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Developing the optimal gross
movement interventions to
improve the physical fithess of
3—-10 year-old children: a
systematic review and
meta-analysis
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!Department of Physical Education, Qufu Normal University, Qufu, Shandong, China, ?Department
of Sports Training, Tianjin University of Sport, Tianjin, China, *Department of Physical Education,
Donghu Primary School, Tianjin, China

Objective: To identify the optimal parameters of gross movement interventions
to yield the strongest effects on physical fitness among children aged 3-
10 years and to provide a reference for the development of gross movement
interventions to improve the physical fitness of children.

Background: There has been a global decline in children’s physical fitness.
Previous studies have shown that gross movement interventions can improve
children’s physical fitness, but the optimal intervention parameters for achieving
the strongest effects have yet to be determined. Therefore, we conducted this
meta-analysis to determine the optimal intervention parameters for yielding the
strongest effects on children’s physical fitness.

Methods: We searched the Web of Science, PubMed, China Biology Medicine,
China National Knowledge Infrastructure, Wanfang Data, and China Science and
Technology Journal databases to identify randomized controlled trials on the
effects of gross movement interventions (walking, running, jumping, throwing,
batting, rolling, spinning, catching, and leg lifting) on children’s physical fitness
(upper-body strength, lower-body strength, explosive power, speed, flexibility,
and balance). We included studies published up to September 2023. The
inclusion and exclusion criteria were developed based on the PICOS framework,
and the quality of the included studies was evaluated. Subgroup analysis was
performed using Review Manager 5.3, and the data were pooled using a random
effects model to obtain the SMD (or WMD) and 95% confidence intervals (Cls).

Results: A total of 23 studies involving 2007 healthy children aged 3-10 years
met the inclusion criteria. Gross movement interventions significantly improved
the explosive power of children aged 3-10 years [WMD, 6.2]. The most
effective intervention duration was 16-18 weeks [WMD, 0.45]. The most effective
intervention frequency was one session per week [WMD, 1.06]. The optimal
duration of single sessions was 60 min [WMD, 0.47]. Children aged 7-10 years
[WMD, 1.41] showed the most significant improvements in physical fitness after
gross movement interventions.
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Conclusion: Gross movement interventions had a positive effect on the physical
fitness of children aged 3—10 years. The optimal intervention parameters include
60-min sessions once a week across a total duration of 16—-18 weeks.

KEYWORDS

gross movement, children, physical fithess, meta-analysis, 3—10 years old

1 Introduction

Physical fitness is a term that comprehensively describes
physical performance related to human structure and function
(Chen et al, 1993) and includes the following qualities: speed,
endurance, strength, coordination, flexibility, and balance (He,
2017; Tao et al., 2017; Kim et al, 2021; Yang et al., 2022). In
this study, upper-body strength, lower-body strength, explosive
power, speed, flexibility and balance were included as dependent
variables. Many studies have confirmed the relationship between
children’s physical fitness and health. Some studies have shown
that improving children’s physical fitness can prevent or reduce
the risk of obesity and cardiovascular disease (Al-Mallah et al,
2018; Elagizi et al, 2018; Henriksson et al, 2020). Improving
children’s physical fitness can also lead to long-term health benefits
(Smith et al, 2014; Mintjens et al., 2018). However, there has
been a global decline in children’s physical fitness (Burns et al.,
2018; Godoy-Cumillaf et al., 2021; Qu, 2021). According to a
new report jointly released by the World Health Organization
and the United Nations Children’s Fund, there are approximately
317 million cases of physical development disorders among
children worldwide (World Health Organization, 2023). In 2022,
China issued the Fifth National Physical Fitness Monitoring
Communique, and compared with 2014, many physical qualities
of Chinese children have shown a downward trend—for example,
strength and flexibility decreased by 1.3-6.6% (National Health
Monitoring Centre, 2022). In developed countries, the strength of
children continues to decline (Tomkinson, 2007), as exemplified
by the decreases in muscular strength among children in Sweden
and Russia (Malina and Katzmarzyk, 2006) and decreases in upper-
body strength (Tremblay et al, 2010) and lower-body strength
(Moliner-Urdiales et al, 2010) among Canadian and Spanish
children.

Physical fitness and gross movement are the two main aspects
of physical performance (Huang, 2000) and are measured from
different perspectives to explain physical performance. Physical
fitness is a stable external feature of physical performance (Zhou,
2010), while gross movement is the basic foundation of physical
performance (Li et al., 2019) and includes the earliest basic motor
skills established by children (Wang et al., 2020). Gross movements,
which are completed using large skeletal muscle groups (Thomas
et al., 2022), mainly include basic motor abilities (e.g., walking,
running, jumping, throwing, catching, hitting, kicking, and
batting). In this study, walking, running, jumping, throwing,
batting, rolling, rotating, catching, and leg lifting were included
as independent variables. Gross movement plays a significant
role in improving children’s physical fitness (Wu et al., 2014;
Zhou, 2020) and reducing the risk of obesity and cardiovascular
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and other health problems in children; therefore, gross movement
interventions have become an important parameter for studying
children’s health promotion in the fields of sports and epidemiology
(Okely et al., 2004; Barnett et al., 2008; Robinson et al., 2015;
Ma and Song, 2017; Pu and Yang, 2017; Hao, 2018; Li et al,
2019; Wang et al, 2019). Additionally, in recent years, most
related studies have focused on examining the correlation between
gross movement performance and physical fitness (Foulkes et al.,
20215 Liu et al., 2023) or differential performance (Haugen and
Johansen, 2018; Zheng et al., 2022) in children, thus confirming
the important impact of gross movement interventions on
improving children’s physical fitness in early development. This
positive correlation persists as age increases (Robinson et al,
2015), thus laying the foundation for future exercise ability and
fitness levels. Therefore, it is particularly important to consider
gross motor development in childhood. However, the optimal
parameters for gross movement interventions to yield the greatest
improvements in physical fitness among children aged 3-10 years
remain unclear.

Three-year-old children perform the most basic physical
activities, such as walking and climbing (Xu et al., 2023); they can
have the potential to master gross movements at age 6 (O’Brien
etal, 2016)and are expected to reach proficiency at age 10 (Ulrich,
2000). However, according to statistics, the gross movement level of
10-year-old children in Germany, China, Brazil and other countries
is not ideal. The gross movement level of 10-year-old children
worldwide has failed to match the standards for their age group (Xu
et al,, 2023). Therefore, this study quantified the beneficial effects
of gross movement interventions on children’s physical fitness,
providing theoretical support for further research in this field.

Many countries have adopted the standing long jump,
tennis ball long throw, two-foot continuous jumping, 10-meter
shuttle run, balance beam walking, and sit-and-reach tests for
evaluating children’s physical fitness in terms of strength, speed,
agility and flexibility (State General Administration of Sport,
20155 Wang, 2022). Although gross movement interventions
can effectively improve children’s physical fitness, it is still
necessary to identify more accurate strategies for children aged
3-10 years to carry out accurate and effective interventions
and to fully prepare children for future healthy development.
Previous studies have shown that age, intervention duration,
and intervention frequency may be significant factors associated
with the effect of gross movement interventions on children’s
physical fitness 2018; Utesch
et al, 2019; Godoy-Cumillaf et al, 2020; Wu et al, 2021).

Therefore, it is very important to accurately identify the optimal

(Pozuelo-Carrascosa et al,,

parameters for gross movement interventions to yield the
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greatest improvements in physical fitness among children aged
3-10 years.

Therefore, the purpose of this study was to explore the
optimal parameters for gross movement interventions to yield the
greatest improvements in physical fitness among children aged 3-
10 years and to provide a reference for the development of gross
movement intervention programs that aim to improve the physical
fitness of children.

2.1 Retrieval strategy

Two researchers conducted a literature search with the
following primary search terms: “Physical Fitness AND gross
movement AND randomized controlled trial.” Additionally, the
following secondary search terms were used: “Fitness, Physical OR
Physical AND gross action OR gross motor skill OR large muscle
action OR basic motor skills OR functional training OR functional
game OR functional sports game OR basic movement skills OR
function training AND randomized OR toddler OR Child OR
childhood OR baby OR primary school OR Kindergarten.” The
following databases were searched: Web of Science, PubMed, China
Biology Medicine, China National Knowledge Infrastructure,
Wanfang Data, and China Science and Technology Journal. We
included studies from China, the United Kingdom and Mexico.
The retrieval time ranged from the establishment of the database
to September 2023. If the articles were incomplete or unavailable,
we contacted the corresponding authors by email to obtain detailed
information. The search initially yielded 3,680 studies on the effects
of gross movement interventions on the physical fitness of healthy
children aged 3-10 years.

2.2 Inclusion and exclusion criteria

Two researchers independently screened the articles, and
disagreements were resolved by consulting a third researcher.
The inclusion criteria were developed in accordance with the
population, intervention, comparison, outcomes, study design
(PICOS) framework. (1) Study subjects: All the subjects were
healthy children aged 3-10 years without disease. (2) Intervention
measures: The experimental group performed intervention
exercises involving gross movements (walking, running, jumping,
throwing, batting, rolling, spinning, catching, and leg lifting).
(3) Control measures: The control group participated in normal
kindergarten or primary school activities without additional
intervention. (4) Outcome indicators: All or some of the six
outcome indicators, including a 10-m shuttle run, standing long
jump, tennis ball long throw, sit-and-reach, two-foot continuous
jumping, and balance beam, were included. The outcome data are
expressed as the mean £ SD. (5) Study type: The trial design was a
randomized controlled trial. The exclusion criteria were as follows:
(1) descriptive research, analytical research, conference abstracts
and literature reviews; (2) duplicate studies, studies of low quality,
and studies of which the full text was not available; (3) studies
that did not report the outcomes as the mean & SD and for which
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the data could not be converted. The measurement evaluation
criteria were scored.

2.3 Data extraction

Two researchers independently extracted the following data
according to a predefined protocol: literature name, author,
publication time, nationality of subjects, sex, age, total number
of subjects, number of experimental groups, number of control
groups, intervention measures, intervention duration, single
intervention duration, and outcome indicators. For the outcome
indicators, the physical fitness test scores before and after each RCT
in the experimental group and the control group were recorded.
Scores are reported as the mean & SD. Disagreements were resolved
by consulting a third investigator.

2.4 Method quality evaluation

The Cochrane risk of bias tool was used to evaluate the
quality of the 23 included studies across seven domains: random
allocation method, concealment of allocation scheme, blinding of
participants and implementers, blinding of outcome evaluators,
integrity of outcome data, selective report results, and other
sources of bias. Each domain was rated as “high risk;” “unclear
risk” or “low risk.” Two researchers independently assessed
the data. Any disagreements were resolved by consulting a
third researcher.

2.5 Statistical analysis

STATA 16.0 was used for the statistical analysis. Since the
indicators included in the literature were continuous outcome
variables, a random-effects model was used to conduct a meta-
analysis based on 6 outcome indicators (sit-and-reach, standing
long jump, 10-m shuttle run, tennis ball throw distance, two-
foot continuous jumping, balance beam), combined with effect
size (WMD or SMD) and 95% confidence intervals. The weighted
mean difference (WMD) eliminates the influence of absolute
values on the results so that the research results can truly reflect
the experimental effect; in addition, it is easy to understand
when applied. The standardized mean difference (SMD) not only
eliminates the effect of absolute values but also eliminates the effect
of weights and measures on the results. The larger the absolute
value is, the more obvious the effect. The 12 test and Q test were
used to evaluate the heterogeneity of each index. When P > 0.1 and
2 < 50%, there was homogeneity or low heterogeneity among the
studies; in such cases, a fixed-effects model was used for analysis.
When P < 0.1 and > > 50%, there was strong heterogeneity
between studies; in such cases, a random-effects model was used
for analysis. Subgroup analysis was conducted to calculate the
influence of gross movement interventions on children’s physical
fitness based on the following factors: different physical fitness
indicators, age, intervention duration, intervention frequency and
single intervention duration.
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3.1 Literature search results

The results of the literature search and the study selection
process are shown in . All literature screenings were
performed independently and in a double-blinded manner by 2
researchers (L.H. and S.W.) based on the inclusion and exclusion
criteria. The search initially yielded 3,680 articles. First, the
literature was classified, and duplicate studies were eliminated,
leaving 3,148 studies. Second, after excluding 107 studies that were
meta-analyses, reviews, or systematic reviews and 1,461 studies that
were not related to the current subject, 1,580 studies remained.
Then, 1,557 articles were excluded after full-text screening due to
the intervention, trial design, or outcome variables not meeting
our inclusion criteria. Finally, 23 studies were included in the
meta-analysis. After screening, the two researchers compared the
selected studies (Kappax0.65); therefore, the selected literature
was considered reliable, and any disagreements were resolved by
discussion with a third researcher (Q.L.P.).

3.2 Study characteristics

The main characteristics of the included studies are shown
. A total of 2,007 healthy children aged 3-10 years
were included in the studies (1,037 in the experimental group

in

and 970 in the control group). Nine studies included six outcome
measures. The children’s ages ranged from 3 to 10 years.
The intervention duration ranged from 4 to 36 weeks. The
intervention frequency ranged from 1 to 3 times per week.
The duration of single sessions ranged from 30 to 60 min.

FIGURE 1
Flow chart of the literature retrieval and study selection process.
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Subgroup analysis was performed based on the following factors:
physical quality factors (flexibility, explosive power, speed, upper-
body strength, lower-body strength, balance); age (3-6 years
old, 7-10 years old); duration of intervention (4-8, 10-12,
16-18, and 36 weeks); intervention frequency (1 time/week, 2
times/week, 3 times/week); and duration of a single session (30, 40,
45, and 60 min).

3.3 Risk of bias

The Cochrane risk of bias tool was used to evaluate the
methodological quality of the included studies across six domains:
selection bias, implementation bias, detection bias, loss of access
bias and reporting bias ( ). The kappa of the two researchers
was approximately 0.62, so the literature quality evaluation was
reliable. The risk of bias for each domain was categorized as low,

unclear, or high, as shown in

3.4 Results of the meta-analysis

3.4.1 The influence of gross movement
interventions on children’s physical fitness

After analyzing the data from all included studies, we found
that gross movement interventions improved physical fitness in
children aged 3-10 years [SMD, 0.39 (95% CI, 0.22-0.57); P < 0.05],
and there was significant heterogeneity (I2 = 93%) ( ).
However, this effect did not differ according to various physical
fitness factors, age, intervention duration, intervention frequency,
or single-session duration. Therefore, a subgroup analysis was
performed ( ).
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TABLE 1 Basic characteristics of the included studies.

References Nationality Male: Age
Female | (year)
10

Zou, 2016 China 42:42

Sample
size

84

Experimental
group sample
size

42

Control
group
sample
size

42

Intervention
measure

Run, walk, pull, crawl,
toss

Intervention
frequency
(times/week)

Duration of
intervention
(weeks)

16

Duration of a
single session
(minutes/
session)

40

Primary

outcome
measure

@

Liu, 2014 China 53:34

5-6

87

45

42

Run, crawl, stand, roll,
jump

12

40

DRe®E®

Wu, 2015 China 21:19

5-6

40

20

20

Run, jump, stand, pull

12

60

DROE®E®®

Liu, 2016 China /

9-10

60

30

30

Leg lifts, stretches,
jumps,

Throw the ball, run,
crawl

12

@

Wrightetal, 2015 | United Kingdom /

10

22

11

Run, crawl, squat, walk

Wei and Wei, 2016 China 12:8

9-10

20

10

Walk, squat, rotate, and
lift your legs

[©F)

Liu, 2018 China /

129

65

64

Run, jump, bounce the
ball, catch the ball, slide
forward, slide sideways,
kick the ball, roll the
ball

16

45

DROe®E®

Wang et al., 2018 China 54:0

9-10

40

20

20

‘Walk, run, stretch,
dribble, shoot, pass

10

60

[©F)]

Huang and Gao, China /
2018

72

36

36

Functional physical
training

(including gross
movements)

16

Wang, 2020 China /

9-10

54

28

26

Squat, high leg lift,
jump,

lunges, spins, major
muscle stretches, ball
lifts

12

Du et al., 2019 China 116:126

10

242

125

117

Running, jumping, ball
games,
roll, throw

18

Xia, 2020 China /

61

21

18

Climb, stand, throw,
walk, dribble, shoot,
balance, jump

1/2

12

40

[0

(Continued)

12319 InH

T285SST 202 6Asd)/6855°0T
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TABLE 1 (Continued)

Duration of a
single session
(minutes/

Duration of
intervention
(WEES)

References Nationality Male: Age Sample | Experimental Intervention Intervention

group sample measure frequency
size (times/week)

Primary
outcome
measure

Female | (year) size

12313 InH

ABo)joydAsd ul sia13u0I4

90

640" UISIS13UOIY

Zhao, 2020

China

31:29

60

30

30

Dribble, crawl, sidestep,
throw, roll, set, toss,
catch

16

session)

40

DROEO®E®®

Jaksic et al., 2020

Mexico

72:60

4-7

132

66

66

Jumping, running,
tumbling, throwing,
ball games

36

60

[©F)

Gao, 2021

China

3-6

112

59

53

Catch the ball, dribble,
kick the ball, throw the
ball, jump, bounce the
ball, step forward, step
sideways

12

30-40

D2@G®

Xu, 2021

China

64:67

4-5

131

67

64

Functional play,
stability skills, mobility
skills, maneuverability
skills, physical fitness
activities

12

@O®6

Wang, 2021

China

4-5

104

54

50

Walk, climb, run, jump,
throw, catch, kick,
bounce, roll, dribble,
stand

16

30

DR@G®®

Zhou et al., 2021

China

173

94

79

Body motor function
training methods
(including gross
movements)

18

40

DROEO®E®®

Chen, 2022

China

40:40

4-5

80

40

40

Toss, throw, bounce,
kick, run, jump, slide,
stretch, spin, shake,
balance

10

45

DRO®®®

Ding, 2021

China

20:20

40

20

20

Run, dribble, catch,
chase, toss

12

40

DRBDE®

Zheng, 2022

China

3-6

60

30

30

Run, jump, throw,
bounce, kick, catch, roll

30

DR@G®

Zhou, 2022

China

60:60

4-5

120

60

60

Walk, run, jump, slide,
crawl, balance, throw,
catch, kick, bounce

12

40

DROe®E®

Fan, 2022

China

52:32

4-5

84

42

42

Functional sports games
(including gross action)

12

45

D2e®B®

“@” means the sit-and-reach test, “®@” means the standing long jump, “®” means the 10-meter shuttle run, “®” means the tennis ball throw for distance, “®” means two-foot continuous jumping, and “®” means the balance beam.
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3.4.2 Subgroup analysis: effects of gross
movement interventions on different physical
fitness factors in children

The results varied when examining different physical fitness
factors ( ). Specifically, gross movement interventions
significantly improved the following physical indicators: explosive
power [WMD, 6.2 (95% CI, 4.28-8.11); P < 0.05], flexibility [WMD,
1.34 (95% CI, 0.25~2.43); P < 0.05], balance [WMD, —1.23 (95%
CI, 1.23~0.42); P < 0.05], lower-body strength [WMD, 0.86 (95%
CI, 1.41~0.31); P < 0.05], upper-body strength [WMD, 0.79 (95%
CI, 0.48~1.11); P < 0.05], and speed [WMD, 0.72 (95% CI,
1.09~0.35); P < 0.05]. However, there was significant heterogeneity
in all six subgroups (I > 90.0%).

3.4.3 Subgroup analysis: effects of gross
movement interventions on the physical fitness
of children of different ages

The analysis results ( ) showed that gross movement
interventions significantly improved the physical fitness of children
aged 7-10 years [SMD, 1.41 (95% CI, 0.11-0.46); P < 0.05],
and there was significant heterogeneity (I* = 97.0%). There was
a small beneficial effect of gross movement interventions on
the physical fitness of children aged 3-6 years [SMD, 0.18
(95% CI, 0.02-0.35); P < 0.05], and there was significant
heterogeneity (I> = 93.0%).

3.4.4 Subgroup analysis: the effect of different
intervention durations on gross movement
interventions on children’s physical fitness
Subgroup analysis based on different intervention durations
showed (
4-8 weeks had no significant effect on children’s physical
[SMD, 0.03 (95% CI, —0.11 to 0.17); P > 0.05].
Gross movement interventions lasting 10-12 weeks had a small
beneficial effect on children’s physical fitness [SMD, 0.14 (95%
CI, —0.13 to 0.41); P < 0.05]. Gross movement interventions

) that a gross movement intervention lasting

fitness

lasting 16-18 weeks significantly improved children’s physical
fitness [SMD, 0.45 (95% CI, 0.02~0.87); P < 0.05]. Gross
movement interventions lasting 36 weeks also significantly
improved children’s physical fitness [SMD, 0.41 (95% CI, 0.16-
0.65);P < 0.05].
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3.4.5 Subgroup analysis: effects of gross
movement interventions at different intervention
frequencies on children’s physical fitness

Subgroup analysis based on intervention frequencies showed
( ) that one gross movement intervention per week
significantly improved children’s physical fitness [SMD, 1.06 (95%
CI, 0.14-1.98); P < 0.05]. Two [SMD, 0.14 (95% CI, 0.01~0.28);
P < 0.05] and three [SMD, 0.13 (95% CI, —0.13~0.39); P < 0.05]
gross movement interventions per week had small beneficial
effects on children’s physical fitness. However, there was significant
heterogeneity (I> > 90.0%).

3.4.6 Subgroup analysis: the effect of different
single-session durations of gross movement
interventions on children’s physical fitness

Subgroup analysis based on single-session durations ( )
showed that 30-min gross movement interventions did not
have a significant effect on children’s physical fitness [SMD,
—0.01 (95% CI, —0.11~0.10); P > 0.05]. Furthermore, 40-min
[SMD, —0.05 (95% CI, —0.45~0.35); P < 0.05] and 45-min
[SMD, —0.12 (95% CI, —0.38~0.14); P < 0.05] gross movement
interventions had detrimental effects on children’s physical fitness.
However, there was a high level of heterogeneity in these studies
(I2 > 85%). Sixty-minute gross movement interventions effectively
improved children’s physical fitness [SMD, 0.47 (95% CI, 0.14-
0.81); P < 0.05], and there was a moderate level of heterogeneity
among these studies (12 = 63.0%).

This meta-analysis examined the influence of gross movement
interventions on children’s physical fitness and explored the
optimal intervention parameters (i.e., physical fitness factors,
age groups, intervention duration, intervention frequencies and
single intervention duration). The results show that gross
movement interventions can significantly improve children’s
physical fitness, with the strongest effects observed for explosive
power. Additionally, we found that the effect of gross movement
interventions was stronger for children aged 7-10 years, and the
most effective intervention parameters included a frequency of
once per week, a single-session duration of 60 min, and a total
intervention duration of 16-18 weeks.

4.1 The influence of gross movement
interventions on children’s physical
fitness

In general, this study revealed that gross movement
interventions can improve the physical fitness of children
aged 3-10 years, which is consistent with previous research
). Notably, there

is a significant positive correlation between gross movement

results ( ;

performance and physical fitness among children (
; ), especially in terms of flexibility,
explosive power and speed ( ; ). As
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FIGURE 3

Results from the Cochrane risk of bias tool.
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Control Experimental Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight v, 95% Cl v, 95% Cl
Chen.H-Y{1)H(2) 2021 71 0.8 20 7.53 1.24 20 0.8% -0.39 [1.02,0.24] I
Chen H-Y(1),H(3)2021 6.56 092 20 7.08 1 20 0.8% -0.53 [1.16,0.10] 7
Chen.L-Y(1) L(3)2021 99.75 10.45 20 94 1326 20 0.8% 0.47 [[0.16,1.10] B |
Chen.L-Y(1),L(3)2021 9216 11.42 20 91.45 11.38 20 0.8% 0.06 [-0.56, 0.68] =
Chen.P-Y(1),P(3) 2021 6.69 061 20 6.87 0.69 20 0.8% -0.27 [0.89, 0.39] L
Chen.P-Y(1),P(3)2021 7.34 064 20 7.56 0.86 20 0.8% -0.28 [-0.91, 0.34] —_—
Chen.8-¥(1),5(3) 2021 577 081 20 6.15 0.82 20 0.8% -0.46 [1.08,0.17] e
Chen.S-Y(1),5(3)2021 612 052 20 6.05 0.9 20 0.8% 0.09 [-0.53, 0.71]
ChenM-Y(1),W(3) 2021 7.24  1.44 67 6.1 2.08 64 0.9% 0.64 [0.28, 0.99]
ChenM-Y(1),W(3)2021 5.1 1.84 67 4.2 1.45 64 0.9% 0.54 [0.19, 0.89]
Chen.Z-¥(1),Z(3) 2021 9.88 287 20 10.1 7 20 0.8% -0.09 [-0.71, 0.53] |
Chen.Z-¥(1),Z(3)2021 1029 242 20 1073 2.76 20 0.8% -0.17 [-0.79, D.45] T
Ding.H-Y(1),H(1) 2021 5.51 1.018 10 558 1.794 10 0.8% -0.05 [-0.92, 0.83] = =
Ding.H-Y(1),H(1)2021 7.38 1.338 10 5.56 1.58 10 0.7% 1.19[0.22, 2.16] s
Ding.L-Y{1) L{1)2021 97.1 6.064 10 88.1 11.827 10 0.7% 0.92 [-0.01,1.85] = %
Ding.L-Y{1),L(1)2021 81.5 8.885 10 749 7923 10 0.7% 0.75[-0.16,1.67] I
Ding.S-Y(1),5(1) 2021 59 0.733 10 5.26 0.55 10 0.7% 0.95[0.01, 1.88] —————==""—"—=*
Ding.S-¥(1),5(1)2021 6.95 0.669 10 605 0.766 10 07% 1.20(0.23,2.17] —
DingW-Y(1) Mi(1)2021 93 221 67 7.9 0.97 64  0.9% 0.81[0.45,1.17] —
Ding W-Y{1) W(1)2021 76 1.01 67 6.3 0.31 64 0.9% 1.71[1.31,2.12] Tt
Ding.Z-¥(1),Z(1) 2021 6.2 5.266 10 3.9 4701 10 0.7% 0.44 [-0.45,1.33] —_—t—
Ding.Z-¥(1),Z{1)2021 556 4.836 10 1.4 3026 10 07% 0.97 [0.03, 1.91] &
Du et al.Z-v(2),Z(1) 2019 9.2 048 61 3.9 0.83 55 0.7% 7.87 [6.78, 8.96] L2
Du et al. Z-¥(2),2(1)2019 12.7 i85 B4 7.34 0431 62  0.8% 4.65[3.97, 5.33] 2
Fan.H-Y(1),H(3)2021 14.98  3.68 42 1816 4.43 42 0.9% -0.77 [-1.22,-0.33] —
Fan.L-¥{1),L(3)2021 78.4 11.93 42 7698 10.21 42 0.9% 0.13 [-0.30, 0.55] i
Fan.P-Y(1),P(3)2021 9.4 078 42 9.49 0.84 42 0.9% -0.11 [-0.54, 0.32] 5
Fan.5-Y(1),5(3)2021 863 1.31 42 8.95 1.34 42 0.9% -0.24 [[0.67,0.19]
FanW-y(1),W(3)2021 7.37 242 62 6.67 1:3 62  0.9% 0.36 [0.00, 0.71]
Fan.Z-v(1),Z(3)2021 6.92 4.49 42 4.91 3.26 42 0.9% 0.51 [0.07, 0.94]
Gao.H-Y(1),H(2)2021 5.09 498 59 4.78 1.48 53 0.9% 0.08 [-0.29, 0.45] S —t
Gao.L-Y(1),L(2)2021 93.69 22.98 59 78 23 53 0.9% 0.68 [0.30, 1.086] =
Ga0.5-Y(1),5(2)2021 5.84  1.31 59 6.88 1.83 53 0.9% -0.65 [-1.04,-0.27]
Gao M- (1), W(2)2021 434 178 a4 415 1.29 79 0.9% 012[0.18,0.42] e
Gao.Z-Y(1),Z(2)2021 7.44 4328 59 8.4 4.45 53 0.9% -0.22 [[0.59, 0.15] il
Huang and Gao.Z-Y(2),Z(3)2018 1047  3.07 36 8.41 3.02 36 0.9% 0.67[0.18,1.14] e
Jaksic et al.Z-¥(1),Z({2)2020 37.3 7.82 66 3436 8.38 66 0.9% 0.36 [0.02, 0.70] == o
Jaksic.L-¥({1),L(2)2020 121.98 20.44 66 11298 18.06 66 0.9% 0.45[0.11, 0.80] T I
Liu H-Y(1),H(3)2014 502 0.83 45 5.76 0.74 42 0.9% -0.93 [1.37,-0.49]
Liu L-Y(1),L(3)2014 1044 992 45 9911 11:42 42 0.9% 0.50 [0.07, 0.93] = = =
Liu P-Y{1),P(3)2014 6.65 0.48 45 7.03 0.57 42 0.9% -0.72 [1.15,-0.28]
Liu .5-Y(1),5(3)2014 55 0.82 45 6.1 0.67 42 0.9% -0.79 [-1.23,-0.35]
Liu M- {1),W(3)201 4 6.23 1 20 5.66 0.68 20 0.8% 0.65 [0.02, 1.29]
Liu Z-Y(1),Z(3)2014 9.88 1.26 45 9.05 1.68 42 0.9% 0.56 [0.13, 0.99] —
Liu .Z-Y(2),Z(3)2015 11.8 232 30 12.01 317 30 0.9% -0.07 [-0.58, 0.43] —
Liu L-Y(1),L(2)2017 121.61 1588 62 1114 12.09 62  0.9% 0.72 [0.36, 1.08] —
Liu.P-(1),P(2)2017 6.00 0.48 62 6.32 0.41 62 0.9% -0.51 [[0.87,-0.15]
Liu.S-¥(1),5(2)2017 485 073 62 516 0.92 62  0.9% -0.37 [-0.73,-0.02]
LiuW=(1),Wi(2)2017 567 068 20 518 0.75 20 0.8% 0.67 [0.03,1.31]
Liu Z-Y(1),Z(2)2017 11.20 509 62  11.88 3.46 62  0.9% -0.13 [-0.49, 0.22] —
Wang. H-Y(1),H(3)2021 2458 152 54 2286 1502 50 0.9% 0.11 [-0.27, 0.50] T
Wang.L-Y(1),L(3)2021 78.35 11.46 54 79.02 1417 50 0.9% -0.05 [-0.44, 0.33] —
Wang.L-¥(2),L(3)2018 151 24 18 149 21 20 0.8% 0.09 [-0.55,0.72] il
Wang.P-Y(1),P(3)2021 8.45 097 54 8.5 0.88 50 0.9% -0.05[-0.44, 0.33] | [
Wang.S-Y(1),8(3)2021 549  3.55 54 2.03 3.57 50  0.9% -0.12 [-0.51, 0.26] T
Wang.Z-¥(1),Z(3)2021 5.2 5 54 5.61 5.35 50 0.9% -0.08 [-0.46, 0.31] I
Wang.Z-Y(2),Z(3)2018 10.3 5.6 18 8.5 6.3 20 0.8% 0.20 [-0.35, 0.94] —
Wang.Z-¥(2),Z(3)2019 13.71 3.4 24 1039 3.94 24 0.8% 0.89[0.29, 1.48] e
Wiel.L-Y(2),L{2)2016 155.7 14.04 10 152 127 10 0.7% 0.26 [[0.62,1.15] I
Wei Z-Y(2),Z(2)2016 68 475 10 4 3.71 10 0.7% 0.63 [-0.27, 1.53] —
Wright. Z-Y(2),Z(2)2015 13 22 11 12 18 11 0.8% 0.05 [-0.79, 0.88] 1
WWULL-Y(1),L(3) 2015 1106 515 10 106.2 2.31 10 0.7% 1.03 [0.09, 1.98] ——
WYULL-Y{T),L(3)2015 108.9 445 10 1045 1.67 10 0.7% 1.25[0.28, 2.23] T
WULS-Y(1),5(3) 2015 49 112 10 57 0.45 10 07% -080[1.83,003 ————— [
WWULS-Y(1),5(3)2015 5.2 15T 10 6.4 0.34 10 0.7% -0.93[F1.87,000 Y|
WWLA-Y1) WW(3)2015 72 1.01 10 6.3 0.33 10 07% 1.15([019,2.11] =5 ~»
WWLLW-Y(1) W(3)2015 6.7 014 10 5.1 2.02 10 0.7% 1.07 [0.12, 2.02] ——
WU Z-Y(1),2(3) 2015 11.4 328 10 8.3 116 10 07% 1.21[0.24,2.18] R S
WWULZ-Y(1),Z(3)2015 147 4.03 10 11.2 216 10 0.7% 1.04 [0.09, 1.98] =%
Xia.L-¥(1),L{1)2019 92.29 12.02 21 95.11 14.36 18 0.8% -0.21 [-0.84,0.42] T
Xia.L-v(1),L(2)2019 93.27 16.96 22 9511  14.36 18 0.8% -0.11 [-0.74, 0.51]
Xia.P-¥(1),P(1)2019 838 1.36 21 8.73 2.03 18 0.8% -0.20 [-0.83, 0.43] =
Xia.P-¥(1),P(2)2019 2.54  1.06 22 8.73 2.03 18 0.8% -0.12 [-0.74, 0.50]
Xia.Z-Y(1),Z(1) 2019 7.28 3.35 21 6.82 3.37 18 0.8% 0.13 [-0.50, 0.76]
Kia.Z-Y(1),Z(1)2019 7.02 252 22 6.82 3.37 18 0.8% 0.07 [-0.56, 0.69]
Xu P-¥(1), P(3) 2021 7.5 1.34 B7 7.9 0.56 64 0.9% -0.38 [-0.73,-0.04]
Hu. L-Y(1),L(3) 2021 82 2.49 67 75 1.6 64 0.9% 3.31(2.78, 3.84] ¥
HuL-¥(1), L(3) 2021 a7 2.56 87 79 1.63 64 0.8% 3.69 [3.12, 4.26] 2
HUL-Y(1),L(3) 2021 1142 1.74 67 1087 2.51 64 0.9% 2.54 [2.08, 3.01] r
HuL-Y(1),L(3)2021 106.4 26 B7 98 1.94 64 0.8% 3.63 [3.07,4.19] 2
XU.P-Y(1), P(3) 2021 71  0.89 67 7.3 0.36 64  0.9% -0.29 [-0.63, 0.05] —
Hu.P-Y(1),P(3) 2021 6 076 67 6.7 1.92 64 0.9% -0.48 [-0.83,-0.13] =
XU.P-Y(1),P(3)2021 6.2 1.03 67 7 0.47 64 0.9% -0.99 [-1.35,-0.62]
Hu.8-Y (1),5(3)H2021 6.3 232 B7 7 0.94 64 0.9% -0.38 [-0.74,-0.04]
XU.8-¥(1), S(3) 2021 65 112 67 7.8 1.71 64  0.9% -0.90 [-1.26,-0.54]
Xu.S-¥(1),5(3) 2021 52 242 67 6.1 1.32 64 0.9% -0.50 [-0.85,-0.16]
XU.S-¥(1),8(3)2021 51 itz 67 6.2 0.94 64 0.9% -1.06 [-1.42,-0.69]
HUW-Y(1), Wi(3) 2021 5 1.01 30 4 1.06 30 0.9% 0.95[0.42, 1.49]
HUMY(1), Wi(3)2021 741 1.97 45 6.5 2.00 42 0.9% 0.44 [0.02, 0.87]
HUWY(1) W(3) 2021 585 1.216 10 426 1.372 10 0.7% 1.17[0.21,2.14] %
HUW-Y(1),W(3)2021 4.6 0.748 10 455 0972 10 0.8% 0.06 [-0.82, 0.93]
Zhao H-Y(1),H(3)2020 63 1.88 a0 7.9 2.56 30 0.9% -0.70 [-1.23,-0.18]
Zhao.L-¥(1),L(3)2020 97 10.81 30 85 7.75 30 0.8% 1.26 [0.70,1.82]
Zhao.P-¥(1),P(3)2020 649 057 30 7.5 0.74 30 0.9% -0.90 [-1.43,-0.36)
ZhaoW-Y{1)¥(3)2020 3.8 058 30 3.79 0.61 30 0.9% 0.02 [-0.48,0.52]
Zhao.Z-Y(1),Z(3)2020 12.3 496 30 8.9 3.81 30 0.9% 0.76 [0.23,1.28]
Zheng. W-Y{1)W(2)2021 596 1.08 30 5.89 1.19 30 0.9% 0.06 [-0.45, 0.57] =«
Zheng. Z-Y{1),Z(2) 2021 10.89 2.06 30 11.79 1.47 30 0.9% -0.50 [-1.01, 0.02] |
Zheng. H-Y(1) H(2)2021 13.04 3.59 30 12.66 493 30 0.9% 0.09 [-0.42, 0.59] —
Zheng.H-Y{(1),H(2) 2021 8.63 1.18 30 8.16 1.71 30 0.9% 0.31 [-0.18, 0.82] &
Zheng.H-Y(1),H(2)2021 51 1.68 30 5.88 0.92 30 0.9% -0.57 [-1.09,-0.05] S
Zhena L-¥{1) ,L{2)2021 7073 957 30 6699 8.98 30 0.9% 0.40[0.11,0.91] =1
Zheng.L-Y(1),L(2) 2021 89.08 8.7 30 89.75 9.79 30 0.9% -0.07 [-0.58, 0.43] | —
Zheng.L-Y(1),L(2)2021 112,75 12.78 30 114 1052 30 0.9% -0.11 [-0.61, 0.40] ———
Zheng.S-Y(1), S(2)2021 918 076 30 9.04 1.24 30 0.9% 0.13 [-0.37, 0.64] |
Zheng.S-Y(1),5(2) 2021 452 055 30 4.27 0.67 30 0.9% 0.40 [-0.11, 0.91] =
Zheng.S-Y{1),5(2) 2021 547 1.35 30 5.44 1:47 30 0.9% 0.02 [-0.48, 0.53] —
Zheng W-Y(1), Wi(2)2021 7.24 095 30 7.05 0.41 30 0.9% 0.26 [-0.25, 0.76] —
Zheng.W-Y(1)W(2)2021 4.97 0.332 60 3.37 0.49 60  0.8% 3.80[3.19, 4.40] L2
Zheng.Z-¥(1),Z(2) 2021 10.96 20 30 1073 3.49 30 0.9% 0.08 [-0.43, 0.58] —
Zheng.Z-Y(1),Z(2)2021 108  3.85 30 1215 3.34 30 0.9% -0.37 [-0.88, 0.14] A
Zhou L-¥(1),L(3)2021 99.83 4.013 60 743 6171 60  0.8% 4.87 [4.15, 5.60] 2
Zhou W-Y(1)Wi(3)2021 391 113 42 3.74 1.14 42 0.9% 0.15 [-0.28, 0.58] =
Zhou .Z-Y(1),Z(3)2021 5.81 1.872 60 554 1.858 60 0.9% 0.14 [-0.22, D.50] == =
Zhou H-Y{1),H(3)2021 743 337 94 7.82 4.35 79 0.9% -0.10 [-0.40, 0.20)
Zhou L=Y{1),L(3)2021 102.26 13.69 94 96.41 14.24 79 0.9% 0.42[012,072]
ZhouW-Y(1)W(3)2021 6.49 247 59 4.75 1.65 53 0.9% 0.81 [0.43, 1.20]
Zhou.Z-¥(1),Z(3)2021 1117 4.91 a4 12.28 5.09 79 0.9% -0.22 [-0.52, 0.08] e
Zou.Z-Y(2),Z(3)2016 937  3.02 42 7.71 3.06 42 0.9% 0.54 [0.11, 0.98]
Total (95% Cl) 4630 4429 100.0% 0.39 [0.22, 0.57] -
Heterogeneity: Tau®= 0.84; Chi*= 1797.97, df= 118 (P < 0.00001); F= 83% p t +

E]

R -05 0.5 1
Testfor overall effect: Favours [control] Favours [experimental]

4.43 (P = 0.00001)

FIGURE 4
The effects of gross movement interventions on physical fitness.
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TABLE 2 Summary of subgroup analysis results.

Physical fitness factors Explosive power 6.20
Flexibility 1.34

Balance —1.23

Lower-body strength —0.86

Upper-body strength 0.79

Speed —0.72

Age range 3-6 years old 0.18
7-10 years old 1.41

Intervention duration 4-8 weeks 0.03
10-12 weeks 0.14

16-18 weeks 0.45

36 weeks 0.41

Intervention frequency One time/week 1.06
Two times/week 0.14

Three times/week 0.13

Single-session duration 30 min —0.01
40 min —0.05

45 min —0.12

60 min 0.47

they age, children with high levels of gross movement ability
exhibit greater physical fitness ( ). This relationship
suggests that gross movement interventions in early childhood
will have a sustained positive impact on physical fitness, probably
because children with strong gross motor ability will complete
more complex physical activities, which may play a key role in the
development of physical fitness.

Additionally, we found that gross movement interventions had
the most significant effect on the explosive power of children
aged 3-10 years, and no other studies reported such a significant
effect ( ; ; ). There
are many reasons for thisresult. From the perspective of the
experimental subjects included in the study, most of the subjects
in this study were Chinese children, and explosive power changed
significantly after the gross movement intervention, which may be
related to genetic factors ( ). From the perspective
of test methods, the experimental subjects included in the study
mainly used standing long jumps to test children’s explosive
power. A standing long jump is an important training method for
improving explosive power, with medium and low intensity and
low technical requirements ( ). Furthermore, it is
easier for children to master this skill. However, the excitability of
the central nervous system is an important factor affecting explosive
power ( ; ), and running and
jumping during gross movement interventions effectively improve
the excitability of children’s nervous system (

), thus recruiting more muscle fibers to participate in activities
in the short term and improving the quality of explosive power.
Therefore, among physical factors, gross movement interventions
have the strongest effect on explosive power among children aged
3-10 years. However, it is necessary to consider the influence of

genetic factors and testing methods.

Frontiers in

10.3389/fpsyg.2024.1355821

4.2 The influence of gross movement
interventions on the physical fitness of
children of different ages

The effect of gross movement interventions on the physical
fitness of children aged 7-10 years was greater than that on the
physical fitness of children aged 3-6 years, which is consistent
with some previous research results ( ;

; ). The development and completion
of gross movement is influenced by the integration of complex
factors such as physiology, psychology, environment and task
( ; ). This may reflect that as
children age, they experience development in terms of their bones,
muscles, cognitive abilities and nervous system, and they show
increased adaptability to complex motor skills. Therefore, the effect
of gross movement interventions on physical fitness is stronger
among 7- to 10-year-old children. Previous studies have confirmed
that children usually consolidate their learning and engage in
continuous practice after the age of 6 (

R ), and mastery of gross motor skills
begins to increase ( ). With increasing
age, the mastery of gross motor skills significantly increases (

). However, there are also studies showing that some physical
fitness factors decrease with age ( s

H ), possibly related to the
number of training sessions, the length of training sessions or other
factors ( ).

4.3 Effects of different intervention
durations on the physical fitness of
children aged 3-10 years

When the intervention frequency was 10-12 weeks, the
improvement effect of gross movement interventions on children’s
physical fitness reached a significant level. The effect peaked when
the intervention lasted 16-18 weeks. After 18 weeks, the effect
of the intervention decreased slightly. This finding is consistent
with the findings of a study that confirmed the positive impact
of medium- to long-term gross movement interventions on
physical fitness in children ( ). This may be
related to the improvement of motor skill levels under medium-
and long-term interventions; in particular, after approximately
10 weeks of physical activity intervention, children’s motor skill
levels are significantly improved, and the intervention benefits
on children’s physical fitness persist ( ;

). It is also possible that improvements in children’s
cognitive function have a positive impact on physical fitness.
Gross movement is positively correlated with cognitive function
( ). A study of the effects of sports interventions
on children’s cognitive function showed that after approximately
10 weeks of physical activity intervention, children’s cognitive
function improved, and physical health benefits increased (

). Another study from the perspective of child psychology
and modern medicine supported the positive impact of children’s
motor development on cognitive function ( ).
It can be inferred that improving children’s cognitive function
through gross movement interventions can effectively enhance
their physical fitness.
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Control Experimental Mean Difference Mean Difference
b A
1.8.1 Sit and Reach
Chen.Z-¥(1),Z(3) 2021 9.88 2.87 20 100 1.7 z0 0.8% -0.22 [-1.68, 1.24] F
Chen.Z-¥(1),Z(3)2021 10.29 2.42 20 10.7 2.786 20 0.8% -0.44 [-2.05,1.17] —
Ding Z-%(1),Z{1) 2021 6.2 5.266 10 3. 4.701 10 0.4% 2.30 [-2.08, 6.68]
Ding.Z-Y¥(1),Z{1)2021 5.5 4.836 10 1. 3.026 10 0.5% 4.10[0.56, 7.64] )
Du et al.Z-¥v(2),Z(1) 2019 9.2 0.48 61 3. 0.83 55 0.9% 5.30 [5.05, 5.55] i
Du et al.Z-¥(2),Z(1)2019 12.7 1.56 64 7.3 0.431 62 0.9% 5.36 [4.97, 5.75] ==
Fan Z-¥(1) Z(3)2021 6.92 4.49 az 4.9 3.26 a4z 0.8% 2.01 [0.33, 3.69]
Gao.Z-Y(1),Z(2)2021 7.44 4.29 59 8. a.as5 53 0.8% -0.96 [-2.58, 0.66]) -
Huang and Gao.Z-Y(2),Z(3)2018 10.47 3.07 36 8.4 3.02 36 0.8% 2.06 [0.65, 3.47)
Jaksic et al.Z-Y(1),Z(2)2020 37.3 7.82 66 34.3 8.38 66 0.6% 294 [017,571)
Liu Z-v¢13,2¢3)201 4 9.88 1.26 45 9.0 168 42 0.9% 0.83 [0.20, 1.46] i
Liu Z-¥(2),Z(3)2015 11.8 2.32 30 12.0 317 a0 0.8% -0.21 [-1.62, 1.20) _—
Liu.Z-¥(1),Z¢(2)2017 11.29 5.09 62 11.8 3.46 62 0.8% -0.59 [-2.12, 0.94] -
WWang Z-¥(1) Z(3)2021 5.2 5 54 5.6 5.35 50 0.7% -0.41 [-2.40, 1.58] I
WWang.Z-Y(2),Z(3)2018 10.3 5.8 18 8. 6.3 20 0.5% 1.80 [-1.98, 5.58]
Wang Z-Y¥(2),Z(3)2019 13.71 3.4 24 10.3 3.94 24 0.79% 3.32[1.24,5.40]
VWei.Z-Y¥(2),Z(2)2016 6.8 a4.75 10 3.71 10 0.5% 2.80 [-0.94, 6.54)
wright. Z-Y(2), Z(2)2015 13 22 11 1 18 ™ 0.0% 1.00[-15.80,17.80]
VVULZ-Y(1),Z(3) 201 11.4 3.28 10 8. 1.16 10 0.7% 3.10[0.94, 5.26]
VWU Z-Y(1),Z(3)2015 147 403 10 1 2186 10 0.6% 3.50 [0.67, 6.33]
Xia.Z-¥(1),Z(1) 2019 7.28 3.35 21 5.8 3.37 18 0.7% 0.46 [-1.66, 2.58] B =
ia.Z-¥(1),Z¢1)2019 7.02 2.52 22 6.8 3.37 18 0.8% 0.20 [-1.68, 2.09) =
Zhao.Z-Y¥(1),Z(3)2020 12.3 4.96 30 8 3.81 20 0.7% 3.40[1.16, 5.64)
Zheng. Z-Y(1) Z(2) 2021 10.89 2.06 30 1.7 1.47 30 0.9% -0.90 [-1.81, 0.01]
Zheng Z-Y{1),Z{2) 2021 10.96 2.2 30 10.7 3.49 20 0.89% 0.23 [-1.25,1.71]
Zheng Z-Y(1),Z(2)2021 10.8 3.85 30 121 3.34 30 0.8% -1.35[-3.17, 0.47)
Zhou Z-¥{1),Z(3)2021 581 1.872 60 5.5, 1.958 60 0.9% 0.27 [-0.42, 0.96]
Zhou.Z-Y(1),Z(3)2021 1117 a1 a4 12.2 5.09 7a 0.8% =1.11 [-2.61, 0.39]
ZOou.Z-Y(2) Z(3)2016 9.37 302 42 T 3.06 42 0.8% 1.66 [0.36, 2.96]
Subtotal (95% CI) 1021 980 20.9% 1.34 [0.25, 2.43] ——
Heterogeneity: Tau®= 7.62; Chi*= 793.28, df= 28 (F < 0.00001); 1= 96%
Testfor overall effect: Z= 2.42 (P = 0.02)
1.8.2 Standing Long Jump
Chen.L-Y(1) L{(N2021 99.75 10.45 20 a4 13.26 20 0.2% 5.75[-1.65,13.15]
Chen.L-Y¥(1),L(3)2021 92.16 11.42 zo0 91.45 11.38 2o 0.2% 0.71 [-6.36, 7.78)
Ding.L-¥(1) ,L{1)2021 97.1 6.064 10 88.1 11.827 10 0.2% 9.00 [0.76, 17.24) —_—
Ding. L-Y¥(1),L{1)2021 81.5 8.885 10 7a.9 7.923 10 0.2% 6.60 [-0.78, 13.98] —_——
Fan.L-v(13,L(3)2021 78.4 11.93 42 7698 10.21 42 0.4% 1.42 [-3.33,6.17]
Gao L-Y(1),L(2)2021 93.69 2298 59 7a 23 53 0.2% 15.69 [7.16, 24.22) =
Jaksic.L-¥(1),L(2)2020 121.98 20.44 66 11298 19.06 66 0.2% 9.00 [2.26, 15.74]) —_—%
Liu L-Y(1),L(3)201 4 104.4 9.92 a5 99.11 11:12 4z 0.4% 5.29 [0.85, 9.73) —_—
Liu.L-¥(1),L(2)2017 121.61 1588 62 111.4 12.09 62 0.4% 10.21 [5.24,15.18) ——
Wang L-Yv(1),L(3)2021 11.46 54 79.02 1417 50 0.4% -0.67 [-5.65, 4.31])
wang.L-Y(2),L(3)2018 151 24 18 149 21 20 0.1% 2.00[-12.41,16.41)
WelL-Y(2),L(2)2016 1656.7 14.04 10 152 127 10 0.1% 3.70[-8.03,15.43)
WVULL-Y(1),L(3) 2015 110.5 5.15 10 106.2 2.31 10 0.5% 4.30 [0.80, 7.80] —_——
W LY (1), L.(3)2015 1088 445 10 1045 1.67 10  06% 440 [1.45, 7.35) ———————
Xia.L-¥(1),L¢(1)2019 82.26 12.02 23 8s5.11 14.36 18 0.29% -2.82[-11.21, 5.67]
da.L-¥(1),L(2)2019 93.27 16.96 22 as.11 14.36 18 0.1% -1.84 [-11.55, 7.87)
Hu. L-¥(1),L(3) 2021 82 2.49 67 75 1.6 64 0.9% 7.00 [6.29, 7.71] —
Hu.L-Y (1), L(3) 2021 a7 2.56 67 79 1.63 64 0.9% 8.00 [7.27,8.73) >
Hu.L-¥(1),L(3) 2021 114.2 1.74 67 108.7 2.51 G4 0.9% 550 [4.76, 6.24] -
Hu.L-Y(1),L(3)2021 106.4 2.6 67 as 1.94 G4 0.9% 8.40 [7.62,9.18) g
Zhao.L-¥(1),L(3)2020 97 10.81 30 85 7.75 30 0.4%  12.00([7.24, 16.76] =
Zheng.L-Y(1) L(2)2021 70.73 9.57 30 66.99 8.98 30 0.4% 3.74 [F0.96, 8.44)
Zheng L-Y(1),L(2) 2021 89.08 8.7 30 89.765 9.79 30 0.4% -0.67 [-5.36, 4.02]
Zheng. L-Y{1),L(2)2021 112.75 12.78 30 114 10.52 30 0.3% -1.25[-7.17, 4.67]
Zhou L-¥(1),L.(3)2021 99.83 4.013 60 743 6171 60 0.8% 25.53 [23.67, 27.39] ¥
Zhou L-Y(1),L(3)2021 102.26 13.69 aa 96.41 14.24 79 0.4% 5.85 [1.66, 10.04] ————
Subtotal (95% CI) 1021 976  10.4% 6.20 [4.28, 8.11] ———
Heterogeneity: Tau*=17.21; Chi*= 467.06, df= 25 (P = 0.00001); I*= 95%
Testfor overall effect: Z= 6.34 (P < 0.00001)
1.8.3 10 Meters Turnaround Run
Chen.P-¥(1),P(3) 2021 6.69 0.61 20 6.87 0.69 z0 0.9 -0.18 [-0.58, 0.22]
Chen.P-¥(1),P(3)2021 734 064 20 756 086 20 09% -0.22[0.69,0.25]
Ding. P-v(1),P(1) 2021 645 0.242 10 7.5 0.4a7 10 0.9% =4, [-1.37,-0.73)
Ding.P-¥(1),P(1)2021 6.58 0.444 10 7.52 0.601 10 0.9% -0.94 [-1.40,-0.48]
Fan.P-¥(1) P(3)2021 9.4 0.78 az 9.49 0.84 az 0.9% -0.08 [-0.44, 0.26]
Liu .P-¥(1),P(3)2014 6.65 0.48 45 7.03 0.57 az 0.9%
Liu.P-¥(1),P(2)2017 6.09 048 62 6.32 0.41 62 0.9%
wang.P-Y(1),P(3)2021 8.45 0.97 54 8.5 o.es 50 0.9%
WWU.P-Y(1),P(3) 2015 6 0.89 10 6.8 0.36 10 0.9%
WWU.P-Y(1),P(3)2015 6.6 1.34 10 7.9 0.23 10 0.9%
ia.P-¥(1),P(1)2019 8.38 1.36 21 8.73 2.03 18 0.9%
Xia.P-¥(1),P(2)2019 8.54 1.06 22 8.73 2.03 18 0.9%
u P-Y(1), P(3) 2021 7.5 1.34 67 7.9 0.56 64 0.9%
Hu.P-Y(1), P(3) 2021 L | 0.89 67 7.3 0.36 64 0.9%
2Hu.P-Y(1),P(3) 2021 =] 0.76 67 6.7 1.92 64 0.9%
Hu P (1), P(32021 6.2 1.03 67 E: 0.47 64 0.99%
Zhao.P-Y(1),P(3)2020 6.9 0.57 30 7.5 0.74 30 0.9%
Zhou P-v(1),P3 2021 6.66 0511 60 1063 1.344 60 0a9%
Zhou.P-Y(1),P(3)2021 6.6 0.65 a4 7.67 65 7a 0.9% -1.07 [-1.26,-0.88]
Subtotal (95% CI) 778 737 17.4% -0.72 [-1.09, -0.35]
Heterogeneity: Tau?= 0.61, Chi*= 420.26, df= 18 (P = 0.00001), "= 96%
Testfor overall effect: Z= 3.83 (P = 0.0001)
1.8.4 Thwow for Distance
Chen.wWw-Y(1)vv¥(3) 2021 7.24 1.44a 67 6.1 2.08 64 0.9% 1.14[0.52,1.76]
ChenwW-Y({1)wW(3)2021 s.1 1.84 67 4.2 1.45 64 0.9% 0.90[0.33,1.47)
Ding W-Y(1) VW(1)2021 9.3 2.21 67 7.8 0.97 64 0.9% 1.40[0.82, 1.98)
Ding W-Y(1),¥W(1)2021 7.6 1.01 67 6.3 0.31 64 0.9% 1.30 [1.05, 1.55]
Fan.vw-v(1)vW(3)2021 2.37 2.42 62 67 1.3 62 0.9% 0.70[0.02, 1.38)
GR0 Y13 (2)2021 434 178 94 415 120 79  0.9% 0.19 [-0.27, 0.65]
Liu W= (1) WI(3)201 4 6.23 1 20 566 0.68 20 0.9% 0.57 [0.04,1.10])
LiuW=Y (1), WW(2)201 7 5.67 0.68 20 518 0.75 20 0.9% 0.49 [0.05, 0.93]
WVUW-Y(1) W(3)2015 o 1.01 10 6.3 0.33 10 0.9% 0.90 [0.24, 1.56]
VVUWW-Y(1) W(3)2015 6.7 014 10 5.1 2.02 10 0.8% 1.60 [0.35, 2.85]
HUM-Y(1), WI(3) 2021 5 1.01 30 a 1.06 30 0.9% 1.00[0.48,1.52)
HUMV-Y (1), WI(3)2021 7.41 1.97 a5 6.5 2.09 az 0.9% 0.91 [0.086, 1.76]
2HKUMV-Y(1),W(3) 2021 5.85 1.216 10 4.26 1.372 10 0.9% 1.59 [0.45, 2.73)
HUWV-Y (1) W(3)2021 4.6 0.748 10 4.55 0.972 10 0.9% 0.05 [-0.71, 0.81)
Zhao.W-Y(1),W(3)2020 3.8 0.59 30 3.79 0.61 30 0.9% 0.01 [-0.29, 0.31)
Zhena. W-Y(1)W(2)2021 5.96 1.08 30 5.89 1.18 20 0.9% 0.07 [F0.51, 0.65]
Zheng W-Y(1), Wi(2)2021 7.24 0.95 30 7.05 0.41 3o 0.9% 0.19 [F0.18, 0.56)
Zheng W-Y (1) ¥vW(2)2021 4.97 0.332 60 3.37 0.49 60 0.9% 1.60[1.45,1.75)
Zhou W=Y(1) W(3)2021 3.91 1.13 4z 3.74 1.14 a2 0.9% 0.17 [F0.32, 0.66)
ZhouW-Y (1) W(3)2021 6.49 2.47 59 475 1.65 53 0.99% 1.74 [0.97, 2.51]
Subtotal (95% CI) 830 794 18.1% 0.79 [0.48, 1.11]
Heterogeneity: Tau®= 0.42, Chi*= 181.53, df= 19 (P < 0.00001); I"= 90%
Testfor overall effect: Z= 4.93 (P < 0.00001)
1.8.5 Double Legged Continuous Jump
Chen.S-¥(1),S(3) 2021 5.77 0.81 20 6.15 0.82 20 0.9% -0.38 [-0.89, 0.13]
Chen.S-Y(1),5(3)2021 6.12 0.52 20 6.05 0.9 20 0.9% 0.07 [F0.39, 0.53]
Ding.S-¥(1),5(1) 2021 59 0.733 10 5.26 0.55 10 0.9% 0.64 [0.07,1.21]
Ding S-Y(1),8(1)2021 6.95 0669 10 6.05 0.766 10 0.9% 0.90 [0.27,1.53]
Fan.S-¥(1),5(3)2021 8.63 1.31 42 8.9s5 1.34 42 0.9% -0.32 [-0.89, 0.25)
Gao.8-Y(1),8(2)2021 5.84 1.31 59 6.88 1.83 53 0.9% -1.04 [-1.64, -
Liu .S-¥(1),5(3)201 4 5.5 0.82 45 6.1 0.67 42 0.9% -0.60 [-0.91,
Liu.S-¥(1).S(2)2017 4.85 73 62 516 0.92 62 0.9% -0.31 [-0.60,
Wang.S-¥(1),5(3)2021 849 355 54 893 357 50 0.8% -0.44[1.81
WVLLS-Y(1),8(3) 2015 4.9 112 10 5.7 0.45 10 0.9% -0.80 [-1.55,
WVU.S-Y(1),8(3)2015 5.2 1.71 10 6.4 0.34 10 0.9% -1.20 [-2.28,
Hu.8-¥Y (1),8(3)2021 6.3 2.32 67 e 0.94 64 0.9% -0.70 [-1.30,
Hu.S-Y(1), S(3) 2021 6.5 112 67 7.8 1.71 64 0.9% -1.30 [-1.80,
30.8-Y(13,5(3) 2021 52 212 &7 6.1 132 64  0.9% -0.90 [1.50,
Hu.S-¥(1),S(3n2021 5.1 1412 67 6.2 0.94 64 0.9% -1.10 [-1.45,
Zhao.S-Y(1),5(3)2020 5.4 0.68 30 6.5 1.07 30 0.9% -1.10 [-1.55,
Zheng S-Y(1), S(2)2021 918 0.76 30 9.04 1.24 30 0.9% 0.14 [-0.38,
Zheng.S-Y(1),S¢2) 2021 4.52 0.55 30 4.27 0.67 30 0.9% 0.25 [-0.086,
Zhena S-Y(1),8(2) 2021 5.47 1.35 30 544 2AT 30 0.9% 0.03 [-0.61
Zhou .S-¥(1),5(3N2021 6.44 0615 60 15.21 3198 60 0.9% -8.77 [-9.59, 4
Zhou.S-¥(1),5(3)2021 5.03 0.54 a4 6.6 2.03 79 % -1.57 [-2.03,
Subtotal (95 884 844 19.0% -0.86 [-1.41,
Hataroganaity: Tau®= 1.53; Chi*= 513.45, df= 20 (P < 0.00001); I = 96%
Testfor overall effect: Z= 3.09 (P = 0.002)
1.8.6 Balance Beam
Chen H-Y(1),H(3) 2021 7 08 20 753 124 20 09%
Chen.H-Y(1) H(3)2021 6.56 0.92 20 7.08 1 20 0.9%
Ding. H-Y(1),H(1) 2021 5.51 1.018 10 5.58 1.794 10 0.8% .
Ding. H-¥(1),H(1)2021 7.38 1.339 10 5.56 1.58 10 0.8% e
Fan.H-Y(1),H(3)2021 14.98 3.68 42 18.16 4.43 42 0.8%
a0 H-Y{1) H(2)2021 5.09 4.98 59 478 1.48 53 0.8% T
Liu H-Y(1),H(3)2014 5.02 0.83 45 576 0.74 4z 0.9%
Liu.H-Y(1),H(2)2017 4.01 067 62 5.86 0.91 62 0.9%
WWang. H-Y(1),H(3)2021 24.58 15.2 54 22.86 15.02 50 0.3%
WU H-Y(1),H(3) 2015 5.2 1.27 10 7.5 0.45 10 0.9%
WVLULH-Y(1), H(3)201 5 5.4 1.34 10 7.7 0.4a 10 0.9%
Zhao H-Y(1) H(3) 2020 6.3 1.88 30 7.9 2.56 a0 0.9%
Zheng.H-Y(1) H(2)2021 13.04 3.59 30 12.66 4.93 20 0.7% =
Zheng H-Y(1),H(2) 2021 B8.63 1.19 30 8.16 1.71 30 0.9% = o
Zheng.H-Y(1) H(2)2021 5.1 1.68 30 5.88 0.92 20 0.9% = -
Zhou H-¥(1),H@)2021 451 0537 60 1349 4188 60 0.9% Al
Zhou.H-Yv(1),H(3)2021 7.43 3.37 aa r.82 4.35 79 0.9% -0.39 [-1.57, 0.79] )
Subtotal (95% CI) 616 588 14.1% -1.23 [-2.04, -0.:
Heterogeneity: Tau®= 2.49; Chi*= 313.83, df= 16 (P < 0.00001); I"= 95%
Testfor overall effect: Z= 2.97 (P = 0.003)
Total (95% CI) 5150 4919 100.0% 69 [0.31, 1.06] >
Heterogeneity: Tau®= 3.96, Chi*= 7346.34, df= 131 (P = 0.00001); I"= 98% o4 =Y 2y 3y
Testfor overall effect. Z= 3.59 (P = 0.0003;
Tk i avoian AiArane s I E AR PR 6= & P < 0 AAONY <= 8 2% Favours (coniron  Favours (experimentail
FIGURE 5
Different physical fithess factors.
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Control Experimental Std. Mean Difference Std. Mean Difference
Study or Mean SD_Total Mean SD_Total Weight 1, 95% Cl v, 95% Cl
2.3.1 3-6Years
Chen.H-Y(1),H(3) 2021 7 0.9 20 7.53 1.24 20 0.8% -0.39 [-1.02, 0.24] =
Chen.H-Y(1) H(3)2021 6.56 092 20 7.08 20 0.8% -0.53[-1.16,0.10] E
Chen.L-Y(1) L(3)2021 99.75 10.45 20 94 20 0.8% 0.47 [(0.16,1.10])
Chen.L-Y(1),L(3)2021 92.16 11.42 20 91.45 20 0.8% 0.06 [-0.56, 0.68] T
Chen.P-¥(1),P(3) 2021 6.60  0.61 20 6.8 20 0.8% -0.27 [-0.89, 0.35] —
Chen.P-Y(1),P(3)2021 7.34 0.64 20 7.56 20 0.8% -0.28 [-0.91, 0.34) -
Chen.S-Y(1),S(3) 2021 577 0.81 20 6.15 20 0.8% -0.46 [-1.08,0.17] Rk
Chen.S-Y(1),5(3)2021 612 052 20 6.05 20 0.8% 0.09 [[0.53,0.71] =y s
ChenW-Y(1),W(3) 2021 6.23 1 20 5.66 20 0.8% 0.65 [0.02,1.29]
Chenw-Y(1)W(3)2021 567 068 20 518 20 0.8% 0.67 [0.03,1.31]
Chen.Z-Y(1),Z(3) 2021 9.88 2.87 20 101 20 0.8% -0.09 [-0.71,0.53) - A
Chen.Z-Y(1),Z(3)2021 1029 242 20 10.73 20 0.8% -0.17 [-0.79, 0.45] s
Ding.H-Y(1),H(1) 2021 551 1.018 10 558 10 0.7% -0.05[-0.92, 0.83]
Ding.H-Y(1),H(1)2021 7.38 1.339 10 5.56 10 0.7% 1.19(0.22, 2.16)
Ding.L-Y(1) ,L(1)2021 97.1 6.064 10 88.1 10 0.7% 0.92 [-0.01, 1.85]
Ding.L-Y(1),L{1)2021 81.5 8.885 10 749 10 0.7% 0.75[-0.16, 1.67] ~
Ding.P-Y¥(1),P(1)2021 6.58 0.444 10 7.52 10 0.7% -1.70 [-2.76,-0.65]
Ding.S-Y(1),8(1) 2021 59 0733 10 5.26 10 0.7% 0.95 [0.01, 1.88]
Ding.S-¥{1),8¢1)2021 6.95 0.669 10 6.05 10 0.7% 1.20 (0.23,2.17)
Ding.wW-Y(1) wW(1)2021 585 1.216 10 4.26 10 0.7% 1.17[0.21,2.14)
Ding W-Y(1),W(1)2021 46 0748 10 455 10 0.7% 0.06 [-0.82,0.93]
Ding.Z-¥(1),Z(1) 2021 6.2 5266 10 38 10 0.7% 0.44 [-0.45,1.33] I . B
Ding.Z-¥{1),Z(1)2021 5.5 4.836 10 1.4 10 0.7% 0.97 [0.03,1.91] =
Fan.H-Y(1),H(3)2021 14.98 3.68 42 18.16 42 0.8% -0.77 [-1.22,-0.33]
Fan.L-Y(1),L(3)2021 78.4 11.93 az 76.98 4z 0.8% 0.13 [-0.30, 0.55] AN
Fan.P-Y(1),P(3)2021 9.4 078 42 9.49 4z 0.8% -0.11 [-0.54, 0.32] S
Fan.S-Y(1),5(3)2021 8.63 1.31 4z 8.95 4z 0.8% -0.24 [(0.67,0.19] e
FanW-Y(1),W(3)2021 3.91 1119 42 374 42 0.8% 0.15 [-0.28, 0.58] O el
Fan.Z-¥(1),Z(3)2021 6.92 4.49 42 4.91 42 0.8% 0.51 [0.07, 0.94)
Gao.H-Y(1),H(2)2021 5.09 4.98 59 478 53 0.8% 0.08 [-0.29, 0.45] ==
Gao.L-Y(1),L(2)2021 9369 2298 59 78 53 0.8% 0.68 [0.30, 1.06) e e
Gao.8-¥(1),8(2)2021 584 1.31 59 6.88 53 0.8% -0.65 [-1.04,-0.27] S
GaoW-Y(1) W(2)2021 6.49 2.47 59 4.75 53 0.8% 0.81 [0.43,1.20) e
Gao.Z-Y(1),Z(2)2021 7.44 4.29 59 8.4 53 0.8% -0.22 [(0.59, 0.15] =
Jaksic et al.Z-v(1),Z(2)2020 37.3 7.82 66 34.36 66 0.8% 0.236 [0.02,0.70] ==
Jaksic.L-Y(1),L(2)2020 121.98 20.44 66 11298 66 0.8% 0.45[0.11, 0.80] L
Liu H-Y(1),H(3)2014 5.02 0.83 45 576 42 0.8% -0.93 [1.37,-0.49]
Liu L-Y(1),L(3)2014 104.4 992 45 99.11 42 0.8% 0.50 [0.07, 0.93)
Liu .P-Y(1),P(3)2014 6.65 0.48 45 7.03 42 0.8% -0.72[1.15,-0.28]
Liu . 5-¥(1),5(3)2014 55 0.82 45 6.1 42 0.8% -0.79 [-1.23,-0.35)
Liu W= (1),WW(3)201 4 7.41 197 45 6.5 42 0.8% 0.44 [0.02, 0.87)
Liu Z-¥(1),Z(3)2014 a.s88 1.26 a5 8.05 42 0.8% 0.56 [0.13, 0.89]
LiuL-Y(1),L(2)2017 121.61 1588 62 111.4 62 0.8% 0.72[0.36, 1.08] il
Liu.P-Y(1),P(2)2017 6.09 0.48 62 6.32 62 0.8% -0.51 [[0.87,-0.15]
Liu.S-¥(1),8(2)2017 485 073 62 5186 62 0.8% -0.37 [-0.73,-0.02] —
Liuww-Y(1) W(2)2017 7.37 2.42 62 6.67 62 0.8% 0.36 (0.00,0.71] o> =
LiuZ-¥(1),Z(2)2017 11.29 5.09 62 11.88 62 0.8% -0.13[-0.49,0.22) S o
Wang H-Y(1),H(3)2021 2458 15.2 54 22.86 50 0.8% 0.11 [F0.27, 0.50] =
Wang.L-Y(1),L(3)2021 78.35 11.48 54 79.02 50 0.8% -0.05[-0.44, 0.33] il
Wang.P-¥(1),P(3)2021 8.45 0.97 54 8.5 50 0.8% -0.05 [-0.44, 0.33) =
Wang.S-Y(1),5(3)2021 8.49 3.55 54 8.93 50 0.8% -0.12[-0.51, 0.26] =)
Wang.Z-Y(1),Z(3)2021 5.2 5 54 5.61 50 0.8% -0.08 [-0.46, 0.31] o
WWu P-Y(1),P(3) 2015 6.6 1.34 10 7.9 10 0.7% -1.30 [-2.28,-0.31]
WU H-Y(1),H(3) 2015 5.2 127 10 7.5 10 0.6% -2.31 |3.60,-1.13) &————
WWULH-Y(1),H(3)2015 54 1.34 10 T 10 0.6% -2.21 |3.37,-1.05) ¥
WWULL-Y(1),L(3) 2015 1105 515 10 106.2 10 0.7% 1.03 [0.09,1.98]
WULL-Y(1),L(3)2015 108.9 4.45 10 1045 10 0.7% 1.25(0.28, 2.23])
Wu.P-Y(1),P(3) 2015 B 0.89 10 6.8 10 0.7% -1.13[-2.09,-0.17]
WULS-Y(1),8(3) 2015 49 112 10 5.7 10 0.7% -0.90 [-1.83, 0.03]
WWu.S-Y(1),5(3)2015 52 1.71 10 6.4 10 0.7% -0.93 [-1.87, 0.00]
WUW-Y(T) W(3)2015 7.2 1.01 10 6.3 10 0.7% 1.15[0.19, 2.11)
WWUWW-Y(1) W(3)2015 6.7 014 10 5.1 10 0.7% 1.07 [0.12,2.02)
Wu.Z-Y(1),Z(3) 2015 11.4 3.28 10 8.3 10 0.7% 1.21 [0.24,2.18]
WULZ-Y(1),Z(3)2015 14.7 4.03 10 11.2 10 0.7% 1.04 [0.09, 1.98]
a.L-Y(1),L(1)2019 892.29 12.02 21 a5.11 18 0.8% -0.21 [-0.84,0.42] =
Xia.L-¥(1),L(2)2019 93.27 16.96 22 9511 18 0.8% -0.11 [0.74,0.51] s
Xia.P-Y(1),P(1)2019 8.38 1.36 21 8.73 18 0.8% -0.20 [-0.83, 0.43] S
Hia.P-Y(1),P(2)2019 854 1.06 22 873 18 0.8% -0.12[-0.74, 0.50] L
Xia.Z-Y(1),Z(1) 2019 7.28 3.35 21 6.82 18 0.8% 0.13 [F0.50, 0.76] T
Hia.Z-¥(1),Z(1)2019 7.02 252 22 6.82 18 0.8% 0.07 [-0.56, 0.69] —_—
Xu .P-Y(1), P(3) 2021 7.5 1.34 67 7.9 64 0.8% -0.38 [[0.73,-0.04] &
Hu. L-Y(1),L(3) 2021 82 2.49 87 75 64 0.8% 3.31 [(2.78,3.84) =
Hu.L-Y(1), L(3) 2021 87 2.56 67 79 64 0.8% 3.69 [3.12, 4.26) *
Hu.L-Y(1),L(3) 2021 1142 1.74 67 108.7 64 0.8% 2.54 [2.08, 3.01]
HuL-Y(1), (32021 106.4 2.6 67 a8 3 64 0.8% 3.63[3.07,419] o
Hu.P-¥(1), P(3) 2021 5 | 0.89 67 7.3 o 64 0.8% -0.29 [-0.63, 0.05] e
Xu.P-¥(1),P(3) 2021 6 0.76 67 6.7 4 64 0.8% -0.48 [-0.83,-0.13] i
Hu.P-¥(1),P(3)2021 6.2 1.03 67 7 0. 64 0.8% -0.99 [-1.35,-0.62] il
Ku.S-Y (1),8(3)2021 6.3 2.32 67 7 0. 64 0.8% -0.39 [-0.74,-0.04] ==
Hu.8-¥(1), 8(3) 2021 65 112 67 7.8 1. 64 0.8% -0.90 [-1.26, -0.54] ==
Xu.8-Y(1),S(3) 2021 5.2 A2 67 6.1 b 64 0.8% -0.50 [-0.85,-0.16] o W
Hu.8-¥(1),8(3)2021 5.1 112 67 6.2 o 64 0.8% -1.06 [-1.42,-0.69] L 2
HKuwy-Y(1), W(3) 2021 7.24 1.44 67 6.1 2 64 0.8% 0.64 [0.28, 0.99] T
MUY (1), W(3)2021 5.1 1.84 67 4.2 Ao 64 0.8% 0.54 [0.19, 0.89] L T,
UMY (1) W(3) 2021 9.3 221 67 7.9 0. 64 0.8% 0.81[0.45,1.17] e
HuWW-Y(1),W(3)2021 7.6 1.01 67 6.3 0. 64 0.8% 1.71(1.31,212)
Zhao H-Y(1),H(3)2020 6.3 1.88 30 7.9 2 30 0.8% -0.70 [-1.23,-0.18]
Zhao.L-Y(1),L(3)2020 97 1081 30 85 T 30 0.8% 1.26 (0.70,1.82)
Zhao.P-Y(1),P(3)2020 6.9 0.57 30 7.5 (13 30 0.8% -0.90 [-1.43,-0.36)
Zhao.5-Y(1),5(3)2020 54 0.68 30 6.5 1 30 0.8% -1.21 [-1.76, -0.66]
Zhao W-Y{1)W(3)2020 5 1.01 30 4 1 30 0.8% 0.95(0.42,1.49)]
Zhao.Z-Y(1),Z(3)2020 12.3 4.96 30 8.9 3. 30 0.8% 0.76 [0.23,1.28]
Zheng. W-Y(1),W(2)2021 3.8 0.59 30 3.79 0. 30 0.8% 0.02 [-0.48, 0.52] i
Zheng. Z-Y(1),Z(2) 2021 10.89 2.06 30 11.79 A 30 0.8% -0.50 [-1.01, 0.02)
Zheng.H-Y(1) H(2)2021 13.04 3.59 30 12.66 4. 30 0.8% 0.09 [-0.42, 0.59] o
Zheng H-Y(1),H(2) 2021 863 118 30 816 1 30 0.8% 0.31 [F0.19,0.82]
Zheng. H-Y(1) H(2)2021 5.1 1.68 30 588 0. 30 0.8% -0.57 [-1.09, -0.05]
Zheng. L-Y(1) L(2)2021 7073 9.57 30 66.99 8. 30 0.8% 0.40 [-0.11,0.91]
Zheng.L-¥(1),L(2) 2021 89.08 8.7 30 89.75 9. 30 0.8% -0.07 [[0.58,0.43] =
Zheng.L-Y(1),L(2)2021 112,756 12.78 30 114 10.52 30 0.8% -0.11 [-0.61, 0.40] =
Zheng.S-Y(1), 8(2)2021 9.18 0.76 30 9.04 1% 0.8% 0.13 [-0.37, 0.64] ==
Zheng.S-Y(1),5(2) 2021 547 1.35 30 5.44 7 0.8% 0.02 [-0.48, 0.53] Fo_=
Zheng.S-Y(1),8(2)2021 452 0.55 30 4.27 0. 0.8% 0.40[-0.11,0.91)]
Zheng wW-Y(1), W(2)2021 5.96 1.08 30 5.89 LE: 0.8% 0.06 [-0.45, 0.57] Tomgr———
Zheng W-Y(1),W(2)2021 7.24 0.95 30 7.05 0. 0.8% 0.26 [-0.25, 0.76] i i
Zheng.Z-Y(1),Z(2) 2021 10.96 22 30 10.73 3 0.8% 0.08 [-0.43, 0.58] =
Zheng.Z-Y(1),Z(2)2021 108 3.85 30 1215 0.8% -0.37 [-(0.88,0.14) =
Zhou .L-Y(1),L(3)2021 89983 4013 60 743 0.8% 4.87 [4.15,5.60] >
Zhou W-Y(1),W(3)2021 4.97 0332 60 3.37 0.8% 3.80(3.19, 4.40] L
Zhou .Z-¥(1),Z(3)2021 581 1.872 60 554 0.8% 0.14 [-0.22, 0.50] b
Zhou.H-Y(1),H(3)2021 7.43 3.37 94 7.82 0.8% -0.10 [-0.40, 0.20] ==
Zhou.L-Y(1),L(3)2021 102.26 13.69 94 96.41 0.8% 0.42[012,072] T
Zhou.P-Y(1),P(3)2021 66 065 94 7.67 0.8% -1.64 [-1.99,-1.29] —
Zhou.S-Y(1),5(3)2021 5.03 0.54 94 6.6 0.8% -1.09 [1.42,-0.77) T
ZhouW-Y(1) W(3)2021 434 1.78 a4 415 0.8% 012018, 0.42] — =
Zhou.Z-Y(1),Z(3)2021 T+ 4.91 94 12.28 0.8% -0.22[-0.52, 0.08] )
Subtotal (95% CI) 4574 91.6% 0.18 [0.02, 0.35] >
Heterogeneity: Tau®*= 0.78; Chi*= 1660.36, df= 115 (P < 0.00001); I
Testfor overall effect: Z= 214 (P = 0.03)
2.3.2 7-10Years
Du et al. Z-Y(2),Z(1) 2019 9.2 0.48 61 38 083 55 0.6% 7.87 [6.78, 8.96) >
Du et al.Z-Y(2),Z(1)2019 12.7 1.55 64 7.34 0.431 62 0.8% 4.65 [3.97,5.33) ¥
Huang and Gao.Z-Y(2),Z(3)2018 10.47 3.07 36 8.41 3.02 38 0.8% 0.67(0.19,1.14]
Liu .Z-¥(2),Z(3)2015 11.8 2.32 30 12.01 347 30 0.8% -0.07 [-0.58,0.43] -
Wang.L-¥(2),L(3)2018 151 24 18 149 21 20 0.8% 0.09 [-0.55, 0.72] ——
Wang.Z-Y(2),Z(3)2018 10.3 56 18 8.5 6.3 20 0.8% 0.29 [-0.35, 0.94] =
Wang.Z-Y(2),Z(3)2019 13.71 3.4 24 10.39 3.94 24 0.8% 0.89 [0.29, 1.48]
Wei.L-Y(2),L(2)2016 1557 14.04 10 152 12.7 10 0.7% 0.26 [-0.62,1.15] —
Wei.Z-Y(2),Z(2)2016 6.8 475 10 4 37 10 0.7% 0.63 [-0.27,1.53]
Wright. Z-¥(2),Z(2)2015 13 22 1" 12 18 b 55 0.7% 0.05 [-0.79, 0.88]
Zou.Z-Y(2),Z(3)2016 9.37 3.02 42 7.7 3.06 42 0.8% 0. [0.11, 0.98]
Subtotal (95% CI) 24 320 8.4% 1.41[0.35, 2.47] e —
Heterogeneity: Tau®*= 3.09; Chi*= 306.66, df= 10 (P < 0.00001); F= 97%
Test for overall effect: Z= 2.60 (P = 0.009)
Total (95% CI) 4898 4667 100.0% 0.28 [0.11, 0.46] L 4
Heterogeneity: Tau®*= 0.82; Chi*= 2044 .37, df= 126 (P < 0.00001); I*= 94% R £ 1 3
Testfor overall effect: Z= 3.17 (P = 0.002
Test far subaroun differences: (cm': a g; df=1(P=003) I*= 79 9% Favours [control] Favours [experimental]
FIGURE 6
Different ages.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean S Total Mean SD_Total Weight ", 95% Cl 1, 95% CI
3.5.1 4.8Weeks
WWeil,2016 6.8 4.75 10 4 3.71 10 0.7% 0.63 [-0.27,1.53]
WWei2,2016 155.7 14.04 10 152 12.7 10 0.7% 0.26 [-0.62,1.15]
Wright et al.1,2015 13 22 11 12 18 11 0.7% 0.05 [-0.79, 0.88]
Zheng1,2021 10.89 2.06 30 11.79 1.47 30 0.8% -0.50 [-1.01,0.02]
Zheng10,2021 10.96 2.2 30 1073 3.49 30 08% 0.08 [-0.43, 0.58]
Zheng11,2021 108 23.85 30 1215 3.34 30  0.8% -0.37 [-0.88, 0.14] =
Zheng12,2021 70.73 8.57 30 66.99 8.98 30 0.8% 0.40[-0.11,0.91] ]
Zheng13,2021 89.08 8.7 30 89.75 a.79 30 0.8% -0.07 [-0.58, 0.43] N
Zheng14,2021 112.76 1278 30 114 1052 30 0.8% -0.11 [F0.61, 0.40]
Zheng15,2021 38 0.59 30 3.79 061 30 0.8% 0.02[-0.49,052]
Zheng2,2021 596 1.08 30 589 1.19 30 0.8% 0.06 [0.45, 0.57]
Zheng3,2021 7.24 095 30 7.05 041 30 0.8% 0.26 [-0.25, 0.76]
Zheng4,2021 918  0.76 30 9.04 1.24 30 0.8% 0.13 [0.37, 0.64]
Zheng5,2021 5.47 1.35 30 5.44 117 30 0.8% 0.02 [0.48, 0.53]
ZhengB,2021 452 055 30 427 087 30 08% 0.40 (0.11,0.91] —
Zheng?,2021 13.04 3.59 30 1266 493 30 0.8% 0.09 [-0.42, 0.59]
Zheng8,2021 8.63 119 30 8.16 1.71 30 0.8% 0.31 [F0.19, 0.82] 1
Zheng8,2021 5.1 1.68 30 5.88 0.92 30 0.8% -0.57 [-1.09,-0.05] ¥
Subtotal (95% CI) 481 481 14.1% 0.03 [-0.11, 0.17] -
Heterogeneity: Tau®= 0.01; Chi*= 2017, df= 17 (P = 0.27); "= 16%
Testfor overall effect: Z= 0.46 (P = 0.65)
3.5.2 10-12Weeks
Chen1,2021 9.88 2.87 20 10.1 17 20 0.8% -0.09 [F0.71, 0.53]
Chen10,2021 10.29 2.42 20 10.73 2.76 20 0.8% -0.17 [-0.79, 0.45]
Chen11,2021 99.75 10.45 20 9a 13.26 20 0.8% 0.47 [-0.16,1.10]
Chen12,2021 9216 11.42 20 91.45 11.38 z0 0.8% 0.06 [-0.56, 0.68]
Chen2,2021 6.69 0.61 20 6.87 0.69 20 0.8% -0.27 [-0.89, 0.35]
Chen3,2021 7.34 0.64 20 7.56 0.86 20 0.8% -0.28 [-0.91, 0.34]
Chena,2021 6.23 1 20 566 068 20 08% 0.65 [0.02, 1.29] ———
Chens,2021 567 068 20 518 075 20 08% 067 [0.03,1.31] —_—————*
ChenB,2021 577 081 20 615 082 20 0.8% -0.46 [-1.09,017]
Chen7,2021 612 0.52 20 6.05 0.9 20 0.8% 0.09 [[0.53, 0.71]
Cheng,2021 74 0.9 20  7.53 1.24 20 0.8% -0.39 [-1.02, 0.24]
Cheng,2021 6.56 092 20  7.08 1 20  0.8% -0.53(1.16,010]
Ding.2021 6.95 0.669 10 6.05 0.766 10 0.7% 1.20[0.23,2.17] —_—
Ding1,2021 6.2 5266 10 39 4701 10 0.7% 0.44 [-0.45,1.33]
Ding10,2021 55 4836 10 1.4 3.026 10 0.7% 0.97 [0.03, 1.91] ———
Ding11,2021 97.1 6.064 10 88.1 11.827 10 0.7% 0.92 [-0.01,1.85] %
Ding12,2021 81.5 8.885 10 74.9 7.923 10 0.7% 0.75[0.16,1.67]
Ding2,2021 6.45 0.242 10 7.5  0.447 10 06% -2.8 1.
Ding3,2021 6.58 0.444 10 7.52 0.601 10 0.7% -1.7 0.
Ding4,2021 585 1.216 10 4.26 1.372 10 0.7% 1 -5 —
Dings5,2021 46 0748 10 4.55 0.972 10 0.7% 0.06 [ 0.
Ding6,2021 5.9 0.733 10 5.26 0.55 10 0.7% 0.95 14 %
Ding8,2021 551 1.018 10 5.58 1.794 10 0.7% -0.05 [- 0.
Ding9,2021 7.38 1.339 10 5.56 1.58 10 0.7% 1.19 [ P2 g
Fan1,2021 6.92 4.49 4z 4.91 3.26 az 0.8% 0.51 [ .0
Fan2,2021 78.4 11.93 42 76.98 10.21 4z 0.8% 013 F 0.55]
Fan3,2021 9.4 078 42 943 084 a2 08% -0.1 0.33]
Fand,2021 391 113 42 374 114 42 0.8% 01 0.58]
Fan5,2021 863 1.31 a2 8.95 1.34 4z 0.8% -0 7,019] ey
Fan6,2021 14.98 3.68 a4z 1816 4.43 az 0.8% -0.77 (-1.22,-0.33] ¥
Gao1,2021 7.44 4.29 59 8.4 4.45 53 0.8% -0.22 [-0.59, 0.15] e
Gao2,2021 93.69 2298 59 78 23 53 0.8% 0.68 [0.30, 1.06]
Gao3,2021 6.49 247 53 475 1.65 53  0.8% 0.81[0.43,1.20] ————
Gaod,2021 584 1.31 59 688 1.83 53  0.8% -0.65 [-1.04,-0.27]
Gaons,2021 509 498 59 a7e 148 53 0.8% 0.08 [-0.29, 0.45]
Liu1,2014 9.88 1.26 45 9.05 1.68 42 08% 0.56 [0.13, 0.99]
Liu1,2015 118 232 30 12.01 1z 30  08% -0.07 [0.58, 0.43]
Liu 22014 104.4 8.92 a5 89.11 11.12 42 0.8% 0.50 (0.07, 0.93]
Liu 3,2014 6.65 0.48 45 7.03 0.57 42 0.8% -0.72[-1.15,-0.28) +¥———
Liu 4,2014 7.41 1.97 a5 6.5 2.09 a4z 0.8% 0.44 [0.02, 0.87]
Liu 5,2014 5.5 0.82 45 6.1 0.67 a2 0.8% -0.79 [-1.23,-0.35) +¥——
Liu6,2014 502 083 45 576 074 42  0.8% -0.93 [-1.37,-0.49]
wwang etal. 1,2018 103 56 18 8.5 5.3 20 0.8% 0.29 [-0.35, 0.94]
Wang1,2019 13.71 3.4 24 10.29 3.94 24 0.8% 0.89 [0.29, 1.48] —————————————
wwangz,2018 151 24 18 149 21 20  08% 0.72]
Wvu1,2015 11.4 3.28 10 8.3 1.16 10 0.7% 2.18] p—
Wu10,2015 147 403 10 1.2 218 10 07% 1.98] —
WWu11,2015 1105 515 10 106.2 2.31 10 0.7% 1.98] —— =
Wu12,2015 108.9 4.45 10 1045 1.67 10 0.7% 2.23] —
Wu2,2015 6 0.89 10 6.8 0.36 10 0.7% 0.17] +¥——mmMmMmMM™
WWu3,2015 6.6 1.34 10 7.9 0.23 10 0.7% 0.94) &—————————————
WWud,2015 7.2 1.01 10 63 033 10 0.7% 2.11] "
WWU5,2015 6.7 014 10 5.1 2.02 10 0.7% 2.02] —_—
WWUB,2015 49 112 10 57 045 10 07% 003 &———
WWUT, 2015 52 1.71 10 6.4 034 10 0.7% 000 ¥
Wug,2015 52 1.27 10 75 045 10 06% 1:13] 3
Wu9,2015 54 1.34 10 77 044 10 06% 1.05) <
Xia1,2019 7.28 3.35 21 6.82 3.37 18 0.8% 3 0.76]
Xia2,2019 702 2.62 22 6.82 3.37 18 0.8% 7 .66, 0.69]
Xia3,2019 82.29 12.02 21 8511 14.36 18 0.8% 1 [0.84,0.42]
ia4,2019 83.27 16.96 22 85.11 14.36 18 0.8% .11 [-0.74, 0.51]
Xia5,2019 838 1.36 21 8.73 2.03 18 0.8% -0.20 [0.83, 0.43]
XiaB,2019 854 1.06 22 873 2.03 18 0.8% -0.12 [-0.74, 0.50]
*u1,2021 87  2.56 67 79 1.63 64 0.8% 3.69 [3.12, 4.286] I
Xu10,2021 82 2.49 67 75 1.6 64 0.8% 3.31 [2. . 3.84] 4
>u11,2021 114.2 1.74 67 108.7 2.51 64 0.8% 2.54 [2.1 L 3.01] >
>u12,2021 106.4 2.6 67 as 1.94 64 0.8% 3.63 [3. ,4.19] L]
>u13,2021 £d 0.89 67 7.3 0.36 64 0.8% -0.29 [0 0.05] I~
>u14,2021 7.8 1.34 BT 7.9 0586 64 0.8% -0 E! 0.04]
>u15,2021 =] 0.76 67 6.7 1.92 64 0.8% -0 % 0.13]
Xu16,2021 62 103 67 7 047 B4 08% -0.99 [ 067
*xu2,2021 724 1.44 67 61 208 B4 08% o
Xu3,2021 51 1.84 67 4z 1.45 64 0.8% .0
Xu4,2021 9.3 2.21 67 7.9 0.97 64 0.8% 1. —
Xus,2021 7.6 1.01 67 6.3 0.31 64 0.8% ¥ L4
HuB,2021 6.3 2.32 67 7l 0.94 64 0.8% 0.
xu7,2021 65 112 67 7.8 1.71 64 0.9% 0.
>we,2021 52 212 &7 6.1 132 B4 0.8% o
»u9,2021 5.1 112 67 8.2 0.94 64 0.8% o
Zhou 1,2021 5.81 1.872 6O 554 1.958 B0  0.8% o —
Zhou 2,2021 99.83 4.013 60 74.3 6171 60 0.8% = L
Zhou 3,2021 6.66 0.511 60 1063 1.344 B0  0.8% 3.
Zhou 4,2021 4.97 0.332 60 3.37 0.49 60 0.8% 4. L
Zhou 5,2021 6.44 0615 60 15.21 3.198 60 0.8% 3.
ZhouB,2021 4.51 0.537 60 13.40 4.188 60 0.8%
Subtotal (95% CI) ——
Heterogeneity: Tau®= 1.49; Chi=
Test for overall effect: Z= 1.00 (P
3.5.3 16-18Weeks
Duetal1,2019 92 048 61 39 083 55 07% 7.87 4
Duetal 2,2019 127 155 64  7.34 0431 62 0.8% 465 »
Huang and Gao1,2018 10.47 3.07 36 8.41 3.02 36 0.8% 067 T —_
Liu1,2017 11.29 5.09 62 11.88 3.46 62 0.8% ~013 [ = =
Liu2,2017 12181 1588 62 111.4 12.09 62 0.8% 0.7 e
Liu3,2017 6.09 0.48 62 6.32 0.41 62 0.8% -0.51
Liu4,2017 7.37 242 62  6.67 1.3 B2  08% 0.31
Lius,2017 485 073 62 516 092 62 0.8% -0.37
wang1,2021 5.2 5 54 581 5.35 50  0.8% -0.0
wWang2,2021 78.35 11.46 54 7902 1417 50 08% 0.0
wWang2,2021 8.45 097 54 25 088 50 08% -0.0
YWang4,2021 8.49 3.55 54 8.93 3.57 50 0.8% -0.1
YWang5,2021 24.58 15.2 54 22.86 15.02 50 0.8% 0.1
Zhao1,2020 123 4.956 20 8.9 3.e1 20 0.8% 0.76 [1 e —
Zhao2,2020 97 10.81 20 a5 7.75 30 0.8% 1.26 [0, i
Zhao3,2020 6.9 057 30 7.5 074 30 0.8% -0.90 [-1.43,-0
Zhao4,2020 5 1.01 20 4 1.06 30 0.8% 0.95[0.42,1.49] —
Zhao5,2020 5.4 0.68 20 6.5 1.07 20 0.8% -1.21 [-1.76,-0.66)
Zh=ao6,2020 6.3 1.88 30 7.9 2.56 30 0.8% -0.70 [-1.23,-0.18] ¥
Zhou1,2021 1197 4.91 94 12.28 5.09 79 0.8% -0.22 [-0.52, 0.08] e
Zhou2,2021 10226 13.69 94 9641 14.24 e 0.8% 0.42[0.12,072]
Zhou3,2021 6.6 0.65 a4 767 0.65 79 0.8% -1.64 [-1.99,-1.29] ¢
Zhoud,2021 4.34 1.78 a4 415 1.29 79 0.8% 012[-0.18,0432] LI |
Zou1,2016 9.37 3.02 42 721 2.086 42 0.8% 0.54 [0D.11, 0.98] Y
Subtotal (95% CI) 1339 1251 19.2% 0.45 [0.02, 0.87] ———
Heterogeneity: Tau®= 1.06; Chi®= 593.56, df= 23 (P < 0.00001); I*= 96%
Testfor overall effect: Z= 2.07 (P = 0.04)
3.5.4 36Weeks
Jaksic et al.2,2020 37.3 782 66 3436 838 66 0.98% 0.36 [0.02, 0.70]
Jaksic et al.2,2020 121.98 20.44 66 11298 19.06 66 0.8% 0.45 [0.11, 0.80]
Subtotal (95% CI) 1 132 1.6% 0.41[0.16, 0.65] ————
Heterogeneity: Tau®= 0.00; Chi* 14,df=1 (P=071); 1= 0%
Testfor overall effect: Z= 3.27 (P = 0.001)
Total (95% CI) 4900 4699 100.0% 0.19 [-0.00, 0.38] [ ——
Heterogeneity: Tau®= 1.14; Chi*= 2462.42, df= 128 (P < 0.00001); = 95%

Testfor overall effect Z=1.95 (P = 0.05;
Testfor subaroun differences: Chi*= 8.87. df= 3 (P = 0.03). I"= 66.2%

-0.5 5] 0.5
Favours [control] Favours [experimental]

FIGURE 7
Different intervention durations.
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Control Experimental Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight v, 95% ClI N, 95% CI
4.4.1 1TTime Week
Ding.H-Y{1),H(1) 2021 5.51 1.018 10 558 1.794 10 0.7% -0.05 [-0.92, 0.83] g
Ding H-Y{1),H(1)2021 7.38 1.339 10 5.56 1.58 10 0.7% 1.19[0.22, 2.16]
Ding.L-Yv(1) ,L(1)2021 97.1 6.064 10 88.1 11.827 10 0.7% 0.92 [-0.01,1.85)
Ding.L-Y(1),L(1)2021 81.5 8.885 10 749 7.923 10 0.7% 0.75[0.16,1.67] T
Ding.P-Y{(1),P(1)2021 6.58 0.444 10 7.52 0.601 10 0.7% -1.70 [-2.76,-0.65)
Ding.S-Y(1),S(1) 2021 59 0.733 10 5.26 0.55 10 0.7% 0.95 [0.01, 1.88)
Ding.S-¥(1),S¢1)2021 6.95 0.669 10 6.05 0.766 10 0.7% 1.20(0.23,2.17] —
Ding.wW-Y(1) W(1)2021 585 1.216 10 4.26 1.372 10 0.7% 117 [0.21,2.14)
Ding.wW-Y(1)W(1)2021 46 0.748 10 455 0.972 10 0.7% 0.06 [-0.82, 0.93] s e
Ding.Z-Y(1),Z(1) 2021 6.2 5.266 10 3.9 4.701 10 0.7% 0.44 [(0.45,1.33] L L
Ding.Z-Y¥(1),Z(1)2021 55 4836 10 1.4 3.026 10 0.7% 0.97 [0.03, 1.91]
Du et al.Z-Y(2),Z(1) 2019 2.2 0.48 61 3.8 0.83 55 0.7% 7.87 [6.78, 8.96]
Du et al.Z-¥(2),Z(1)2019 12.7 1.55 64 7.34 0.431 62 0.8% 4.65 [3.97, 5.33] ey
Kia.L-Y(1),L(1)2019 92.29 12.02 21 95.11 14.36 18 0.8% -0.21 [-0.84, 0.42] P
Hia.P-¥(1),P(1)2019 8.38 1.36 21 873 2.03 18 0.8% -0.20 [-0.83, 0.43] =
Xia.Z-Y(1),Z(1) 2019 7.28 3.35 21 6.82 3.37 18 0.8% 0.13 [F0.50, 0.76] i alka
Xia.Z-Y¥(1),Z(1)2019 7.02 252 22 6.82 33T 18 0.8% 0.07 [-0.56, 0.69] B
Subtotal (95% CI) 20 299 12.7% 1.06 [0.14, 1.98] —
Heterogeneity: Tau®= 3.56, Chi*= 342.81, df= 16 (P < 0.00001), I 95%
Testfor overall effect: Z= 2.26 (P = 0.02)
4.4.2 2Times/Week
Gao.H-Y(1) H(2)2021 5.09 4.98 59 478 1.48 53 0.8% 0.08 [-0.29, 0.45] = =
Gao.L-Y(1),L(2)2021 93.69 22.98 59 78 23 53 0.8% 0.68 [0.30, 1.06] ==
Gao.W-Y(1),W(2)2021 6.49 2.47 59 4.75 1.65 53 0.8% 0.81 [0.43, 1.20] i
Gao.Z-Y(1),Z(2)2021 7.44 429 59 8.4 4.45 53 0.8% -0.22 [-0.59, 0.15] =1
Jaksic et al.Z-¥(1),Z(2)2020 37.3 7.82 66 34.36 8.38 66 0.8% 0.36 (0.02, 0.70) e
Jaksic.L-¥{1),L(2)2020 121.98 20.44 66 11298 19.06 66 0.8% 0.45[0.11, 0.80) ==
Liu L-Y(1),L(22017 121.61 15.88 62 111.4 12.09 62 0.8% 0.72[0.36, 1.08] =
Liu.S-¥(1),S(22017 4.85 073 62 518 0.92 62 0.8% -0.37 [[0.73,-0.02] ]
LiuW-Y (1) W(2)2017 7.37 2.42 62 667 1.3 62 0.8% 0.36 [0.00, 0.71)] =
LiuZ-v(1),Z(2)2017 11.29 5.09 62 11.88 3.46 62 0.8% -0.13[-0.49, 0.22] i
Wel.l-Y(2),L(2)2016 155.7 14.04 10 162 125 10 0.7% 0.26 [-0.62,1.15] LB
WWei.Z-¥(2),Z(2)2016 8 475 10 4 3.71 10 0.7% 0.63 [[0.27,1.53) e
Wright. Z-Y(2), Z(2)2015 13 22 11 12 18 11 0.8% 0.05 [-0.79, 0.88]) =
Xia L-¥{1),L(2)2019 93.27 16.96 22 9511 14.36 18 0.8% -0.11 [-0.74,0.51] —==f—
Xia.P-¥(1),P(2)2019 8.54 1.06 22 873 2.03 18 0.8% -0.12[-0.74, 0.50] i) K
Zheng. W-Y(1),W(2)2021 3.8 0.59 30 3.79 0.61 30 0.8% 0.02[-0.49,0.52)] S
Zheng. Z-¥(1),Z(2) 2021 10.89 2.06 30 11.79 1.47 30 0.8% -0.50 [-1.01, 0.02] ==y
Zheng.H-Y(1) H(2)2021 13.04 3.59 30 12.66 4.93 30 0.8% 0.09 [-0.42, 0.59] =
Zheng.L-Y¥{(1) L{2)2021 70.73 .57 30 66.99 8.98 30 0.8% 0.40 [-0.11, 0.81) P
Zheng.L-Y¥(1),L(2) 2021 89.08 8.7 30 89.75 9.79 20 0.8% -0.07 [[0.58, 0.43] S
Zheng. L-Y(1),L(2)2021 11275 1278 30 114 1052 30 0.8% -0.11 [-0.61, 0.40] S
Zheng.S-Y(1), S(2)2021 g.18 0.76 30 9.04 1.24 30 0.8% 0.13 [-0.37, 0.64) =g
Zheng.S-Y(1),8(2) 2021 5.47 136 30 544 147 30 0.8% 0.02 [-0.48, 0.53] i
Zheng.S-¥(1),8(2)2021 4.52 0.55 30 4.27 0.67 30 0.8% 0.40 [-0.11, 0.81] =
Zheng W-Y(1), W(2)2021 5.96 1.08 30 5.89 1.19 30 0.8% 0.06 [[0.45, 0.57] =
Zheng W-Y{1) W(2)2021 7.24 0.95 30 7.05 0.41 30 0.8% 0.26 [-0.25, 0.786) =
Zheng.Z-Y¥(1),Z(2) 2021 10.96 2.2 30 10.73 3.49 30 0.8% 0.08 [(0.43, 0.58) i
Zheng.Z-Y(1),Z(2)2021 10.8 3.85 30 1215 3.34 30 0.8% -0.37 [-0.88, 0.14] —
Subtotal (95% Cl 1081 1049 23.0% 0.14 [0.01, 0.28] "
Heterogeneity: Tau®= 0.08; Chi*= 65.50, df = 27 (P < 0.0001); IF= 59%
Testfor overall effect: Z= 2.06 (P = 0.04)
4.4.3 3Times Week
Chen H-Y{(1),H(3) 2021 Z:1 09 20 7.53 1.24 20 0.8% -0.39 [-1.02, 0.24]
Chen H-Y(1),H(3)2021 6.56 092 20 7.08 1 20 0.8% -0.53[1.16,0.10] —
Chen.L-Y{(1) L{(3)2021 99.75 10.45 20 94 13.26 20 0.8% 0.47 [F0.16,1.10] < i
Chen.L-Y(1),L(3)2021 9216 11.42 20 91.45 11.38 20 0.8% 0.06 [-0.56, 0.68] =
Chen.P-¥(1),P(3) 2021 6.69 061 20 6.87 0.69 20 0.8% -0.27 [-0.89, 0.35] =
Chen.P-Y(1),P(3)2021 7.34 0.64 20 7.56 0.86 20 0.8% -0.28 [-0.91, 0.34] e
Chen.S-¥(1),5(3) 2021 577 0.81 20 6.15 0.82 20 0.8% -0.46 [-1.09,0.17] =ore]
Chen.5-Y(1),5(3)2021 612 0.52 20 6.05 0.9 20 0.8% 0.09 [[0.53,0.71) i i,
ChenW-Y(1),wW(3) 2021 6.23 1 20 566 0.68 20 0.8% 0.65 [0.02, 1.29] e
Chen.VW-Y(1)¥(3)2021 567 0.68 20 518 0.75 20 0.8% 0.67 [0.03,1.31)] =
Chen. Z-Y(1),Z(3) 2021 9.88 2.87 20 101 5 e 20 0.8% -0.09 [-0.71, 0.53] .
Chen.Z-Y({1),Z(3)2021 10.29 2.42 20 10.73 2.76 20 0.8% -0.17 [-0.79, 0.45]) G
Fan.H-Y(1) H(3)2021 14.98 3.68 42 18.16 4.43 42 0.8% -0.77 [1.22,-0.33] R,
Fan.L-Y(1),L(3)2021 78.4 11.93 42 76.98 10.21 42 0.8% 0.13 [-0.30, 0.55] =
Fan.P-Y(1),P(3)2021 9.4 0.78 a4z 9.49 0.84 42 0.8% -0.11 [F0.54, 0.32) =
Fan.S-Y(1),S(3)2021 8.63 1.31 4z 8.95 1.34 42 0.8% -0.24 [F(0.67,0.19)] =t
FanW-Y(1)W(3)2021 3.91 113 42 3.74 1.14 42 0.8% 0.15 [-0.28, 0.58] =
Fan.z-Y(1),Z(3)2021 6.92 4.49 42 4.91 3.26 42 0.8% 0.51 [0.07, 0.94] =
Huang and Gao.Z-Y(2) Z(3)2018 10.47 3.07 36 8.41 3.02 36 0.8% 0.67 [0.19,1.14] R
Liu H-Y(1),H(3)2014 5.02 0.83 45 576 0.74 42 0.8% -0.93 [-1.37,-0.49] S
Liu L-¥(1),L(3)2014 104.4 9.92 a5 99.11 5 2 & 3 42 0.8% 0.50 [0.07, 0.93) s
Liu .P-¥{(1),P(3)2014 6.65 0.48 45 7.03 0.57 42 0.8% -0.72[-1.15,-0.28] i
Liu .S-¥(1),S(3)2014 55 082 as 6.1 0.67 a2 0.8% -0.79 [1.23, -0.35) =
Liu W= (1) i(3)201 4 7.41  1.97 a5 6.5 2.09 42 0.8% 0.44 i . 0.87] =
Liu Z-¥(1),Z(3)2014 a.88 1.28 45 9.05 1.68 42 0.8% 0.58 [i . 0.99] —
Liu .Z-Y(2),Z(3)2015 11.8 2.32 30 12.01 317 30 0.8% -0.07 [[0.58, 0.43] s
Wang.H-Y(1),H(3)2021 24.58 15.2 54 22.86 15.02 50 0.8% 0.11 [ 0.50] =
Wang.L-Y(1),L(3)2021 78.35 11.46 54 79.02 1417 50 0.8% -0.05 [ 0.33) i
Wang.L-Y(2),L(3)2018 151 24 18 149 21 20 0.8% 0.09 [ 0.72] T
Wang.P-¥{1),P(3)2021 8.45 0.97 54 8.5 0.88 50 0.8% -0.05 [ 0.33] Ly
Wang.S-Y(1),5(3)2021 8.49 3.55 54 8.93 3.57 50 0.8% -0.12 [ 0.26] ==
Wang.Z-Y{(1),Z{3)2021 8.2 5 54 5.61 5.35 50 0.8% -0.08 [-| 0.31] i
Wang . Z-Y(2),Z(3)2018 10.3 56 18 8.5 6.3 20 0.8% 0.29 [ 0.94] e
Wang. Z-Y(2),Z(3)2019 13.71 3.4 24 10.39 3.94 24 0.8% 0.89 [ 1.48] -
Wu P-Y(1),P(3) 2015 6.6 1.24 10 7.9 0.23 10 0.7% -1.30 [-2.28, -0.31]
WULH-Y(1),H(3) 2015 5.2 1.27 10 7.5 0.45 10 Not estimable
WUH-Y(1),H(3)2015 5.4 1.34 10 T 0.44 10 MNot estimable
WWULL-Y(1),L(3) 2015 1105 8A6 10 106.2 2.3 10 0.7% 1.03 [0.09, 1.98]
WULL-Y(1),L(3)2015 108.9 4.45 10 104.5 1.67 10 0.7% 1.25 [0.28, 2.23)
WU P-Y(1),P(3) 2015 6 0.89 10 6.8 0.36 10 0.7% =1.13[2.09,-0.17]
WWu.S-Y(1),8(3) 2015 4.9 1312 10 -1 0.45 10 0.7% -0.90 [-1.83, 0.03]
WWULS-Y(1),5(3)2015 5.2 ALY 10 6.4 0.34 10 0.7% -0.93 [-1.87, 0.00]
WUW-Y(1) W(3)2015 P2 1.01 10 6.3 0.33 10 0.7% 1.15[0.19, 2.11]
WWULWY-Y (1) W(3)2015 6.7 014 10 - 5] 2.02 10 0.7% 1.07 [0.12, 2.02]
WWULZ-Y(1),Z(3) 2015 11.4 3.28 10 8.3 1.16 10 0.7% 1.21 [0.24,2.18)
WU Z-Y(1),Z(3)2015 14.7 4.03 10 4.2 216 10 0.7% 1.04 [0.09, 1.98]
Hu P-Y(1), P(3) 2021 7.5 1.34 67 7.9 0.56 64 0.8% -0.38 [-0.73, -0.04] ==
Hu. L-Y(1),L(3) 2021 82 2.49 67 75 1.6 64 0.8% 3.31 [2.78, 3.84] Ty
Mu.L-¥(1), L(3) 2021 87 256 67 79 1.63 64 0.8% =
Hu.L-Y(1),L(3) 2021 114.2 1.74 67 108.7 2.51 64 0.8% T e
Hu L-Y(1),L(3)2021 106.4 26 867 asg 1.94 64 0.8% g
Hu.P-Y(1), P(3) 2021 7 | 0.89 67 7.3 0.36 64 0.8% =1
Xu.P-¥(1),P(3) 2021 & 0786 B7 B.7 1.92 64 0.8% =
Xu.P-¥(1),P(3)2021 6.2 1.03 67 7 0.47 64 0.8% =
Hu.8-Y (1),8(3)2021 6.3 2.32 67 F 0.94 64 0.8%
Xu.S-Y(1), S(3) 2021 6.5 132 67 7.8 AL 64 0.8% =
Xu.8-¥(1),5(3) 2021 52 212 67 6.1 o ] 64 0.8% o
Xu.8-¥(1),8(3)2021 5.1 1512 67 6.2 0.94 64 0.8% =
UMY, WI(3) 2021 7.24 1.44 67 6.1 2.08 64 0.8% =
HKuMW-Y(1), wWi(3)2021 5.1 1.84 67 4.2 1.45 64 0.8% =
HuUMW-Y(1)W(3) 2021 9.3 221 67 7.9 0.97 64 0.8% =
HKuMW-Y(1),W(3)2021 7.6 1.01 67 6.3 0.31 64 0.8% ==
Zhao H-Y(1),H(3)2020 6.3 1.88 30 7.9 2.56 30 0.8% —
Zhao L-Y{1),L{(3)2020 97 1081 30 85 7.75 30 0.8% =
Zhao.P-Y{1),P(3)2020 6.9 0.57 30 7.5 0.74 30 0.8% o
Zhao.S-¥(1),S(3)2020 5.4 0.68 30 6.5 1.07 30 0.8% =
Zhao W-Y(1)W(3)2020 5 1.01 30 a 1.06 30 0.8% 0.95 [0.42, 1.49] =
Zhao Z-Y{1),Z(3)2020 123 4.96 30 8.9 381 30 0.8% 0.76 [0.23, 1.28] ——
Zhou H-Y(1),H{3)2021 4.51 0537 60 13.49 4188 60 0.8% -2.99 [-3.51, -2.46] —
Zhou .L-¥{1),L{(3)2021 99.83 4.013 60 743 6.171 60 0.8% 4.87 [4.15, 5.60] =
Zhou .P-Y(1),P(3)2021 6.66 0511 60 1063 1.344 60 0.8% -3.27] Free =
Zhou .S-¥(1),S(3)2021 6.44 0615 60 15.21 3198 60 0.8% -3.18) =
Zhou VWW-Y(1)vW(3)2021 4.97 0.332 60 3.37 0.49 60 0.8% 0 [3.19, 4.40] -
Zhou .Z-¥{1),Z(3)2021 581 1.872 60 554 1.958 60 0.8% [F0.22, 0.50) 2
Zhou H-Y(1),H(3)2021 7.43 3.37 94 7.82 4.35 79 0.9% 0.40, 0.20) 2 o
Zhou L-¥{1),L{3)2021 102.26 13.69 94 96.41 14.24 79 0.9% 0.42[0.12,0.72] ===
Zhou P-Y{1),P(3)2021 66 0.65 94 7.67 065 79 0.8% -1.64 [-1.99, -1.29] =
Zhou.S-Y(1),5(3)2021 5.03 0.54 94 6.6 2.03 79 0.9% -1.09 [-1.42,-0.77] =
ZhouW-Y(1),wW(3)2021 4.34 1.78 94 415 1.29 79 0.9% 0.12[0.18,0.42] =
Zhou.Z-¥{1),Z(3)2021 1117 491 94 1228 5.09 79 0.9% -0.22 [[0.52, 0.08] ==
Zou.Z-Y(2),Z(3)2016 9.37 3.02 a4z 7.71 3.06 42 0.8% 0.54 [0.11, 0.98] O
Subtotal (95% CI) 76 3304 64.3% 0.13 [-0.13, 0.39] >
Heterogeneity: Tau®= 1.32; Chi*= 1949.78, df= 78 (P = 0.00001); "= 96%
Testfor overall effect: Z= 0.98 (P = 0.33)
Total (95% CI) 4877 4652 100.0% 0.25 [0.05, 0.44] *
Heterogeneity: Tau*=1.14; Chi*= 243417, df= 123 (P = 0.00001); F= 95% =4 5 3 B3 B
Testfor overall effect: Z= 2.49 (P = 0.01)
Testfor subaroun differences: Chi*= 3.77. df= 2 (P = 0.15). F= 47.0% Favostsiicontroll, Eavoursilgxpericiantal)
FIGURE 8
Different intervention frequencies.
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Experimental Control Std. Mean Difference Std. Mean Difference
Total Mean SD Total Weight IV, 95% Cl . 95% Cl

5.1.1 30Minutes
Wang1,2021 5.2 ] 54 5.61 5.35 50 1.1% -0.08 [-0.46, 0.31] =
Wang2,2021 78.35 11.46 54 79.02 1447 50 1.1% -0.05 [-0.44,0.33] =
Wang3,2021 8.45 0497 54 8.5 0.88 50 1.1% -0.05 [-0.44, 0.33] ey o
WWang4,2021 9.49 355 54 8.93 3.57 50 1.1% -0.12 [-0.51, 0.26] —
Wang5,2021 2458 152 54 22.86 15.02 50 1.1% 0.11 [-0.27, 0.50] N
Zheng1,2021 70.73  9.57 30 66.99 8.98 30 1.0% 0.40 [F0.11, 0.91] o
Zheng10,2021 89.08 8.7 30 89.75 9.79 30 1.0% -0.07 [-0.58, 0.43] —
Zheng11,2021 11276 1278 30 114 10.52 30 1.0% -0.11 [-0.61, 0.40] =
Zheng12,2021 3.8 059 30 3.79 0.61 30 1.0% 0.02 [-0.49, 0.52]
Zheng13,2021 596 1.08 30 5.89 1:19 30 1.0% 0.06 [-0.45, 0.57] |
Zheng14,2021 7.24 095 30 7.05 0.41 30 1.0% 0.26 [-0.25, 0.76] —
Zheng15,2021 918 0.76 30 .04 1.24 30 1.0% 0.13 [-0.37, 0.64] i
Zheng2,2021 5.47 1.35 30 5.44 b 30 1.0% 0.02 [-0.48, 0.53]
Zheng3,2021 452 055 30 4.27 0.67 30 1.0% 0.40 [-0.11, 0.91] =
Zheng4,2021 13.04 359 30 12.66 493 30 1.0% 0.09 [-0.42, 0.59] =
Zheng$,2021 863 1.19 30 816 1.71 30 1.0% 0.31 [-0.19, 0.82] =
ZhengB,2021 51 1.68 30 5.88 0.92 30 1.0% -0.57 [-1.09,-0.05] s =,
Zheng?,2021 10.89 2.06 30 11.79 1.47 30 1.0% -0.50 [-1.01, 0.02]
Zhengg,2021 10.96 2.2 30 10.73 3.49 30 1.0% 0.08 [-0.43, 0.58] =
Zheng9,2021 10.8 3.85 30 1215 3.34 30 1.0% -0.37 [[0.88,0.14] . e 3
Subtotal (95% CI) 720 700 21.1% -0.01[-0.11, 0.10]
Heterogeneity: Tau®= 0.00; Chi*=18.18,df=18 (P =0.45); F=1%
Test for overall effect: Z= 0.12 (P = 0.90)
5.1.2 40Minutes
Ding.2021 7.38 1.339 10 5.56 1.58 10 0.9% 1.19[0.22, 2.16] — %
Ding1,2021 897.1 6.064 10 88.1 11.827 10 0.9% 0.92 [-0.01, 1.85] = &
Ding10,2021 81.5 8.885 10 749 7.923 10 0.9% 5 [-0.16, 1.67] e
Ding11,2021 5.45 0.242 10 7.5 0.447 10  0.7% -2.80 [4.10,-1.49] +——
Ding12,2021 6.58 0.444 10 7.52 0.601 10 0.8% -1.70[-2.76,-0.65] ¥
Ding2,2021 585 1.216 10 426 1.372 10 0.9% 1.17[0.21,2.14] ¥
Ding3,2021 46 0748 10 4.55 0972 10 0.9% 0.06 [-0.82, 0.93] e = _
Ding4,2021 59 0.733 10 5.26 0.55 10 0.9% 0.95 [0.01, 1.88] =%
Ding5,2021 6.95 0.669 10 6.05 0.766 10 0.9% 1.20[0.23,2.17] = ——
Ding6,2021 551 1.018 10 5.58 1.794 10 0.9% -0.05[-0.92, 0.83] = = .
Ding8,2021 6.2 5266 10 3.9 4.701 10 0.9% 0.44 [-0.45,1.33] = a= =
Ding9,2021 55 4836 10 1.4 3.026 10 0.9% 0.97 [0.03, 1.91] .
Liu1,2014 104.4 992 45 9911 1112 42 1.1% 0.50 [0.07, 0.93]
Liu 2,2014 6.65 048 45 7.03 0.57 42 1.1% -0.72[1.15,-0.28]
Liu 3,2014 741 1.97 45 6.5 2.09 42 1.1% 0.4 0.87] ===
Liu 4,2014 55 082 a5 6.1 0.67 42 1.1% -0.79 -0.35]
Liu 5,2014 502 083 a5 5.76 0.74 42 1.1% -0.93 0.49]
LiuB,2014 9.88 1.26 45 9.05 1.68 42 1.1% 0.5 0.99]
Xia1,2019 92.29 12.02 21 95.11 14.36 18 1.0% -0.21 [[0.84,0.42] =
¥ia2,2019 93.27 16.96 22 9511 14.36 18 1.0% -0.11 [-0.74, 0.51]
Xia3,2019 8.38 1.36 21 8.73 2.03 18 1.0% -0.20 [-0.83, 0.43] T
»ia4,2019 8.54 1.06 22 8.73 2.03 18 1.0% -0.12 [-0.74, 0.50]
Xia5,2019 7.28 3.35 21 6.82 3.37 18 1.0% 0.13 [-0.50, 0.76]
Xia6,2019 7.02 252 22 6.82 3.37 18 1.0% 0.07 [-0.56, 0.69]
Zhao1,2020 97 1081 30 85 7.75 30 1.0% 1.26 [0.70,1.82]
Zhao2,2020 69 057 30 7.5 0.7a 30 1.0% -0.90 [-1.43,-0.36] e
Zhao3,2020 5 1.01 30 a 1.06 30 1.0% 0.95 [0.42, 1.49]
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FIGURE 9
Different single-session durations.
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4 4 Effects of different intervention
frequencies on children’s physical fitness

Gross movement intervention once a week had the most
significant impact on the physical fitness of children aged 3-
10 years, indicating that low-frequency interventions may be more
helpful for improving children’s physical fitness, which is similar
to the findings of some related studies ( ;

). Some studies have shown that intervention

frequencies of 2-3 times per week ( ;

) and 4-5 times per week ( ) have

the greatest effects. However, the subjects of the interventions,

the duration of the interventions and the durations of the single

sessions were not the same in these studies. The frequency of

intervention is affected by a variety of factors, but we must

consider that the purpose of any intervention is not only to

improve children’s physical fitness but also to motivate children

to actively change unhealthy behaviors or habits (e.g., sitting for
a long time) outside the intervention ( ;

), thus encouraging them to actively participate in

physical activities. These findings need to be confirmed by more

empirical studies.

4.5 Effects of different single-session
durations on children’s physical fitness

Gross movement interventions lasting for 60 min per session
had the greatest effect on the physical fitness of children aged
3-10 years, which is consistent with the results of most studies
( ; ; :

). In 2022, China issued the Guidelines for Quality Assessment
of Kindergarten Care Education, stating that children should
engage in at least 60 min of physical activity per day (

). The results obtained in this study are consistent
with the recommendations of those guidelines. However, some
studies have shown that a single intervention duration of 30-
) because children

). Overly long

40 min has the greatest effect (
have short attention spans (
interventions are likely to result in children losing their focus
( ). Overall, the current study still needs to further
explore the critical value of the duration of a single intervention on
physical activity. This may also account for the actual intervention
process; for example, in an activity intervention, the actual gross
movement practice time may only be two-thirds of the total
time when accounting for warm-ups, recovery and rest (

). Additionally, the physiological and psychological
characteristics of children should be considered in the design of
intervention programs, focusing on gross movement interventions
in different situations.

5.1 Theoretical significance

The decline in children’s physical fitness has become a global
concern, engaging the attention of various sectors worldwide

Frontiers in
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( ; ; ). This
concern spans numerous countries, including China (

), Switzerland ( ),
Russia ( ), Canada (

), and Spain ( ). The impact of
children’s physical fitness levels on preventing and ameliorating
conditions such as obesity and cardiovascular diseases is of
paramount importance ( ; ;

; ; )
However, recent research has predominantly focused on identifying
correlations between different gross movements and children’s
physical fitness ( ; ) or differential
performance ( ; ).
There is a notable gap in the exploration of the maximum effect
sizes of gross movement interventions in enhancing children’s
fitness. Acknowledging the pressing need for the development
of children’s physical fitness, this study thoroughly investigated
the optimal effect sizes of gross movement interventions for
children aged 3-10 years from various perspectives. These include
physical fitness components, age groups, intervention duration,
intervention frequency, and single-session duration. This study
provides a theoretical reference for the formulation of interventions
to enhance children’s physical fitness. Moreover, this research
leverages findings from diverse fields, such as health, sports,
and education, as primary data. By adopting an interdisciplinary
approach encompassing kinesiology and education, this study
involved a systematic review to strategically address contemporary
issues that scholars are currently focusing on, providing theoretical
guidance for related fields of study.

5.2 Practical significance

Practical evidence attests to the effectiveness of gross movement
interventions in enhancing children’s physical fitness, addressing
health concerns such as childhood obesity and cardiovascular issues
( ; ; ;

; ). However, the optimal organization of
gross movement interventions for enhancing children’s physical
fitness remains a pivotal area of inquiry. Questions surrounding
which age group benefits most from the impact of gross movement
interventions on physical fitness and which specific physical fitness
components show the most significant improvement necessitate
thorough exploration. In light of these considerations, the findings
of this study offer scientific intervention guidance for enhancing
children’s physical fitness, offering benefits to society, educational
institutions, and families. First, during childhood, emphasis should
be placed on practicing gross movements, given that they have
a significant impact on improving children’s physical fitness,
and this positive correlation remains as children grow older.
Second, the cultivation of explosive strength in children is of
paramount importance. Focus on enhancing children’s explosive
strength through tailored gross movement interventions, including
movements such as tuck jumps and competitive rope climbing, can
effectively enhance their explosive strength. Third, the age bracket
of 7-10 years emerges as the period when children experience the
most rapid improvement in physical fitness, although attention
should be given to factors such as training frequency and duration.
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Fourth, a gross movement intervention with a 16- to 18-week
duration has been shown to be effective in enhancing children’s
physical fitness, contributing to the refinement of their skills
and cognitive abilities. Fifth, recognizing the impact of unhealthy
habits or behaviors on children’s physical fitness is crucial, and
a weekly session of gross movements is deemed optimal for the
most pronounced effects on enhancing children’s physical fitness.
Finally, judiciously arranging the session duration to be 60 min
per session is shown to be optimal for improving children’s
physical fitness. In summary, the findings of this study provide
critical practical references for effectively enhancing children’s
physical fitness. Societal, educational, and familial entities should
prioritize the influential role of gross movements in improving
children’s physical fitness and implement effective measures to
prevent childhood physical illnesses, ultimately reducing the global
incidence of developmental disorders in children.

5.3 Future research

In a follow-up study, this research group will further explore the
following: @ the ongoing impact of gross movement interventions
on children’s physical fitness; @ the effects of different gross
movement interventions on different physical qualities; and @ the
effect of different total intervention durations on children’s physical
fitness and related issues.

This study did not discuss the subsequent effects of gross
movement interventions on children’s physical fitness. In addition,
gross movements are mainly completed using large muscle groups.
This study did not classify gross movements by muscle groups,
nor did it explore the effects of different large muscle groups
on physical fitness. Second, the literature included in this study
did not account for the effects of sex, country, total duration of
intervention across age groups, family environment, nutrition and
health status, teacher training level or other factors related to on
children’s physical fitness, which may have led to certain biases in
the results. Therefore, additional studies are needed to overcome
these limitations and validate the current findings.

The results of this meta-analysis show that gross movement
interventions have a positive impact on the physical fitness
of children aged 3-10 years, especially on explosive power.
Specifically, gross movement interventions had stronger effects
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on the physical fitness of children aged 9-10 years. Additionally,
the optimal intervention parameters include one intervention
per week, 60 min per session, and a total intervention duration
of 16-18 weeks.
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