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Abstract

Background: We aimed to establish the cut-off value of weight-for-height for preschool children in China, and
to explore the influence of overweight and obesity on the physical performance of preschool children.
Methods: Data from 31 provinces in China monitored in 2010 and 2014, the standard deviation unit curves of
WFH were established by using GAMLSS (generalized additive model for location, scale, and shape) method
preschool children in China, and then the cut-off values of normal weight, overweight and obesity were divided.
The research group tested 5 physical performance indicators of 5154 preschool children from April 2018 to
June 2019 in Beijing and Zhejiang in China. We then compared physical performance differences between the
normal-weight group and the overweight-obesity group.

Results: A smooth and effective standard deviation unit curve of WEFH was established. The overweight and
obesity of Chinese preschool children were at a high level. Being overweight and obese reduced preschool chil-
dren's relative strength, speed, sensitivity, coordination, and balance ability, but did not reduce preschool chil-
dren's flexibility. In general, the physical performance of preschool children in the normal weight group was
better than that in the overweight and obesity group.

Conclusion: It is suggested to use the WEFH criteria in this study to evaluate overweight and obesity in Chinese
preschool children, and strengthen physical activity and take in energy substances propetly of preschool chil-
dren, to control the spread of overweight and obesity, to improve physical performance level.
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Introduction

Weight-for-height (WEFH) percentile curve (or Z- mal weight and overweight obesity in children.
score curve) is an important tool for evaluating Many countries and international organizations
child growth and development; it is also the ref- have developed their Z-score standard curves for
erence basis for classifying the threshold of nor- height and weight, for example, the WHO used
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the GAMLSS model to develop a standard curve
of height by weight z-score for children aged 0 to
5 years (1), and according to the curve, the corre-
sponding overweight and obesity thresholds were
classified. Iranian scholars have instituted the
primary schools of Shiraz (Southern Iran) of
WFH percentile curve (2). Scholars in other
countries, such as America (3) Sweden (4), and
Japan (5), have used the GAMLSS or LMS meth-
od to set the Z-score standard curve for height
and weight in the country and set the corre-
sponding thresholds for overweight and obesity.
In China, Chinese Capital Institute of Pediatrics
(CCIP ) (6) developed height and weight percen-
tile curves for children and adolescents in nine
major cities, the height and weight percentile
curves of children aged 0~11.5 years in Shanghai
were developed (7). However, there are no WFH
z-score curves and overweight and obesity
thresholds for preschool children covering all of
mainland China. Therefore, it is crucial for us to
research it.

Being overweight and obese is harmful to our
body, especially to our motion system, cardiovas-
cular system, respiratory system, and endocrine
system (8), and then affects our physical health
and psychological behavior (9), etc. Being over-
weight and obese has been shown to reduce the
physical fitness of preschool children. Therefore,
it is necessary to explore the effects of being
overweight and obese on physical health. How-
ever, most of the relevant studies at home and
abroad have focused on preschool children and
fewer studies have been conducted on preschool
children. Nowadays, the physical performance
level of preschool children in China is not opti-
mistic, the Chinese national physique monitoring
data released in 2010, 2014 and 2020 shows that
preschool children’s strength, balance, and sensi-
tivity have become weaker, and the skinfold
thickness of the leather increased, especially the
skinfold thickness of the belly, The trend of
overweight and obesity at younger age children is
obvious (10-12). In addition, there is no national
WFH standard deviation unit curve, and cut-off
values of normal weight, overweight, and obesity
were divided in China.
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Given this, this study established the Z-score
curve of WFH of preschool children through
used data from a large sample of 101,861 pre-
school children from 31 provinces monitored by
the National Center for Physical Fitness Monitor-
ing in 2010 and 2014 (10, 11), and divide the
threshold of normal weight and overweight (in-
cluding obesity). Then, we tested the physical fit-
ness data of 5154 children in Beijing and
Zhejiang from 2018 to 2019, comparing physical
health differences between normal weight and
overweight (including obesity) from Preschool
children, which can provide a reference for the
improvement of physical health.

Methods

Modeling data source

Standard deviation unit curves modeling data
The modeling data source is the physical fitness
data (including height and weight) of children
aged 3 to 6 years old from all 31 provinces (au-
tonomous regions and municipalities directly un-
der the Central Government) in China obtained
from the two national physical fitness monitoring
in 2010 and 2014. Valid sample of 51,159 in
2010, of which 25,583 were male and 25,576
were female; the valid sample of 50702 in 2014,
there were 25,381 boys and 25,321 gitls; the total
modeling sample totaled 101,861 (10,11).

Empirical study data

The research group of this paper collected valida-
tion data from April 2018 to June 2019. Data
were collected from 16 kindergartens in Zhejiang
(Hangzhou and Jiaxing) and Beijing (Dongcheng
District and Fengtai District), every place tested 4
Kindergartens, A total of 5839 children aged 3~6
years were tested, and after removing the unqual-
ified data, a total of 5154 wvalid samples (2663
boys and 2491 girls) were finally obtained. Par-
ents or guardians are given a sports medicine
questionnaire before they are tested, on the
promise that parents have learned and consented
and signed a consent form, the tester checks the
subjects who participate in this experiment ac-
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tively, Exclude children with diseases the heart,
lungs, liver, kidneys and other major organs (such
as a history of heart disease, asthma, hyperthy-
roidism or other physical disabilities) or other
children who are not suitable to participate in
more strenuous Sports.

The research work program protocol was ap-
proved by the ethical review committee of these
participating institutes.

Research indicators and test methods
Research Indicators

There were 8 indicators in this study, including
height, weight, and WEFH; physical performance
indicators were Sit and Reach, 15-meter running
around obstacles, standing long jump, grip
strength, walking balance beam, and other 5 indi-
cators. The selection of these indicators mainly
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refers to the suggestions of the China National
Physique Monitoring Center.

Main index test methods

Run 15 meters around obstacles: Run 15 meters
around obstacles mainly to evaluate the quality of
coordination and speed quality, the test program
is as follows: Field Equipment: On a flat surface,
draw the starting and finishing lines at the ends
of the runway 15 meters apart, place the first
marker barrel at 3 meters from the starting line,
and then place 7 large cones every 1.5 meters in
turn; several stopwatches. Test method: Subjects
ran in groups of 2, starting from the starting
point, crossing the finish line around the cone,
and recording the time of crossing the finish line
in seconds, accurate to 0.1 seconds. Each child
was measured twice, and the best one was taken
as the final result (Fig. 1).
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Fig. 1: Diagram of running 15 meters around an obstacle course

The remaining 7 physical health indicators: This
research involves the remaining physical health
indicators following test specifications and re-
quirements of National Physical Fitness Test
Program (Early Childhood Component) to test
(11). Testing Instruments adopt the uniformed
equipment used in national physical fitness sur-
veillance Previous.

Research Methodology

GAMLSS Model Method

Apply GAMLSS Model Method (Generalized
Additive Model for Location, Scale, and Shape,
abbreviations: GAMLSS) to research WFH
Standard deviation unit curve, then cut-off the
normal weight and overweight (including obesity)
thresholds. The GAMLSS model method is
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based on a generalized additive model of posi-
tion, scale, and shape. The GAMLSS model is
presented in the form of a specific distribution of
D (median p, standard deviation o, skewness v,
kurtosis 1), and any percentile curve and standard
deviation unit curve are directly expressed by
four parameter curves u, o, v, 1. The model is
widely used in the development of time series
percentile curves. GAMLSS The specific princi-
ples and methods of modeling can be found in
the original literature (13), and the details of the
principles, key steps, and the accuracy and validi-
ty verification of the model results of body mass
index modeling can be found in the related litera-
ture of the authors of this paper (14). The GAM-
LSS model uses R software.
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Empirical Research Method

In this study, the two-sample #test was used to
compare the physical differences between the
normal weight group and the overweight-obesity
group of the same gender and age group; Chi-
square test was used to compare the two popula-
tion rates. Significance test level test level a=
0.05, data analysis software was SPSS 24.0 (IBM
Corp., Armonk, NY, USA).

Results

Standard z-score curve of WFH

The standard z-score curve of WFH Standard z-
score curve and the value for WFH was con-
structed using the GAMLSS model, the results
are shown in Table 1. The rating criterion of
WEFH was as follows: Weight corresponding to a
height greater than or equal to "median+SD" is

considered overweight-obesity, and "median-
2SD~median+SD" is normal weight.
Table 1: The standard Z score curve of WEFH for preschool children in China (kg)

Height Boys Girls

(cm) 2SD_-1SD_Median +1SD_ 25D 2SD _-1SD_Median +1SD__+25D
78 ~ 9.1 9.9 10.5 11.5 13.0 8.8 9.4 10.3 11.4 12.5
80 ~ 9.5 10.2 10.9 11.9 13.4 9.1 9.8 10.7 11.8 12.8
82 ~ 9.8 10.6 11.3 12.4 13.8 9.5 10.2 11.2 12.2 13.2
84 ~ 101 109 11.8 12.8 14.2 9.8 10.6 11.6 12.6 13.6
86 ~ 105 11.2 12.2 13.2 14.6 102 11.0 12.0 13.0 14.0
38 ~ 109 116 12.6 13.7 15.1 10,6 114 12.4 13.4 14.5
90 ~ 112 120 13.1 14.1 15.6 11.0 119 12.9 13.9 15.1
92 ~ 11.6 124 13.5 14.6 16.1 114 123 13.3 14.3 15.7
94 ~ 121 128 14.0 15.1 16.7 11.8 127 13.7 14.8 16.3
96 ~ 125 133 14.5 15.6 17.4 122 132 14.2 154 17.0
98 ~ 129 137 14.9 16.2 18.0 12.6 13.6 14.7 15.9 17.7
100 ~ 134 142 15.5 16.8 18.8 131 141 15.2 16.5 18.5
102 ~ 139 1438 16.0 17.4 19.6 13.6 146 15.7 17.2 19.3
104 ~ 144 153 16.6 18.0 20.4 140  15.1 16.3 17.8 20.2
106 ~ 149 159 17.2 18.8 21.4 145 15.7 16.9 18.6 21.1
108 ~ 154 16.6 17.8 19.5 22.3 15.0 16.2 17.5 19.3 22.0
110 ~ 159 172 18.5 20.3 234 15.6  16.8 18.2 20.1 23.0
112 ~ 16.5 179 19.2 21.2 24.5 16.1 174 18.9 21.0 24.0
114 ~ 17.0  18.6 20.0 22.2 25.7 16.7  18.0 19.6 21.9 25.1
116 ~ 176 193 20.8 23.2 27.0 172 18.7 20.4 22.8 26.2
118 ~ 182 20.0 21.7 24.3 28.4 17.8 194 21.3 23.8 27.4
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120~ 188 208 227 255
122~ 194 216 237 268
124~ 200 224 248 281
126 ~ 207 233 259 296
128 ~ 213 242 272 311
130 ~ 220 251 285 328
130~ 227 260 299 345
134~ 234 270 314 364
136 ~ 241 280 329 384
138 ~ 249 290 346 405
140 ~ 256 300 364 428

29.8
31.3
32.9
34.6
36.4
38.3
40.3
42.4
44.6
46.9
49.4

18.4
19.1
19.7
20.4
21.0
21.7
225
23.2
23.9
24.7
255

20.1
20.8
21.6
22.4
233
24.2
25.1
26.1
27.1
28.1
29.2

222
23.1
24.1
252
26.4
27.6
28.9
30.2
31.7
33.2
34.8

24.9
26.0
27.2
28.4
29.8
31.1
32.6
34.1
35.7
37.4
39.1

28.5
29.8
31.0
323
33.6
35.0
36.4
37.8
39.2
40.7
42.2

Body type distribution of subjects in empiri-
cal studies

A classification of the 5154 wvalid sample size
tested in the empirical study could be obtained
(Table 2): 2146 (80.6%) and 2002 (80.4%) boys
and girls with normal body composition, respec-
tively; There were 445 (16.7%) and 419 (16.8%)
boys and gitls in the overweight-obesity group,

respectively. There were only 72 and 70 thin boys
and gitls respectively, which was a small propor-
tion. Considering that the number of thin body
samples was small compared with the continuous
improvement of nutritional status, this study only
dealt with the comparison of physical health be-
tween the normal weight group and the over-
weight-obesity group.

Table 2: Distribution of normal weight, overweight-obesity among preschool children in China

Gender Age Normal weight group Overweight-obesity group
o) N Rates (%) N Rates (%)
Boys 3 528 80.2 113 17.1
4 549 81.5 108 16.0
5 534 80.9 108 16.4
6 535 79.7 116 17.3
Total 2146 80.6 445 16.7
Girls 3 495 80.4 106 17.2
4 505 80.2 106 16.8
5 490 78.8 114 18.4
6 512 82.3 93 15.0
Total 2002 80.4 419 16.8

Note: The number of thin boys and girls was 72 and 70 respectively.

Comparison of the physical performance of
normal weight group and overweight-obesity
group preschool children

Findings were made using a two-sample ~test:
that the differences between normal weight and
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overweight-obesity groups for most physical fit-
ness indexes were statistically  significant
(P<0.05), and that the normal weight group's
physical performance indicator was generally bet-
ter than those of the overweight-obesity group,
and the specific results were as follows (Table 3).
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Sitting forward bend: mainly reflects flexibility
quality. There was no statistically significant dif-
ference between the normal weight group and
the overweight-obesity group of the same gender
and age group. Run 15 meters around obstacles:
this indicator mainly reflects the coordination and
Sensitivity quality. the normal weight group was
better than the overweight-obesity group in all
age groups in coordination and Sensitivity,
among which the difference was statistically sig-
nificant in 4, 5, and 6 years old (P<0.05). Stand-
ing long jump: which mainly reflects the explo-
sive power of the lower limbs. The weight scores
of the normal weight group in the same sex and
age group were better than those of the over-
weight-obesity group, and among which the dif-
ference was statistically significant in 3, 5, and 6

years old of boys and 5 and 6 years old of girls
(P<0.05). Grip strength and Grip strength index:
which mainly reflects upper limb strength. It was
no statistically significant difference between the
normal weight group and the overweight-obesity
group of the same gender and age group in Grip
strength (P<0.05). But, All normal weight groups
had a greater grip strength index (grip
strength/weight*100)  than the overweight-
obesity group (P<0.05). Walking the balance
beam: this index mainly reflects the balance abil-
ity. All children of the same sex had better scores
in the normal weight group than the overweight
and obese group; among which the difference
was statistically significant in 5 and 6 years old of
boys and 4,5 and 6 years old of girls (P<0.05).

Table 3: Compatrison of physical ability between normal weight group and overweight-obesity group ( X+SD )

Index Age Boys Girls
e Normal Overweight  Difference t P Normal Overweight  Difference t p
weight -obesity weight -obesity
group group group group
Sit and 3 10.93+3.94 11.57+3.84 -0.64 -1.60  0.11 12.4313.32 12.95%3.51 -0.52 -1.40  0.16
Reach
(cm)
4 10.68+3.92 11.31+3.73 -0.63 -1.59 0.1 12.5443.57 12.8743.53 -0.33 -0.87  0.38
5 9.92+4.18 10.1514.43 -0.23 -0.50  0.62 12.4614.02 12.6414.44 -0.18 -0.40  0.69
6 9.36+4.68 9.56+4.33 -0.20 -0.44  0.66 12.371£4.35 12.4514.23 -0.08 -0.17  0.87
Run 15 meters 3 9.631+0.98 9.83+1.23 -0.20 -1.62  0.11 9.79+1.19 9.88*1.16 -0.09 -0.72  0.47
iﬁ‘::geg 4 8.46+1.15 8.77%1.26 031% 237 0.02 8.53%1.64 8.8311.08 2030 235 0.02
(s) 5 6.821+0.89 7.28+1.24 -0.46* -3.67  0.00 7.01+1.13 7.4211.22 -0.41* -3.28  0.00
6 6.31+0.86 6.68+1.18 -0.37% -3.20  0.00 6.62+1.21 6.96t1.14 -0.34* -2.62  0.01
Standing 3 68.86+18.51 65.18%17.73 3.68* 1.99  0.05 64.171£18.33 61.97£16.59 2.20 122 022
long jump 4 83.791+18.36 81.56118.35 2.23 1.15 0.25 77.79+16.41 76.15+16.16 1.64 0.95 0.34
(cm) 5 103.48117.25 99.45+16.62 4.03* 2.28 0.02 95.35+15.29 92.13+14.69 3.22% 2.09 0.04
6 113.15%£17.34 108.96£16.61 4.19* 244 0.01 103.63116.21 99.67+14.43 3.96* 2.39 0.02
Grip strength 3 4.56+1.31 4.6710.40 -0.11 -1.61  0.11 4.45+1.23 4.58+1.16 -0.13 -1.04  0.30
(kg) 4 5.42+1.83 5.67+1.82 -0.25 -1.30  0.19 4.88+2.00 4.96+1.44 -0.08 -0.48  0.63
5 6.91%2.45 6.97%2.33 -0.06 -0.24 081 6.431+2.23 6.4611.82 -0.03 -0.15  0.88
6 8.95+2.33 9.16£1.96 -0.21 -1.01 031 7.8512.13 8.12+2.15 -0.27 -1.12 026
Grip strength 3 5.791+4.01 4.92+3.29 0.87* 2.45 0.01 5.4212.75 4.781+2.68 0.64* 222 0.03
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index 4 7.78+3.52 6.19+2.90 1.59%
5 10.33%5.36 8.47+3.53 1.86*

6 12.66%7.29 9.12+3.59 3.54%

Walking 3 12.85+7.12 14.15+7.23 -1.30
balance beam 4 11.13%6.41 11.2246.19 -0.09
(s) 5 7.46+5.36 8.26%5.65 1.23*
6 5.29+4.19 6.23+4.35 0.94%

5.02
4.52
7.72

-1.74
-0.14
-2.08
-2.12

0.00 7.79+3.36 6.33%+ 2.53 1.46* 5.08  0.00
0.00 9.45+4.26 8.46% 3.19 0.99* 279 0.01
0.00 10.56£4.38 8.64% 3.23 1.92* 496 0.00
0.08 14.25+8.41 14.59+8.45 -0.34 -0.38  0.71
0.89 10.09+7.59 11.91+7.66 -1.82% -2.23  0.03
0.04 6.71£5.46 8.24%5.46 -1.53* -2.69  0.01
0.03 5.45%4.92 6.5614.53 -1 -2.14  0.03

Note:(DDifference represents the normal weight group, overweight and obese group;@*P<0.05 , % P<0.01

Discussion

Overweight and obesity in China is becom-
ing increasingly serious at an early age

This study finds that overweight-obesity rates are
16.7% and 16.8% for male and female children,
respectively, and the overweight and obesity are at
a high level. Since the 1980s, the overweight and
obesity of children in the world have increased
rapidly, the trend (15, 16) of younger age is obvi-
ous, childhood obesity has become an increasing-
ly serious public health problem, and the over-
weight and obesity rates of children in develop-
ing countries have a tendency to catch up with
those in developed countries. The State of the
Wortld's Children 2019 released by the United
Nations Children's Fund also shows the existence
(17) of the above-mentioned status quo. Simple
obesity in preschool children in China was at a
very low level in the early 1980s, and in 1985 the
detection rate of obesity in children aged 0-7
years in the main nine cities of China was 0.91%
and 0,9% for men and women, respectively (18),
and in 2015 the survey of physical development
of children under seven years old in nine cities of
China found that the weight of children aged 0-7
years continued to increase (19). A large number
of regional survey studies in China in the past
five years illustrated that the detection rate of
overweight and obesity in preschool children
aged 3~0 years is particularly severe (20), which is
consistent with the findings of this study, and it
can be expected that the overweight and obesity
of preschool children in China will continue to
grow in the future.
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Overweight and obesity reduce the physical
performance of preschool children

These results show that overweight and obesity
decrease qualities of relative strength, speed, agil-
ity, coordination, and balance of preschool chil-
dren, but the effect of overweight-obesity on the
flexibility of preschool children could be ignored.
This is similar to other studies, such as Xu
Liangliang (21). According to the BMI over-
weight standard of the International Obesity
Task Force (IOTF) found that being overweight
reduced the physical fitness of Chinese children
aged 5-6 years. Xie Jieyan (22) found that being
overweight and obese would have many adverse
effects on the strength, balance, coordination,
and other qualities of children in preschool chil-
dren of most ages. Krombholz et al (23) suggest-
ed that: overweight children (ages 43 to 84
months) showed lower performance in gross mo-
tor skills (coordination and fitness) if compared
with healthy-weight children. Our study also
found that the health effects of being overweight
and obese increase with age, For example, in
terms of balance ability, there was a significant
difference between normal weight and over-
weight and obese children at 5 and 6 years old,
but no significant difference at 3 years old. This
trend should arouse our attention.

Preschool children are in a sensitive period of
body growth and development, as well as a peri-
od of active adipose tissue development and re-
grouping (24), during this time, it is of great sig-
nificance for the health level of children’s consti-
tution to control their weight. Physical activity of
a certain duration and intensity is effective in re-
ducing overweight, obesity, and improving the
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physical health of preschool children (25). Physi-
cal activity should be done throughout the day
for children aged 3 to 5 years, and preschoolers
should be encouraged to engage actively in all
types of physical activity (light, moderate, or vig-
orous intensity) for at least 3 hours per day (20).

Conclusion

The research was based on large sample data
from 31 provinces (Autonomous regions and
municipalities). It applies the GAMLSS model to
construct a Standard deviation unit curve for
WFH and divides the thresholds of normal
weight and overweight obesity.

At present, overweight and obesity of children
aged 3~6 years old are at a high level in China,
and the negative effects of overweight and obesi-
ty on children's physical performance have al-
ready appeared in preschool.

Preschool children are in a period of rapid devel-
opment of physical development, functions, and
quality, government departments, universities,
kindergartens, etc. should increase the explora-
tion of physical health education to curb the
spread of overweight and obesity among pre-
school children and improve the health level of
preschool children.
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