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Objective: This research examines how interschool physical activity (PA) interventions affect children’s BMI, motor skills, and sleep behaviors.

Methods: In this investigation, a stratified random sampling method was implemented to choose 40 physically and mentally healthy fifth-grade students (average age of 10.72 ± 0.56 years) from an elementary school in Tianjin, China, after stratification by gender, randomly divided into experimental group (EG, n = 20, 10 boys and 10 girls) and control groups (CG, n = 20, 10 boys and 10 girls). The EG participated in 320 min of physical activity (PA) weekly, comprising 200 min of standard physical education classes and 120 min of supplementary intervention activities. The CG adhered to the standard timetable, consisting of 200 min of physical education and 120 min of non-PA weekly. BMI, motor skills (evaluated through standardized assessments like the 50 m run, 50 m × 8 back-and-forth run, 1-min jump rope, sit-and-reach and 1-min sit-ups), PA (moderate- to-vigorous-intensity PA (MVPA) and sedentary time), and sleep patterns (duration and efficiency) were measured at weeks 0, 6, and 12.

Results: After the intervention, the BMI of the EG was significantly reduced by 0.26 kg/m2 (p < 0.05), all the indexes of motor skills were significantly improved (p < 0.05) compared to the CG. The EG significantly increased MVPA time by 30.28 min (p < 0.05), while significantly reducing sedentary time by 60.22 min (p < 0.01). Regarding sleep patterns, the EG slept an additional 44.83 min (p < 0.01), with sleep efficiency improving by 5.62% (p < 0.01). No significant variations were observed in any of these indicators within the CG. Concerning gender differences, boys and girls in the EG displayed similar trends in BMI, motor skills, PA levels, and sleep quality, with no notable differences.

Conclusion: Enhancing interschool PA by 120 min weekly over a 12-week period has been shown to significantly improve BMI, motor skills, PA levels, and sleep quality among 10-to-11-year-old children. This intervention offers a practical foundation for promoting children’s health and developing school physical education standards.
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1 Introduction

PA refers to any bodily movement produced by skeletal muscle contraction that requires energy expenditure (1). It involves engaging various parts of the body through movement and motion to maintain and promote physical health. PA plays a crucial role in children’s growth and development. It not only supports physical health but also fosters mental well-being and social interaction skills (1). Research indicates that PA further enhances children’s physical fitness by improving cardiorespiratory fitness and motor skills, factors essential for their long-term healthy development (2). The issue of childhood PA is a worldwide concern, as many nations are witnessing a decrease in activity levels (3). China is facing similar challenges with its youth experiencing reduced PA (4). Studies show that 80% of kids and teens globally do not achieve the advised 60 min of moderate PA each day. (5). China’s latest physical fitness survey report highlights that significant health concerns persist among students, including high rates of poor vision and myopia, rising occurrence of overweight and obesity, and declining grip strength levels (6). According to cross-sectional data from a study of 114,072 children aged 9–12 in China, 94.88% of the children are significantly less active on a daily basis (7). The elementary school years represent a critical period for children’s development and growth. This stage’s healthy development creates a robust foundation for future physical and mental wellness (8). Recognizing the need to encourage an active lifestyle from a young age, schools have implemented programs that effectively promote PA in children. By offering a wide range of physical activities in elementary schools, children can spend more time participating in sports, which helps them develop better overall physical health (8). A study using multivariate data analysis with 2,407 students (aged 11–17) in southeastern China explored the links between engaging in sports, exercises that enhance muscle strength, and active commuting with self-evaluated physical fitness, which demonstrated that enhanced physical fitness was related to more frequent sports participation and increased involvement in muscle-strengthening activities (9). These researches usually involve multiple components, targeting PA levels along with health-related elements like body mass index, motor skills and sleep patterns (10, 11).

PA significantly influences BMI regulation in children. A study of 396 children (214 girls and 182 boys) aged 7.6 years old in eastern Kansas revealed that children who engaged in MVPA through a greater number of short (5–10 min) and medium-to-long periods (≥10 min) were associated with lower BMI percentiles and waist circumferences compared to fewer periods (12). In another cross-sectional study of 220 children (91 boys and 129 girls) in the grades 5–6 of elementary school, a significant inverse linear trend was observed between body fat parameters and incremental PA levels, indicating that higher PA was associated with lower body fat (13). Moreover, the link between PA, BMI, and related metabolic factors differs between genders. In a study of 150 children who are 12 to 13 years old, including 69 boys and 81 girls, boys had significantly higher values in BMI, waist circumference, and levels of low, moderate, and vigorous PA compared to girls. Girls, on the other hand, had higher serum levels of triglycerides, insulin, and HOMA-IR, suggesting that exercise intervention is particularly important for girls to promote general health (14). Sedentary behavior also influence BMI (15). A study involving 264 children aged 7 to 10 found a positive link between television viewing duration and increased BMI evaluations and waist circumference, emphasizing the importance of limiting screen time to support a healthy BMI (15). While current research has made some progress in examining the impact of PA on BMI, it has primarily focused on PA in daily life. Few investigations have focused on the influence of school-based programs on children’s BMI regulation and this study aims to address this gap.

Motor skills development in elementary school children is significantly influenced by PA. A comprehensive review of 44 studies revealed robust evidence indicating a negative correlation between motor proficiency and body weight status, alongside a positive correlation between motor proficiency and cardiorespiratory and musculoskeletal fitness (16). Zheng et al. (17) used accelerometers to measure MVPA duration among 1,752 students aged 6–18 years and physical fitness was assessed according to the National Student Physical Fitness Standards (2014 Edition, China). The study found that increase of average daily MVPA duration was strongly linked to higher assessments of physical fitness. Similarly, a games-based PA professional learning program (PLUNGE) in primary schools improved basic movement abilities and PA during class in stage three students (18). These findings suggest that targeted PA interventions can enhance motor skills development in elementary school children, which in turn may have long-term benefits for their health and PA participation.

The correlation between PA and sleep behaviors among elementary school children is a burgeoning research focus. A study of 458 preschool children found that physical activity primarily acted as a protective factor for sleep duration, while sedentary behavior posed a risk to nocturnal sleeping period (19). A cross-sectional research conducted by Aoki et al. (20). involving 3,123 children (1,558 boys and 1,565 girls, aged 12.5 ± 1.2 years) revealed that for boys aged 10–12, participating in a minimum of 60 min of MVPA daily was inversely related to daytime sleepiness, and among 12–14-year-old girls, performing at least 60 min of MVPA daily was negatively correlated with inadequate weekend sleep duration. Various factors, in conjunction with PA, can influence sleep patterns. A cross-sectional analysis by Chaput et al. (21) included 5,777 children aged 9–11 from 12 regions found an inverse relationship between sleep duration and MVPA, sedentary behavior, and poor dietary habits; sleep efficiency displayed negative correlations with MVPA and unhealthy dietary patterns, and a positive correlation with sedentary time; and a delayed bedtime was positively associated with sedentary time, screen time, and unhealthy dietary patterns, while demonstrating negative associations with MVPA and a healthy dietary pattern. These observations pointed to the multifaceted connections between PA, sleep, and other lifestyle practices in children attending elementary school. Current research on the impact of PA on children’s sleep primarily consists of cross-sectional studies, while research on how school-based interventions affect children’s sleep regulation is relatively limited, and this study seeks to contribute to this area.

This study aims to evaluate the effectiveness of a school-based PA program in enhancing overall health by examining related health indicators. The research objectives focus on analyzing how the intervention impacts primary school children’s PA, BMI, motor skills, and sleep routines. The hypothesis proposed that increasing extracurricular activity classes to three 40-min sessions per week, totaling 320 min of physical education weekly over 12 weeks (22.23), H1: PA interventions in children significantly negatively impact BMI. H2: PA interventions in children significantly impact motor skills. H3: PA interventions in children significantly impact sleep behavior.



2 Methods


2.1 Participants

Using a stratified random sampling approach, 44 healthy fifth-grade children were selected from a primary school in Tianjin, China. After excluding one child with chronic conditions (cardiovascular disease, kidney disease, asthma, etc.), physical disabilities, or intellectual disabilities, informed consent documents were provided to 43 children and their guardians based on voluntary participation. The study’s objectives and procedures were explained, resulting in 40 children and their guardians agreeing to participate. Ultimately, 40 children (20 boys and 20 girls), aged 10 to 11 years with an average age of 10.72 ± 0.56, were included as valid samples. After stratification by gender, the participating children were randomly divided into an experimental group (EG, n = 20, 10 boys and 10 girls) and a control group (CG, n = 20, 10 boys and 10 girls). EG, Hight (1.53 ± 0.13) m, Weight (42.62 ± 3.87) kg, BMI (18.22 ± 1.96) kg/m2; CG, Hight (1.52 ± 0.12) m, Weight (42.07 ± 3. 41) kg, BMI (18.24 ± 1. 67) kg/m2. No significant difference was observed between the two groups prior to intervention. Initial sample size calculations were conducted using G*Power software version 3.1, with an effect size of 0.25, statistical power of 0.95, and a significance level of p < 0.05. At least 14 samples were required for each group, and the 20 samples in each group in this study met this requirement. A minimum of 14 participants per group was determined to be necessary, a criterion that was satisfied by having 20 participants per group in the study. The Ethics Committee of the College of Sports Science at Tianjin Normal University approved the research.



2.2 Study design

In this study, the EG engaged in a 12-week intervention comprising 320 min of PA weekly, consisting of 200 min of standard physical education and an additional 120 min of intervention (22, 23). The CG maintained their routine, involving 200 min per week, supplemented by 120 min of non-physical extracurricular activities such as language or art.

During the intervention phase for the EG, each 40-min PA session comprised three parts as outlined below (24):


	1. First part (∼ 10 min): Warm-up activities. Participants engaged in activities such as jogging and radio gymnastics to thoroughly warm up, with flexibility exercises appropriately incorporated to help students adjust their heart rates, enter an active state, and prevent injuries (22, 24).

	2. Second part (∼ 25 min): Main activities. The main activities comprised a 50 m run, 50 m × 8 back-and-forth run, a 1-min jump rope session, a 1-min sit-up exercise, basketball, soccer, and various sports games. Each session focused on one or several of these activities, conducted at a moderate to high exercise intensity level (22, 24).

	3. Third Part (∼ 5 min): Cool-down Section. Engaging in relaxation activities and incorporating suitable stretching exercises can expedite muscle recovery and preserve muscle function (22, 24).



During the exercise intervention, to ensure their average heart rate was within the moderate intensity range, Polar heart rate monitors (Finland) were worn by school-aged children to observe their heart rates in real time (22, 23). The target heart rate (Target HR) for moderate intensity was calculated using the Karvonen formula based on maximum heart rate (HRmax) and resting heart rate (HR rest): Target HR = (HRmax − HR rest) × [60–69%] + HR rest, HRmax = 220 − age (25).

BMI, PA levels, motor skills, and sleep patterns were assessed in both the EG and CG at weeks 0, 6, and 12 of the investigation (26). Detailed information about the study was provided to participants and their parents or legal guardians, such as its aim, length, type of intervention, and any potential risks and benefits, before data was collected. Significantly, in the event of injuries or unfavorable occurrences, parents or legal guardians would receive prompt notification following the approved ethical guidelines, enabling them to seek medical attention from their family doctor or pediatrician. Participants were notified that they could withdraw from the study at any time without any adverse effects. Legal guardians gave written consent, and the children provided written assent.



2.3 Variables and measuring instruments


2.3.1 Body mass index

Height was assessed with a stadiometer (TZG, Shanghai). Verify that the stadiometer is properly calibrated prior to commencing the test. The child stands upright on the pedals of the stadiometer with his/her back against the vertical backboard. The child’s hips, shoulder blades and head are in contact with the vertical backboard. The child’s head is kept in the Frankfurt level position. Measurement readings should be recorded to the nearest 0.1 cm. Measure weight using the electronic weight scale (FG2415LB). Calibrate the electronic weight scale before the test begins. The child stood at the center of the scale platform, and weight was recorded to the nearest 0.1 kg. BMI was calculated using the formula BMI = weight/height2 (kg/m2) (27).



2.3.2 PA and sleep patterns

PA levels were measured with the triaxial accelerometer (ActiGraph GT3X) on three occasions: pre-intervention (PRE), during the intervention (DUR), and post-intervention (POST), with participants wearing the device for 7 consecutive days. The accelerometer was fixed to the child’s right anterior superior iliac spine and was only taken off for activities such as bathing, water-related events, and contact sports. For valid data analysis, a minimum of 4 days of recording is required, including three weekdays and one weekend day, with at least 8 h of data per day (28, 29). Wear-time validation followed Troiano’s default parameters (30, 31). Researchers conducted daily telephone follow-ups to determine whether participants were using the accelerometer as instructed and whether the wear time met the required duration. Accelerometer data were processed using specified cut-points to capture children’s spontaneous and intermittent activities accurately (32). Periods of 20 min with zero activity were classified as non-wear time, while counts below 0/min or above 15,000/min were excluded as biologically implausible (33). PA intensity levels (sedentary, light, moderate, vigorous) were determined based on child-specific thresholds proposed by Evenson et al. sedentary condition (≤100 counts/min), light activity (101–2,295 counts/min), and MVPA (≥2,296 counts/min) (34–36). Additionally, the triaxial accelerometers were utilized to evaluate sleep patterns, with participants wearing the device on their non-dominant wrist during nocturnal sleep (37–39). Throughout each assessment phase (PRE, DUR, POST), over a week, nightly recordings were made of sleep parameters, including how long participants slept and their sleep efficiency, which is the percentage of time asleep while in bed (40–42).



2.3.3 Motor skills assessment

Test children’s physical fitness according to the assessment items and requirements outlined in “National Student Physical Fitness Standards (2014 Revision, China)” (43). The assessment items for fifth-grade elementary school students include BMI, 50 m run, 50 m × 8 back-and-forth run, 1-min jump rope, sit-and-reach and 1-min sit-ups, and sit-and-reach, reflecting students’ physical fitness indicators. Every test was quantitative, not significantly limited by age, and focused on the child’s attainable motor skills. Prior to the assessment, testing conditions were established, and children participated in all tests in groups of 10. Each participant went through a standardized 10-min warm-up routine before starting the tests (44). Before conducting the tests, examiners received training, with the following criteria being standardized: (1) Each test technique was demonstrated and explained verbally with proficiency. (2) Before the test was conducted, each participant went through each task. (3) The child was advised to perform the task to the utmost of their ability according to the instructions (e.g., “as fast as you can” for the 50-m run, “as far as possible” for the sit-and-reach) (45). During the testing process, this study assigned additional specialists and qualified experts to oversee the control of testing procedures. The equipment used for the test included a standard running track, a seated forward bending tester (TMQ, Beijing), a skipping rope (QSZW, Chengdu), a professional stopwatch (YS, Shenzhen). All assessments are quantitative and have no significant age-related developmental ceiling effect. The test results were corresponded to the scores of the National Physical Fitness Standards, and the average of the five scores was calculated as the exercise capacity (17).




2.4 Quality control

The study plan and execution have been thoroughly standardized to ensure high quality and accurate data. Teachers and referees involved in this project were systematically trained prior to the start of the survey to eliminate as many confounding variables as possible. To guarantee the accuracy of the data used for analysis, a strict data cleaning protocol was established for this project. In the course of data preprocessing, data were checked for logical errors, missing information, inaccuracies, or ambiguities and were retested or removed as needed to ensure the data set’s authenticity and validity. Before the start of the PA intervention, the teaching plan for the entire intervention period must be established and strictly followed to ensure the continuity and integrity of the curriculum. Coaches must not be replaced midway through the program. During instruction, coaches must control the pace and timing of teaching to ensure that each service component was scheduled appropriately, avoiding excessive delays or rushing through the program. Coaches must establish clear teaching objectives and steps, as well as corresponding teaching materials and equipment, and must not improvise during class. During testing, coaches and referees must comply with the testing schedule, strictly adhere to the testing schedule to participate in testing on time, be familiar with the correct testing methods, requirements, and standards for each project, strictly follow operating procedures during testing.



2.5 Statistical analyses

Data was analyzed utilizing SPSS 26.0 software. The Shapiro–Wilk test was applied to determine the distribution of samples for BMI, PA, exercise capacity, and sleep patterns in both the EG and CG at each evaluation stage (26). Line chart were employed to compare these variables between the two groups across the three time points (26). Independent samples t-tests were conducted to examine the differences in variables between groups at each time interval (24). Statistical significance was determined with a threshold of p < 0.05 for every analysis (25).




3 Results

Table 1 presents the participants’ height, weight, and BMI characteristics. For the PRE moment, the EG and CG did not differ significantly in terms of height, weight, and BMI (p > 0.05). In the POST test, the EG showed a significant increase in height by approximately 0.03 m and a decrease in BMI by about 0.26 kg/m2 compared to the PRE test (p < 0.05). For the POST moment, children in the EG had a BMI that was 0.31 kg/m2 lower than that in the CG (p < 0.05). There were no notable changes in the height, weight, and BMI of the CG between the PRE and POST tests (p > 0.05). A 12-week PA intervention might effectively reduce children’s BMI. Regarding gender differences, boys and girls in the EG exhibited similar trends in changes to height, weight, and BMI. Boys demonstrated greater magnitude of change at week 12, suggesting they might be more responsive to this intervention.


TABLE 1 Participants’ height, weight and BMI (n = 40).


	Variable and category
	PRE (0th week)
	DUR (6th week)
	POST (12th week)



	CG
	EG
	CG
	EG
	CG
	EG

 

 	Height (m), M(SD) 	Group (n = 20) 	1.52(0.06) 	1.53(0.07) 	1.53(0.06) 	1.54(0.08) 	1.54(0.04) 	1.56(0.06)a


 	Boy (n = 10) 	1.53(0.05) 	1.52(0.05) 	1.54(0.05) 	1.53(0.06) 	1.55(0.03) 	1.55(0.04)a


 	Girl (n = 10) 	1.51(0.04) 	1.54(0.06) 	1.52(0.04) 	1.55(0.07) 	1.53(0.03) 	1.57(0.05)a


 	Weight (kg), M(SD) 	Group (n = 20) 	42.15(3.92) 	42.65(4.14) 	42.71(3.75) 	43.02(4.82) 	43.32(5.09) 	43.70(3.84)


 	Boy (n = 10) 	43.69(3.07) 	43.04(3.22) 	44.29(2.98) 	43.38(4.07) 	44.91(4.54) 	43.84(3.27)


 	Girl (n = 10) 	40.61(2.85) 	42.26(3.01) 	41.13(2.56) 	42.66(3.59) 	41.73(3.26) 	43.56(2.93)


 	BMI (kg/m2), M(SD) 	Group (n = 20) 	18.24(1.69) 	18.22(1.73) 	18.25(1.81) 	18.14(1.79) 	18.27(1.62) 	17.96(1.59)ab


 	Boy (n = 10) 	18.66(1.13) 	18.63(1.24) 	18.68(1.27) 	18.53(1.21) 	18.69(1.17) 	18.25(1.05)ab


 	Girl (n = 10) 	17.81(1.06) 	17.82(1.18) 	17.80(1.02) 	17.76(1.07) 	17.83(1.12) 	17.67(0.98)ab





Significantly differences compared to EG in PRE. ap < 0.05. Significantly differences compared to CG in POST. bp < 0.05.
 

Table 2 presents the motor skills traits of the individuals involved. In the PRE test, the EG and CG exhibited no significant differences in motor skills assessments, such as the 50 m run, 50 m × 8 back-and-forth run, 1-min jump rope, sit-and-reach, 1-min sit-ups, and overall motor skills scores.


TABLE 2 Participants’ motor skills (n = 40).


	Variable and category
	PRE (0th week)
	DUR (6th week)
	POST (12th week)



	CG
	EG
	CG
	EG
	CG
	EG

 

 	50 m run (s), M(SD) 	Group (n = 20) 	9.58(0.68) 	9.62(0.73) 	9.52(0.75) 	9.46(0.67) 	9.41(0.81) 	9.10(0.69)ac


 	Boy (n = 10) 	9.37(0.47) 	9.43(0.56) 	9.31(0.51) 	9.24(0.53) 	9.20(0.57) 	8.83(0.55)ac


 	Girl (n = 10) 	9.79(0.59) 	9.81(0.62) 	9.73(0.60) 	9.68(0.61) 	9.62(0.64) 	9.37(0.54)ac


 	50 × 8 back-and-forth run (s), M(SD) 	Group (n = 20) 	114.27(8.82) 	114.47(9.38) 	113.49(9.95) 	112.56(9.64)a 	112.82(9.12) 	109.76(9.03)bd


 	Boy (n = 10) 	111.23(7.53) 	111.37(8.06) 	110.45(8.47) 	109.29(8.19)a 	109.74(8.24) 	106.43(7.81)bd


 	Girl (n = 10) 	117.31(6.97) 	117.57(7.75) 	116.53(7.51) 	115.83(7.63)a 	115.90(7.87) 	113.09(7.32)bd


 	1-min jump rope (reps), M(SD) 	Group (n = 20) 	113.59(8.26) 	112.36(8.07) 	115.24(8.56) 	118.93(9.86)a 	117.62(9.26) 	126.51(9.58)bd


 	Boy (n = 10) 	112.63(6.83) 	111.85(6.52) 	114.32(6.92) 	118.02(7.26)a 	116.57(7.65) 	126.79(7.72)bd


 	Girl (n = 10) 	114.55(6.95) 	112.87(6.79) 	116.16(7.84) 	119.84(7.39)a 	118.67(7.96) 	126.23(7.36)bd


 	Sit-and-reach (cm), M(SD) 	Group (n = 20) 	12.84(1.37) 	12.63(1.31) 	12.94(1.46) 	13.06(1.43) 	13.05(1.58) 	13.97(1.53)ac


 	Boy (n = 10) 	10.67(1.14) 	10.45(1.05) 	10.74(1.20) 	10.82(1.16) 	10.79(1.25) 	11.76(1.23)ac


 	Girl (n = 10) 	15.01(1.21) 	14.81(1.19) 	15.14(1.32) 	15.30(1.26) 	15.31(1.33) 	16.18(1.36)ac


 	1-min sit-ups (reps), M(SD) 	Group (n = 20) 	36.07(3.56) 	36.32(3.34) 	36.58(3.95) 	37.25(3.86) 	37.16(3.77) 	38.94(3.69)ac


 	Boy (n = 10) 	35.84(2.41) 	36.01(2.53) 	36.29(2.62) 	36.83(2.93) 	36.72(2.84) 	38.37(2.75)ac


 	Girl (n = 10) 	36.30(2.26) 	36.63(2.73) 	36.87(2.46) 	37.67(2.58) 	37.60(2.99) 	39.51(2.63)ac


 	Motor skills score (points), M(SD) 	Group (n = 20) 	79.38(7.49) 	77.79(7.81) 	78.85(7.57) 	79.68(7.65) 	79.46(7.34) 	82.78(6.82)ac


 	Boy (n = 10) 	79.85(5.95) 	78.46(5.83) 	79.38(5.64) 	80.34(5.19) 	79.93(5.28) 	83.42(5.07)ac


 	Girl (n = 10) 	78.91(5.46) 	77.12(5.52) 	78.32(5.15) 	79.02(5.60) 	78.99(5.39) 	82.14(4.75)ac





Significantly differences compared to EG in PRE. ap < 0.05; bp < 0.01. Significantly differences compared to CG in POST. cp < 0.05; dp < 0.01.
 

During the DUR and POST test phases, the EG demonstrated significant improvements compared to the PRE phase, completing the 50 × 8 back-and-forth run faster by approximately 1.91 s (p < 0.05) during DUR and 4.71 s (p < 0.01) during POST. Additionally, they performed more repetitions in the 1-min jump rope test, with increases of approximately 6.57 reps (p < 0.05) during DUR and 14.15 reps (p < 0.01) during POST. Comparing PRE and POST test moments, the EG reduced 0.52 s in 50 m run, increased 2.62 reps in 1-min sit-ups, extended 1.34 cm in sit-and-reach, with notable differences (p < 0.05) (Table 2).

Table 2 demonstrated that during the POST test phase, the EG outperformed the CG in multiple motor skills assessments. Children in the EG showed improved performance compared to the CG, with 0.31 s faster in the 50-meter run, 3.06 s quicker in the 50 × 8 back-and-forth run, 8.89 reps more in the 1-min jump rope, 1.78 reps additional in the 1-min sit-ups, 0.92 cm greater distance in the sit-and-reach test, and 3.32 points higher in motor skill scores. The differences were significant according to statistical analysis (p < 0.05).

Regarding the CG, no notable differences were observed in any of the tests between PRE and POST for the children (p > 0.05) (Table 2).

Following a 12-week physical activity intervention, the EG demonstrated a 4.99-point increase in motor skill scores, suggesting a potentially significant impact on motor skills.

With respect to gender differences, both boys and girls in the EG showed similar patterns in their performance changes in the 50 m run, 50 m × 8 back-and-forth run, 1-min jump rope, sit-and-reach, 1-min sit-ups, and overall motor skills scores, with no notable differences. At weeks 6 and 12, boys showed a larger degree of change, indicating they might respond better to this intervention.

Table 3 shows the trends in changes in MVPA, sedentary time, sleep duration and efficiency between the EG and CG during the PRE, DUR, and POST test phases. In the PRE test moment, EG and CG had no significant differences in these indicators (p > 0.05).


TABLE 3 Participants’ MVPA, sedentary and sleep patterns (n = 40).


	Variable and category
	PRE (0th week)
	DUR (6th week)
	POST (12th week)



	CG
	EG
	CG
	EG
	CG
	EG

 

 	MVPA (min/d), M(SD) 	Group (n = 20) 	47.20(4.67) 	44.69(4.36) 	54.87(4.98) 	70.18(6.82)bd 	49.21(4.74) 	74.97(7.25)bf


 	Boy (n = 10) 	49.85(3.34) 	46.91(3.27) 	56.57(3.63) 	71.64(5.15)bd 	51.79(3.52) 	76.93(5.41)bf


 	Girl (n = 10) 	44.55(3.06) 	42.47(2.99) 	53.17(3.42) 	68.72(4.73)bd 	46.63(3.19) 	73.01(4.88)bf


 	Sedentary (min/d), M(SD) 	Group (n = 20) 	378.97(32.71) 	382.48(35.49) 	384.16(36.64) 	332.13(31.05)bd 	373.24(34.76) 	322.26(31.87)bf


 	Boy (n = 10) 	372.52(23.29) 	378.39(24.63) 	378.47(25.09) 	328.62(23.47)bd 	368.73(23.85) 	318.96(22.16)bf


 	Girl (n = 10) 	385.42(22.37) 	386.57(24.96) 	389.85(26.15) 	335.64(22.38)bd 	377.75(24.02) 	325.56(23.29)bf


 	Sleep duration (min/d), M(SD) 	Group (n = 20) 	528.96(51.33) 	525.12(50.89) 	526.82(50.46) 	567.05(54.72)bd 	534.13(55.26) 	569.95(57.08)bf


 	Boy (n = 10) 	532.57(34.18) 	528.39(33.62) 	529.46(35.01) 	569.24(36.07)bd 	533.74(35.31) 	570.61(34.78)bf


 	Girl (n = 10) 	525.35(32.67) 	521.85(32.73) 	524.18(33.85) 	564.86(33.56)bd 	534.52(34.14) 	569.29(34.22)bf


 	Sleep efficiency (%), M(SD) 	Group (n = 20) 	89.34(9.21) 	87.43(8.92) 	90.52(9.13) 	92.85(10.46)ac 	90.16(9.37) 	93.05(9.49)ae


 	Boy (n = 10) 	89.76(6.86) 	87.81(6.74) 	90.75(6.52) 	93.04(7.37)ac 	90.58(6.41) 	93.17(6.91)ae


 	Girl (n = 10) 	88.92(6.50) 	87.05(5.89) 	90.29(6.98) 	92.66(7.12)ac 	89.74(6.26) 	92.93(6.65)ae





Significantly differences compared to EG in PRE. ap < 0.05; bp < 0.01. Significantly differences compared to CG in DUR. cp < 0.05; dp < 0.01. Significantly differences compared to CG in POST. ep < 0.05; fp < 0.01.
 

The research reveals that, relative to the CG, the EG involved in significantly more MVPA by 15.31 min during the DUR phase and 25.76 min during the POST phase (p < 0.01). Additionally, they dedicated much less time to sedentary behaviors, with reductions of about 52.03 min during the DUR phase and 50.98 min during the POST phase (p < 0.01) per day. Regarding sleep patterns, children from the EG demonstrated an increase in nightly sleep duration by 40.23 min and 35.82 min (p < 0.01) during the DUR and POST phases respectively, in contrast to the CG, along with enhancements in sleep efficiency by 2.33 and 2.89% (p < 0.05) (Table 3).

Contrasting the PRE test, the EG increased by 25.49 min and 30.28 min in MVPA time per day during the DUR and POST (p < 0.01), and spent 50.35 min and 60.22 min less in sedentary time per day during the DUR and POST (p < 0.01). Concerning sleep, the EG exhibited a significant increase in sleep duration of 41.93 min and 44.83 min per night during the DUR and POST compared to the PRE, respectively (p < 0.01), with an improvement in sleep efficiency of 5.42 and 5.62% (p < 0.01) (Table 3).

For CG, compared with PRE, the amount of time spent on MVPA per day increased by 2.01 min in the POST stage, while sedentary time decreased by 5.73 min, the amount of sleep per night increased by 5.17 min, and sleep efficiency decreased by 0.82%, with no significant differences (p > 0.05) (Table 3).

The 12-week intervention in PA may increase daily MVPA and nightly sleep duration, potentially yielding significant impacts on children’s health outcomes.

Concerning gender differences, boys and girls in the EG had similar trends in MVPA, sedentary time, sleep duration, and sleep efficiency changes, with boys demonstrating a greater change at weeks 6 and 12, indicating they might be more receptive to the intervention.



4 Discussion

This research aimed to assess how a physical activity program within school affects children’s height, weight, BMI, motor skills, physical activity levels, and sleep patterns. The PA intervention led to a substantial positive impact on children’s physical health, as demonstrated by comparisons between the EG and CG during the intervention. The study results demonstrate that the EG achieved statistically significant improvements in BMI and motor skills, along with positive changes in physical activity levels and sleep patterns. The enhancements made the EG more consistent with the World Health Organization’s standards for children aged 10–11, illustrating the specific health benefits of PA interventions on their overall health. Schools should ensure every student has access to sufficient PA to maintain a healthy BMI, enhance motor skills, and improve sleep patterns. Education authorities and school administrators should prioritize the comprehensiveness and diversity of physical education curricula, offering activities tailored to different age groups and physical abilities. Additionally, schools should establish dedicated assessment mechanisms to regularly monitor students’ physical condition and participation in PA, enabling timely adjustments and optimization of PE programs. Furthermore, collaborating with families and communities to foster a supportive environment for PA will help increase student participation and cultivate lifelong exercise habits.


4.1 PA and BMI in elementary school children

PA is crucial in managing children’s BMI. An analysis of data from two provincial surveys of fifth-grade children in Canada demonstrated a negative link between BMI and PA levels (46). A study involving 318 s-and-third-grade students in USA, revealed that children participating in MVPA with a greater proportion of sessions lasting 10 to less than 15 and 15 min or more exhibited lower BMI percentiles and waist circumferences compared to peers with fewer such sessions (47). Another study with a cross-sectional design, involving 150 elementary school students aged 3–5 years, showed a significant negative linear trend between body fat parameters and increasing levels of physical activity, implying that increased PA is associated with decreased body fat (48). This study’s outcomes were consistent with previous findings, revealing that the EG spent an extra 30.28 min per day on MVPA and reduced sedentary time by 60.22 min compared to the PRE, leading to a height gain of 0.03 m and a reduction in BMI by 0.26 kg/m2. The findings suggest that consistent monitoring and intervention in children’s PA levels can contribute to sustaining a healthy BMI. There is an association between PA, BMI, and related metabolic factors. Conducted over 3 years, the PA in the Curriculum (PAAC) study was a cluster randomized controlled trial involving 24 elementary schools, all second- and third-grade students followed through fourth and fifth grades. The research was introduced a 90-min weekly program integrating MVPA into the educational program and revealed a notably lower increase in BMI over 3 years in schools where PAAC was conducted for ≥75 min per week compared to schools with less than 75 min per week. This finding indicates the potential effectiveness of this strategy in mitigating BMI increase over a three-year period (49).

The mechanisms by which PA influences BMI involve complex processes encompassing neuromodulation, physiological adaptation, and metabolic regulation (50–52). In terms of neuromodulation, PA regulates appetite by affecting the central nervous system, thereby controlling energy intake and expenditure (50). High-intensity interval training enhances neuroplasticity by raising the levels of brain-derived neurotrophic factor and enhancing neural activity in the ventromedial hypothalamic nucleus. This neuroplasticity correlates with enhanced fat oxidation and visceral lipolysis (51). Through physiological adaptation, PA influences hepatic gluconeogenesis by modulating the TRB3/Akt interaction in insulin-resistant states. This process occurs by inhibiting TRB3 protein activity, thereby reducing hepatic glycogenesis and maintaining glucose homeostasis (53). PA stimulates heat production in fat tissue and influences hormonal pathways, boosting the ability of major metabolic organs like skeletal muscle and liver to burn fat and sustain energy equilibrium (50). Regarding metabolic regulation, PA reduces body fat and BMI by increasing energy expenditure and improving insulin sensitivity. PA improves hypothalamic inflammatory states by reducing obesity-associated pro-inflammatory mediators (e.g., free fatty acids, TNFα, adiponectin, and advanced glycation end-products), thereby restoring leptin sensitivity and decreasing food intake (52). PA reverses obesity-related brain structural abnormalities by inducing metabolic and neurotrophic plasticity changes in brain structures, ultimately enhancing metabolic health (54). PA influences BMI through multiple mechanisms including neuromodulation, physiological adaptation, and metabolic regulation. The synergistic effects of these mechanisms not only aid BMI management but also positively impact overall metabolic health. Childhood represents a critical stage for physical development, and moderate PA can boost basal metabolism, enhance muscle mass, and aid in maintaining a healthy weight. The generalizability of this study’s findings is evident across different age groups of children and diverse cultural backgrounds, where similar trends are observed. Therefore, school policymakers should consider increasing the duration and intensity of weekly physical education classes to ensure all students have opportunities to engage in physical exercise, particularly in light of the growing prevalence of childhood obesity.



4.2 PA and motor skills development in elementary school children

PA is essential for the development of motor skills among children. A review of 40 studies found significant positive correlations between motor skills and both cardiorespiratory and musculoskeletal fitness, alongside significant negative correlations with weight status (55). Similarly, the implementation of the game-based PA, conducted with third grade students, improved participants basic motor skills and increased levels of PA within the classroom (56). These studies support the outcomes of our research. Following 12 weeks of PA, the EG showed marked improvements in the 50 m run, 50 m × 8 back-and-forth run, 1-min jump rope, sit-and-reach, and 1-min sit-ups tests relative to the PRE test (p < 0.01). The research suggests that interventions centered on PA can successfully enhance motor skills in children, potentially benefiting their health and PA involvement over time. Research on children aged 5–6 showed that the Walk, an eight-month-long PA curriculum facilitated by classroom and physical education instructors, led to substantial improvements in motor competence and PA levels (57). A study by Bi et al. (58) demonstrated that among 184 randomly selected adolescents aged 12.87 years (84 males, 100 females) from a school, engaging in 40-min sessions of moderate-to-high-intensity physical education classes three times weekly for 12 weeks produced a meaningful increase in maximal oxygen uptake and effective improvement in cardiorespiratory endurance. The process of developing motor skills through PA involves a coordinated mechanism between the nervous and muscular systems: the nervous system promotes motor skill development by regulating muscle activity, while the muscular system supports movement through coordinated muscle actions and force output (59). The advancement of physical skills requires the active participation of myelin formation within the central nervous system. Oligodendrocytes, continuously generated within the brain, form myelin sheaths (60). These cells, along with the myelin they generate play a crucial role in motor skills learning and development (60). The nervous system generates specific motor behaviors by activating muscle synergist groups (4). The modular organization of these synergist groups forms the foundation of motor actions (61). This structure enables the nervous system to produce diverse movements through flexible combinations of synergist groups and to optimize motor skill development by reorganizing synergist groups (62). Motor skill development also involves information processing within the sensory system, which aids in adjusting and refining motor skills through feedback mechanisms (63). The synergistic interaction of these mechanisms enables physical activities to promote the development and enhancement of motor skills. A deeper understanding of these mechanisms facilitates the development of more effective interventions to foster motor skill development in elementary school students.



4.3 PA and sleep patterns in elementary school children

The effects of PA on sleep remain a subject of considerable debate in current research (64–66). Our study observed that during the POST test, children from the EG exhibited a 67.76% increase in MVPA, a 8.54% increase in sleep duration, and a 5.62% enhancement in sleep efficiency relative to the PRE. There was a clear correlation between PA and sleep quality, as MVPA levels were linked to improved sleep quality and longer sleep duration. Multiple studies align with the findings of this research. Ezati et al. (67) recruited 67 female college students aged 18–26 to participate in 8 weeks of moderate-to-high-intensity aerobic exercise, performed three times weekly for 60 min per session. The study revealed that 8 weeks of moderate-to-high-intensity exercise significantly improved both sleep duration and sleep quality. Junior et al. (68) recruited 23 males aged 15–17 years to perform moderate-intensity functional training twice weekly over a 6-week intervention period. Results indicated that 6 weeks of functional training significantly improved sleep quality in these males. A study by Chaput et al. (21) involving 5,777 children aged 9–11 revealed a negative link between sleep duration and sedentary time, showing that later bedtimes were related to more sedentary activities and less MVPA. PA can influence sleep patterns in elementary school children through various biological mechanisms. In terms of neural regulation, PA promotes the secretion of dopamine, serotonin, melatonin, and other neurotransmitters, regulates body temperature, improves circadian rhythms, and enhances sleep quality (69). Regarding psychological regulation, PA reduces depressive moods, alleviates academic stress, and lowers the incidence of sleep disorders (70). In physiological regulation, the rise and subsequent drop in body temperature after exercise facilitates sleep onset during the cooling phase. Regular PA improves cardiac function, enhancing blood oxygen-carrying capacity and aiding nighttime relaxation and recovery. Furthermore, exercise-induced muscle fatigue increases deep sleep duration, which is crucial for bodily restoration (71, 72). Regarding metabolic adaptation, PA elevates basal metabolic rate, enabling the body to expend more energy at night and potentially shortening wakefulness periods within the sleep cycle. Simultaneously, PA improves insulin sensitivity and lowers blood glucose levels, which are necessary for maintaining stable energy levels and good sleep quality (73). PA influences sleep patterns through multiple mechanisms—neurological, physiological, and metabolic adaptations—which collectively promote better sleep quality and overall health. Encouraging moderate PA serves as a powerful approach to enhance sleep quality and advance health (71, 72).




5 Strengths and limitations

This study evaluates the influence of interschool PA strategies employed on children’s BMI, motor skills, PA levels, and sleep patterns, offering theoretical and practical insights for enhancing children’s physical fitness and health. This research was carefully planned, utilizing a randomized controlled trial to minimize confounding factors and confirm the intervention’s impact by comparing the EG and CG. The assessment indexes of this study were comprehensive, with simultaneous monitoring of BMI, motor skills, PA level and sleep pattern, revealing the overall impact of PA on multiple aspects of children’s health. The intervention program of this study was practically feasible, based on the design of school scenarios, the combination of extra activities and regular physical education classes, easy to operate and easy to promote, and provided a model that could be used for physical education interventions in primary schools.

This research has certain limitations. The sample size was only 40 participants, which is relatively small and may inadequately portray the diversity of the intended population. This limitation restricts the generalizability of the results. Future studies should aim to increase the sample size to improve the study’s applicability and precision. During data collection, seasonal factors should be fully controlled to eliminate the impact of seasonal variations on physical activity levels. Potential selection bias should be considered in subject selection, addressing underlying biases such as health consciousness or lifestyle choices. Given that the elementary school semester spans approximately 16 weeks, the 12-week intervention period in this study was insufficient to assess long-term effects. The absence of long-term data may lead to overestimation or underestimation of intervention effects, as certain long-term outcomes may not manifest within a short timeframe. Additionally, adherence variations across different contexts (e.g., work, family, leisure) require consideration. Contextual factors like weather, social support, and academic stress significantly influence physical activity behaviors, warranting in-depth analysis in future studies. The generalizability of findings requires validation through cross-cultural and cross-regional research. It is imperative to investigate the consistency of exercise intervention effects across different geographical and cultural contexts, as well as identify any specific factors that may require adjustment.



6 Conclusion

This study reveals the multidimensional positive effects of a PA on the health of 10–11 years old children, including a significant reduction in BMI, improved motor skills, increased PA levels, and enhanced sleep patterns. This 12-week intervention program, featuring 320 min of weekly physical activity (combining regular physical education classes and supplemental activities), not only substantially elevated children’s overall health status but also established a robust foundation for their healthy development and well-being. These findings hold profound implications for educational policy and public health guidelines, underscore the importance of integrating PA within school settings and provide robust evidence supporting strategies to increase both the duration and intensity of PA to promote children health. The study’s results call on policymakers to develop PA as a core component of school curricula and encourage public health guidelines to adopt evidence-based PA interventions. This creates an educational environment conducive to children’s health, offering a replicable and scalable model for global child health promotion initiatives that advance worldwide child health standards.
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