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Abstract: The purpose of this study was to examine secular changes in growth and nutritional
outcomes of Chinese urban children under five years old, in 2009, 2012, and 2015. Cluster random
sampling methods were used to select children under five years old in Xiamen, one of five special
economic zones in China. Subjects (N = 71,229) under five years old (39,413 boys, 31,816 girls) were
examined at three different times (22,576 in 2009, 24,816 in 2012, and 23,837 in 2015). Significant
differences in the boys’ height and weight (p < 0.05) were found across the three time points;
subjects in the 2015 sample were the heaviest and tallest, and they had the highest BMI (2009 < 2015;
2012 < 2015). Among the girls, those in the 2015 sample were similar to the boys (2009 < 2012;
2012 < 2015). In general, similar patterns were observed when mean values were analyzed by age.
An increasing trend was found in the prevalence of overweight and obesity and a decreasing trend
for stunting, underweight, and wasting. The results revealed that the burden of childhood under-
and over-nutrition might constitute a public health concern in modern China.
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1. Introduction

In many developing countries, child malnutrition is a long-term and persistent public health
problem [1], which may lead to underweight, wasting, or stunting. Although global data show that the
prevalence of children’s stunting and wasting has been falling [1], this unfortunate situation remains
a public health challenge, especially in developing countries. On a global scale, for example, 15.1% of
children less than five years old were underweight, 24.7% showed stunting, and 8% exhibited wasting
(including severe wasting in 3%) in 2012; Furthermore, 92% of stunted children, 96% of underweight
children, and 97% of wasted children live in Africa and Asia [2].

Although malnutrition persists in some places around the world, the prevalence of pediatric
overweight and obesity is increasing worldwide [3]. The increasing incidence of obesity among young
people is considered a serious public health problem because it is closely related to adult obesity and
its complications. At present, the incidence of obesity continues to increase rapidly in most countries.
From the 1970s to the late 1990s, the incidence of overweight and obesity of school-age children
increased two to three times in several economically developed countries [4].

Given the rapid growth of the national economy, the nutritional outcomes of the Chinese people
have improved considerably in the past dozen years [5]. Xiamen is one of five special economic zones
of China and the major economic zone. Over the past ten years, the rapid development of the economy
in Xiamen has led to substantial changes in the way of life of its people, which may also have affected
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the prevalence of malnutrition and over-nutrition in children. However, no relevant research studies
about children’s nutrition or health surveys have been conducted in Xiamen. Therefore, in this study,
we aimed to provide data on the prevalence of underweight, stunting, wasting, overweight, and
obesity among children <5 years old in Xiamen between 2009 and 2015. This study was intended to
provide the latest evidence supporting the government’s policies to improve children's nutrition.

2. Subjects and Methods

2.1. Subjects and Sampling

The study was a cross-sectional survey of anthropometric measurements of children <5 years
of age. Briefly, its goals were to describe the patterns of variability in the growth and development
of children <5 years of age, and to understand the role of genetic and environmental factors in the
variability of these indicators in this population. Data were collected at three time points: 2009, 2012,
and 2015.

Cluster random sampling and the stratified sampling methods were used to select children under
five years old from 1 April–30 June at each time point in Xiamen, China. The subjects were selected
from nine community health service centers in three districts of Xiamen, and children without a signed
consent form, with physical handicaps, chronic diseases, or psychological disorders were excluded
from the study. The subjects in the final sample were distributed as follows: 22,576 subjects in 2009
(12,574 boys, 10,002 girls); 24,816 subjects in 2012 (13,586 boys, 11,230 girls); and 23,837 subjects in
2015 (13,253 boys, 10,584 girls). The total sample consisted of 71,229 subjects (39,413 boys, 31,816 girls;
Table 1). The study was approved by the Human Research Ethics Committee of Xiamen Maternal and
Child Health Care Hospital (KY-2016002).

Table 1. Sample size of each age and sex group by year of evaluation (B = boys; G = girls).

Age 2009 2012 2015 Total

B G Total B G Total B G Total

0~ 2514 2105 4619 2672 2293 4965 2549 2076 4625 14,209
1~ 2456 1936 4392 2751 2247 4998 2550 2224 4774 14,164
2~ 2598 2035 4633 2643 2310 4953 2600 2150 4750 14,336
3~ 2482 1974 4456 2720 2260 4980 2834 2054 4888 14,324
4–5 2524 1952 4476 2800 2120 4920 2720 2080 4800 14,196

Total 12,574 10,002 22,576 13,586 11,230 24,816 13,253 10,584 23,837 71,229

2.2. Anthropometry

Information, including the child’s age, sex, and other data (family situation, birth history, feeding
history, and so on) was obtained by interviewing their caregivers. The same measurement protocol
was used for the three data collections [6]. Anthropometric measurements, including height and
weight, were used to assess the nutritional outcomes. Height and weight were measured using the
same personnel with the same training in order to minimize measurement error. Height was measured
using a standard calibrated board (0.1 cm; Jiangsu Nantong Weighing Apparatus Factory, Nantong,
China), and a standard calibrated balance scale (0.1 kg; Bailida electronic scale; Shanghai Instrument
Technology Company, Shanghai, China) was used to measure weight. Weight was measured with the
subject wearing light clothes and without shoes. Height was measured with the shoes off, feet together,
and head in the horizontal plane. The length of children under two years was measured in a lying
posture. Body mass index (BMI) was calculated using weight and height (kg/m2) measurements.
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2.3. Diagnostic Criteria

Nutritional status was determined according to cut-offs suggested by the World Health
Organization (WHO) expert committee [7]. In detail, diagnosis standards of under- and over-nutrition
are as follows according to the 2006 WHO Child Growth Standards: (1) underweight: weight-for-age
below two standard deviations (SD) from the median value based on the child’s specific age and sex;
(2) stunted: height-for-age below two standard deviations (SD) from the median value based on the
child’s specific age and sex; (3) wasted: weight-for-height below two standard deviations (SD) from
the median value based on the child’s specific age and sex; (4) overweight: BMI-for-age ≥P85 and
<P95; and (6) obese: BMI for age ≥P95 [8,9].

2.4. Statistical Analyses

Basic descriptive statistics were computed. To compare the means of multiple groups, we
used univariate ANOVA with the F statistic or Welch correction for heteroscedasticity. For multiple
comparisons, we used the least significant difference (LSD) test or Dunnetts’s C test. The prevalence
of stunting, underweight, wasting, and overweight/obesity was determined in relation to age and
sex. Malnutrition and overweight/obesity rates were compared between groups using the χ2 test.
Differences in the prevalence of nutritional outcomes across the years were examined using the χ2

test. The SPSS statistical software package version 13.0 (SPSS Inc., Chicago, IL, USA) was used for all
analyses. The significance level, p < 0.05, was used for all analyses.

3. Results

The results of the ANCOVA (mean ± SD, F, and p-values) for height, weight, and BMI in boys
and girls under five years old by year of evaluation are presented in Table 2. Among the boys, height
and weight of the subjects from 2015 were the heaviest and the tallest. The highest BMI was observed
in 2015, with increases found in 2009–2015. The results of the girls were similar to the boys.

Table 2. Age-adjusted means and standard deviations for height, weight, and BMI in boys and girls
(0–5 years old) by year of evaluation.

Variable
2009 2012 2015

F p-Value
Mean ± SD Mean ± SD Mean ± SD

Boys
Height 69.2 ± 11.3 73.7 ± 13.4 77.2 ± 13.5 1772.19 <0.001 1,2,3

Weight 8.3 ± 2.8 9.3 ± 3.3 9.9 ± 3.3 1323.78 <0.001 1,2,3

BMI 16.3 ± 1.6 16.6 ± 1.7 16.8 ± 1.6 399.30 <0.001 1,2,3

Girls
Height 67.9 ± 11.3 72.1 ± 13.5 74.7 ± 13.6 1717.36 <0.001 1,2,3

Weight 7.7 ± 2.7 8.6 ± 3.2 9.1 ± 3.2 1298.63 <0.001 1,2,3

BMI 15.9 ± 1.5 16.1 ± 1.6 16.2 ± 1.6 515.96 <0.001 1,2,3

1 Significant difference between 2009 vs., 2012. 2 Significant difference between 2009 vs. 2015. 3 Significant
difference between 2012 vs. 2015.

Table 3 shows the ANCOVA results for the mean differences across the three years for each
variable by sex and age. In summary, increases in weight and BMI were found in each age group of
boys and girls from 2009 to 2015, with the subjects from 2015 being heavier and having the highest
BMI; however, significant differences were not found, at age 3– and 4–5 years of both sexes (p > 0.05).
With respect to height, generally, the children evaluated in 2015 had the highest values compared with
those evaluated in 2009; an increase in stature was detected in both sexes.
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Table 3. Means and standard deviations for height, weight, and BMI in boys and girls by months of age and year of evaluation (ANCOVA results).

Variable

Height (Mean ± SD) Weight (Mean ± SD) BMI (Mean ± SD)

2009 2012 2015 Pairwise
Comparisons 2009 2012 2015 Pairwise

Comparisons 2009 2012 2015 Pairwise
Comparisons

Boys (only when F has a p < 0.05)

0~ 56.3 ± 2.3 56.4 ± 2.2 56.5 ± 2.2
09 = 12
09 < 15
12 = 15

4.9 ± 0.6 4.9 ± 0.7 5.0 ± 0.6
09 = 12
09 < 15
12 < 15

15.5 ± 1.3 15.5 ± 1.3 15.6 ± 1.3
09 = 12
09 < 15
12 < 15

2~ 63.1 ± 3.6 63.1 ± 3.6 63.5 ± 3.5
09 = 12
09 < 15
12 < 15

6.9 ± 1.1 6.9 ± 1.1 7.1 ± 1.1
09 = 12
09 < 15
12 < 15

17.1 ± 1.7 17.2 ± 1.6 17.4 ± 1.6
09 < 12
09 < 15
12 < 15

6~ 71.0 ± 3.5 71.1 ± 3.5 71.4 ± 3.5
09 = 12
09 < 15
12 < 15

8.7 ± 1.2 8.8 ± 1.2 9.0 ± 1.1
09 < 12
09 < 15
12 < 15

17.2 ± 1.5 17.4 ± 1.6 17.6 ± 1.5
09 < 12
09 < 15
12 < 15

12~ 80.4 ± 4.7 83.0 ± 6.2 84.7 ± 6.8
09 < 12
09 < 15
12 < 15

10.9 ± 1.5 11.4 ± 1.8 11.5 ± 1.9
09 < 12
09 < 15
12 < 15

16.0 ± 1.3 16.5 ± 1.3 16.8 ± 1.4
09 < 12
09 < 15
12 < 15

24~ 90.8 ± 3.9 90.9 ± 4.1 91.4 ± 4.3
09 = 12
09 < 15
12 < 15

12.9 ± 1.7 13.1 ± 1.7 13.2 ± 1.7
09 = 12
09 < 15
12 < 15

15.6 ± 1.2 15.7 ± 1.3 16.0 ± 1.3
09 < 12
09 < 15
12 < 15

36~ 97.9 ± 4.2 98.1 ± 3.4 98.3 ± 4.3 — 14.8 ± 2.0 14.9 ± 1.6 15.0 ± 2.1 — 15.4 ± 1.3 15.4 ± 1.3 15.4 ± 1.4 —

48~60 103.7 ± 4.3 105.1 ± 4.5 105.1 ± 4.4 — 16.4 ± 2.8 16.7 ± 2.2 16.8 ± 2.4 — 15.1 ± 1.3 15.1 ± 1.4 15.2 ± 1.1 —

Girls

0~ 55.1 ± 2.2 55.9 ± 2.4 56.2 ± 2.1
09 < 12
09 < 15
12 < 15

4.6 ± 0.6 4.8 ± 0.7 4.9 ± 0.6
09 < 12
09 < 15
12 < 15

14.9 ± 1.2 15.3 ± 1.4 15.5 ± 1.3
09 < 12
09 < 15
12 < 15

2~ 59.4 ± 3.5 61.4 ± 3.4 61.6 ± 3.4
09 < 12
09 < 15
12 < 15

5.8 ± 1.0 6.2 ± 1.0 6.3 ± 1.0
09 < 12
09 < 15
12 < 15

16.2 ± 1.6 16.4 ± 1.6 16.6 ± 1.6
09 < 12
09 < 15
12 < 15

6~ 69.2 ± 3.4 70.6 ± 3.9 70.7 ± 3.2
09 < 12
09 < 15
12 < 15

8.0 ± 1.1 8.4 ± 1.3 8.9 ± 1.1
09 < 12
09 < 15
12 < 15

16.7 ± 1.5 16.9 ± 1.5 17.7 ± 1.6
09 < 12
09 < 15
12 < 15

12~ 78.7 ± 4.5 81.8 ± 6.2 82.9 ± 6.9
09 < 12
09 < 15
12 < 15

10.1 ± 1.3 10.7 ± 1.7 10.9 ± 1.9
09 < 12
09 < 15
12 < 15

15.7 ± 1.3 16.0 ± 1.3 16.3 ± 1.3
09 < 12
09 < 15
12 < 15

24~ 89.4 ± 3.7 89.6 ± 4.1 90.2 ± 4.4
09 = 12
09 < 15
12 < 15

12.4 ± 1.6 12.5 ± 1.5 12.6 ± 1.7
09 = 12
09 < 15
12 = 15

15.3 ± 1.2 15.4 ± 1.2 15.6 ± 1.3
09 = 12
09 < 15
12 < 15

36~ 96.1 ± 4.3 96.8 ± 4.2 96.8 ± 4.4 — 14.2 ± 1.9 14.3 ± 1.9 14.3 ± 1.9 — 15.1 ± 1.2 15.2 ± 1.3 15.4 ± 1.1 —

48~60 104.1 ± 5.1 104.3 ± 4.8 104.5 ± 4.3 — 15.3 ± 2.6 16.3 ± 2.7 16.5 ± 2.3 — 14.1 ± 1.4 14.9 ± 1.6 15.0 ± 1.4 —
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Changes in nutritional outcomes across the three time points are summarized in Table 4. In general,
an increasing trend in the past seven years was observed in the prevalence of overweight and obesity,
whereas a decreasing trend was found for underweight, stunting, and wasting. The prevalence of
overweight decreased with age, and the prevalence of obesity increased and peaked at age 4–5 years.
Underweight and stunting occurred mostly at age 4–5 years, whereas wasting occurred mainly at age
3–4 years (Figure 1).

Table 4. Prevalence of nutritional indicators by sex and year of evaluation and differences in prevalence
between years of evaluation by sex.

Variable
2009 2012 2015

N % N % N % Trend p-Value

Boys
Underweight 157 1.25 109 0.80 48 0.36 Decreasing <0.001
Stunted 357 2.84 197 1.45 107 0.81 Decreasing <0.001
Wasted 204 1.62 171 1.26 127 0.96 Decreasing <0.001
Overweight 185 1.47 440 3.24 857 6.47 Increasing <0.001
Obese 113 0.90 136 1.00 197 1.49 Increasing <0.001

Girls
Underweight 120 1.20 107 0.95 46 0.43 Decreasing <0.001
Stunted 267 2.67 130 1.16 72 0.68 Decreasing <0.001
Wasted 144 1.44 107 0.95 59 0.56 Decreasing <0.001
Overweight 99 0.99 314 2.80 646 6.10 Increasing <0.001
Obese 83 0.83 92 0.82 135 1.28 Increasing <0.001
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Figure 1. (A) Prevalence of underweight, stunted, and wasted children aged 0–5 years old in Xiamen;
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4. Discussion

The purpose of this study was to examine secular changes in growth and nutritional outcomes
of children less than five years old in Xiamen, China, one of five special economic zones, in 2009,
2012, and 2015. In general, a positive secular trend was observed in height, weight, and BMI mean
values among Chinese children aged 0–5 years. This phenomenon not only reflected faster growth in
childhood, earlier puberty, and steady increments in adult height, but also dramatic changes in body
shape [10]. This might be associated with changes in the population, specifically general improvements
in their lifestyle, health, nutritional, and economic conditions during this period. However, there were
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also negative effects, including higher BMI, which can lead to hypertension, hyperglycemia, type 2
diabetes, and other adulthood diseases that may occur earlier in childhood and adolescence [11,12].

China is experiencing a nutrition transition [13,14]. The Chinese Ministry of Health have reported
that the prevalence of stunting, wasting, and being underweight was 9.9%, 2.3%, and 3.6% (2010) [15];
the National Program of Action for Child Development in China (2011–2020) has pointed out that
the goals for the prevalence of stunting and underweight of children under five are below 7% and
5%, respectively, in 2020 [16]. Our study showed a decline in the prevalence of stunting, wasting, and
being underweight between 2009 and 2015 in Xiamen, which is significantly lower than the national
level and beyond the goals of 2020. Meanwhile, the prevalence of under-nutrition in Xiamen was also
significantly lower than the neighboring Asian countries, and partially superior to the levels found
in some developed countries in the West [17–19]. For example, the prevalence of stunting, wasting,
and being underweight was 30.3%, 7.9%, and 19.9% in the Philippines (2013–2014); 38.7%, 15.1%, and
29.4% in India (2013–2014); 2.1%, 0.5%, and 0.5% in the United States (2011–2012); and 2%, 0%, and
0.2% in Australia (2012) [17]. The Xiamen municipal government has vigorously promoted all sorts
of nutrition improvement measures in recent years, including improved maternal nutrition, an early
initiation of breastfeeding, exclusive breastfeeding for the first six months of life, and timely, adequate,
safe, and appropriate complementary feeding. The government’s intervention programs targeted to
improve childhood nutrition status may have played an important part in this change.

Our cross-sectional data suggest that the overall prevalence of obesity and overweight in children
increased significantly between 2009 and 2015 in the Xiamen area. In contrast, no recent increases in
the prevalence of childhood obesity have been found in Sweden [20] or Australia [21]. In France [22]
and Greece [23], the prevalence of childhood obesity rates even fell in recent years. During the past
twenty years, an increasing incidence of childhood obesity in these developed countries has prompted
the governments to plan healthcare interventions to prevent childhood obesity. Various public
health actions for improving dietary habits and physical activity in children have been implemented.
For example, “Nutrition, Prevention and Health for children and teenagers in Aquitaine” launched in
France between 2004 and 2008 had improved eating habits of children. Intake of light afternoon meals
had increased while snacking in the morning and nibbling had decreased [24]. These changes have
played a very important role in combating childhood obesity and led to stabilizing or decreasing the
prevalence of overweight and obesity in recent years.

Our research shows that the changes in the prevalence of malnutrition and obesity were
age-specific in Xiamen, China. Underweight and stunting occurred mainly in 4–5 year olds (the
oldest age group in our cohort), and wasting occurred mainly in 3–4 year olds. In general, malnutrition
peaked mainly in the children aged 3–5 years old. The shift in the peak age of child malnutrition might
be related to the government’s policy in recent years, of vigorously promoting breastfeeding and adding
supplementary food based on scientific evidence and reason. This finding suggests that the critical
period for preventing and treating malnutrition should be the preschool period. Preschool children’s
nutrition is dependent mainly on dietary intake. Therefore, whether dietary composition is scientifically
sound and appropriate has an important influence on the health of children. From the perspective of
the population’s distribution, the highest prevalence of overweight children was found in the 0–1 year
olds (the youngest age group in our cohort), then it decreased with age. However, this result is in
contrast to previous research reports that the prevalence of overweight increased continuously with
age [25,26]. The highest prevalence of obesity was observed in the 4–5 year olds, which suggests that
the prevention and treatment of childhood obesity, especially in preschoolers, is a dire necessity in
China. The underlying cause of these age and gender-specific patterns is largely unknown.

In our study, we found that both obesity and being overweight were higher in boys than in girls
across the three time points (2009, 2012, and 2015). This phenomenon is similar to some European
countries [27,28], but it was not observed in Jordan [29] or Hungary [30]. The higher prevalence
observed in boys might be related to China’s traditional culture, different views of what body shape
is most aesthetically pleasing for boys versus girls, and different requirements for their stature [31].
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However, there were no significant differences between the genders in the prevalence of stunting,
wasting, and being underweight in 2009, 2012, and 2015.

Notwithstanding the relevance of the present results, this study has several limitations. First,
data for this study were obtained from three independent cross-sectional surveys rather than from
a longitudinal cohort study, thereby preventing further assessment of the cohort and time effects.
Second, the sample’s restriction to children in Xiamen did not allow us to observe these trends in
the rural areas of China. Third, the children’s nutritional habits and/or physical activity levels and
patterns were not objectively measured, which would have been very useful for interpreting the
results. One recent Chinese study in Shantou city, another economic zone in China similar to Xiamen,
indicated that inappropriate dietary intakes and lack of physical activity levels might lead to the
imbalance of energy intake and consumption and associate with higher prevalence of overweight and
obesity [32]. However, the sample size we surveyed is as large as 71,229 urban children under five
years old, and the self-description of dietary energy intake and physical activity levels were difficult
to assess accurately, even if a unified method of measurement was informed. Meanwhile it must be
understood that collecting the data systematically and objectively would have been a very difficult
task over a nearly 10-year period.

5. Conclusions

Significant positive changes in growth and nutritional outcomes were observed among children
from Xiamen who were <5 years old, from 2009 to 2015, which are associated with societal and
economic conditions, standard of living, and caregivers’ feeding knowledge [17]. This finding suggests
that positive changes in growth and nutritional outcomes are increasing in the urban areas of China.
However, at the same time, BMI has increased dramatically during the past seven years, which indicates
that the burden of childhood over-nutrition constitutes a public health concern in modern China and
requires more attention. Overweight and obesity have become major threats to children’s health.
Therefore, we should undertake comprehensive efforts to prevent and control children’s obesity by
implementing regular monitoring, nutrition education, aerobic exercise, and healthy eating behaviors.

Acknowledgments: We are grateful to all study participants. We also thank all investigators for engagement and
relentless efforts in collecting and analyzing the data. This study was supported by a grant from Xiamen Science
and Technology Commission (3502Z20164029).

Author Contributions: All authors contributed to the planning of the study and revision of the article for content.
Jing Chen, Guo-Zhang Zeng supervised the data collection and quality control. Jing Chen, Wei Chen and
Gui-Mei Li conducted data analyses and Jing Chen drafted the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. De onis, M.; Blossner, M.; Borghi, E.; Morris, R.; Frongillo, E.A. Methodology for estimating regional and
global trends of child malnutrition. Int. J. Epidemiol. 2004, 33, 1260–1270. [CrossRef] [PubMed]

2. Betran, A.P.; Ye, J.; Moller, A.B.; Zhang, J.; Gulmezoglu, A.M.; Torloni, M.R. The Increasing trend in caesarean
section rates: Global, regional and national estimates: 1990–2014. PLoS ONE 2016, 11, e0148343. [CrossRef]
[PubMed]

3. Archenti, A.; Pasqualinotto, L. Childhood obesity: The epidemic of the third millenium. Acta. Biomed. 2008,
79, 151–155. [PubMed]

4. Wang, Y.; Lobstein, T. Worldwide trends in childhood overweight and obesity. Int. J. Pediatr. Obes. 2006, 1,
11–25. [CrossRef] [PubMed]

5. Zhai, F.Y.; He, Y.N.; Ma, G.S.; Li, Y.P.; Wang, Z.H.; Hu, Y.S.; Zhao, L.Y.; Cui, Z.H.; Li, Y.; Yang, X.G. Study on
the current status and trend of food consumption among Chinese population. Zhonghua Liu Xing Bing Xue
Za Zhi 2005, 26, 485–488. (In Chinese) [PubMed]

6. Lohman, T.; Roche, A.; Martorell, E. (Eds.) Anthropometric Standardization Reference Manual; Human Kinetics:
Champaign, IL, USA, 2011.

http://dx.doi.org/10.1093/ije/dyh202
http://www.ncbi.nlm.nih.gov/pubmed/15542535
http://dx.doi.org/10.1371/journal.pone.0148343
http://www.ncbi.nlm.nih.gov/pubmed/26849801
http://www.ncbi.nlm.nih.gov/pubmed/18788513
http://dx.doi.org/10.1080/17477160600586747
http://www.ncbi.nlm.nih.gov/pubmed/17902211
http://www.ncbi.nlm.nih.gov/pubmed/16334997


Int. J. Environ. Res. Public Health 2016, 13, 1104 8 of 9

7. WHO Multicentre Growth Reference Study Group. WHO Child Growth Standards: Length/Height-for-Age,
Weight-for-Age, Weight-for-Length, Weight-for-Height and Body Mass Index-for-Age: Methods and Development;
WHO: Geneva, Switzerland, 2006.

8. WHO. World Health Organization Training Course on Child Growth Assessment; WHO: Geneva, Switzerland, 2006.
9. Das, M.K.; Bhattacharyya, N.; Bhattacharyya, A.K. WHO child growth standards. Eur. J. Pediatr. 2010, 169,

253–255. [CrossRef] [PubMed]
10. Ji, C.Y.; Hu, P.J.; He, Z.H. Secular growth trends in the Chinese urban youth and its implications on

public health. Beijing Da Xue Xue Bao 2007, 39, 126–131. (In Chinese) [PubMed]
11. Must, A.; Jacques, P.F.; Dallal, G.E.; Bajema, C.J.; Dietz, W.H. Long-term morbidity and mortality of

overweight adolescents. A follow-up of the Harvard Growth Study of 1922 to 1935. N. Engl. J. Med.
1992, 327, 1350–1355. [CrossRef] [PubMed]

12. Di Pietro, L.; Mossberg, H.O.; Stunkard, A.J. A 40-year history of overweight children in Stockholm: Life-time
overweight, morbidity, and mortality. Int. J. Obes. Relat. Metab. Disord. 1994, 18, 585–590.

13. Popkin, B.M. Will China’s nutrition transition overwhelm its health care system and slow economic growth?
Health Aff. (Millwood) 2008, 27, 1064–1076. [CrossRef] [PubMed]

14. Zhai, F.; Fu, D.; Du, S.; Ge, K.; Chen, C.; Popkin, B.M. What is China doing in policy-making to push back
the negative aspects of the nutrition transition? Public. Health Nutr. 2002, 5, 269–273. [CrossRef] [PubMed]

15. The Chinese Ministry of Health. Chinese Children Aged 0–6 Years Nutrition Development Report; The Chinese
Ministry of Health: Beijing, China, 2012.

16. The Central People’s Government of the People’s Republic of China. National Program of Action for Child
Development in China (2011–2020); The Central People’s Government of the People’s Republic of China:
Beijing, China, 2011.

17. Yu, D.M.; Zhao, L.Y.; Yang, Z.Y.; Chang, S.Y.; Yu, W.T.; Fang, H.Y.; Wang, X.; Yu, D.; Guo, Q.Y.; Xu, X.L.; et al.
Comparison of undernutrition prevalence of children under 5 Years in China between 2002 and 2013.
Biomed. Environ. Sci. 2016, 29, 165–176. [PubMed]

18. Nazri, C.; Yamazaki, C.; Kameo, S.; Herawati, D.M.; Sekarwana, N.; Raksanagara, A.; Koyama, H.
Factors influencing mother’s participation in Posyandu for improving nutritional status of children under-five
in Aceh Utara district, Aceh province, Indonesia. BMC Public Health 2016, 16, 69. [CrossRef] [PubMed]

19. Kien, V.D.; Lee, H.Y.; Nam, Y.S.; Oh, J.; Giang, K.B.; Van Minh, H. Trends in socioeconomic inequalities
in child malnutrition in Vietnam: Findings from the Multiple Indicator Cluster Surveys, 2000–2011.
Glob. Health Action 2016, 9, 29263. [CrossRef] [PubMed]

20. Lissner, L.; Sohlstrom, A.; Sundblom, E.; Sjoberg, A. Trends in overweight and obesity in Swedish schoolchildren
1999–2005: Has the epidemic reached a plateau? Obes. Rev. 2010, 11, 553–559. [CrossRef] [PubMed]

21. Olds, T.S.; Tomkinson, G.R.; Ferrar, K.E.; Maher, C.A. Trends in the prevalence of childhood overweight and
obesity in Australia between 1985 and 2008. Int. J. Obes. (Lond.) 2010, 34, 57–66. [CrossRef] [PubMed]

22. Romon, M.; Lommez, A.; Tafflet, M.; Basdevant, A.; Oppert, J.M.; Bresson, J.L.; Ducimetiere, P.; Charles, M.A.;
Borys, J.M. Downward trends in the prevalence of childhood overweight in the setting of 12-year school-
and community-based programmes. Public Health Nutr. 2009, 12, 1735–1742. [CrossRef] [PubMed]

23. Tambalis, K.D.; Panagiotakos, D.B.; Kavouras, S.A.; Kallistratos, A.A.; Moraiti, I.P.; Douvis, S.J.;
Toutouzas, P.K.; Sidossis, L.S. Eleven-year prevalence trends of obesity in Greek children: First evidence that
prevalence of obesity is leveling off. Obesity (Silver Spring) 2010, 18, 161–166. [CrossRef] [PubMed]

24. Carriere, C.; Langevin, C.; Deti, E.K.; Barberger-Gateau, P.; Maurice, S.; Thibault, H. Stabilization of
overweight prevalence and improvement of dietary habits in French children between 2004 and 2008.
Public Health Nutr. 2015, 18, 1883–1889. [CrossRef] [PubMed]

25. Ogden, C.L.; Carroll, M.D.; Curtin, L.R.; McDowell, M.A.; Tabak, C.J.; Flegal, K.M. Prevalence of overweight
and obesity in the United States, 1999–2004. JAMA 2006, 295, 1549–1555. [CrossRef] [PubMed]

26. Garcia-Alvarez, A.; Serra-Majem, L.; Ribas-Barba, L.; Castell, C.; Foz, M.; Uauy, R.; Plasencia, A.; Salleras, L.
Obesity and overweight trends in Catalonia, Spain (1992–2003): Gender and socio-economic determinants.
Public Health Nutr. 2007, 10, 1368–1378. [CrossRef] [PubMed]

27. Kowal, M.; Woronkowicz, A.; Kryst, Ł.; Sobiecki, J.; Pilecki, M.W. Sex differences in prevalence of overweight
and obesity, and in extent of overweight index, in children and adolescents (3–18 years) from Krakow, Poland
in 1983, 2000 and 2010. Public Health Nutr. 2016, 19, 1035–1046. [CrossRef] [PubMed]

http://dx.doi.org/10.1007/s00431-009-1041-x
http://www.ncbi.nlm.nih.gov/pubmed/19672625
http://www.ncbi.nlm.nih.gov/pubmed/17440584
http://dx.doi.org/10.1056/NEJM199211053271904
http://www.ncbi.nlm.nih.gov/pubmed/1406836
http://dx.doi.org/10.1377/hlthaff.27.4.1064
http://www.ncbi.nlm.nih.gov/pubmed/18607042
http://dx.doi.org/10.1079/PHN2001303
http://www.ncbi.nlm.nih.gov/pubmed/12027294
http://www.ncbi.nlm.nih.gov/pubmed/27109127
http://dx.doi.org/10.1186/s12889-016-2732-7
http://www.ncbi.nlm.nih.gov/pubmed/26801622
http://dx.doi.org/10.3402/gha.v9.29263
http://www.ncbi.nlm.nih.gov/pubmed/26950558
http://dx.doi.org/10.1111/j.1467-789X.2009.00696.x
http://www.ncbi.nlm.nih.gov/pubmed/20025696
http://dx.doi.org/10.1038/ijo.2009.211
http://www.ncbi.nlm.nih.gov/pubmed/19823187
http://dx.doi.org/10.1017/S1368980008004278
http://www.ncbi.nlm.nih.gov/pubmed/19102807
http://dx.doi.org/10.1038/oby.2009.188
http://www.ncbi.nlm.nih.gov/pubmed/19521346
http://dx.doi.org/10.1017/S1368980014002195
http://www.ncbi.nlm.nih.gov/pubmed/25307744
http://dx.doi.org/10.1001/jama.295.13.1549
http://www.ncbi.nlm.nih.gov/pubmed/16595758
http://dx.doi.org/10.1017/S1368980007000973
http://www.ncbi.nlm.nih.gov/pubmed/17988408
http://dx.doi.org/10.1017/S1368980015002281
http://www.ncbi.nlm.nih.gov/pubmed/26239563


Int. J. Environ. Res. Public Health 2016, 13, 1104 9 of 9

28. Lazzeri, G.; Panatto, D.; Pammolli, A.; Azzolini, E.; Simi, R.; Meoni, V.; Giacchi, M.V.; Amicizia, D.;
Gasparini, R. Trends in overweight and obesity prevalence in Tuscan schoolchildren (2002–2012).
Public Health Nutr. 2015, 18, 3078–3085. [CrossRef] [PubMed]

29. Khader, Y.; Irshaidat, O.; Khasawneh, M.; Amarin, Z.; Alomari, M.; Batieha, A. Overweight and obesity
among school children in Jordan: Prevalence and associated factors. Matern. Child Health J. 2009, 13, 424–431.
[CrossRef] [PubMed]

30. Antal, M.; Peter, S.; Biro, L.; Nagy, K.; Regoly-Merei, A.; Arato, G.; Szabo, C.; Martos, E. Prevalence of
underweight, overweight and obesity on the basis of body mass index and body fat percentage in Hungarian
schoolchildren: Representative survey in metropolitan elementary schools. Ann. Nutr. Metab. 2009, 54,
171–176. [CrossRef] [PubMed]

31. Li, M.; Dibley, M.J.; Sibbritt, D.; Yan, H. An assessment of adolescent overweight and obesity in Xi’an City,
China. Int. J. Pediatr. Obes. 2006, 1, 50–58. [CrossRef] [PubMed]

32. Guo, H.; Zeng, X.; Zhuang, Q.; Zheng, Y.; Chen, S. Intervention of childhood and adolescents obesity in
Shantou city. Obes. Res. Clin. Pract. 2015, 9, 357–364. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1017/S1368980015001676
http://www.ncbi.nlm.nih.gov/pubmed/26021189
http://dx.doi.org/10.1007/s10995-008-0362-0
http://www.ncbi.nlm.nih.gov/pubmed/18496747
http://dx.doi.org/10.1159/000217813
http://www.ncbi.nlm.nih.gov/pubmed/19420909
http://dx.doi.org/10.1080/17477160500538046
http://www.ncbi.nlm.nih.gov/pubmed/17902215
http://dx.doi.org/10.1016/j.orcp.2014.11.006
http://www.ncbi.nlm.nih.gov/pubmed/25596004
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Subjects and Methods 
	Subjects and Sampling 
	Anthropometry 
	Diagnostic Criteria 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 

