in another paper, which did not change the
significant association between childhood obesity and metabolic syndrome.25

EXTERNAL VALIDITY
Childhood obesity prevalence
The prevalence and trend of childhood obesity reported in Chapter 2 could be
compared to data from other surveys in China, which had different methodological
advantages and disadvantages compared to the 2002 CNNHS.
The “National Surveys on Students Constitution and Health (CNSSCH) ”26 routinely
investigate the obesity prevalence in 31 provinces of China, but only limited to students,
excluding school-age children not went to school. Body weight was not measured in the
fasting state, which will have decreased the accuracy of the obesity prevalence
estimation.26
The “China Health and Nutrition Survey (CHNS)”27 is eight provinces based. These
eight provinces are all in the middle and east of China, no one from the west of China,
which are typical poverty provinces in China. Therefore the CHNS was not nationally
representative, especially not for the rural areas, which will result in overestimation of
the problem in rural areas. The overweight prevalence defined by IOTF standard was
6.4% of rural and 12.4% of urban children in 1997 CNHS.27 Our estimating based on
same definition is 2.0% of rural and 12.5% of urban children in 2002. “China Health
and Nutrition Survey” is longitudinal survey design, while our trend estimation was
based on the comparison between nationally representative cross-sectional surveys.
Both studies showed a clear increase in the childhood obesity prevalence and the trends
in time were similar. Thus, the different designs of the study lead to different prevalence
estimates of childhood obesity but still in same order of magnitude.
Based on the external comparisons, we conclude that our estimated prevalence of
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childhood overweight and obesity, being 4.4% and 0.9%, respectively, is likely to be
close to the true prevalence.
Concurrent obesity and stunting
Co-existence of overweight/obesity and stunting was found among Chinese children in
1982, 1992 and in rural areas in 2002 (Chapter 2), especially among the girls. The
phenomenon of childhood obesity accompanied by stunting has been reported in
developing countries as well as in developed countries, particularly among girls and
women.28-34 Popkin et al28 found a significant association between stunting and
overweight status in children of Russia, Brazil, China and Republic of South Africa. The
income-adjusted prevalence ratios of being overweight for a stunted child ranged from
1.7 to 7.8. Similar associations were also found among Chinese children under 5 years,
the overweight prevalence increased less rapidly or even decreased when the prevalence
of stunting decreased.35
The association with increased BMI and shorter length is likely due to the quality of the
diet content, rich in carbohydrates and poor in protein, which resulted in failure of linear
growth.36,37 When stunted children are faced with a higher-energy dense, higher fat diet,
weight gain will coincide with sub-optimal linear growth.34,36-40 Studies by Hoffman et
al.33,40 suggested that fat metabolism of stunted children was impaired to an extent that
might lead to increased obesity and other metabolic shifts. Energy intake per kilogram
body weight and fasting respiratory quotient was significantly higher, while the resting
metabolic rate and fasting fat oxidation were significantly lower in the stunted children
compared with the control children,33,39,40 leading to obesity in at risk populations.
These results imply that concurrent overweight/obesity and stunting is an important
public health issue in China, ,complicating the fight against obesity.
Pediatric metabolic syndrome
Prevalence of the metabolic syndrome among Chinese adolescents reported in Chapter
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3 could be compared to data from Hong Kong and Taiwan, and other surveys in
mainland of China.41,42 Though they applied different metabolic syndrome definitions,
they all showed high risk of metabolic syndrome among overweight and obese
adolescents.
Among 176 obese adolescents in Taiwan, 74.6% had at least one out of the following
metabolic abnormalities: high TC, low HDL, high TG, hypertension or diabetes; 20.3%
had at least two and 4.2% had three or more metabolic abnormalities.41 In Hong Kong,
metabolic syndrome was found in 9.6% boys and 5.5% girls. The percentage of children
having one, two, three and four items of the metabolic abnormalities was 30.8%, 14.0%,
7.1% and 2.2% among boys, and 40.0%, 15.8%, 4.6% and 0.9% among girls.42
The prevalence of metabolic syndrome among overweight adolescents in China is quite
similar to that in U.S. (27.7% vs 31.2%). The percentages of overweight adolescents
who had one, two, three and four of the metabolic abnormalities are also similar
between Chinese (75.9%, 51.9%, 20.4% and 5.6%) and U.S. adolescents (88.5%, 56.0%,
28.7% and 5.8%) (both applying the criteria developed by Cook et al).42
In conclusion, overweight and metabolic syndrome prevalence among adolescents are
still relatively low in China, but the prevalence of metabolic syndrome among Chinese
overweight adolescents is similar to those living in the U.S.

INTERPRETATION OF THE ASSOCIATIONS
The associations between childhood obesity and the possible determinants (Chapter 3)
were based on cross-sectional observations, which limit causal inference. Reverse
causation has been reported in adults. Obese adults always control their dietary intakes,
and often are very keen on doing physical exercise to control their body weight, giving
rise to spurious associations between obesity and certain behavioral factors. Diseases
related to obesity may also lead to dieting and weight loss, possibly giving rise to
reverse causation.
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Fortunately, reverse causation plays less of a role in childhood than adulthood. Firstly,
the obesity of young children will not have lasted long enough to cause diseases that
lead to weight loss. Secondly, dietary behaviors and physical activity patterns of obese
children do not change as much as those of obese adults.
Nutrition/physical activity transition and results from a two year cohort study in China
support a causal role of diet and physical activity considered in this study on childhood
obesity. Preceding the onset of childhood obesity in China, the proportion of energy
from fat increased quickly whereas physical activity decreased.44 Children who
remained overweight during two years were more likely to have a high-fat or high-meat
diet, but less likely to have a diet high in carbohydrate or vegetable and fruit and
seemed even to have increased meat and fat intakes.45 Evidence from intervention
studies also gave support to the hypothesis. After one year of 10 minutes physical
activity (per school day) intervention, the overweight prevalence decreased in
intervention group but increased in control group.46

PUBLIC HEALTH IMPLICATIONS
From this thesis, it can be concluded that childhood obesity has become a public health
problem in China, it is associated with a high risk of pediatric metabolic syndrome and
depression, which will lead to increased health care costs in the near future. It is of great
public health importance to develop obesity prevention programs.
Childhood obesity prevalence was higher in high socio-economic status groups. This
positive association is contrary to the negative relation observed in developed countries.
Since childhood obesity prevalence is positively associated with socio-economic status,
the rapid economic development in China may result in a sharp rise in overweight and
obesity prevalence unless effective preventive actions are taken. This indicatesthat the
beginning of 21 century may be a critical period for efforts to control the obesity
epidemic in China. Treatment of obesity is much more expensive and in the long run
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less effective than prevention.
As a developing country facing nutrition transition, concurrent obesity and stunting
increases the difficulties in the fight against obesity. The diet of these children may be
relatively adequate in quantity but inadequate in quality of nutrient intake.36 China is
going through a remarkably fast but undesirable nutrition transition characterized by a
high energy density diet and a high edible oil intake. Dietary fat intake contributed
about 35% energy of overweight children in the present study, being the upper limit of
the fat intake recommendation.44,47,48 The coexistence of obesity and stunting poses a
challenge to public programs, since the aims of programs to reduce under-nutrition are
obviously in conflict with those for obesity prevention, how to control the body weight
increment but keep the growth of height would be a challenge not only for children but
also for the family and public health.
As the present thesis indicates, increased energy and particularly fat intake, high
consumption of cooking oil, more sedentary activities, less cereal grains and vegetables
consumption and less vigorous/moderate activities are all related to childhood obesity
(Chapter 3). Minor changes in energy intake or energy expenditure had a potentially
important effect on changes in the prevalence of obesity. However, previous prevention
programs aimed at individual behavior modification were generally disappointing.
Children are vulnerable to the social and environmental pressures that raise the risk of
obesity. Although they can be encouraged to increase their self-control in the face of
temptation, and although they can be given knowledge and skills to help understand the
context of their choices, children cannot be expected to bear the full burden of
responsibility for preventing excess weight gain.
Significant similarity between parents and their children was also found in current thesis
(Chapter 3). The association reflects both genetic and environmental influences.
Besides the high genetic similarity among members of a family,49 parents play an
important role in the development of children’s physical activity/inactivity patterns,50
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eating behaviors and attitudes.51 Parents’ socioeconomic status also has important effect
on childhood obesity.52 So family should be an important setting for childhood obesity
preventive actions.
School is another ideal setting for preventive interventions.53-55 School offers regular
contact with children and provides opportunities for nutrition education and promotion
of physical activity both within the formal curriculum, and informally via the provision
of appropriate facilities within the school environment such as healthy school meals,
break-time snack provision and playground equipment. Thus schools not only influence
the knowledge and attitudes of children but also provide opportunities for experiential
learning and the development of a sense of self-efficacy. Furthermore the school can
also provide links with the family and the wider community. Several famous childhood
obesity prevention programs have developed in different countries, such as ‘APPLES’
in UK,56,57 ‘Trim and Fit’ in Singapore,58 ‘Tackling the record rise in obesity’ in Greek
island of Crete,59 ‘Playing less for health’60-62 and ‘Watching less TV’ in USA,63,64 and
‘Agita São Paulo’ programme in Brazil.65,66
In China, the Happy 10 program was developed,46 which is a classroom-based physical
activity program for elementary students based on the principle of “TAKE 10!TM”
(www.Take10.net) Program developed by Health Promotion Center of International Life
Science Institute in USA. It is designed as a stand-alone program, led by classroom
teachers to provide children with planned periods of brief, moderate- to vigorous
repetitive movements. The pilot study indicated that girls’ BMI decreased in
intervention schools and increased in control schools after 1 year Happy 10 program,
10 minutes each school day. This program is becoming more and more popular in
Beijing, and will spread to other cities soon.
Interventions at the family or school level will need to be matched by changes in the
social and cultural context so that the benefits can be sustained and enhanced. The goal
of prevention is not to find a single program that works, but to stimulate regional,
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national and local initiatives that are suitable for their context. Approaches that
specifically target children include changes in the food and activity options in schools,
improving infrastructure for walking and access to safe and affordable outdoor play
areas, and regulating food advertising on television, particularly advertising that is
aimed at children. Such prevention strategies will require a coordinate effort between
the medical community, health administrators, teachers, parents, food producers and
processors, retailers and caterers, advertisers and the media, recreation and sport
planners, urban architects, city planners, politicians and legislators.4,67

CONCLUSION
Obesity is an increasing problem among youngsters in China, especially in urban areas.
Prevalence is still lower than in developed countries, particularly in rural areas.
However, the prevalence of metabolic syndrome and depression among Chinese
overweight adolescents is similar to those living in the developed countries. It is of
public health importance to develop obesity prevention programs. Strategies to prevent
obesity in a child population – such as encouraging healthful diets and plentiful physical
activity – will benefit the health of all children, whether at risk of obesity or not.
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SUGGESTIONS FOR FUTURE RESEARCH
In view of our previous reflections, this paragraph gives suggestions for future research.
Short and long-term prospective investigations are needed to study the range of
factors implicated in childhood obesity development in China, both from individual
and population perspective. In particular, the relative importance of dietary factors
and physical activity patterns associated with childhood obesity development
should be investigated further.
The role of culture in childhood obesity is also worth studying, as well as
psychological factors.
Simple and well-designed intervention studies in obese children that can be
transferred into usual practice are really needed by China.
The development of effective strategies for the prevention of childhood obesity are
likely to be more cost-effective and have greater positive impact on the long term
control of body weight than strategies designed to deal with obesity once it has
fully developed. So to develop effective prevention strategies based on the
development and maintenance of life-long healthy eating and physical activity
patterns should be a next research topic.
Further investigations are needed to determine whether the documented successful
management programs for overweight in children and adolescents can be
replicated under different situations and in different populations.
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SUMMARY

Over the past two decades, China has been undergoing rapid socio-economic and
nutrition transitions. A 10-fold increase in the gross domestic product parallels an
increase in more energy-dense foods, a decrease in transport related physical activity
and an increase in leisure time inactivity. Average daily food intake from animal source
increased from 61g in 1982 to 159g in 2002, cooking oil consumption increased by 10g
each 10 years, while the cereal grains and vegetable intakes decreased more than twenty
percent. At the same time, television and car ownership increased considerably, while
public transport became more and more popular in China. With these rapid transitions,
China is experiencing a double burden: malnutrition as well as over-nutrition. Previous
studies indicated that overweight and obesity prevalence among Chinese youngsters
increased rapidly during last two decades, but these were based on the data from only a
few provinces in China.

Therefore, this thesis addresses childhood obesity in China, with regard to the
prevalence, determinants and related health risks, based on the data analyses of the 2002
China National Nutrition and Health Survey (CNNHS), which was a nationally
representative survey, conducted to describe the nutrition status, the prevalence of
selected diseases and associated risk factors. The following information is presented in
this thesis: 1) national estimates of overweight and obesity prevalence for youngsters
aged 7-17 years in China in 2002, as well as the trend in the last 20 years; 2)
information on the determinants of childhood obesity in China; 3) national estimates of
metabolic syndrome prevalence and distribution among Chinese youngsters in 2002; 4)
the relationship between body weight, body dissatisfaction and depression symptoms.

Chapter 2 describes the prevalence and trend of overweight and obesity, using data of
children aged 7-17 years from three cross-sectional national surveys including “1982
China National Nutrition Survey” (5 334 boys and 4 793 girls), “1992 China National
Nutrition Survey” (8 048 boys and 7 453 girls) and “2002 China National Nutrition and
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Health Survey” (23 242 boys and 21 638 girls). The results indicated that the prevalence
of overweight and obesity of Chinese children and adolescents was low in 1982. There
has been a rapid increase since then, especially in large cities. If this trend continues,
overweight will soon reach epidemic proportions As defined by IOTF criteria, the
overweight prevalence of Chinese youngsters in 2002 was 4.4% while the obesity
prevalence was 0.9%. The estimated total number of overweight youngsters was 12
million, which means that by that time one in thirteen overweight children worldwide
was living in China. The percentage of stunting among overweight youngsters was
28.4%, 22.0% and 5.7% in 1982, 1992 and 2002, respectively, and 69.6%, 46.4% and
7.7% among obese youngsters in 1982, 1992 and 2002. There was a large difference in
this respect between urban and rural areas. In 1992, 34.1% of the obese youngsters in
urban areas were stunted and 56.2% in rural areas. This decreased 2.9% in urban
areas in 2002 and 21.6% in rural areas. (Chapter 2)

In order to investigate the determinants of childhood overweight and obesity in China,
the prevalence of overweight (including obesity) was compared according to different
dietary and physical activity patterns and parental body weight status in Chapter 3. A
total of 6826 children aged 7-17 years from the 2002 China National Nutrition and
Health Survey were included in the study. The results show an association between
parental body weight and overweight prevalence in children. The prevalence ratio
increased if parent(s) were overweight and/or obese, up to 12.2 if both parents were
obese. Overweight children consumed significantly more dietary energy, protein and fat,
but less carbohydrate than their normal weight counterparts. On average, overweight
children spent half an hour less on moderate/vigorous activities, and 2.3 hours more on
low intensity activities per week (Chapter 3). Both the overweight and obesity
prevalence and their increment were higher in urban than in rural areas and higher in
boys than in girls. The prevalence increased with the family’s income level and the
parent’s educational level (Chapter 2).After adjustment for parental body weight status
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and socioeconomic status, only cooking oil consumption and walking to and from
school remained significantly related to child overweight (Chapter 3).

Since no national figure is currently available of the occurrence of metabolic syndrome
among Chinese adolescents, we estimated the prevalence of metabolic syndrome among
2761 adolescents aged 15 to 19 years in Chapter 4. It is estimated that more than 3
million Chinese adolescents aged 15 to 19 years have the metabolic syndrome (3.7%).
The prevalence of metabolic syndrome was 35.2%, 23.4% and 2.3% among adolescents
who were overweight (BMI ≥P95), at risk of overweight (BMI between P85and P95)
and normal weight (BMI < P85), respectively. Urban boys had the highest rate (5.8%)
compared to girls and rural youngsters. Among adolescents who had a BMI ≥85th
percentile and one or two parent(s) with the metabolic syndrome, the prevalence was
46.4%. Ninety six percent overweight adolescents had at least one and 74.1%
overweight adolescents had at least two abnormalities of the metabolic syndrome.
(Chapter 4)

Relationship between body weight, body dissatisfaction and depression symptoms
among Chinese children was observed in third and fourth grade students (N=3886, aged
9 or 10 years) from 20 schools in Beijing, China (Chapter 5). 13.2% children (boys
16.7% vs girls 9.5%) were at risk of depression. Overweight girls, but not boys, had
mildly but significantly higher total CDI score. Both obese girls and obese boys showed
a higher level of negative self-esteem scores. More than one fifth underweight girls still
wanted to be thinner while more than one third obese boys still wanted to be heavier.
Children who wanted to be thinner showed significantly and slightly higher scores of
ineffectiveness and negative self-esteem. After introducing the body dissatisfaction into
the model, overweight was still associated with total CDI score among girls and obesity
was still associated with negative self-esteem among both boys and girls. (Chapter 5)
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The main findings from the present study are summarized and discussed in the general
discussion (Chapter 6). Subsequently, we reflect several issues concerning the validity
and

external

validity.

Firstly,

we

discuss

the

internal

validity

including

representativeness, definition of childhood obesity, definition of children’s depression
inventory, measurements of anthropometry and blood samples, such as fasting glucose,
triglyceride and HDL-C, confounders, i.e. age, socioeconomic status and mother’s
educational levels, parental weight, dietary factors and physical activity. Next, we
reflect on the external validity including childhood obesity prevalence, concurrent
obesity and stunting, pediatric metabolic syndrome. Secondly the associations between
childhood obesity and the possible determinants are interpreted. Next, we address the
possible implications of our results for public health, focusing on the childhood obesity
prevention in China. Lastly, several directions for future research are given.

In conclusion, obesity is an increasing problem among youngsters in China, especially
in urban areas. Prevalence is still lower than in developed countries, particularly in rural
areas. However, the prevalence of metabolic syndrome and depression among Chinese
overweight adolescents is similar to those living in the developed countries. It is of
public health importance to develop obesity prevention programs. Fat intake, low
intensity activities and active transport to/from school may be suitable targets for
overweight prevention among Chinese school children. Strategies to prevent obesity in a
child population – such as encouraging healthful diets and plentiful physical activity –
will benefit the health of all children, no matter whether obese, overweight or normal
weight.
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SAMENVATTING

De laatste twee decennia heeft China in hoog tempo sociaal-economische veranderingen
en voedingsveranderingen ondergaan. Een 10-voudige stijging van het Bruto Nationaal
Product ging gepaard met een toename van energiedichte voedingsmiddelen, een daling
in transportgerelateerde lichamelijke activiteit en een toename van inactiviteit in de vrije
tijd. De gemiddelde dagelijkse inname van dierlijke voedingsmiddelen steeg van 61
gram per dag in 1982 naar 159 gram in 2002; het gebruik van olie tijdens het koken
steeg 10 gram per dag per 10 jaar; en de consumptie van ontbijtgranen en groente
daalde meer dan 20 procent. Tegelijkertijd nam het aantal mensen met een televisie en
een auto aanzienlijk toe en werd openbaar vervoer steeds populairder. Door deze snelle
veranderingen is er in China een tweeledig probleem ontstaan: ondervoeding en
overgewicht. Hoewel uit eerdere studies is gebleken dat de prevalentie van overgewicht
en obesitas de laatste twee decennia snel is toegenomen, zijn deze prevalentiecijfers
gebaseerd op gegevens van slechts enkele Chinese provincies.

Dit proefschrift beschrijft daarom de prevalentie, determinanten en gerelateerde
gezondheidsrisico’s van obesitas bij kinderen in China. De bevindingen zijn gebaseerd
op gegevens van de 2002 China National Nutrition and Health Survey (CNNHS). Dit is
een representatief landelijk onderzoek naar de voedingsstatus, de prevalentie van
ziekten en gerelateerde risicofactoren. In dit proefschrift komen de volgende
onderwerpen aan bod: 1) schattingen voor de landelijke prevalentie van overgewicht en
obesitas bij kinderen en tieners in de leeftijd van 7-17 jaar, inclusief de trend over de
afgelopen 20 jaar; 2) informatie over determinanten van obesitas bij kinderen in China;
3) schattingen van de landelijke prevalentie van het metabool syndroom, inclusief de
prevalentie bij Chinese kinderen en tieners in 2002; 4) de relatie tussen lichaamsgewicht,
onvrede over het lichaam en symptomen van depressie.

Hoofdstuk 2 beschrijft de prevalentie en trend van overgewicht en obesitas bij kinderen
van 7-17 jaar. Hiervoor hebben we gebruik gemaakt van gegevens uit drie
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cross-sectionele landelijke onderzoeken: ‘1982 China National Nutrition Survey’ (5334
jongens en 4793 meisjes), ‘1992 Cina National Nutrition Survey’ (9048 jongens en
7453 meisjes) en ‘2002 China National Nutrition and Health Survey’ (23242 jongens en
21638 meisjes). De prevalentie van overgewicht en obesitas bij Chinese kinderen en
jong volwassenen was laag in 1982, maar neemt sindsdien snel toe, vooral in de grote
steden. Als deze trend door blijft zetten zullen overgewicht en obesitas snel epidemische
proporties aannemen. In 2002 was de prevalentie 4,4% voor overgewicht en 0,9% voor
obesitas (gedefinieerd volgens de ‘International obesity task force’ criteria). Naar
schatting is het totaal aantal kinderen en tieners met overgewicht 12 miljoen, hetgeen
betekent dat 1 op de 13 kinderen met overgewicht wereldwijd op dat moment in China
woonde. Het percentage kinderen en tieners met overgewicht dat te klein voor de
leeftijd is was 28,4% in 1982, 22,0% in 1992 en 5,7% in 2002, hetgeen betekent dat
deze kinderen in de vroege jeugd ondervoed zijn geweest. Voor obese kinderen en
tieners was dit 69,6% in 1982, 46,4% in 1992 en 7,7% in 2002. Deze percentages
verschilden sterk tussen stedelijke gebieden en plattelandsgebieden: in 1992 was 34,1%
van de obese kinderen en tieners in de stedelijke gebieden te klein voor hun leeftijd ten
opzichte van 56,2% in de plattelandsgebieden. In 2002 was dit percentage 2,9% gedaald
in stedelijke gebieden en 21,6% in plattelandsgebieden. (Hoofdstuk 2)

In Hoofdstuk 3 vergelijken we de prevalentie van overgewicht (inclusief obesitas) aan
de hand van verschillende patronen van voeding, lichamelijke activiteit en
overgewichtstatus van de ouders om determinanten van overgewicht bij Chinese
kinderen te bepalen. In totaal werden 6826 kinderen van 7-17 jaar van de 2002 China
National Nutrition and Health Survey geïncludeerd in de studie. We vonden een
verband tussen het gewicht van de ouders en de prevalentie overgewicht bij kinderen.
De prevalentieratio nam toe als de ouder(s) overgewicht hadden en/of obees waren (tot
12.2 als beide ouders obees waren). Kinderen met overgewicht consumeerden
significant meer energie, eiwit en vet, maar minder koolhydraten ten opzichte van de
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kinderen met een normaal gewicht. Kinderen met overgewicht besteedden per week
gemiddeld een half uur minder tijd aan matige/zware activiteiten en 2.3 uur meer aan
activiteiten met een lage intensiteit (Hoofdstuk 3). De prevalentie van overgewicht en
obesitas, inclusief stijging, was hoger in stedelijke gebieden dan in plattelandsgebieden
en hoger in jongens dan in meisjes. De prevalentie was eveneens hoger naarmate het
gezinsinkomen en opleidingsniveau van de ouders steeg (Hoofdstuk 2). Na correctie
voor lichaamsgewicht en sociaal-economische status van de ouders bleef alleen het
gebruik van olie tijdens het koken en het lopen van en naar school significant
gerelateerd aan overgewicht van het kind (Hoofdstuk 3).

Aangezien er nog geen prevalentiecijfers bekend zijn voor het metabool syndroom bij
Chinese adolescenten, hebben we dit berekend bij 2761 adolescenten in de leeftijd van
15 tot 19 jaar (Hoofdstuk 4). Naar schatting hebben meer dan 3 miljoen Chinese
adolescenten van 15 tot 19 jaar het metabool syndroom (3,7%). De prevalentie van het
metabool syndroom was 35,2% voor adolescenten met overgewicht (BMI≥P95), 23,4%
voor adolescenten met een verhoogd risico op overgewicht (BMI tussen P85 en P95) en
2,3% voor adolescenten met normaal gewicht (BMI<P85). Voor jongens uit de steden
was dit percentage (5,8%) hoger dan voor meisjes en tieners van het platteland. De
prevalentie was 46,4% voor adolescenten met een BMI groter of gelijk aan het 85e
percentiel en met een of twee ouder(s) met het metabool syndroom. Van de adolescenten
met overgewicht had 96% tenminste één kenmerk en 74,1% tenminste twee kenmerken
van het metabool syndroom (Hoofdstuk 4).

De relatie tussen lichaamsgewicht, onvrede over het lichaam en symptomen van
depressie is onderzocht bij 3886 Chinese kinderen (9 -10 jaar) van 20 scholen in Beijing
(Hoofdstuk 5). 13,2% van de kinderen vertoonden depressieve kenmerken

(jongens

16,7% en meisjes 9,5%). Meisjes met overgewicht hadden een significant hogere score
voor depressie, terwijl dit voor jongens niet het geval was. Zowel obese meisjes als
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jongens scoorden negatief met betrekking tot gevoel van eigenwaarde. Meer dan een
vijfde van de meisjes met ondergewicht wilde nog slanker worden, terwijl een derde van
de obese jongens nog zwaarder wilde zijn. Kinderen die slanker wilden zijn hadden een
negatiever zelfbeeld en een negatiever beeld van hun schoolprestaties. Nadat we de
variabele ‘onvrede over het lichaam’ hadden toegevoegd aan het model, was
overgewicht nog steeds geassocieerd met totale depressie score bij meisjes en obesitas
was nog steeds geassocieerd met negatief zelfbeeld bij zowel jongens als meisjes
(Hoofdstuk 5).

In de algemene discussie (Hoofdstuk 6) worden de belangrijkste bevindingen van dit
project samengevat en bediscussieerd. Vervolgens reflecteren we op een aantal zaken
betreffende interne en externe validiteit. Ten eerste bediscussiëren we de interne
validiteit inclusief representativiteit, definitie van obesitas bij kinderen, definitie van
depressie bij kinderen, anthropometrie, bloedmonsters (nuchter glucose, triglyceride en
HDL-C) en confounders zoals leeftijd, sociaal-economische status, opleidingsniveau
van de moeder, gewicht van de ouders, voedingsfactoren en lichamelijke activiteit.
Daarnaast reflecteren we op de externe validiteit inclusief de prevalentie van obesitas bij
kinderen, het hebben van obesitas en tegelijkertijd te klein zijn voor de leeftijd en het
metabool syndroom. Ten tweede interpreteren we de relatie tussen obesitas bij kinderen
en mogelijke determinanten. Ook behandelen we mogelijke implicaties van onze
bevindingen voor de volksgezondheid met een focus op preventie van obesitas bij
Chinese kinderen. Tenslotte geven we diverse richtingen aan voor vervolgonderzoek.

Samengevat, obesitas is een toenemend probleem bij kinderen en tieners in China,
vooral in stedelijke gebieden ondanks dat de prevalentie nog wel lager is dan in
ontwikkelde landen (vooral in de plattelandsgebieden). De prevalentie van het metabool
syndroom en depressie bij Chinese adolescenten met overgewicht is echter hetzelfde als
in ontwikkelde landen. Vanuit het oogpunt van de volksgezondheid is het van belang om
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preventieprogramma’s voor obesitas te ontwikkelen. Vetinneming, activiteiten met lage
intensiteit en actief vervoer van/naar school zouden mogelijk aanknopingspunten zijn
voor de preventie van overgewicht bij Chinese schoolkinderen. Strategieën om obesitas
bij kinderen te voorkomen –zoals gezonde voeding en voldoende lichamelijke activiteitzijn overigens waardevol voor de gezondheid van alle kinderen, ongeacht of ze obees
zijn, overgewicht of een normaal gewicht hebben.

.
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总结

中国儿童肥胖现状和影响因素及其对健康的危害

随着社会经济发展和物质生活水平的提高，高能量密度膳食、低体力活动和久坐
少动的生活方式越来越普及。中国居民平均每天肉类食物消费量从 1982 年的 61
克增加到 2002 年的 159 克，每天食用油消费量平均每 10 年增加 10 克，而粮谷类
食物和蔬菜消费量在过去 20 年间降低了 20%。与此同时，电视机和汽车拥有量迅
速增加，公共交通工具也越来越普及。中国居民同时面临着营养不良和营养过剩
的双重挑战。研究发现，近年来中国儿童肥胖率逐渐上升，但目前还缺乏有全国
代表性的资料。
2002 年“中国居民营养与健康状况调查”在全国范围内展开，该调查融合了以往
的营养、高血压、糖尿病、肥胖和血脂调查，并加入了生活方式的调查，为研究
我国儿童肥胖现状及其影响因素以及肥胖对儿童健康的影响提供了很好的机会。
本论文利用具有全国代表性的 2002 年中国居民营养与健康状况调查数据对中国儿
童肥胖问题进行了分析和阐述。
论文包括以下内容 1) 2002 年中国 7-17 岁儿童少年超重肥胖率现况及其在过去 20
年中的变化趋势；2) 中国儿童肥胖的影响因素; 3) 2002 年中国儿童少年代谢综合
症的现状和分布及其与肥胖的关系; 4) 儿童体重、对体型不满意程度及抑郁症之间
的关系。
论文第二章利用“1982 年中国居民营养调查”
（男孩 5 334 名、女孩 4 793 名）、
“1992
年中国居民营养调查”（男孩 8 048 名、女孩 7 453 名）和“2002 年中国居民营养
与健康状况调查”的数据对我国儿童肥胖的现状及其变化趋势进行了分析。调查
结果显示：1982 年中国儿童少年肥胖率还很低，随后迅速增长，2002 年呈持续增
长趋势,如果该增长趋势不能得到很好控制,我国儿童肥胖将很快达到流行水平。根
据国际肥胖专家组指定的儿童肥胖定义，2002 年我国 7-17 岁儿童少年超重率为
4.4%，肥胖率为 0.9%，全国有一千二百万儿童少年超重或肥胖，占全世界超重肥
胖儿童的 1/13。在儿童少年超重肥胖率增加的同时，超重肥胖儿童少年中身高发
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育不足（生长迟缓）的比例逐渐降低。1982、1992 和 2002 年，超重儿童少年中生
长迟缓的比例分别为 28.4%、22.0%和 5.7%，肥胖儿童少年中生长迟缓的比例则分
别为 69.4%、46.4%和 7.7%。农村超重肥胖儿童少年中生长迟缓者所占的比例明显
高于城市。1992 年，城市和农村肥胖儿童少年中生长迟缓的比例分别为 34.1%和
56.2%，到 2002 年，该比例分别降低到 2.9%和 21.6%。
为了探索有效的肥胖防治措施，论文第三章对我国超重肥胖儿童和正常体重儿童
的膳食模式、体力活动模式、社会经济学特征及其父母的肥胖状态进行了比较。
共 6826 名 7-17 岁儿童少年完成了 2002 年中国居民营养与健康状况调查的膳食和
体力活动调查。比较结果显示：父母肥胖程度越高，儿童肥胖的危险性越大。与
父母体重均正常的儿童相比，父母双方均肥胖的儿童超重肥胖的危险性增加 12.2
倍。与正常体重儿童相比，超重或肥胖的儿童膳食能量、蛋白质及脂肪摄入量高，
而碳水化物摄入量比较低；食用油及肉和奶的消费量高，而粮谷类食物和蔬菜消
费量低。超重肥胖儿童平均每天比正常体重儿童少进行半个小时的高强度体力活
动，而久坐少动的静态活动时间平均每天多 2.3 小时。每天步行上下学的孩子中，
超重肥胖率也比较低（论文第三章）。儿童超重率、肥胖率及其增长率均有明显的
城乡差异和性别差异，城市高于农村，男孩高于女孩，并随家庭经济水平和父母
文化程度的增加而增加（论文第二章）。 多因素分析结果表明，控制父母体重和
社会经济学特征的相对影响后，食用油消费量和步行上下学是影响儿童肥胖的最
主要的两个生活方式（论文第三章）。
超重肥胖儿童患代谢综合症的危险性增加（论文第四章）
。由于我国目前尚没有全
国性的关于儿童少年代谢综合症的资料及其与儿童少年肥胖关系的研究，该论文
利用 2002 年中国居民与健康状况调查资料对全国 2761 名 15-19 岁少年的代谢综合
症现况及其与肥胖关系进行了分析。结果表明：2002 年中国 15-19 岁少年代谢综
合症患病率为 3.7%， 估计患病少年人数达到三百万。体重正常（BMI<第 85 百分
位数）、超重（BMI：第 85-95 百分位数）和肥胖（BMI≥第 95 百分位数）的少年
中代谢综合症患病率分别为 2.3%、23.4%和 35.2%。相对于其他孩子，城市男孩代
谢综合症患病率最高，达到 5.8%。如果父母罹患代谢综合症，自己体型又超重或
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肥胖的少年罹患代谢综合症的危险性明显增加，其代谢综合症患病率达到 46.4%。
96%的超重肥胖少年至少有一项代谢异常，74.1%的超重肥胖儿童患有至少两项代
谢异常。
超重肥胖儿童的心理问题越来越得到人们的关注。为了了解我国超重肥胖儿童的
心理健康，我们在北京市的 20 所学校的 3886 名 9-10 岁的三、四年级学生中进行
了抑郁量表测试（论文第五章）。测试结果表明：13.2%的儿童有患抑郁症的危险，
其中男孩为 16.7%，女孩为 9.5%。超重女孩的抑郁症评分显著高于正常体重女孩。
超重男孩和超重女孩的自信心均显著降低。超过五分之一的低体重女孩仍然想更
瘦一些，而三分之一以上的肥胖男孩还想增加体重。那些希望自己更瘦一些的儿
童效率指数和自信心指数均显著降低。控制对体型不满意程度的相对影响后，超
重女孩的抑郁症指数仍然显著高于正常体重女孩，肥胖男孩和女孩的自信心也仍
然显著低于正常体重男孩和女孩。
论文的第六章对本论文的主要发现进行了总结和讨论，并针对研究的内部和外部
有效性展开了讨论。首先对其内部有效性进行了讨论，包括样本代表性、儿童肥
胖的定义、儿童抑郁的定义、体格测量、血生化指标如空腹血糖、甘油三脂和高
密度脂蛋白的测定，以及混杂因素，后者包括身高、社会经济状况、父母受教育
程度、父母体重、膳食摄入和体力活动方式等。随后，与其它研究进行了比较，
讨论了其外部有效性。该部分内容包括有关我国儿童肥胖率的不同研究之间的比
较、有关肥胖者中生长迟缓比例的不同研究的相互比较以及不同的探讨我国少年
代谢综合症问题的研究之间的比较。进而论文的第六章又对我国儿童肥胖影响因
素研究结果进行了解释和讨论。在此基础上提出了本研究结果的公共卫生学意义，
尤其是本研究对我国儿童肥胖防治可能有的贡献。最后，本论文提出了几个可能
的今后研究的方向。
综上所述，虽然与发达国家相比，中国儿童肥胖率还比较低，尤其是农村地区，
但儿童肥胖已经成为一个严重的公共卫生问题，尤其是在城市。中国超重肥胖儿
童罹患代谢综合症及抑郁症的危险性均比较高。因此制定简单可行持续有效的儿
童肥胖防治策略应该成为我国公共卫生研究的一个重要任务。鼓励儿童健康饮食
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和多做体力活动，如控制脂肪摄入量、静态活动时间、鼓励步行上下学，无论对
肥胖儿童还是正常体重儿童的健康都有促进作用。
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Overview of completed training activities
Discipline specific activities
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

VLAG course nutritional and lifestyle epidemiology, 2002, 2004, 2006
NAASO Annual meeting, Florida, USA, 2003
The 9th National Nutrition Conference of China Nutrition Society, Beijing,
China, 2004
Physical activity pattern of Chinese population workshop, Beijing, China,
2004
International physical activity and health workshop, Beijing, China, 2004
Obesity among Chinese population workshop, Beijing, China, 2005
Physical status of Chinese population workshop, Beijing, China, 2005
Dietary and nutrition of Chinese population, Beijing, China, 2005
18th International nutrition congress, Durban, South Africa, 2005
6th International congress of obesity, Sydney, Australia, 2006
Conference on obesity and related disease control in China, Beijing,
China, 2006
International cooking oil and health workshop, Beijing, China, 2006
BODPOD technology and body composition research workshop, Beijing,
China, 2006
Project meeting of prevention of childhood malnutrition in Asia, Beijing,
China, 2007
International beverage forum on sport and health, Beijing, China, 2007
Lifestyle and chronic disease prevention in China, Beijing, China, 2007

General courses
•
•
•

Scientific writing in English, CENTA, 2003
Upper intermediate English, CENTA, 2003
Organizing and supervising MSc thesis work, China, 2006, 2007

Optional courses and activities
•
•
•
•

Preparation PhD research proposal, 2003
HNE course Epidemiology and public health, 2003
HNE course Problem oriented training in nutrition and health, 2003
PhD study tour USA, 2007
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