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Abstract
Objective—This study aimed to examine the secular trends in body mass index (BMI), waist
circumference (WC), and the prevalence of general and abdominal obesity among Chinese
children and adolescents from 1993 to 2009.

Methods—Data were obtained from the China Health and Nutrition Survey conducted from
1993 to 2009. 9693 children and adolescents aged 6-17years were included in this study, with their
height, weight and WC were measured. General obesity was defined using the BMI cutoffs for
overweight recommended by the International Obesity Task Force, and abdominal obesity was
assessed when a WC above the 90th percentile for sex and age.

Results—Among total participants, mean BMI and WC increased significantly over the period
1993–2009: BMI increased from 17.6 to 17.8 kg/m2, and WC increased from 61.4 to 63.1 cm
(both increases P <0.001). The prevalence of general obesity and abdominal obesity increased
significantly over the period: general obesity (including overweight) rose from 6.1% to 13.1% and
abdominal obesity from 4.9% to 11.7% (both increases P <0.001). WC and abdominal obesity
increased at a relatively higher rate than BMI and general obesity. Upward trends in the
prevalence of general and abdominal obesity were observed in all subgroups of sex, age and
region (all increases P <0.05), except for abdominal obesity in girls aged 13–17 years old (P
=0.102).

Conclusion—General and abdominal obesity increased significantly over the past 17 years in
Chinese children.
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Introduction
Many developed countries are facing considerable increases in overweight and obesity
among children and adolescents (1,2). In China, along with the rapid economic growth,
children and adolescents are becoming increasingly overweight and obese (3,4). Overweight
children are more likely to be accompanied with many cardiovascular risk factors (including
hypertension and dyslipidemia) and metabolic syndrome (5). Overweight during childhood
and adolescence is also a risk factor for adult overweight, hypertension, and even mortality
(6). Even among early school-aged children, weight status in childhood appears to be an
important determinant of the health risk and obesity in adulthood (7).

In most studies, definitions of overweight and obesity in children and adolescents are based
on the reference standards of body mass index (BMI) (3,4,8). However, BMI is a crude
measure of adiposity and is unable to distinguish between fat mass and lean body mass, and
the changes in BMI include substantial changes in lean mass as well as fat (9). BMI is a poor
proxy for central fatness, and it has therefore systematically underestimated the prevalence
of obesity in young people (10).

In children and adolescents, abdominal fat distribution, especially visceral fat deposition is
more strongly related to the cardiovascular risk factors than whole-body fat (11). Waist
circumference (WC) is a highly sensitive and specific measurement of central adiposity in
children (10). Abdominal obesity (diagnosed using WC) is proved to be an independent
indicator of hypertension, insulin resistance, dyslipidemia, cardiovascular disease, and all-
cause mortalityin children and adults (12,13).

Although some studies have reported the trends of overweight and obesity (defined by BMI)
in Chinese children (3,4), little data have been available on the secular trends in WC and
abdominal obesity among Chinese children and adolescents. Using data from the China
Health and Nutrition Surveys (CHNS) conducted from 1993 to 2009, we aimed to examine
the secular trends in mean BMI and WC, and prevalence of general and abdominal
obesityamong Chinese children and adolescents.

Methods
Study design and population

We used data from the CHNS, which is a national and survey to investigate the health and
nutritional status in China. CHNS has been conducted successively in the year of 1989,
1991, 1993, 1997, 2000, 2004, 2006, and 2009. Study sample was drawn from nine
provinces (Liaoning, Heilongjiang, Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi and
Guizhou) through a multistage, random cluster process (14). All participants provided
informed consents and the study was approved by institutional review board from the
University of North Carolina at Chapel Hill and the National Institute for Nutrition and Food
Safety, China Center for Disease Control and Prevention.

In this study, 9693 children and adolescents aged 6–17 years were included, with 1368,
2372, 2318, 1521, 1114, and 1000 children and adolescents in the survey years of 1993,
1997, 2000, 2004, 2006, and 2009 respectively. Information on age, sex, region, WC, and
BMI were collected, and WC was collected initially from 1993. The sex distributions across
the six survey periods were homogeneous.

Measurements
Height was measured to the nearest 0.1 cm without shoes using a portable stadiometer, and
weight was measured to the nearest 0.1 kg with lightweight clothing on a calibrated beam
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scale. BMI was calculated as weight in kilograms divided by the square of height in meters.
WC was measured at a point midway between the lowest rib and the iliac crest in a
horizontal plane using non-elastic tape. Height, weight and WC were measured by trained
examiners following a standard protocol from the World Health Organization (WHO) (15).
Height, weight and WC measured two times on one visit were averaged and reported as the
corresponding values in this study.

Definitions
The sex- and age-specific BMI cutoff points recommended by the International Obesity
Task Force (IOTF)(16) were used to define “general obesity” (overweight and obesity) in
children aged 6–17 years, in which the IOTF cutoff points are based on the percentile curve
passing through the BMI of 25 kg/m2 at 18 years of age.

Since different populations have different growth pattern and fat accumulation (17), there
are no international representative curves for WC. We used the age- and sex-specific WC
reference standard of Chinese children and adolescents to define abdominal obesity.
Subjects with a WC above the 90th percentile for sex and age were defined as abdominally
obese according to the Bogalusa Heart Study (18). For children aged 7–17 years, abdominal
obesity was defined according to the WC reference values of Chinese children and
adolescents, which was developed based on national surveillance data (19). However, this
local reference did not include WC reference value for children aged 6 years old. In this
study, abdominal obesity in children aged 6 years old was defined using the 90th WC
percentile from the Physical Fitness and Health Surveillance of Chinese School Students in
2005 (20).

Statistical analysis
SPSS version 13.0 (SPSS, Inc., Chicago, Illinois) was used for data statistical analysis. We
calculated the absolute changes and relative changes in the mean values of BMI, WC and
the prevalence of general and abdominal obesity to further examine the magnitude of
changes over time. Multiple linear regression analysis was conducted to assess the time
trends in BMI and WC, and logistical regression models were used to assess the secular
trends in prevalence of general and abdominal obesity from 1993 to 2009, after controlling
for the covariates of age, sex and region. P<0.05 was considered statistically significant.

Results
Table I shows the trends in BMI and WC of Chinese children and adolescents from 1993 to
2009. Among total participants, mean BMI increased slightly across 6 study periods
(P<0.001), with the absolute increase of only 0.2kg/m2 and the relative increase of 1.1%
from 1993 to 2009. After stratified by sex and age, mean BMI increased in boys of all age
and girls aged 6–12-years (all increases P<0.001), while no significant trend was observed in
adolescent girls aged 13–17 years (P=0.552). BMI increased more rapidly in boys aged 6–12
years than their adolescent peers (4.3% vs. 3.7% of relative increase). After stratified by
region, mean BMI increased more dramatically in urban subjects than in their rural
counterparts (0.8kg/m2 vs. −0.1kg/m2 of absolute difference, and 4.6% vs. −0.6% of relative
increase).

Different from BMI, mean WC increased significantly across 6 study periods (P<0.001),
with more rapid increase in boys than in girls. Either in boys or in girls, upward trends in
mean WC were still observed in all subgroups of age (all increases P<0.03), with larger
absolute and relative increases in children than in adolescents (for boys: 3.7cm vs. 3.4cm of
absolute increase, and 6.5% vs. 5.1% of relative increase; for girls: 2.8cm vs. 1.0cm of
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absolute increase, and 5.1% vs. 1.5% of relative increase). WC increased from 1993 to 2009
in both urban and rural subjects (both increases P<0.001), with larger increase in urban
subjects than those living in rural areas (2.0cm vs. 1.6cm of absolute increase, and 3.2% vs.
2.6% of relative increase).

Figure 1 displays the distribution of BMI among Chinese children and adolescents in 1993
and 2009. In all boys and some girls (aged 6–12 years old), higher BMI distribution shifted
slightly to the right from 1993 to 2009. While in those girls aged 13–17 years old, no
significant shift in the BMI distribution was found in 2009. The distribution curves of WC in
Chinese boys and girls from 1993 and 2009 are displayed in figure 2. In both boys and girls,
the distribution of higher WC shifted slightly to the right from 1993 to 2009. The increase of
WC was larger in boys than in girls.

Table II shows the secular trends in prevalence of general obesity and abdominal obesity
from 1993 to 2009. After adjustment of sex, age and region, upward trends in the prevalence
of general obesity and abdominal obesity were observed among total participants (both
increases P<0.001), with absolute increases of 7.0 and 6.8 percentage points for general
obesity and abdominal obesity respectively. Compared with girls of the same age, boys aged
6–12 years had smaller increases in the prevalence of general obesity and abdominal
obesity, while those adolescent boys had greater increases in the prevalence. After stratified
by sex and age and region, upward trends in the prevalence of general obesity were still
observed in all subgroups (all increases P<0.05). Either in boys or in girls, adolescents had
larger relative increase in general obesity than their counterparts aged 6–12 years old. Urban
participants had larger absolute and relative increases in the prevalence of general obesity
than their rural counterparts (11.1 vs. 5.5 percentage points of absolute increase, and 185.0%
vs. 90.2% of relative increase).

Over the past 17 years, the prevalence of abdominal obesity in Chinese children and
adolescents aged 6–17 years old increased by 192.3% (from 3.9% to 11.4%) for boys and
105.1% (from 5.9% to 12.1%) for girls. In the stratified analysis, the prevalence of
abdominal obesity increased significantly over the 6 study periods in the two agegroups of
boys (both increases P<0.001), with larger absolute and relative increases in boys aged 6–12
years. However, the trends in abdominal obesity of girls were different from boys. The
prevalence of abdominal obesity increased significantly in girls aged 6–12 years old
(P<0.001), but no significant trend was observed among adolescent girls (P=0.102).
Different from general obesity, rural participants had larger absolute and relative increases
of abdominal obesity than their urban counterparts (7.5 vs. 5.6 percentage points of absolute
increase, and 202.7% vs. 75.7% of relative increase).

Discussion
In this study, we observed the secular upward trends in general and abdominal obesity
among Chinese children and adolescents from 1993 to 2009. WC and abdominal obesity
increased at a relatively higher rate than BMI and general obesity over the past decades.
Compared with girls of the same age, boys aged 6–12 years had smaller increases in the
prevalence of general obesity and abdominal obesity, while those adolescent boys had
greater increases in the prevalence. Compared with their peers aged 6–12 years old,
adolescents had larger relative increases of general obesity and smaller increases of
abdominal obesity. Compared with those lived in rural areas, urban subjects had larger
increases of general obesity, but smaller increase of abdominal obesity.

Many previous studies have reported the upward trends in overweight and obesity among
children and adolescents in China (3,4,21). Among total participants aged 6 to 17 years old,
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the prevalence of general obesity (including overweight) increased significantly from 6.1%
in 1993 to 13.1% in 2009, an increase of 7.0 percentage points in 17 years. In some previous
studies, which also used IOTF reference to define overweight and obesity, the prevalence of
overweight (including obesity) increased from 4.7% in 1991 to 10.5% in 2004 among 6 to
18-year-olds (21), and increased from 5.2% in 1991 to 13.2% in 2006 among 7 to 17-year-
olds (4). Our results were consistent with these previous results.

Some countries have reported the prevalence of abdominal fat distribution based on WC
measurements (10,22,23). The prevalence of abdominal obesity using the index of WC in
children aged 6–12 years old was higher in Greek children (12.5% in boys and 14.2% in
girls) (23) than in our Chinese children of similar age (11.1% in boys and 13.0% in girls in
2009). However, due to the different reference in WC, results from different studies should
be compared with caution. Over the past 17 years, the prevalence of abdominal obesity in
Chinese children and adolescents aged 6–17 years old increased by 192.3% (from 3.9% to
11.4%) for boys and 105.1% (from 5.9% to 12.1%) for girls. The relative changes were
greatly higher than their age-matched peers from US, which were 61.0% (from 10.5% to
16.9%) for boys and 72.6% (from 10.6% to 18.3%) for girls between 1988–1994 and 1999–
2004 (22). Additionally, Our results also showed that WC and abdominal obesity increased
at a relatively higher rate than BMI and general obesity over the past decades, which was
consistent with the data from British children aged 11–16 years old (10).

Sex differences in general and abdominal obesity were observed in the present study. During
almost every study year, boys had higher prevalence of general obesity than girls, while the
prevalence of abdominal obesity was higher in girls, which was consistent with other results
(23). Previous study has reported that the prevalence of overweight rose in boys and girls
aged 7–12 years, but no trend was observed in girls aged 13–17 years (4). In this study, we
found the significant trend in general obesity among adolescent girls. However, there was no
significant trend in the prevalence of abdominal obesity in adolescent girls. Probable reason
is that adolescent girls, especially those female students in high school, are more concerned
about their weights and desire for a slim physique (24). In addition, the sex differences in
overweight trends may also be related to the emerging social pressure of preference for
thinness among female adolescents and their guardians (25). In this study, the prevalence of
general and abdominal obesity increased more rapidly in girls than in boys when the
participants were in their childhood of 6–12 years, but the trend reversed itself when
subjects were in their adolescence. The sex differences have been reported in the relations
among diet, physical activity, and abdominal fat accumulation both in children and adults,
with discrepant results in many studies (26,27). Moreover, the sex differences may be
related to the society’s traditional preference for sons particularly in rural areas, and boys are
likely to enjoy more of the family’s resources (4). However, the effect of gender remains
unclear, and more investigations are needed to further prove the sex differences.

Our results showed that adolescents had larger relative increases of general obesity than
their peers aged 6–12 years old. However, the increase in abdominal obesity was lower for
the older age group than for the younger age group. This is probably because that many
adolescents became generally overweight mostly due to the substantial increases in lean
mass but not fat mass. Younger children may be more heavily affected by various
contributory factors to obesity than older children (21,28). Adolescents who perceive them
to be overweight may be inclined to control their weight more than their children
counterparts (21).

Compared with those lived in rural areas, urban subjects had larger increases of general
obesity, but smaller increases of abdominal obesity. Results from the previous study showed
that the largest changes in the prevalence of overweight and obesity were observed among
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urban children (4), which is consistent with our findings. Economic development and
change in dietary pattern might help explain the findings between the two regions. Socio-
economic status (SES) has been proved to influence the prevalence of childhood overweight
and obesity (29). In China, urban residents have higher SES than those living in rural areas.
Like adults, children and adolescents in high SES have better access to energy-dense foods
(30). However, previous study also showed that populations with lower SES have more
opportunities to be exposed to the factors causing obesity (31). This may explain why we
observed the larger increases in the prevalence of abdominal obesity in rural subjects than
their counterparts lived in urban areas.

Obesity is proved to be an interactive symptom of many genetic and environmental factors.
As genes may not substantially change during short period, the rapid increase in obesity
indicates the important role of environmental and social factors (32). However, little is
known about the determinants of visceral fat deposition among children and adolescents.
Among children, increases in the prevalence of obesity are likely due to the interactive
effects among increased caloric consumption, increased sedentary lifestyle, and decreased
physical activity (33). Data showed that Chinese pattern of food consumption have changed
into high consumption of animal food between 1991 and 2004 (34), which may partly
explain the increasing trends in general and abdominal obesity among Chinese children and
adolescents. Physical activity has been already proved to be a critical determinant of visceral
fat in adults (35). Some studies have reported that physical activities (either self-reported
activity or the structured physical activity) are negatively associated with WC and visceral
fat in children (36,37). However, there is scarce evidence about whether some other factors,
such as weight and feeding history or current dietary intake, are related to the abdominal fat
distribution among children and adolescents (38). Further studies should be conducted to
explore the determinants of overweight and obesity in children and adolescents.

We must mention that the results from this study were credible and powerful due to the
nationally representative sample and rigorous quality control. However, there are several
limitations existed in this study. Firstly, we used Chinese WC reference values to define
abdominal obesity among children and adolescents. Caution should be exercised when the
prevalence of abdominal obesity in this study is compared with results of other studies.
Secondly, there must be many factors (including dietary and physical activities) related to
the general and abdominal obesity among children and adolescents, which hadn’t been
considered in the analysis of this study. Secular changes in these factors of obesity may
result in the secular trends in obesity. Further studies should be conducted to assess the
possible reasons of the trends in obesity.

In conclusion, general and abdominal obesity in Chinese children and adolescents increased
significantly across the past 17 years. Some effective preventive and treatment measures are
urgently needed to prevent the epidemic, and finally reduce the risk of obesity-related
diseases.
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Figure 1.
Distribution of body mass index in Chinese children and adolescents from 1993 to 2009
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Figure 2.
Distribution of waist circumference in Chinese children and adolescents from 1993 to 2009
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