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Abstract 

Objective  To explore the influence of secular trends in body height and weight on the prevalence of 
overweight and obesity among Chinese children and adolescents. 

Methods  The data were obtained from five cross-sectional Chinese National Surveys on Students’ 
Constitution and Health. Overweight/obesity was defined as BMI-for-age Z-score of per the Wold Health 
Organization (WHO) reference values. Body height and weight for each sex and age were standardized 
to those reported in 1985 (standardized height: SHY; standardized weight: SWY) and for each sex and 
year at age 7 (standardized height: SHA; standardized weight: SWA) using the Z-score method. 

Results  The prevalence of overweight/obesity in Chinese children was 20.2% among boys and 10.7% 
among girls in 2010 and increased continuously from 1985 to 2010. Among boys and girls of normal 
weight, SHY and SHA were significantly greater than SWY and SWA, respectively (P < 0.001). Among 
boys and girls with overweight/obesity, SHY was significantly lower than SWY (P < 0.001), and showed 
an obvious decreasing trend after age 12. SHA was lower than SWA among overweight boys aged 7-8 
years and girls aged 7-9 years. SHY/SHW and SHA/SWA among normal-weight groups were greater than 
among overweight and obese groups (P < 0.001). 

Conclusion  The continuous increase in the prevalence of overweight/obesity among Chinese children 
may be related to a rapid increase in body weight before age 9 and lack of secular increase in body 
height after age 12. 
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INTRODUCTION 

besity/overweight is associated with a 
number of health risks, including 
cardiovascular diseases, type 2 diabetes 

mellitus, respiratory and skeletal muscle problems, 
and psychological problems[1-4] and has become an 
important global health challenge. Over the past few 
decades, the prevalence of overweight and obesity 
among children and adolescents has been increasing O 
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the growth trends in body height and weight over 
different ages. Table 3 shows that the SHA were 
significantly greater than the SWA among both 
normal-weight boys and girls over 5 survey years 
from 1985 to 2010 (all P < 0.001) and were 
significantly greater than the SWA among both 
overweight boys and girls over four survey years 
from 1995 to 2010 (all P < 0.001); however, they 
were significantly less than the SWA among both 
obese boys and girls over 5 survey years from 1985 
to 2010 (all P < 0.001). The differences in SHA/SWA 
among boys and girls with normal weight, 
overweight, and obesity were significant over the 5 
survey years (all P < 0.001), and the SHA/SWA of 
normal-weight groups were the highest, whereas 
those of obese groups were the lowest. Figure 3 
shows that the SHA was greater than the SWA 
among both normal-weight boys and girls aged 7-18 
years. The SHA was lower than the SWA among 
overweight boys aged 7-8 years and overweight girls 
aged 7-9 years; however, it was greater than the 
SWA among overweight boys aged 9-18 years and 
overweight girls aged 10-18 years. The SHA was 
lower than the SWA among obese boys aged 7-13 
years and girls aged 7-18 years; however, it was 

greater than the SWA among obese boys aged 
14-18. 

DISCUSSION 

The present study suggests that the prevalence 
of overweight and obesity among Chinese children 
and adolescents aged 7-18 years has been increasing 
continuously from 1985 to 2010. The prevalence 
rates of overweight and obesity reached 13.3% and 
6.9% among boys and 8.9% and 1.8% among girls in 
2010. The prevalence of overweight/obesity among 
Chinese children and adolescents is lower than that 
in developed countries, but has been increasing 
rapidly as documented in the present study. 
Socio-economic, lifestyle, dietary, and behavioral 
factors may play important roles in the rapid 
increase in overweight and obesityin China[24,28]. In 
addition, a lack of physical activity and the increasing 
occurrence of sedentary behaviors may also have 
contributed to the increasing prevalence of 
overweight and obesity[29]. Most studies only 
reported the overall prevalence of overweight and 
obesity in different age groups over the world[9,28-31] 
but did not investigate the prevalence trends      
in overweight and obesity in different age groups. To 

 

 

Figure 2. The secular trends of SHY and SWY over different ages among Chinese boys and girls during 
1985-2010. SHY and SWY are the abbreviations of standardized body height and weight based on data 
in 1985. (A) Tendencies of SHY and SWY over different ages among boys with normal weight; (B) 
Tendencies of SHY and SWY over different ages among boys with overweight; (C) Tendencies of SHY 
and SWY over different ages among boys with obesity; (D) Tendencies of SHY and SWY over different 
ages among girls with normal weight; (E) Tendencies of SHY and SWY over different ages among girls 
with overweight; (F) Tendencies of SHY and SWY over different ages among girls with obesity. 
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puberty in boys starts approximately at the age of 10. 
After puberty onset, the levels of male hormones 
and growth hormones increase significantly to 
promote the development of bone and muscle but 
inhibit the increase in body fat. These changes may 
help to explain the decreasing trend in the 
prevalence of overweight among boys from age 11 
to age 18. Another study showed that the average 
age at menarche of Chinese girls is 12.76 years[33]. 
During puberty, girls' estrogen levels increase 
significantly to promote the accumulation of body 
fat, which may be the reason for the highest 
prevalence of overweight among girls at age 12. In 
addition, the prevalence tendencies in overweight 
and obesity across age groups were generally 
consistent with changes in body fat percentage (BFP). 
Ma et al.[34] found that the BFP of normal-weight 
children increased from age 7 to age 13 and then 
decreased slightly. 

In the current study, the body height and 
weight for each gender and age in 1985 were used 
as the standards to calculate Z-scores to show 
secular trends of body height and weight over the 
survey years (SHY and SWY). The body height and 
weight at age 7 for each gender and survey year 
were used as the standards to calculate Z-scores to 
show growth trends in body height and weight 
across ages (SHA and SWA). The original body height 
and weight were transformed into the standardized 
value without units, the mean and standard 
deviation of which became 0 and 1. The Z-score has 
been the most commonly used method to set up the 
evaluation standard of growth and development, 
such as WHO references for over weight/obesity and 
growth retardation[25-26] and the US CDC growth 
chart[10]. Fu et al. have developed an objective 
measure to evaluate actual body shape based on the 
Z-score method[27]. The Z-score method is effective 
to eliminate the influence of different units of body 
height and weight when comparing growth or 
secular tendencies between body height and weight. 

Our results showed that the SHY was 
significantly greater than the SWY, and their 
tendencies from age 7 to 18 were generally 
consistent among normal-weight boys and girls over 
5 survey years, which showed the secular increase in 
body height to be higher than that of body weight, 
and their tendencies, were consistent in 
normal-weight children. Since at least the mid-19th 
century, a secular increase in body height and weight 
has been shown in the world[16]. Loesch et al.[13] 
reported increased values of body height and weight 
of 1.2 cm/decade and 1.3 kg/decade, respectively, in 

males and 0.2 cm/decade and 2.1 kg/decade, 
respectively, in females from 1970 to 1992. The body 
height and weight of 19-year-old German conscripts 
increased by 6.5 cm and 9.9 kg from 1956 to 2010[35]. 
Ji et al. reported that body height and BMI among 
Chinese children and adolescents aged 7-18 years 
increased by 2.5 cm/decade and 0.8 kg/m2 per 
decade in males and 2.0 cm/decade and 0.6 kg/m2 

per decade in females from 1985 to 2005. From the 
above studies, the comparison between secular 
tendencies in body height and weight was not shown 
due to differences in the units. To our knowledge, 
the present study has been the first to report that 
the secular increase in body height was higher than 
that of body weight among children and adolescents 
with normal weight. 

On the contrary, the SHY was significantly lower 
than the SWY among boys and girls with overweight 
or obesity, and the SHY/SWY among normal-weight 
groups was greater than in the overweight or obesity 
groups over 5 survey years, which showed that the 
secular increase in body height was lower than that 
of body weight among boys and girls with 
overweight or obesity. Several studies have shown a 
secular increase in body weight, which was an 
important reason that the prevalence of 
overweight/obesity has continued to increase. 
However, the present result showed that the SHY 
significantly decreased among overweight or obese 
children after age 12, which showed a lack of secular 
increase in body weight after age 12. This may be 
because the accumulation of body fat in children 
with overweight or obesity promotes earlier 
menarche or first spermatorrhea. The cohort study 
also showed that the earlier initiation and faster 
progression through puberty was associated with an 
increased risk of obesity[36]. Earlier puberty resulted 
in an earlier growth spurt and lower body height 
growth during late puberty; thus, the secular 
increase in body height was higher during early 
puberty, then decreased dramatically during middle 
and late puberty development (after age 12). 
Lobstein et al. reported the key message that the 
continuing problem of growth retardation and 
stunting coincides with, and might contribute in part 
to, the rising prevalence of obesity in many low- and 
middle-income countries[37]. 

We also found that the SHA was significantly 
greater than the SWA among boys and girls with 
normal weight between ages 7 and 18. However, the 
SHA was lower than the SWA among overweight 
boys aged 7-8 years and overweight girls aged 7-9 
years, obese boys aged 7-13 years, and obese girls 
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aged 7-18 years. In addition, SHA/SWA among 
normal-weight groups was greater than that of 
overweight or obese groups over 5 survey years. 
From the above results, we know that the increase in 
body height among normal-weight boys and girls 
should be higher than that of body weight over age 
7-18; however, it was lower than that of body weight 
during early puberty development (before age 9) 
among boys and girls with overweight and obesity. 
The rapid increase in body weight before age 9 may 
be due to the influence of a poor diet and physical 
inactivity. Except for the secular increase in body 
weight, the continuous increase in the prevalence of 
overweight and obesity over the survey years may 
be related to the rapid increase in body weight 
during early puberty development (before age 9) 
and the lack of a secular increase in body height 
during middle and late puberty development (after 
age 12). 

Although the present study was based on the 
largest surveys ever conducted in China, it has 
cross-sectional properties. The prevalence of 
overweight and obesity and growth tendencies of 
body height and weight over different ages were 
based on different groups of participants, and this 
limits the generalizability of our study findings. 
Future prospective cohort studies that follow the 
same participants from childhood through late 
puberty may help to confirm our study findings. 
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