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Objective: To explore the effects of different physical training programs on the
sleep of boy students in a senior high school, and to provide a reference for
effectively improving the sleep level of students in a senior high school, as well
as optimizing the physical training program.

Methods: 77 boys in 11th grade of a senior high school were randomly divided
into four groups: Group | (traditional training), Group Il (strength training),
Group Il (HIIT training), and Group IV (strength +HIIT training). At the points
before and after the intervention, the Pittsburgh Sleep Quality Index (PSQI)
and examination scores were measured as indicators of the sleep health and
academic performance of students in senior high school, and the intervention
effects of different schemes were compared.

Results: (1) After the intervention, the PSQI global score of Group II, Group llI,
and Group IV was significantly lower than that of Group | (p < 0.001, p = 0.004,
p = 0.01, respectively), and the PSQI global score (p < 0.001, p = 0.02, p < 0.001,
respectively), sleep latency (p = 0.008, p = 0.003, p = 0.005, respectively) and
sleep duration (p < 0.001, p = 0.005, p = 0.003, respectively) were significantly
lower than those before intervention; (2) After intervention, the score of sleep
disturbances of Group IV was significantly lower than that before intervention
(p = 0.02); (3) After the intervention, academic performance among the four
groups show no significance (p = 0.886 > 0.05), while Group IV was significantly
higher than that before intervention (p = 0.047).

Conclusion: Compared with traditional training programs, strength training,
HIIT and strength+HIIT training programs have a stabilizing and improving effect
on the sleep health level of senior high school boy students, mainly reflected by
reducing sleep latency and increasing sleep duration. All four training programs
can improve academic performance, while the strength+HIIT training program
produced a more significant effect.

KEYWORDS

senior high school boy students, physical training, sleep, PSQI, academic performance

01 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2025.1579114&domain=pdf&date_stamp=2025-04-16
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1579114/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1579114/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1579114/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1579114/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1579114/full
mailto:zhangxin@bsu.edu.cn
https://doi.org/10.3389/fpsyg.2025.1579114
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2025.1579114

Zhao et al.

1 Introduction

Sleep is an important physiological process (Baranwal et al., 2023;
Sletten et al,, 2023; Lim et al., 2023). About one-third of a person’s life
is spent in sleep (Vorster et al., 2024). During sleep, the body completes
the elimination of fatigue, the response and integration of the immune
system, and the consolidation of memory (Miletinova and Buskova,
2021). It can be seen that sleep is important in the process of life. The
senior high school stage is an important turning point in life. A large
number of studies have shown that high school students are in
adolescence, during which they have become one of the important
groups of sleep deprivation due to various physiological and
psychological complex factors (Liu et al., 2024; Kansagra, 2020; Xu
et al., 2012; Mak et al., 2012). They are faced with many problems,
such as the pressure of academics and examination, the change of
identity, the construction of world outlook and values, the coexistence
and running-in with others and the environment, which may produce
relatively higher pressure (Gedda-Munoz et al., 2023), resulting in
poor sleep and even decreased academic performance (Liu et al,
2024). Therefore, in the cultivation process of high school students,
we should pay attention to students’ sleep, and ameliorate and improve
students’ sleep health.

Previous studies have shown a close relationship between poor
sleep quality and physical inactivity (Visier-Alfonso et al., 2022; Wang
etal., 2016; Spruit et al., 2016; Yeatts et al., 2017; Philippot et al., 2022)
while there is a certain correlation between physical activity and
students’ academic performance (Mak et al., 2012; Visier-Alfonso
et al,, 2022; Wang et al., 2016; Spruit et al., 2016). It is inferred that
sleep quality will affect the academic level of adolescents (Spruit et al.,
2016). Studies have shown that cardiorespiratory fitness and strength
training are regulators of stress (Yeatts et al., 2017, Philippot et al.,
2022). Strength training and aerobic training can improve sleep by
improving mood state (Philippot et al., 2022; Carek et al., 2011;
Vorster et al.,, 2024), interpersonal relationships (Smith et al., 2018),
increasing energy consumption (Mendelson et al, 2016), and
regulating the endocrine system (Uchida et al., 2012; Richards et al,
2011). In addition, aerobic training and strength training help to
enhance physical fitness, regulate mood, relieve fatigue, and prevent
mental illness, thereby indirectly improving sleep quality (Taylor et al.,
2021; Vartanian et al., 2018; Guo et al., 2021; Albrektsen et al., 2021).
Therefore, physical training has an important impact on sleep quality.

Despite the attention that has been given to exercise interventions
for adolescents to improve sleep (Jurado-Fasoli et al., 2020;
Longlalerng et al., 2021) and academic performance (Zhang et al.,
2023; Robinson et al., 2023), few studies have focused specifically on

TABLE 1 Participants’ physical characteristics.
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males during adolescence - a critical period marked by rapid
physiological maturation (e.g., testosterone-driven muscle growth)
and high academic stress. Existing literature disproportionately
emphasizes female participants or mixed-gender cohorts, despite
evidence that boys exhibit different responses to physical activity
(Landen et al., 2023). This gap limits the development of targeted
interventions for male students, who also globally experience lower
sleep quality (Krishnan and Collop, 2006; Safarzade and Tohidinik,
2019) and higher academic disengagement compared to their female
peers (Hysing et al., 2016; Yunus et al., 2021). In a survey of 7,798
adolescent students (16-19 years old) included in the study, Hysing
et al. found that male students had significantly lower academic
achievement (grade point average) than female students with equally
poor sleep quality (Hysing et al., 2016). However, as a special group of
high school students, there are few studies on their sleep-related
issues. Whether physical training can ameliorate or improve the sleep
problems of high school boy students is worthy of further discussion.

To test which training program would be more effective in
improving or increasing sleep and academic performance in male
adolescent high school students. We hypothesized that strength
training, HIIT training, and combined exercise would all play better
results compared to traditional training, with combined (HIIT+ST)
exercise achieving better results. Therefore, this study applied
systematic physical training to high school students for the first time
and explored the effects of four different physical training programs
on high school students’ sleep and academic performance. It provides
a reference for effectively regulating and ameliorating their sleep status
and improving academic performance. At the same time, it will
provide a theoretical basis for optimizing physical training programs.

2 Methods
2.1 Participants

A convenience sample of 77 students in 11th grade from a public
senior high school in Sichuan province, western China, was selected
for this study, and their characteristics are shown in Table 1.
Participants were all apparently healthy, as defined by their enrollment
in PE class, and able to participate in regular exercise. No other
inclusion or exclusion criteria were applied. For almost all boarding
students, the daily school schedule is similar. The day typically began
with an optional morning exercise and reading between 6:50 AM and
7:20 AM. Formal morning classes started at 8:10 AM and ended at
12:00 AM, with physical activity during recess from 9:50 to 10:20,

Characteristics I (n=20) Il (n =19) Il (n = 19) IV (n = 19)
Age, year 16.75 + 0.55 1632 + 0.48 16.84 + 0.38 16.79 + 0.54
Height, cm 172.49 + 479 171.07 422 171.92 + 4.53 171.66 £ 5.03
Weight, kg 64.02 £7.19 60.53 + 4.18 65.83 + 4.83 62.51 + 6.68
BMI, kgm™ 21.72 +2.44 20.94 +2.30 2227 +125 21.72 4236
Body fat, kg 15.00 + 2.56 15.42 + 6.05 14.62 +3.30 16.23 +2.18
Lean body mass, kg 3538 £3.17 3342 £5.07 36.41 +3.44 36.86 +2.77
Truck muscle, kg 24.83 £2.22 2427 +1.53 25.55 + 2.41 25.86 +1.95
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followed by a 2.5-h lunch and noon break. During the noon break, all
students remained at school and had the opportunity to study or take
brief naps after lunch. Afternoon classes resumed at 2:35 PM and
ended at 6:10 PM. The students typically had dinner from 6:10 PM to
6:45 PM. 3 optional evening studies in school ended by 10:00 PM.

Participants were informed of the study purposes, procedures,
and potential risks, and provided written information consent before
commencing the study, and the reporting follows the general
guidelines described in the Consolidated Standards of Reporting
Trials (CONSORT) 2010 statement. The study was formally approved
by the Beijing Sports University Human Ethics Committee (Approval
No.:2024352H) and conducted according to the Declaration of
Helsinki. Before starting the present study, a power analysis was
performed (G*Power 3.1, Heinrich-Heine-Universitdt, Diisseldorf,
Germany) to calculate the adequate sample size (F-test, effect
size = 0.25, a error = 0.05, power = 0.95) (Faul et al., 2009). According
to this calculation, 76 participants were required. When considering
a 10% dropout and the actual situation, the sample size was included
in a total of 90.

2.2 Instruments

2.2.1 Sleep patterns

Participants completed the Chinese version of the Pittsburgh
Sleep Quality Index (PSQI) which contains 19 self-evaluation items
and 5 other-evaluation items (Buysse et al.,, 1989; Liu and Tang, 1996).
The PSQI was initially developed by Buysse et al. (1989) and is a self-
report assessment tool that evaluates sleep quality over 1 month. A
global score and seven component scores can be derived from the
scale. The component scores are the following: Subjective sleep quality,
sleep latency, sleep duration, sleep efficiency, sleep disturbances, use
of sleeping medications, and daytime dysfunction. The seven
component scores are summed to obtain a global score ranging from
0 to 21. Based on the original study, scores larger than 5 indicate poor
sleep quality, which yielded a specificity of 86.5% and a sensitivity of
89.6% in distinguishing good and poor sleepers (Buysse et al., 1989)
across several populations (Carpenter and Andrykowski, 1998),
including the elderly (Buysse et al., 1989). Higher scores on each
component indicate poorer sleep. This scale has been translated into
many different languages and is a well-established scale with
acceptable psychometric properties among numerous clinical and
non-clinical populations (Nakajima et al., 2014; Ait-Aoudia et al,,
2013; Manzar et al., 2015).

2.2.2 Academic performance

Academic performance was measured with exam scores. The test
scores before training are used as the pre-test academic performance,
and the test scores after training are used as the post-test
academic performance.

2.3 Procedure

2.3.1 Randomization and allocation

A longitudinal, randomized controlled trial was conducted. The
adolescents were assigned to 4 groups: Group I (traditional training,
RG + ET), Group II (strength training, RG + ST), Group III (HIIT
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training, HIIT+ET) or Group IV (HIIT+ST), through random digital
method. The study will include a random assignment of volunteers
into three groups. The volunteers will be not blinded and will be aware
of which training mode will be used. The examiners will not know
about the study. The statistician will also be blinded to intervention
allocation. The data will be coded in an unrecognizable manner, with
no information indicating which group a single participant will
be assigned to. Eventually, 77 adolescents were allocated between a
Group I (n = 20), Group II (n = 19), Group III (n = 19) and Group IV
(n=19).

Four groups of students participated in a 12-week physical
training program during the same academic year and in the same
conditioned environment as each group’s physical training program.
The sleep quality scores and academic performance of all students
were measured before and after the intervention to compare the effects
of different training programs on the sleep and academic performance
of high school students.

School officials and adolescents at this school permitted us to
administer the survey and access the exam scores. Two classes were
randomly selected from the school (n=90), and all student
participation was entirely voluntary. The questionnaire was distributed
for the first time before students began training in October 2024. A
total of 84 questionnaires were distributed to students during class and
84 completed questionnaires were returned, yielding a response rate
of 100%. During the training period, 7 people withdrew or did not
meet the requirements due to various reasons. In January 2025, the
second distribution was carried out after the training. A total of 77
questionnaires were distributed to students during class and 77
completed questionnaires were returned, yielding a response rate of
100%. Questionnaires were distributed, completed, and returned
within the time of one class. In addition, the examination scores of the
students who completed the questionnaires were obtained from the
school, including entrance examination scores and final examination
scores. Importantly, no injury or adverse events occurred during the
12-week training. The flow-chart of the study is presented in Figure 1.

2.3.2 Physical training protocol during recess
There are two main forms of exercise during recess: (1) Radio
gymnastics (RG), mainly carries out the Ninth Set of radio gymnastics
exercises that follow music for 20 min, 6 times a week. (2) HIIT,
mainly to follow the Tabata music in situ running, jumping, squatting,
and other high-intensity interval training, each training 20 min, 6
times a week. Specifically as follows: HIIT training sessions were
designed for a session length of approximately 20 min. Each training
session started with 5 min warm-up using brisk walking, followed by
three rounds of 10 exercises, each performed for 20 s and followed by
10 s of rest, following the timing ratio of Tabata et al. (1996). The
specific scheme is: the adolescents in the group III and IV were
assigned to HIIT 6 times per week, for a total of 12 weeks. Previous
research showed that short rest between exercise bouts is associated
with maximized metabolic impact (Haltom et al., 1999). The protocol
focused on training using body weight (no equipment needed) and
aimed to incorporate a combination of aerobic exercises, strengthening
exercises for the upper and lower body, and core stability exercises for
beginners. A detailed description of the HIIT program including the
exercise description, type of exercise, and target muscle group is
presented in Supplementary material 1. For example, one session
selected ten exercises are: (1) jumping jack, (2) wall sit, (3) push-up,
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FIGURE 1
The flow-chart of this study.

(4) abdominal crunch, (5) squat, (6) plank, (7) lunge, (8) side plank
(right side), (9) side plank (left side), and (10) high knees running and
so on. The selected exercises included in our program showed
accessibility, practicality, and time-saving for individuals who
previously felt they did not have enough resources or time to exercise
(Klika and Jordan, 2013).

2.3.3 Physical education

Physical education training mainly for two forms of exercise: (1)
Endurance training (ET), mainly for 3,000 m endurance running
and free activities, each session 90 min, 2 times a week; (2) strength
training (ST), the first 4 weeks to establish the correct basic action
mode, the development of flexibility, upper and lower limb muscle
endurance, core stability as the main purpose; the main purpose of
5-10th weeks was to develop the muscle circumference and core
strength of the upper and lower limbs. The main purpose of 11-12th
weeks is to develop maximum muscle strength and continue to
strengthen core strength. Each training is 90 min and 2 times a week.
The specific scheme is: the adolescents in the group I and IV were
assigned to strength training 2 times per week, for a total of

Frontiers in Psychology

12 weeks. Each session lasted for approximately 90 min, including
15 min of warm-up, 60 min of formal training, and 15 min of
stretching. The training session consisted of about 8-10 training
exercises, each of which was repeated in 3 sets of 10-12 repetitions,
with a 1-min rest interval between sets and exercises. The exercises
were performed in an alternated-by-segment fashion as follows;
squat, deadlift, leg extension, hamstring curls, bench press, biceps
curl, rowing, lat pull-down, and so on (Lloyd et al., 2014). A detailed
description of the strength training database including the type of
exercise, and target muscle group is presented in
Supplementary material 2.

Intensity was based on a predicted one-repetition maximum
(IRM), as outlined in the American College of Sports Medicine
guidelines (Franklin et al., 2010). Assessment of 1IRM was completed
at baseline and then re-assessed every 4 weeks, to account for any
strength gains. Resistive load increased fortnightly from 75 percent
1RM over the initial 12 weeks, then to 85 percent 1RM for the last
4 weeks. Participants were to be removed from the study if they
missed three consecutive training sessions or 10 percent of the
training sessions over the 12 weeks.
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2.4 Data analysis

All statistical analyses were conducted using IBM SPSS Statistics
version 26.0 (IBM Corp., Armonk, NY). The Shapiro-Wilk Test was
used to test the normality of the data. The series that conform to the
normal distribution are expressed in the form of means and standard
deviations (SD), and the series that do not conform to the normal
distribution are expressed in the form of median and quartile (Q). A
two-way repeated ANOVA, a one-way analysis of variance, and a
paired T-test were used to determine significant differences between
the groups. If the conditions were not met, the Wilcoxon signed-rank
test was used for intra-group comparison, and the Kruskal-Wallis H
test was used to compare the differences between groups. The
significance level was defined as p < 0.05.

3 Results
3.1 PSQI global score

The PSQI global scores of pre and post-intervention for all groups
are shown in Table 2 and Figure 2. There was a significant interaction
between the four groups of students’ PSQI global score time x group
(n*=0.187,p = 0.002 < 0.05, F = 5.614), and the main effect of training
group (n° = 0.187, p = 0.061, F = 2.561) was not significant. The main
effect of training time (n* = 0.33, p < 0.001, F = 35.984) was significant.
A pairwise comparison showed no significant difference between the
four groups before training. Compared with before training, there was
no substantial change in the PSQI global score of Group I after
training (95% CI-1.052-0.751, p = 0.741 > 0.05). In contrast, the PSQI
global scores of the other three groups were significantly lower, Group
II (95%CI 0.864-2.715, p < 0.001), Group III (95%CI 0.671-2.382,
p =0.02), Group IV (95%CI 1.447-3.294, p < 0.001). Additionally, the
PSQI global scores in Group II (95%CI 1.396-4.487, p < 0.001), Group
III (95%CI 0.764-3.864, p = 0.004), and Group IV (95%CI 0.501-
3.583, p = 0.01) were significantly lower than those in Group I.

After training, the Kruskal-Wallis H test showed that there was a
significant difference in the reduction of PSQI global scores between
the groups (H = 13.326, p = 0.004). The Bonferroni method was used
to correct the post-hoc pairwise comparison of the significance level.
It was found that the reduction values of Group II, Group III and
Group IV were significantly higher than those of Group I (p = 0.006,
p=0.018, p=0.001, respectively), while there was no significant
difference between Group II, Group IIT and Group IV. The order of
change value was Group IV > Group II > Group III > Group 1.

TABLE 2 PSQl scores before and after intervention in each group.

10.3389/fpsyg.2025.1579114

3.2 Sleep quality

The Wilcoxon signed rank test revealed, compared with before
training, non-significance change in sleep quality scores of students in
each group, Group I (Z=-1.730, p = 0.084), Group II (Z =-1.342,
p =0.180), Group III (Z = -0.378, p = 0.705), group IV (Z = -1.667,
p=0.096).

After training, the Kruskal-Wallis H test showed that there was no
significant difference in the reduction of sleep quality scores between
the groups (H = 2.934, p = 0.402). As shown in Table 3.

3.3 Sleep latency

The Wilcoxon signed rank test revealed, compared with before
training, non-significance change in the score of sleep latency after
training in group I (Z=-0.302, p = 0.763), while the scores of sleep
latency after training in the other three groups were significantly reduced,
group II (Z=-2.673, p= 0.008), Group III (Z=-2.972, p=0.003),
Group IV (Z = -2.84, p = 0.005), that showed sleep latency was improved.

After training, the Kruskal-Wallis H test showed that there was
statistical significance between the scores of sleep latency in each
group (H =9.307, p = 0.025). The Bonferroni method was used to
correct the post-hoc pairwise comparison of the significance level. It
was found that the reduction values of Group II, Group III, and Group
IV were significantly higher than those of Group I (p = 0.023, p = 0.01,
p=0.011, respectively), while there was no significant difference
between Group II, Group III, and Group IV. As shown in Table 4.

3.4 Sleep duration

The Wilcoxon signed rank test revealed, compared with before
training, non-significance change in the sleep duration of group I after
training (Z = -1.134, p = 0.257), while the sleep duration scores of the
other three groups after training were significantly reduced, Group II
(Z=-3.606, p < 0.001), Group III (Z = -2.840, p = 0.005), Group IV
(Z=-2.972, p = 0.003), that showed sleep duration was improved.

After training, the Kruskal-Wallis H test showed that the reduction
value of sleep duration scores in each group was statistically significant
(H = 8.578, p = 0.035). The Bonferroni method was used to correct the
post-hoc pairwise comparison of the significance level. It was found
that the reduction values of Group II, Group III, and Group IV were
significantly higher than those of Group I (p=0.007, p =0.034,
p =0.032, respectively), while there was no significant difference
between Group II, group III, and Group IV. As shown in Table 5.

Pretest Protest A
Mean Mean Mean (Median)
1(n=20) 7.05 2.65 7.20 2.95 —0.15 (0) 2.06 (2.00)
1 (n=19) 6.05 251 426" 1.88 1.79 (1.00)* 1.90 (4.00)
III (n = 19) 6.42 1.98 4.89%* 211 1.53 (1.00)* 1.78 (3.00)
IV (n=19) 7.53 3.49 5.16% 2.54 237 (2.00)* 231 (2.00)

Interaction between the group and time: 1> = 0.18, p = 0.002, F = 5.614. #Significance in pre and post, p < 0.05. *Significance between Group I and other groups, p < 0.05. A: Pretest-posttest.
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FIGURE 2
PSQI global score and change in each group.

TABLE 3 Sleep quality scores before and after intervention in each group.

Pretest Protest A
Mean (Median) Mean (Median) SD(Q) Mean (Median)
1(n=20) 1.50 (1.00) 0.61 (1.00) 1.2 (1.00) 0.62 (1.00) 0.30 (0) 0.73 (1.00)
1 (n=19) 1.11 (1.00) 0.57 (0) 0.95 (1.00) 0.62 (0) 0.16 (0) 0.50 (0)
11 (n = 19) 1.16 (1.00) 0.69 (1.00) 1.21 (1.00) 0.63 (1.00) ~0.05 (0) 0.62 (0)
IV (n=19) 1.42 (1.00) 0.77 (1.00) 1.16 (1.00) 0.83 (1.00) 0.26 (0) 0.65 (1.00)

A: Pretest-posttest.

TABLE 4 Sleep latency scores before and after intervention in each group.

Pretest Protest A
Mean (Median) SD (Q) Mean (Median) SD (Q) Mean (Median)
1(n=20) 1.45 (1.00) 0.83 (1.00) 1.50 (1.00) 0.76 (1.00) —0.05 (0) 0.76 (2.00)
I (n=19) 1.47 (1.00) 0.70 (1.00) 0.95 (1.00)* 0.71 (0) 0.53 (1.00)* 0.70 (1.00)
Il (n=19) 1.63 (2.00) 0.83 (2.00) 1.00 (1.00)* 0.67 (1.00) 0.63 (1.00)* 0.68 (1.00)
IV (n=19) 1.84 (2.00) 1.12 (2.00) 1.26 (1.00)* 0.87 (1.00) 0.58 (1.00)* 0.69 (1.00)

#Significance in pre and post, p<0.05. *Significance between Group I and other groups, p<0.05. A: Pretest-posttest.

TABLE 5 Sleep duration scores before and after intervention in each group.

Pretest Protest A
Mean (Median) SD (Q) Mean (Median) SD (Q) Mean (Median)
1(n=20) 1.10 (1.00) 0.55 (0) 0.95 (1.00) 0.51 (0) 0.15 (0) 0.59 (1.00)
1 (n=19) 0.84 (1.00) 0.38 (0) 0.16 (0)* 0.38 (0) 0.68 (1.00)* 0.48 (1.00)
11 (n = 19) 1.05 (1.00) 0.52 (0) 0.47 (0)° 0.61 (1.00) 0.58 (1.00)* 0.69 (1.00)
IV (n=19) 1.00 (1.00) 0.67 (0) 0.37 (0)° 0.50 (1.00) 0.63 (1.00)* 0.68 (1.00)

#Significance in pre and post, p<0.05. *Significance between Group I and other groups, p<0.05. A: Pretest-posttest.

3.5 Sleep efficiency

The Wilcoxon signed rank test revealed, compared with before
training, the sleep efficiency scores of each group after training were
not statistically significant, and the sleep efficiency was not
significantly improved. Group I (Z =-0.333, p = 0.739), Group II
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(Z =-1.414, p =0.157), Group III (Z = -1.732, p = 0.083), Group IV
(Z=-1.890, p = 0.059).

Table 6.

06

After training, the Kruskal-Wallis H test showed that there was
no significant difference in the reduction value of sleep efficiency
scores among the groups (H =2.745, p =0.433). As shown in
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TABLE 6 Sleep efficiency scores before and after intervention in each group.

Pretest Protest A
Mean (Median) SD (Q) Mean (Median) SD (Q) Mean (Median) SD (Q)
1(n=20) 0.25 (0) 0.55 (0) 0.30 (0) 0.57 (1.00) —0.05 (0) 0.69 (0)
II (n=19) 0.11 (0) 0.32(0) 0(0) 0(0) 0.11 (0) 0.32 (0)
Il (n=19) 0.16 (0) 0.38 (0) 0(0) 0(0) 0.16 (0) 0.38 (0)
IV (n=19) 0.37 (0) 0.36 (0) 0(0) 0(0) 0.37 (0) 0.76 (0)

A: Pretest-posttest.

3.6 Sleep disturbances

The Wilcoxon signed rank test revealed, compared with before
training, the scores of sleep disturbances in each group after training
were not statistically significant, and the sleep disturbances were not
significantly improved. Group I (Z=-0.00, p=1), Group II
(Z=-0.333, p = 0.739), Group III (Z = -1.732, p = 0.083), Group IV
(Z=-2.333,p =0.02).

After training, the Kruskal-Wallis H test showed that there was no
significant difference in the reduction value of sleep disturbance scores
among the groups (H = 4.133, p = 0.247). As shown in Table 7.

3.7 Daytime dysfunction

The Wilcoxon signed rank test revealed, compared with before
training, the scores of daytime dysfunction in each group after training
were not statistically significant, and sleep disorders were not
significantly improved, Group I (Z=-0.378, p = 0.705), Group II
(Z=-0.816, p = 0.414), Group III (Z = -0.973, p = 0.331), Group IV
(Z=-1.134, p = 0.257).

After training, the Kruskal-Wallis H test showed that there was no
significant difference in the reduction values of daytime dysfunction
scores among the students in each group (H = 1.591, p = 0.661). As
shown in Table 8.

3.8 Academic performance

There was no significant interaction between the four groups of
students’ academic performance timexgroup (n* = 0.01, p = 0.886 > 0.05,
F=0.242), and the main effect of training group (n*>=0.992,
p =0.896 > 0.05, F = 0.2) was not significant. The main effect of training
time (n* = 0.079, p = 0.015 < 0.05, F = 6.271) was significant.

Compared with before training, there was no significant change in
the academic performance scores of Group I (MD = 5.28, 95%CI 14.45-
25.00, p = 0.582), Group II (MD = 10.00, 95%CI-2.95-22.95, p = 0.122)
and Group II (MD =11.58, 95%CI-9.06-32.22, p =0.254) after
training, while Group IV showed significant improvement (MD = 15.16,
95%CI -0.53-30.85, p = 0.05). The order of change value was Group
IV > Group III > Group II > Group I. As shown in Table 9 and Figure 3.

4 Discussion

This study explored the effects of different physical training
programs on the overall sleep quality (including sleep quality, total
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sleep time, sleep disorder, sleep latency, sleep efliciency, use of
sleeping medication, and daytime dysfunction) and academic
performance of high school students. The sleep and academic benefits
of the intervention are mainly reflected in the improvement of the
overall sleep quality level, sleep time, sleep efficiency and other
components, and the improvement of academic performance.
Namely, physical training can not only effectively enhance and
regulate the poor sleep status of senior students, improve sleep level,
reduce life pressure, but also help to improve physical fitness and
academic performance.

4.1 Effects of different physical training
programs on the overall level of sleep
quality

Due to the high school students are in adolescence, the period of
psychological fluctuation is larger, and in the face of academic
pressure, examination pressure, bad biological rhythm, and other
problems, easy to appear obvious emotional changes, which affect
sleep, daily life, and even academic performance (Astill etal., 2013; Qu
et al., 2024). At the same time, studies have found that with the
increase in grades, the overall level of sleep and the level of each
component of high school students show a downward trend (Huang
etal, 2010; Zhou et al., 2012; Chen et al,, 2015). Therefore, regulating
and improving the level of sleep quality is very important for high
school students. The study found that the overall sleep level of high
school students is closely related to their level of physical activity. The
incidence of sleep disorders in high school students who exercise
regularly is significantly lower than that of students who do not
exercise regularly (Mahfouz et al., 2020; Richardson et al., 2017).
Exercise can regulate body temperature (Shin et al., 2013), neuro-
endocrine (Morris et al., 2012), circadian rhythm (Richardson et al,
2017), mood state (Konjarski et al., 2018), etc., so as to promote the
occurrence of sleep and the maintenance of the sleep process, and
improve sleep disorders.

In this study, after 12 weeks of physical training intervention, the
PSQI global score of students who underwent strength training, HIIT
training, and strength+HIIT training was significantly lower than that
of students who underwent traditional training. It has a positive effect
on improving the sleep quality of high school students and reducing
the occurrence of sleep disorders, which is consistent with the existing
research results (Mendelson et al., 2016; Richardson et al., 2017).
Although the traditional training program has a clear way of exercise,
it does not carry out specific load structure design, and the high
school students may have physical and psychological adaptive changes
(Hughes et al,, 2018). As a result, the traditional training program has
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TABLE 7 Sleep disturbances scores before and after intervention in each group.

Pretest Protest A
Mean (Median) SD (Q) Mean (Median) SD (Q) Mean (Median) SD (Q)
I(n=20) 1.10 (1.00) 0.31 (0) 1.10 (1.00) 0.64 (1.00) 0(0) 0.65 (0)
I (n=19) 1.05 (1.00) 0.62 (0) 1.00 (1.00) 0.67 (0) 0.05 (0) 0.71 (1.00)
111 (n = 19) 1.16 (1.00) 0.38 (0) 1.00 (1.00) 0(0) 0.16 (0) 0.38 (0)
IV (n = 19) 1.16 (1.00) 0.50 (0) 0.79 (1.00)* 0.42 (0) 0.37 (0) 0.60 (1.00)

#Significance in pre and post, p<0.05. p<0.05. A: Pretest-posttest.

TABLE 8 Daytime dysfunction scores before and after intervention in each group.

Pretest Protest A
Mean (Median) SD (Q) Mean (Median) SD (Q) Mean (Median)
1(n=20) 1.65 (1.5) 0.99 (2.00) 1.70 (2.00) 0.98 (2.00) —0.05 (0) 0.83 (0)
I (n=19) 1.32 (1.00) 0.89 (1.00) 1.21 (1.00) 0.63 (1.00) 0.11 (0) 0.57 (0)
11 (n = 19) 1.26 (1.00) 0.87 (1.00) 1.05 (1.00) 0.85 (2.00) 0.21 (0) 0.92 (1.00)
IV (n=19) 1.63 (2.00) 0.83 (1.00) 1.42 (1.00) 0.90 (1.00) 021 (0) 0.79 (0)

p<0.05. A: Pretest-posttest.

TABLE 9 Academic performance scores before and after intervention in

each group.
Group Pretest Posttest
Mean SD Mean SD
1(n=20) 510.90 58.84 516.17 56.65 5.30 4211
11 (n=19) 515.42 50.14 525.42 49.75 10.00 26.88
M(n=19) 51921 59.40 530.79 44.61 11.58 42.82
IV(n=19)  514.95 4793 | 530.11° | 46.96 15.16 32.55

Interaction between the group and time: n? = 0.01, p = 0.886, F = 0.242. #Significance in pre
and post, p<0.05. p<0.05. A: Pretest-posttest.

no obvious physical and psychological effects on the high school
students, resulting in no significant improvement in sleep levels.

Through the PSQI score, the individual’s subjective feeling of sleep
can reflect the degree of sleep disorder and sleep quality of high school
students. Exercise can trigger various mechanisms to regulate and
improve the subjective overall sleep quality. A large number of studies
have found that strength training, HIIT and strength+HIIT training
can effectively improve the overall subjective sleep quality of obese or
chronic sleep disorders in middle-aged people, sedentary people, and
cancer patients. Similarly, Mendelson et al. (2016) found that 12 weeks
of aerobic training combined with strength training exercise
intervention significantly improved the overall sleep quality (sleep
efficiency, sleep time) of adolescents, which was consistent with this
study. In addition, Amos et al. (2019) found that high-intensity
exercise intervention for 4 weeks in adolescents with sleep problems
can increase their sleep time, improve sleep efficiency, and reduce
daytime sleepiness.

The results showed that the effects of strength training, HIIT, and
strength+HIIT training on the overall sleep quality of high school
students were consistent, but there was no significant difference
between the overall effects of the training program. The study found
that high-intensity aerobic training combined with strength training
and high-intensity aerobic training alone were better than

Frontiers in Psychology

low-intensity aerobic training in improving the sleep quality of
patients with adjuvant chemotherapy, and there was no difference
between the two (Courneya et al, 2014). Both HIIT and
strength+HIIT training can improve the overall sleep quality of
sedentary adults, and there is no significant difference between the
two (Jurado-Fasoli et al., 2020). However, other studies have shown
that compared with strength training, aerobic training has a more
significant effect on improving sleep quality in obese adults with
chronic insomnia (Al-Jiffri and Abd El-Kader, 2021). The reason for
the difference between this result and this study may be due to the
different research objects. Considering that the subjects of the above
studies are obese adults with insomnia, obesity will affect respiratory
efficiency during sleep, and increase the risk of insomnia (Singareddy
et al,, 2012), which affects the overall sleep quality. Compared with
strength training, aerobic training has greater energy consumption for
obese people, a more obvious weight loss effect, and can indirectly
improve sleep quality. Therefore, it is more effective in improving the
sleep quality of obese chronic insomnia people. Therefore, whether
exercise intervention can improve the overall sleep quality of different
age and physical condition groups remains to be further studied.

4.2 Effect of different physical training
programs on the improvement and
regulation of PSQl components

Adolescents are in the process of growth and development, all
sleep components are also changing (Vandendriessche et al., 2023).
Severe sleep problems can be complicated by obesity, hypertension,
diabetes, and other related diseases, which will affect academic
performance (Kinoshita et al., 2021; Bugueno et al., 2017). Therefore,
in the process of cultivating high school students, sleep health
problems should be paid more attention to. In this study, after
12 weeks of training intervention, there was no significant change in
the scores of other factors such as sleep quality, sleep latency, sleep
duration, sleep disturbance, and daytime dysfunction of students who
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Academic performance scores and change in each group.

underwent traditional training, which was consistent with the trend
of ordinary high school students. However, after training, the sleep
latency and total sleep time components of the strength training
group, the HIIT group, and the strength +HIIT group were
significantly improved, and better than the traditional training group.
This is consistent with the research of )

,and . In addition, because the
training volume and intensity of the strength+HIIT program are the
sum of the alone strength training program and the HIIT program,
the training intensity is relatively large, and the energy consumption
is greater, so the groups sleep disturbance score after training is
significantly reduced, which is consistent with the study of

Although the strength group did not show an obvious effect after
the intervention, it played a role in maintaining and regulating sleep,
better than the traditional training group. It is concluded that the
alone strength training program is more effective than the traditional
training program in regulating sleep. While, in the regulation of sleep
disorders, the strength+HIIT training program has a more positive
impact. In terms of sleep latency and sleep duration, strength training
program, HIIT program, and strength+HIIT program are more
effective than traditional training programs.

In this study, the overall sleep level of the tested high school
students is generally stable, but for the decline of the overall sleep
quality of individual students, attention should be paid to and solved
to prevent the emergence and development of sleep health problems
and to avoid the impact of sleep health problems on academic
performance, daily life, and even severe health problems.

4.3 Effect of different physical training
programs on academic performance

In the Chinese education and talent evaluation system, academic
performance, as an important measure of students’ learning ability, is
one of the most fair and effective standards for their further education
( ;

students. For a long time, academics have carried out a lot of

), especially for high school

discussions on the factors affecting students’ academic performance.
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Many studies have shown that academic performance is the result of
the joint action of school, family, society, individual, and other factors
( ; ; ;
), among which individual is the most core factor.

As an important means to promote the development of individual
physical and mental health, physical exercise also has an important
impact on students’ academic performance ( ;
; ). According to domestic

and foreign research, sports will not hinder the improvement of
student’s academic performance but will play a positive role in
promoting ( ; )- Relevant research
in China has found that there is an intermediary mechanism between
physical exercise and academic performance and encourages the
improvement of academic performance through intermediary factors
( ; ; ;

; ).

In this study, after 12 weeks of physical training intervention, the
academic performance of each group showed an increasing trend,
especially in the strength+HIIT group, which had a positive effect on
improving the academic performance of high school students. The
results showed that there was no statistical significance between the
growth changes of each group, Group IV (15.16) > Group III
(11.58) > Group II (10.00) > Group I (5.30). However, except for the
traditional group, the average growth values of the other three groups
are all greater than 10. In the Chinese examination-oriented education
evaluation system, especially for high school students, the increase of
10 points in academic performance will exceed thousands of people
in the college entrance examination ( ). Therefore, physical
training may be a crucial method to improve academic performance.
Studies have shown that both strength training and aerobic training
can improve cognitive ability ( ;

s ), and both strength and aerobic fitness are
positively correlated with cognitive ability and academic performance
( ; H ). In
addition, academic performance is an important manifestation of
students’ cognitive ability. Therefore, the enhancement of cognitive
ability can improve students’ learning ability and academic
performance. However, the dose-effect relationship between physical
activity and academic performance is related to many factors, such as
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training time, training frequency, training methods, etc. (Donnelly
et al, 2016). In this study, the academic performance of the
strength+HIIT group was significantly improved after training,
probably because the training intensity, training time and training
volume of this group were higher than those of other groups, which
was consistent with the results of Bai et al. (2020).

Although most studies support the conclusion that moderate
physical exercise can improve adolescents’ cognitive ability and
academic performance (Wassenaar et al, 2020). However, the
mechanism of physical exercise affecting adolescents’ academic
performance needs further study (Wassenaar et al., 2020; Xu, 2015).
Studies have shown that physical exercise can change the structure and
function of the brain, increase the degree of brain activation and
connectivity in the resting state, and then improve cognitive ability
(such as memory, execution, etc.), thereby improving academic
performance, but the research conclusions have not yet reached
agreement (Zhou et al., 2023; Gunnell et al., 2019). Therefore, whether
there is an intermediary variable between physical exercise and
academic performance is discussed by scholars. Tomporowski et al.
(2011) systematically summarized the mechanism of physical exercise
affecting academic performance based on previous research, and used
the model to express the mechanism. According to the model, the
path of physical exercise affecting adolescents’ academic performance
is more complex and has a direct impact. At the same time, it can also
be affected by physical fitness, health, psychosocial and other
intermediary factors. Among the health factors, sleep problems are
included. Zhang et al. (2016) conducted a survey of 224 high school
students and found that physical activity improves academic
performance by improving sleep, and sleep plays an intermediary role
between them. In this study, different training programs have different
effects on the total quality of sleep, resulting in changes in academic
performance. Among them, compared with other programs,
strength+HIIT has a more significant positive effect on sleep and
academic performance.

4.4 Limitations

The current study has some limitations that should be considered.
First, our sample size was relatively small, which did not provide
enough strength of value for detecting a difference among the groups.
In addition, as the female sample was not included in the current
study, so the results may not be generalized to this gender. Future
studies with larger sample sizes and more female participants are
warranted. Second, we only used subjective measures (PSQI) of sleep
quality, duration, and daytime sleepiness. Future studies are
encouraged to use objective techniques (i.e., polysomnography) to
investigate the effects of different training programs on sleep
architecture. Third, the study’s single-region design limits our ability
to disentangle regional effects from intervention-specific outcomes.
Replication in diverse geographical settings is critical to confirm the
robustness of our conclusions. Future multi-regional RCTs are needed
to evaluate whether our results hold across diverse socioeconomic,
climatic, and cultural contexts. Finally, we did not consider the
exercise volume of training programs. Further studies that assess
physical activity using accelerometers and maximum oxygen
consumption per unit of time are required to determine the dose-
response relationship between physical activity amount and the
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magnitude of the effect on sleep and academic performance. This will
contribute to uncovering what aspect of physical activity influences
students’ sleep and academic achievement.

5 Conclusion

The overall sleep quality of senior high school students with
traditional training is relatively stable, and its change trend is similar
to that of ordinary senior high school students, that is, the traditional
training program has no obvious regulation and improvement effect
on the overall sleep quality of senior high school students. Compared
with the traditional training program, strength training, HIIT and
strength +HIIT training programs have more obvious effects on
improving the overall sleep quality, mainly reflected in the two aspects
of sleep latency and sleep duration. Secondly, the strength+HIIT
program has a positive impact on improving sleep disturbance in high
school students. In the use of sleep medication, traditional training
not only failed to achieve a stable and improved effect but also showed
a worsening trend, while strength training showed a positive
improvement compared with traditional training. In addition, all four
training programs can improve students’ academic performance,
among which the strength+HIIT training program has a more
noticeable effect.

It is suggested that high schools can consider the strength+HIIT
concurrent training program when promoting and applying physical
training, and pay attention to students’ sleep health problems to
ensure that students have good sleep, which in turn ensures physical
fitness and academic performance. Secondly, future research suggests
that tracking and follow-up should be set up, and other indicators
such as psychological situation and physical fitness should
be combined to further optimize the physical training program for
high school students.
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