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Prevalencia y predictores de obesidad en nifios preescolares de Suzhou, China
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ABSTRACT

Background. The study aims to assess the prevalence of
obesity among preschool children in Suzhou, China, and
analyze potential risk factors to the condition.

Methods. The study included preschool children aged 3-6
from various kindergartens in Suzhou. Height and weight
measurements were used to determine obesity status, while
parents completed questionnaires on relevant information.
The Chi-square test was applied to compare obesity rates
across groups, and stepwise logistic regression analysis
identified associated risk factors for obesity.

Results. Eight hundred and forty-eight preschoolers partici-
pated. The overall obesity prevalence was 14.0%, with 4.0%
categorized as moderately obese (and 7.5% as mildly obese.
Boys had a higher obesity prevalence than girls (15.3% vs.
12.7%), and rural children higher than urban children (17.2%
vs. 13.1%), although these differences were not statistically
significant. Obesity was most prevalent among 3-year-olds
(16.1%) and least prevalent among 6-year-olds (11.2%). Logis-
tic regression identified age (boys: OR=0.30; 95%CI: 0.19-
0.38, girls: OR=0.24; 95%CI: 0.17-0.36), height (boys: OR=1.21;
95%CI: 1.16-1.26, girls: OR=1.25; 95%CI: 1.18-1.38), and urban
location (boys: OR=0.60; 95%CI: 0.34-0.86, girls: OR=0.48;
95%CI: 0.31-0.84) as significant independent predictors for
obesity in preschool children in Suzhou, China.

Conclusions. The obesity rate among preschool children
in Suzhou is 14.0%. The study highlights lower age, higher
height, and rural location as predictor factors of obesity in
both sex.

Keywords. Preschool Children. Obesity. Risk Factors. Kin-
dergarten.

RESUMEN

Fundamento. El objetivo es evaluar la prevalencia de obesi-
dad entre preescolares de Suzhou (China) y analizar su rela-
cién con diferentes factores.

Métodos. En el estudio participaron nifios de 3 a 6 afios de
edad de varios jardines de infancia de Suzhou. Se midieron
la altura y el peso para determinar el estado de obesidad,
y los padres rellenaron cuestionarios para obtener infor-
macidn relevante sobre estilos de vida. Se compararon las
tasas de obesidad mediante Chi-cuadrado y el analisis de re-
gresién logistica por pasos identificé los factores de riesgo
asociados.

Resultados. Participaron 848 preescolares. La prevalencia
global de obesidad fue del 14,0%: 4,0% de moderaday 7,5%
leve. La prevalencia de obesidad fue mayor en nifios (15,3%
frente a 12,7%) y en zonas rurales (17,2% frente a 13,1%),
aunque con diferencias estadisticamente no significativas.
La obesidad fue mds prevalente a los 3 afios (16,1%) y me-
nos prevalente a los 6 (11,2%). Tanto en nifios como en ni-
fias, la edad (OR=0,30; IC95%: 0,19-0,38 y OR=0,24; 1C95%:
0,17-0,36), la altura (OR=1,21; IC95%: 1,16-1,26 y OR=1,25;
1C95%: 1,18-1,38) y la zona urbana/rural (OR=0,60; IC95%:
0,34-0,86 y OR=0,48; 1C95%: 0,31-0,84) resultaron predicto-
res independientes de obesidad en preescolares de Suzhou,
China.

Conclusiones. La tasa de obesidad entre preescolares de
Suzhou es del 14,0%. Menor edad, mayor estatura y residir
en zona rural fueron identificados como predictors inde-
pendientes de obesidad en ambos sexos.

Palabras clave. Nifios en edad preescolar. Obesidad. Facto-
res de riesgo. Jardin de infancia.
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INTRODUCTION

The increasing prevalence of childhood obe-
sity has become a global public health concern'.
Childhood obesity poses significant risks, includ-
ing impaired organ function and negative impact
on mental and psychological well-being, while
increasing the likelihood of adult cardiovascular
diseases, such as obesity, hypertension, and hyper-
lipidemia?*. Individuals born after the turn of the
21t century are experiencing obesity at younger
ages, with greater severity during key developmen-
tal stages of childhood®. This issue has been further
exacerbated by the COVID-19 pandemic, during
which lockdowns led to reduce physical activity
and increased sedentary behavior among children,
contributing to the rise of childhood obesity®’.

Recent evidence indicates that the majority of
overweight in obese children occurs before the
age of five and tend to persist into later childhood®.
Preschoolers who are already overweight are par-
ticularly susceptible to becoming obese before
adolescence, underscoring the importance of early
intervention®*.

Prevention of obesity is far more effective than
treatment, and there is growing global recognition
of the need for early prevention efforts’. The pre-
school years are considered a critical window for
preventing obesity'?, as this period is essential for
forming core beliefs, behaviors, and healthy habits
- such as diet and physical activity - that play a key
role in obesity prevention and management®. To
develop effective prevention strategies, it is crucial
to understand the factors influencing during early
childhood.

In the United States, childhood obesity rates
have tripled over the past decade, with over one
quarter of children aged 2-5 years classified as
overweight'. Similarly, China has seen a marked
increase in childhood obesity, particularly in cer-
tain urban areas, where prevalence rates have risen
by four - to six-fold>'. In 2020, the prevalence of
obesity among children aged 3 to 6 in Suzhou’s
Wujiang District was reported at 13.2%. Nonethe-
less, currently the status of childhood obesity in
Suzhou remains limited.

This study aims to assess the current prevalence
of obesity among preschoolers in both urban and
rural areas of Suzhou, China, and to thoroughly
examine the various factors influencing this con-
dition.
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METHODOLOGY

This cross-sectional study assessed the preva-
lence of obesity among preschool children aged 3
to 6 years in Suzhou, China. Data collection took
place between March 1 and May 31, 2023.

Suzhou, located in Jiangsu Province, is a major
city recognized for its cultural heritage and rapid
economic development. It spans approximately
8,488 square kilometers and has a population
exceeding 12 million. The city comprises both
urban and rural areas - urban districts feature high
population density and developed infrastructure,
while rural regions are more agricultural and less
densely populated.

The sample size (n=848) was calculated based
on the estimated obesity prevalence among pre-
school children in Suzhou, with a 95% confidence
level and a 5% margin of error. Participants were
selected using a cluster sampling method from
eight kindergartens across Suzhou: two in Gusu
District, one in the Industrial Park District, one in
town and one village kindergarten in Wujiang Dis-
trict, and three in Zhangjiagang City, one in town
and two in villages.

Inclusion criteria were: children aged 3 to 6
years with typical cognitive development and with-
out serious physical illnesses. Exclusion criteria
included lack of parental informed consent, with
secondary obesity, or incomplete data.

Prior to participation, written informed consent
wasobtained from parents. An ad-hocquestionnaire
(Appendix I for English version, Supplementary
material for Chinese version) was used to collect
information about family background, parental
knowledge of obesity, attitudes towards childhood
obesity, and obesity-related behaviors in both par-
ents and children. Questionnaires were completed
by the children’s parents.

The presence of obesity in children was defined
as the dependent variable. All children had their
height (in centimeters) and weight (in kilograms)
measured. Obesity status (excluding secondary
obesity) was determined using Chinese national
standards for height and weight assessments in
children aged 0-6. Children were classified as:
mildly obese if their weight exceeded the reference
weight by 20%-30% for their for sex and height,
moderately obese if the excess was 30%-50%, and
severely obese if their weight was over 50% above
the reference value for the same sex and height®.
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The following were included as independent RESULTS
variables: birth weight (in grams), region (rural/ .
urban), picky eating habits (yes/no), beverage Participants

consumption (volume and frequency of different
beverages per month), food allergies (yes/no),
feeding method (exclusive breastfeeding/mixed
feeding/exclusive formula feeding), breastfeeding
duration (in months), and physical activity time
(total hours per month). Additionally, sex (male/
female) and age (in years), were recorded.

Statistical analysis

Data collected through questionnaires and phys-
ical measurements were entered into the Epidate
3.02 database for processing. Quantitative variables
are presented as mean and standard deviation (SD),
while qualitative as frequencies and percentages.
Differences in obesity rates across groups (e.g., by
sex, age, and region) were assessed using the Chi-
square test. To identify factors associated to obesity,
variables with a p-value <0.01 in univariate analysis
were entered in a multivariate logistic regression
analysis using a stepwise method. Association is
presented as odds ratio (OR) and its 95% confidence
interval (95%CI). Statistical analyses were per-
formed using the SPSS software version 18.0.

Of the initial 950 preschool children recruited,
102 were excluded due to parental refusal (n=50,
5.3%), incomplete data (n=40, 4.2%), or secondary
obesity (n=12, 1.3%). The final sample included 848
children, resulting in a response rate of 89.3%. All
participants underwent physical examination and
their parents completed the questionnaires.

The sample consisted of 437 boys (51.5%) and
411 girls (48.5%). The distribution by age was as
follows: 87 children (10.3%) were 3 years old, 192
(22.6%) were 4 years old, 354 (41.7%) were 5 years
old, and 215 (25.4%) were 6 years old.

Obesity prevalence by sex and age

Among the 848 children, 119 were classified as
obese, yielding an overall prevalence of 14.0%,
gradually decreasing from mild to severe cases
(Table 1). Although the obesity rate was slightly
higher among boys compared to girls (15.3% vs.
12.7%), this difference was not statistically signifi-
cant. Additionally, this distribution of obesity levels
did not differ significantly between boys and girls.

Table 1. Prevalence of obesity among preschool children, overall and by sex

Obesity rate Degree of obesity n (%)
Gender n (%)
n (%) Mild Moderate Severe
Boy 437 (51.5) 67 (15.3) 36 (8.2) 17 (3.9) 14 (3.2)
Girl 411 (48.5) 52 (12.7) 28 (6.8) 17 (4.1) 7(1.7)
Total 848 119 (14.0) 64 (7.5) 34 (4.0) 21 (2.5)
p-value 0.53 0.28 0.75 0.12

Obesity detection rates varied across age groups,
withthehighestrate observedin 3-year-olds (16.1%)
and the lowest in 6-year-olds (11.2%). However, no
statistically significant differences were found.

Boys exhibited higher prevalence of obesity com-
pared to girls across all four age groups, although
these differences were not statistically significant
(Table 2).

Table 2. Obesity detection rates by age group and sex

Age Global Boys Girls
Group n (%) Obesity Rate n Obesity Rate n Obesity Rate p-value
n (%) n (%) n (%)
3 87(10.3) 14 (16.1) 40 8 (20.0) 47 6 (12.8) 0.15
4 192 (22.6) 26 (13.5) 93 13 (14.0) 99 13 (13.1) 0.31
5 354 (41.7) 55 (15.5) 187 30 (16.0) 167 25 (15.0) 0.76
6 215 (25.4) 24 (11.2) 117 16 (13.7) 98 8(8.2) 0.08
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Obesity prevalence in urban and rural areas

Among the 186 rural children, the obesity detec-
tion rate was 17.2% (n = 32), compared to 13.1%
(n = 87) among the 662 urban children. However,
this difference was not statistically significant
(p=0.350).
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Factors influencing childhood obesity

In the univariate logistic regression analysis,
age, height, birth weight, area of residence, and
food allergies were significantly associated with
childhood obesity (Table 3).

Table 3 Univariate logistic analysis of the influencing factors of childhood obesity

Boys

Factors OR (95%CI)

Age (years)

Height (cm)

Birth weight (kg)
Regions (rural vs urban)

Food allergy

1.25 (1.08-1.67
1.50 (1.03-1.40
0.78 (0.64-0.94
2.00 (1.22-3.30
1.85 (1.05-3.25

Girls
OR (95%CI) P
1.30 (1.12-1.72) 0.005
1.55(1.10-1.60) 0.015
0.82 (0.68-0.98) 0.021
1.95 (1.18-3.20) 0.008
1.75 (0.98-3.10) 0.045

OR: odds ratio; CI: confidence interval.

In the multivariate analysis, age, height, and
area of residence remained significantly associated
with obesity after adjusting for other variables
(Table 4). Specifically, older age and urban resi-
dence were associated with lower odds of obesity,
while greater height was associated with higher
odds. Children living in urban areas had 40% lower
odds of obesity for boys (OR=0.60) and 52% lower
odds for girls (OR=0.48) compared to those living in

rural areas. Each additional year of age reduced the
odds of obesity by 70% in boys (OR=0.30) and 76%
in girls (OR=0.24). Each additional centimeter in
height increased the odds of obesity by 21% in boys
(OR=1.21) and 25% in girls (OR=1.25). Although
birth weight and food allergies were significant in
the univariate analysis, they were not retained in
the final multivariate model due to lack of statisti-
cal significance.

Table 4. Multivariate logistic regression analysis of factors influencing childhood obesity

Factor Sex OR (95%CI) p-value
Age (years) Boys 0.30 (0.19-0.38) <0.01
Girls 0.24 (0.17-0.36) <0.01
Height (cm) Boys 1.21 (1.16-1.26) <0.01
Girls 1.25 (1.18-1.38) <0.01
Regions (Urban vs. Rural) Boys 0.60 (0.34-0.86) 0.01
Girls 0.48 (0.31-0.84) 0.02

OR: odds ratio; CI: confidence interval.

DISCUSSION

This study focused on the prevalence of obesity
and its associated factors in kindergarten children
(aged 3-6 years) across urban and rural areas of
Suzhou City. The results indicate that the obesity
rate among preschool children in Suzhou is 14.0%,
higher than the 10.4% reported in the Report on
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Nutrition and Chronic Diseases of Chinese Residents
(2020). This elevated prevalence highlights the
urgent need to address childhood obesity in this
region.

The obesity rate is higher in boys than in
girls (15.3% vs 12.7%), consistent with findings
from previous studies conducted in China and
other regions®?. This gender disparity may be
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influenced by cultural preferences for a robust
physique in boys, often leading to overfeeding and
reduced physical activity?**. Despite the concern-
ing prevalence, most cases were classified as mild
obesity, suggesting that early interventions could
effectively mitigate this condition. This finding
offers optimism that appropriate measures could
substantially reduce the health impact of child-
hood obesity in Suzhou.

Obesity detection rates vary across age groups,
with the highest rate among 3-year-olds and the
lowest among 6-year-olds. These differences may
reflect the gradual increase in both the range and
intensity of physical activities as children grow
older, supported by studies showing that older
children participate in more structured physical
activities'?. This result is confirmed by the decrease
in the prevalence of obesity in children between
3 and 6 years. The multivariate logistic model
confirmed this trend, showing that with each addi-
tional year, the odds of obesity decreases by 73% in
boys and 75% in girls.

These results differ from those reported by Ye
Hu et al.” in 2022, who found that the prevalence
of obesity among children aged 3-6 years increased
with age in another Chinese city, Hangzhou. This
discrepancy may be attributed to regional varia-
tions in lifestyle factors or dietary habits.

As height increased, the risk of obesity rises by
approximately 1.21 times in boys (OR=1.21) and
1.25 times in girls (OR=1.25). This positive associa-
tion may reflect the dual role of growth and appetite
in young children, suggesting that those who grow
faster and have a stronger appetite may be more
susceptible to obesogenic environments®*. This
aligns with previous studies indicating that rapid
height growth during early childhood could be a
risk factor for obesity, potentially due to increased
caloric intake relative to energy expenditure? .

Although birth weight showed an association
with obesity risk in the univariate analysis, it was
not retained in the final multivariate model, as
its influence was not statistically significant after
adjusting for other variables. This suggests that
the association observed initially may have been
confounded by other factors. However, the initial
finding highlights the importance of birth weight
in studies on childhood obesity. Kumar et al.?”
reported that high birth weight (>3,500 g) increases
the risk of childhood obesity, while normal birth
weight reduces the risk by up to five times. In our
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study, birth weight was treated as a continuous var-
iable (measured in grams), differing from studies
that categorized it (e.g., high vs. normal). These
methodological differences, along with variations
in sample characteristics, may partly explain dis-
crepancies across studies. Further research is
needed to clarify the role of birth weight in child-
hood obesity, accounting for potential confounders
and methodological variations.

Adistinctive aspectofthisstudyisthe exploration
of the disparities in obesity prevalence and dietary
behaviors between urban and rural children. The
higher obesity prevalence observed in rural chil-
dren (17.2%) compared to urban children (13.1%)
contrasts with findings from other regions®, This
disparity may stem from limited access to nutrition
education, fewer healthy food options, and reduced
availability of structured physical activity programs
in rural areas®®. Nutritional education activities
organized in rural schools and communities aim to
raise awareness among parents and children about
healthy eating habits®**®. Additionally, encouraging
schools and communities to host diverse sports
activities and competitions can effectively foster
children’s interest in physical activity, contributing
to the prevention of childhood obesity®.

There are several limitations to this study. The
use of a cluster sampling method may have intro-
duced selection bias, as the selected kindergartens
might not fully capture the socioeconomic diversity
of Suzhou. Factors such as family income, parental
education level, and regional disparities were not
explicitly controlled during the sampling process,
potentially limiting the generalizability of the find-
ings. Moreover, some variables were self-reported
by parents; for instance, picky eating habits were
based on parental responses, which may introduce
subjectivity and recall bias. Such biases could dis-
tort the relationships between these variables and
childhood obesity, thereby affecting the reliability
of the conclusions.

In conclusion, this study highlights a concerning
obesity prevalence of 14.0% among preschool chil-
dren aged 3-6 years in Suzhou, China, with higher
rates observed among boys and in rural areas. Key
factors influencing obesity include age, height, and
regional differences, with older children and those
living in urban areas showing lower risks of obe-
sity.

These findings underscore the urgent need for
targeted interventions, particularly in rural areas,
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to address dietary habits, physical activity, and
nutrition education. Early prevention strategies are
critical to mitigate the long-term health impacts of
childhood obesity. Future research should further
investigate the role of birth weight and other poten-
tial risk factors to support the development of more
comprehensive obesity prevention programs.

Conflicts of interests
The authors declare that there is no conflict of
interest to disclose.

Funding
The authors declare that the study received no
funding.

Authors’ contributions
Study conception and design: YZ, XZ;
Data collection: XW, ZW;
Analysis and interpretation of results: YW, HD;
Draft manuscript preparation: YZ.
All authors reviewed the results and approved
the final version of the article.

Data availability
They are available upon request to the corre-
sponding author.

REFERENCES

1. BHUTTA ZA, NORRIS SA, ROBERTS M, SINGHAL A.
The global challenge of childhood obesity and its con-
sequences: What can be done? Lancet Glob Health
2023; 11(8): e1172-e1173. https://doi.org/10.1016/S2214-
109X(23)00284-X

2. VASILE CM, PADOVANI P, RUJINSKI SD, NICOLOSU D,
TOMA C, TURCU AA et al. The increase in childhood
obesity and Its association with hypertension during
pandemics. J Clin Med 2023; 12(18): 5909. https://doi.
0rg/10.3390/jcm12185909

3. SANYAOLU A, OKORIE C, QI X, LOCKE ], REHMAN
S. Childhood and adolescent obesity in the United
States: A public health concern. Glob Pediatr
Health 2019; 6: 2333794x19891305. https://doi.
0rg/10.1177/2333794X19891305

4. MARCUS C, DANIELSSON P, HAGMAN E. Pediatric obe-
sity - Long-term consequences and effect of weight
loss. J Intern Med 2022; 292(6): 870-891. https://doi.
org/10.1111/joim.13547

5. CUNNINGHAM SA, HARDY ST, JONES R, NG C, KRAMER
MR, NARAYAN KMV. Changes in the incidence of child-
hood obesity. Pediatrics 2022; 150(2): e2021053708.
https://doi.org/10.1542/peds.2021-053708

An Sist Sanit Navar 2025; 48(1): e1105

10.

11.

12.

13.

14.

15.

16.

17.

18.

PREVALENCE AND INFLUENCING FACTORS OF OBESITY IN PRESCHOOL

CHILDREN IN SUZHOU, CHINA

STOCKWELL S, TROTT M, TULLY M, SHIN J, BARNETT
Y, BUTLER L et al. Changes in physical activity and sed-
entary behaviours from before to during the COVID-19
pandemic lockdown: A systematic review. BMJ Open
Sport Exerc Med 2021; 7(1): e000960. https://doi.
org/10.1136/bmjsem-2020-000960

Kass DA, DUGGAL P, CINGOLANI O. Obesity could shift
severe COVID-19 disease to younger ages. Lancet 2020;
395(10236): 1544-1545. https://doi.org/10.1016/S0140-
6736(20)31024-2

RAATZ S, GROSS AC. Clinical Assessment and treatment
of early-onset severe obesity. Curr Obes Rep 2021; 10(1):
31-38. https://doi.org/10.1007/s13679-020-00418-6
CUNNINGHAM SA, KRAMER MR, NARAYAN KM. Inci-
dence of childhood obesity in the United States. N Engl
J Med 2014; 370(5): 403-411. https://doi.org/10.1056/NE]-
Mo0al309753

WANG Y, LOBSTEIN T. Worldwide trends in childhood
overweight and obesity. Int J Pediatr Obes 2006; 1(1):
11-25. https://doi.org/10.1080/17477160600586747
FORAITA R, WITTE J, BORNHORST C, GWOzDZ W, PALA YV,
L1ssNERL etal. Alongitudinal causal graph analysisinves-
tigating modifiable risk factors and obesity in a European
cohort of children and adolescents. Sci Rep 2024; 14(1):
6822. https://doi.org/10.1038/s41598-024-56721-y

REILLY JJ. Physical activity, sedentary behaviour and
energy balance in the preschool child: Opportunities
for early obesity prevention. Proc Nutr Soc 2008; 67(3):
317-325. https://doi.org/10.1017/S0029665108008604
SMITH GD. Life-course approaches to inequalities in
adult chronic disease risk. Proc Nutr Soc 2007; 66(2):
216-236. https://doi.org/10.1017/50029665107005460
OGDEN CL, CARROLL MD, KIT BK, FLEGAL KM. Preva-
lence of obesity and trends in body mass index among
US children and adolescents, 1999-2010. JAMA 2012;
307(5): 483-490. https://doi.org/10.1001/jama.2012.40
Tu C, PAN Q, JIANG C, TU Y, ZHANG S. Trends and pre-
dictions in the physical shape of Chinese preschool
children from 2000 to 2020. Front Public Health 2023;
11:1148415. https://doi.org/10.3389/fpubh.2023.1148415
Lu X, SHI P, Luo CY, ZHoU YF, YU HT, Guo CY et al.
Prevalence of hypertension in overweight and obese
children from a large school-based population in
Shanghai, China. BMC Public Health 2013; 13: 24.
https://doi.org/10.1186/1471-2458-13-24
ANDEGIORGISH AK, WANG J, ZHANG X, LI1U X, ZHU H.
Prevalence of overweight, obesity, and associated risk
factors among school children and adolescents in Tian-
jin, China. Eur J Pediatr 2012; 171(4): 697-703. https://
doi.org/10.1007/s00431-011-1636-x

VALERIO G, MAFFEIS C, SAGGESE G, AMBRUZZI MA,
BALSAMO A, BELLONE S et al. Diagnosis, treatment
and prevention of pediatric obesity: Consensus posi-
tion statement of the Italian Society for Pediatric
Endocrinology and Diabetology and the Italian Society
of Pediatrics. Ital J Pediatr 2018; 44(1): 88. https://doi.
0rg/10.1186/s13052-018-0525-6


https://doi.org/10.1016/S2214-109X(23)00284-X
https://doi.org/10.1016/S2214-109X(23)00284-X
https://doi.org/10.3390/jcm12185909
https://doi.org/10.3390/jcm12185909
https://doi.org/10.1177/2333794X19891305
https://doi.org/10.1177/2333794X19891305
https://doi.org/10.1111/joim.13547
https://doi.org/10.1111/joim.13547
https://doi.org/10.1542/peds.2021-053708
https://doi.org/10.1136/bmjsem-2020-000960
https://doi.org/10.1136/bmjsem-2020-000960
https://doi.org/10.1016/S0140-6736(20)31024-2
https://doi.org/10.1016/S0140-6736(20)31024-2
https://doi.org/10.1007/s13679-020-00418-6
https://doi.org/10.1056/NEJMoa1309753
https://doi.org/10.1056/NEJMoa1309753
https://doi.org/10.1080/17477160600586747
https://doi.org/10.1038/s41598-024-56721-y
https://doi.org/10.1017/S0029665108008604
https://doi.org/10.1017/S0029665107005460
https://doi.org/10.1001/jama.2012.40
https://doi.org/10.3389/fpubh.2023.1148415
https://doi.org/10.1186/1471-2458-13-24
https://doi.org/10.1007/s00431-011-1636-x
https://doi.org/10.1007/s00431-011-1636-x
https://doi.org/10.1186/s13052-018-0525-6
https://doi.org/10.1186/s13052-018-0525-6

Y. Zhang et al.

19.

20.

21.

22.

23.

24,

25.

26.

27.

MA YN, CHEN T, WANG D, L1u MM, HE QC, DONG GH.
Prevalence of overweight and obesity among preschool
children from six cities of northeast China. Arch Med
Res 2011; 42(7): 633-640. https://doi.org/10.1016/j.arc-
med.2011.10.011

LiuW, L1 Q, L1 H, L1 J, WANG HJ, LI B. 20-year trends in
prevalence of overweight and obesity among children
aged 0-6 in Harbin, China: A multiple cross-sectional
study. PloS one 2018; 13(6): e0198032. https://doi.
org/10.1371/journal.pone.0198032

X1A0Y, QIA0Y, PAN L, L1U J, ZHANG T, LI N et al. Trends
in the prevalence of overweight and obesity among Chi-
nese preschool children from 2006 to 2014. PloS One
2015; 10(8): e0134466. https://doi.org/10.1371/journal.
pone.0134466

SHAH B, TOMBEAU COST K, FULLER A, BIRKEN CS,
ANDERSON LN. Sex and gender differences in childhood
obesity: Contributing to the research agenda. BMJ Nutr
Prev Health 2020; 3(2): 387-390. https://doi.org/10.1136/
bmjnph-2020-000074

KELLER KL, KLING SMR, FUCHS B, PEARCE AL, REIGH
NA, MASTERSON T et al. A biopsychosocial model of sex
differences in children’s eating behaviors. Nutrients
2019; 11(3): 682. https://doi.org/10.3390/nu11030682
XIE X, WU H, LEE T, WANG CM, ZHOU X, LU Y et al.
Gender differences in home environments related to
childhood obesity in Nanchang, China. Child Obes 2014;
10(5): 416-423. https://doi.org/10.1089/chi.2013.0164

HU Y, QIAN X, CHEN ], HUANG D. The status and child-
care management of overweight and obesity among
preschool children in Hangzhou. J Pediatr Endocrinol
Metab 2023; 36(9): 859-864. https://doi.org/10.1515/
jpem-2023-0248

BUCHAN IE, BUNDRED PE, KITCHINER DJ, COLE TJ.
Body mass index has risen more steeply in tall than in
short 3-year olds: Serial cross-sectional surveys 1988-
2003. Int J Obes (Lond) 2007; 31(1): 23-29. https://doi.
0rg/10.1038/sj.1j0.0803435

KAIN J, CORVALAN C, LERA L, GALVAN M, WEISSTAUB G,
UAUY R. [Association between body mass index (BMI)
and height from birth to 5 years in Chilean preschool
children]. Rev Med Chil 2011; 139(5): 606-612. https://
doi.org/10.4067/S0034-98872011000500007

An Sist Sanit Navar 2025; 48(1): e1105

28.

29.

30.

31.

32.

33.

34.

35.

36.

PREVALENCE AND INFLUENCING FACTORS OF OBESITY IN PRESCHOOL

CHILDREN IN SUZHOU, CHINA

VAN DOMMELEN P, DE KROON ML, CAMERON N,
SCHONBECK Y, VAN BUUREN S. The impact of height
during childhood on the national prevalence rates of
overweight. PloS One 2014; 9(1): e85769. https://doi.
org/10.1371/journal.pone.0085769

KUMAR D, SHARMA S, RAINA SK. Risk of childhood obe-
sity in children with high birth weight in a rural cohort
of Northern India. Indian Pediatr 2023; 60(1): 103-107.
https://doi.org/10.1007/s13312-023-2805-1

ZoU R, WANG K, LI D, LIU Y, ZHANG T, WEI X. Study
on the relationship and related factors between physi-
cal fitness and health behavior of preschool children in
southwest China. BMC Public Health 2024; 24(1): 1759.
https://doi.org/10.1186/s12889-024-19269-0

YU Z, HAN S, CHU ], XU Z, ZHU C, GUO X. Trends in
overweight and obesity among children and adoles-
cents in China from 1981 to 2010: A meta-analysis. PloS
One 2012; 7(12): 51949. https://doi.org/10.1371/journal.
pone.0051949

CONTRERAS DA, MARTOCCIO TL, BROPHY-HERB
HE, HORODYNSKI M, PETERSON KE, MILLER AL et
al. Rural-urban differences in body mass index and
obesity-related behaviors among low-income pre-
schoolers. J Public Health (Oxf) 2021; 43(4): e637-e644.
https://doi.org/10.1093/pubmed/fdaal62

KNoL LL, MYERS HH, BLACK S, ROBINSON D, AWOLOLO
Y, CLARK D et al. Development and feasibility of a child-
hood obesity prevention program for rural families:
Application of the social cognitive theory. Am J Health
Educ 2016; 47(4): 204-214. https://doi.org/10.1080/19325
037.2016.1179607

XUY, B1 X, GAO T, YANG T, XU P, GAN Q et al. Effect of
school-based nutrition and health education for rural
Chinese children. Nutrients 2022; 14(19): 3997. https://
doi.org/10.3390/nu14193997

VARIYAM JN. Overweight children: Is parental nutrition
knowledge a factor? Food Review 2001; 24(2): 18-22.
https://doi.org/10.22004/ag.econ.234536
SOBOL-GOLDBERG S, RABINOWITZ J, GROSS R. School-
based obesity prevention programs: A meta-analysis
of randomized controlled trials. Obesity (Silver Spring)
2013; 21(12): 2422-2428.  https://doi.org/10.1002/
oby.20515


https://doi.org/10.1016/j.arcmed.2011.10.011
https://doi.org/10.1016/j.arcmed.2011.10.011
https://doi.org/10.1371/journal.pone.0198032
https://doi.org/10.1371/journal.pone.0198032
https://doi.org/10.1371/journal.pone.0134466
https://doi.org/10.1371/journal.pone.0134466
https://doi.org/10.1136/bmjnph-2020-000074
https://doi.org/10.1136/bmjnph-2020-000074
https://doi.org/10.3390/nu11030682
https://doi.org/10.1089/chi.2013.0164
https://doi.org/10.1515/jpem-2023-0248
https://doi.org/10.1515/jpem-2023-0248
https://doi.org/10.1038/sj.ijo.0803435
https://doi.org/10.1038/sj.ijo.0803435
https://doi.org/10.4067/S0034-98872011000500007
https://doi.org/10.4067/S0034-98872011000500007
https://doi.org/10.1371/journal.pone.0085769
https://doi.org/10.1371/journal.pone.0085769
https://doi.org/10.1007/s13312-023-2805-1
https://doi.org/10.1186/s12889-024-19269-0
https://doi.org/10.1371/journal.pone.0051949
https://doi.org/10.1371/journal.pone.0051949
https://doi.org/10.1093/pubmed/fdaa162
https://doi.org/10.1080/19325037.2016.1179607
https://doi.org/10.1080/19325037.2016.1179607
https://doi.org/10.3390/nu14193997
https://doi.org/10.3390/nu14193997
https://doi.org/10.22004/ag.econ.234536
https://doi.org/10.1002/oby.20515
https://doi.org/10.1002/oby.20515

Y. Zhang et al. PREVALENCE AND INFLUENCING FACTORS OF OBESITY IN PRESCHOOL

CHILDREN IN SUZHOU, CHINA

APPENDIX I.
Nutritional status of children aged 3 ~ 6 years in Suzhou
(Gusu district, industrial park, Wujiang city, Zhangjiagang city)

Children’s individual code Code class Investigator Survey date
Parents’ names Relationships with children Cell phones
Address Home number

THE FIRST PART, GENERAL (CHILDREN PART)

Please fill in the blanks below or circle the appropriate fields.

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

1.9

1.10

1.12

Name:
Date of birth:

Gender: © male @ female
Ethnicity:

Birth weight: kg; present weigh: cm; present height: cm.
Do you think your child is Picky: @ yes @ No (jump to 1.11)
Do you think your child is picky at the age of ?

Which of the following foods your child doesn’t like (optional) :

® milk and its products @ beans and its products (@) cereals and its products @ vegetables ® fruits
® meat @ sweets eggs © others:

How many times have you given your child these foods and decided that he or she shouldn’t eat them?

D 1 times @ 2 times @ 3 times @ 4 times & more than 10 times

Which of the following foods your child loves to eat (optional)

O milk and its products @ beans and its products (@) cereals and its products @ vegetables &) fruits
® meat @ sweets eggs © others:
You think your child’s weight is:

O fat @toofat @ standard (jumpto 1.12) @ thin & too thin
If you think your child is overweight/underweight, will you help your child improve his weight? @ is @ no

What do you think of your child’s current nutritional status?

O good, balanced (skip to 1.13) @ not so good
Please circle the areas where your child’s diet is not as good (optional) :

Vegetable fruit meat/egg milk and dairy produc snack
@ less than @ 1less than @ 1less than @ less than @ less than
@) excess ® excess ® excess @) excess @ excess

An Sist Sanit Navar 2025; 48(1): e1105 8



Y. Zhang et al. PREVALENCE AND INFLUENCING FACTORS OF OBESITY IN PRESCHOOL

1.13

1.14

1.15

1.16

1.17

CHILDREN IN SUZHOU, CHINA

Is your child allergic to food?

Oyes @no G notclear.
If allergic, the allergenic food is (optional):

O milk @eggs @ peanuts @ soybeans © fish ® shrimp @ wheat Oranges (© others:
Does the child’s father or mother have a history of food allergies?

Oyes @no G notclear
If allergic, the allergenic food is (optional):

O milk @eggs @ peanuts @ soybeans & fish ©® shrimp @ wheat Oranges ©) others:
Does your child have any food intolerance (e.g. diarrhoea or vomiting) ?
Oyes @no @ notclear.

How is your child fed for the first 4 months after birth?
@ exclusive breast feeding (@ exclusive breast feeding, mixed formula feeding ®) exclusive formula feeding.

Please circle the duration of exclusive breastfeeding after the birth of the child, e.g. after 4 months of exclusive
breastfeeding to start adding complementary foods, circle 4.

o 1 2 3 4 5 6 7 8 9 10 11 12

An Sist Sanit Navar 2025; 48(1): e1105 9



Y. Zhang et al. PREVALENCE AND INFLUENCING FACTORS OF OBESITY IN PRESCHOOL
CHILDREN IN SUZHOU, CHINA

THE SECOND PART, THE CONSUMPTION OF BEVERAGES INVESTIGATION

We would like to know if your child has had any of the following drinks in the past month and estimate how often they
have been consumed Number (including beverages consumed in kindergarten). First answer yes or No? Do you drink
daily, weekly or monthly? How much do you drink at the end? Please leave no space.

Example: if your child drank a can of coke and sprite once a day for the last month (about 330 ml); Fill in the form as
follows: Circle each day, fill in 2, and fill in 330.

Carbonated drinks (cola, sprite, 0. Not 1.Every six 3. per

/ etc.) eating months 2. Monthly week. 4.per day 2 330
Frequency of drinking in the past month
0. Not Eating Volume
1. Every six months . drunk
Name of beverage 2. Monthly Times s
3. Per week (mL)
4. Every day
1 Whole fat liquid milk 0 1 2 3 4
2 Low-fat, skim liquid milk 0 1 2 3 4
3 Yogurt 0 1 2 3 4
4 Lactobacillus drinks (joy, etc.) 0 1 2 3 4
Configuration milk beverage
5 (nutrition fast line, unified milk 0 1 2 3 4
tea, etc.)
Plant protein drink (Vivi soy milk,
6 .. . 0 1 2 3 4
coconut juice, almond juice, etc.)
7 Carbonated drinks (cola, sprite, 0 1 9 3 4
etc.)
8 Fresh fruit and vegetable juices 0 1 2 3 4
9 Fruit aI.1d- vegetable juice drinks 0 1 9 3 4
(apple juice, orange juice)
10  Coffee drinks 0 1 2 3 4
Tea drinks (such as green tea,
11 black tea, Jasmine tea) 0 ! 2 3 4
12 Teas 0 1 2 3 4
Solid drinks (such as Nescafe,
13 Orange C, bagged coffee) 0 1 2 3 4
14 Sports drinks (pulse, farmer 0 1 ) 3 4
screams, etc.)
15 Bottled water (mineral water, 0 1 9 3 4

purified water)
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THE THIRD PART, PHYSICAL ACTIVITY RECORDS (FAMILY PART)

Please record your child’s physical activity before and after school today (not including physical activity in kindergar-
ten), Activity refers to physical activity that allows children to exercise their muscles. Note: the last column of “Metabolic
equivalents” is not recorded, only the activity and duration as follows:

Activity Content activity site P7 Duration (min) Metabolic equivalent
P6 1. Outdoors 2. Indoors P8 P9
Dance 2 40 minutes not fill
Activity Content activity site P7 Duration (min) Metabolic equivalent
P6 1. Outdoors 2. Indoors P8 P9
Skip the rubber band not fill
Running not fill
Cycling not fill
Swimming not fill
Walk not fill
Skip rope not fill
Dance blanket not fill
Play football not fill
Hit the ball not fill
Roller Derby not fill
Hula hoops not fill
Skateboard not fill
Take execise not fill
Dance not fill
Hide and seek not fill
Badminton not fill
Ping-pong not fill
Sit-ups not fill
Sweep the floor not fill
Other: not fill
Other: not fill
Other: not fill
Other: not fill
Other: not fill
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THE FOURTH PART, PHYSICAL ACTIVITY RECORDS (KINDERGARTEN PART)

Please record your activities in the kindergarten in the past 24 hours. For example:

Activity Log
s . Property Venues Duration per session . .
P1 Project 1. Individuals P4 (minutes) Metabolic equivalent
P2 D 1. Outdoors Ps P6
2. Indoors
@4~ (secondary) Take execise 1 1 10 minutes not fill
Activity Log
Z;gle Project Progg " Ve;:: ° Durat(i;r;rﬂf; zission Metabolic equivalent
P2 1. Individuals 1. Outdoors P6
2. group 2. Indoors Ps

not fill

not fill

not fill

not fill

not fill

not fill

not fill

@® 3~ 4(small class) not fill
@ 4~ 5(secondary) not fill
®) 5~6 (Tai Pan) not fill
not fill

not fill

not fill

not fill

not fill

not fill

not fill
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