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Abstract

Background: The objective of this current research is to examine the impacts of a physical activity intervention
on sleep quality and executive functions. Specifically, we will examine whether moderate-intensity resistance
training has a more beneficial impact on sleep quality and executive functions among a sample of male
adolescent than an active control condition.

Method: Male children, aged 12-14 years as participants were enlisted to participate in the ongoing intervention
study. Subsequently, they were randomly allocated to either a resistance training or to an active control
condition. Participants were under go sleep quality and executive function tests included inhibitory control,
working memory and cognitive flexibility at the start of the study, eight weeks following the interventions
conclusion, and once more, four weeks later during the follow-up period. The resistance intervention was
consist of three 45min group sessions per week, across eight consecutive weeks.

Results: Result showed that compared to an active control condition and compared to the baseline, participating
in the resistance training program lead to significant improvements in sleep quality and execution functions
over time.

Conclusion: The findings of the present study have the potential to provide guidance to physical educators,
parents or to children themselves regarding the question of how they can effectively improve their sleep,
physical fitness and cognitive performance, which in turn might have a positive effect on their academic
function and their perceived quality of life.
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Introduction

Adolescent is a life stage that brain under goes significant development, particularly in the prefrontal cortical
regions responsible for executive functioning [1]. Hence, it is crucial to discover ways to improve brain health
during this developmental phase to optimize cognitive growth, academic performance, and career success
[2]. Moreover, sleep problems among adolescents have become a prevalent concern, drawing attention due

to their impact on physical health, mental well-being, and overall academic
performance [3]. Epidemiological studies reveal that a significant proportion
of adolescents experience sleep-related difficulties. Based on previous
studies [4,5], a substantial number of adolescents, ranging from 60% to 70%,
report insufficient sleep on school nights. Previous studies have shown that
prevalence of risk taking and impulsivity behaviour is high among adolescent
[6]. However, sleep and executive functions enhancement can help to decrease
these impulsivity among this population [7]. Therefore, it is worth to conduct
intervention about patterns of sleep, brain development and behaviour.

The serious health, social and academic consequences of less physical activity
life style are generally confirmed. Physical exercise is one of the most common
interventions to improve cognitive and sleep quality in adolescents [8,9].
For instance, in a study, Gerber, Feldmeth [10] found that adolescents who
have higher physical activity reported significantly higher mental health and
fitness scores. Likewise, Lin, Mutz, Clough, and Papageorgiou (2017) showed
that higher mental fitness scores were associated with a higher learning,
educational and work performance, and with psychological well-being.
Therefore, it is necessary to focused on physical activity to enhance sleep
quality, cognitive functions and academic achievements in adolescents [11].

Research on physical training aimed at enhancing sleep quality and cognitive
functioning has primarily focused on manipulating the quantitative aspects
of exercise. The main objective of such studies is to establish a correlation
between the amount of physical activity and cognitive performance, commonly
known as a dose-response relationship [12]. Inactive lifestyle is associated with
a reduction in the cognitive and sleep quality in adolescents [13,14]. However,
studies have found that engaging in resistance training and subsequently
experiencing increased muscular strength is linked to enhanced cognitive
function, improved body composition, and sleep quality [15-17]. Based on
the literature, resistance training is not considered for improving the sleep
quality and cognition among adolescents in the most studies [16]. Further,
in the intervention studies, muscle strength has been less examined, and
emphasized are more on the aerobic exercises [18,19].

The executive functions component is related to inhibitory control, working
memory, and division of attention. Practicing these functional components
may be an important strategy to prevent impulsivity in adolescents [20]. Regard
to executive functions, the limited number of studies examining the impact
of resistance training on these aspects of cognitive function have yielded
inconclusive results [21]. While, research has shown a correlation between

resistance training and enhancements in global cognitive performance,
balance, and motor skills [15,21], there is few resistance training intervention
in adolescent. A recent systematic review has demonstrated that resistance
training yielded positive effects on overall cognitive function [22]. Among
different exercise modes, resistance training in particular has come to the fore,
because it is suggested to stimulate higher order cognition [21,23]. Moreover,
based on previous studies, the possible adaptability of the brain and its
connection to executive functions and sleep could explain the improvement
in cognitive performance following resistance training [24,25]. However, it
remains unclear how resistance training should be designed to elicit greater
improvements in sleep and cognitive performance specially in adolescents
[26].

Higher-order cognition, particularly executive functioning, is linked to various
health-related outcomes throughout all stages of life [21, 23,27]. While the
evidence is not extensive, the current state of research suggests that resistance
training has positive short-term and long-term effects on executive functions
[21]. However, there is still a lack of knowledge regarding the effectiveness of
specific resistance training programs in various populations and age groups
[22, 24,28]. For example, the impact of resistance training on sleep quality
and executive function in children and adolescents still remains unclear [21].
The present study will examine how moderate-intensity resistance training
impacts on sleep quality and executive functions among adolescents students.
We expect that compared to an active control condition, participating in the
resistance training program will lead to significant improvements in sleep
quality and execution functions over time. The planned research is original
because it may show new ways how to impact on cognitive development, sleep
quality and vocational attainment in adolescents. This new training program
will be helpful for physical education teachers, parents and the adolescents
themselves to improve their sleep quality and cognitive function.

Methods

Our study was structured as a randomized controlled trial. Data collection
occurred at three time points: baseline, 8 weeks after the interventions
completion, and 4 weeks later during the follow-up period.

Participants

Sixty adolescent from the Iranian primary/secondary school were approached
and invited to participate in the present study. Children were invited and
selected to take part in the current study based on an initial screening process.
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To be eligible for the study, participants had to meet the following inclusion
criteria: (1) being male, (2) age between 10 and 14 years, (3) attended as a
students in the Iranian primary or secondary school, (4) having normal results
on a Snellen chart test for vision and self-reporting normal hearing abilities.
Participants were excluded if they had any psychiatric issues, which were
determined through a brief psychiatric interview, (2) neuromuscular, motor
and/or sensory disorders and (3) intake of mood- and alertness-altering
medications.

The participants were randomly assigned to either the intervention or control
group. The average age of the participants was 12.98 years with a standard
deviation of 0.44 years. Following this, all participant's parents read and agreed
to an informed consent form that had been approved by the local ethics board
(Islamic Azad University). Participants completed a series of tests assessing
inhibitory control, working memory and cognitive flexibility and sleep quality.
The intervention for physical activity involved three 45-minute group sessions
per week for a period of 8 consecutive weeks. In contrast, participants in the
control group met in small groups twice a week for 30 minutes to exchange
informal experiences.

A power analysis was conducted using G*Power 3.1 software, which showed
that a minimum of 28 participants were needed to detect a moderate effect
size (f = .25) with a significance level of a = .05, power of .80, two groups,
three measurements, and a correlation of .50 among repeated measures in
repeated measures analysis of variance (rANOVAs).

Physical activity intervention

The resistance training in this study involved a weight lifting training method
that was conducted three times per week. Adolescent students were instructed
to perform multi-joint resistance training exercises that targeted major muscle
groups in the upper and lower body, such as the shoulders, arms, hips, and
legs. In each session, they were required to perform three sets of resistance
exercises for each major muscle group, with 8 to 12 repetitions at 60-75% of
their 1-repeat maximum (1RM). Before the beginning of the session, cycling
and stretching constituted the warm-up protocol. The training sessions, which
lasted approximately 30 to 45 minutes, were over seen by trained clinical sport
scientists.

Control condition

In the control group, participants met twice a week in small groups of six to
nine individuals for a period of eight consecutive weeks, with each session
lasting 45 minutes. During these sessions, they engaged in group discussions
and activities such as listening to music, meal planning, interpreting food
labels, and playing darts. Additionally, participants in the control group did not
receive any further intervention or have any contact with the study center.

Outcome measures

Sleep quality. The Adolescent Sleep Wake Scale (ASWS) is a self-report tool
comprising 28 items designed to assess overall subjective sleep quality. It
encompasses five sleep behavior subscale: Going to Bed, Falling Asleep,
Maintaining Sleep, Reinitiating Sleep, and Return to Wakefulness. Respondents
rate each item on a scale ranging from 1 ("Always") to 6 ("Never"). Both total
and subscale scores are calculated as averages of the respondent's answers,
with scores ranging from 1 to 6. Higher scores on the ASWS indicate better
sleep quality. Psychometric evaluation of the ASWS has confirmed its suitability
for use with adolescents (ages 12-18), showing internal consistency values
ranging from 0.64 to 0.82 [29].

Inhibitory control. The researchers evaluated children's inhibition by
administering a computerized Simon task [30]. During the task, adolescent
students were presented with pictures of animals, such as cats and dogs, on a
computer screen. They were instructed to press the left key on the keyboard
when they saw a cat, regardless of its position on the screen, and to press the
right key when they saw a dog, regardless of its position. The task consisted
of a block of 14 consistent trials (with dogs on the left) and 14 inconsistent
trials (with cats on the right), followed by a block of 24 mixed consistent and
inconsistent trials. Each adolescent student then completed 30 consistent and
30 inconsistent trials in the inhibition task. Interstimulus intervals of 1000 ms
were used, and trials ended after the participants responded. Accuracy and
response times were recorded.

Working memory. To measure working-memory performance, the researchers
used the N-back task. This task involved presenting a sequence of letters and
numbers [31]. To assess working-memory performance, adolescent students
were asked to determine whether the current numbers/letters matched the
numbers/letters presented one or two trials earlier in the series. They were
required to respond by pressing a button for each trial to indicate whether the
match was correct or not. The task consisted of two levels of difficulty, namely
one-back and two-back. The stimuli were blue letters with a vertical visual
angle of 0.7°, presented on a light black background. Each number/letter in
the sequence was displayed for 1000 ms, with a response window of 2,500 ms

provided. The inter-stimulus interval was 2,000 ms. Targets, which were letters
matching the letter presented N trials earlier, occurred with a probability of
25% in each block. Scores were based on the mean reaction time for correct
responses. Test-retest reliability of the task was confirmed, with a correlation
coefficient of r =.79 for one-back and r = .72 for two-back.

Cognitive flexibility. To evaluate cognitive flexibility, the researchers used
the Wisconsin Card Sorting Task. This test measured cognitive flexibility by
examining changes in accuracy and/or response time when the correct way
of responding was modified (known as the switch cost). During the task, a
series of stimulus cards were presented to the adolescent, who was instructed
to match the cards without being told how to match them. The adolescent
was provided with feedback indicating whether their match was correct or
incorrect. The task was carried out with paper card placed on a desk, with the
experimenter on one side and the adolescent on the other. The test typically
takes 12-20 minutes to complete and generates various psychometric scores,
including trials, errors, and perseverative errors [32].

Statistical analysis

To compare the two groups, we executed a series of independent t-tests on
variables encompassing age, educational level, weight, and BMI. Subsequently,
a sequence of repeated measures analyses of variance (rANOVAs) was
employed, considering Time (baseline, post-intervention, follow-up) and Group
(intervention vs. control) as factors, along with the Time by Group interaction.
Sleep quality, inhibitory control, working memory, and cognitive flexibility
served as the dependent variables in these analyses. To address deviations
from sphericity, Greenhouse-Geisser corrected degrees of freedom were
utilized in the rANOVAs, with the original degrees of freedom and the relevant
Greenhouse-Geisser epsilon value (g) reported. Assessing the magnitude of
changes within each group from baseline to post-intervention and follow-up
involved dependent sample t-tests, while independent sample t-tests were
conducted to scrutinize differences between the two groups at baseline, post-
intervention, and follow-up. A significance level of p < .05 was established,
and all statistical analyses were executed using SPSS® 25.0 (IBM Corporation,
Armonk, N.Y., USA) for Apple Mcintosh ®.

Results

All 60 students successfully completed the baseline, post-intervention,
and follow-up data assessments. Among the 30 students allocated to the
intervention group, each actively participated in the entirety of the planned
12 resistance training sessions. Meanwhile, the remaining 30 students
assigned to the control group engaged in the designated control sessions.
Sociodemographic characteristics of participants in both the intervention
and control groups are outlined in Table 1. Furthermore, inferential statistical
analyses were conducted to ascertain if there were disparities in baseline
sociodemographic variables between the two groups. Descriptive statistics
detailing outcome variables (inhibitory control, working memory, and cognitive
flexibility) are presented separately for both the intervention and control
groups, as well as across the three measurement occasions (baseline, post-
intervention, and follow-up) in Table 2. The findings from the rANOVAs, which
were employed to investigate the divergent development of assessed outcome
variables between the two groups, are also elucidated in Table 2.

Sample characteristics

Table 1 provides information about the sociodemographic background of
the participants, separately for the intervention and the control group. The
inferential statistics show that the two groups did not significantly differ with
respect to age, educational level, weight and BMI (Table 1).

Between-group differences across time

Means and standard deviations for all outcomes at baseline, post-intervention
and follow-up are provided in (Table 2), separately for the intervention and
control conditions.

Sleep quality: The repeated-measures analyses of variance (rANOVAs)
demonstrated a notable decrease in sleep problems across the entire sample
from the baseline to the conclusion of the study and the subsequent follow-up.
This noteworthy effect was primarily attributed to a substantial enhancement
in sleep quality within the resistance training group, as indicated by the
significant Time by Group interaction. The calculation of effect sizes (Cohen's
d) revealed a considerable reduction in sleep problems within the resistance
group from baseline to post-intervention (large effect: d =1.61) and from
baseline to follow-up (medium effect: d = 0.92). In contrast, sleep problems in
the control group exhibited minimal change from baseline to post-intervention
(d=0.15) and from baseline to follow-up (d = 0.17). Effect size computations
comparing group means indicated comparable sleep quality scores at baseline
(d = 0.08), while a substantial difference between the intervention and control
groups emerged at post-intervention (large effect: d = 1.94) and follow-
up (medium effect: d = 0.98). The statistical significance of these findings is
detailed in Table 2.
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Table 1. Descriptive statistics and an overview of the sociodemographic background were provided separately for the physical activity intervention and control

group.

Group
Dimension Physical activity
N 30
Age (years): M (SD) 12.13(0.28)
Age range (years) 12-14
Weight (kg) M (SD) 48.32(1.88)
Body mass index (kg/m?): M (SD) 17.98 (0.45)
Highest educational level (primary school/secondary ~ 32/28

school): n

Statistics
Control
30
12.83(0.61) t(58)=0.93,p=.38
12-14
48.29 (2.01) t(58)=0.92, p=.29
17.32(0.39) t(58)=1.02,p=.30
29/31 X2(N =40,df=1)=0.11,p=0.74

Table 2. Descriptive statistics for sleep quality, inhibitory control, working memory, and cognitive flexibility, separately for groups (physical activity and control) and
for each measurement point (baseline, post-intervention and follow up) and tests for time x group interaction effects.

Groups

Intervention Control
N 30 30

M (SD) M (SD)

Sleep quality
Baseline 3.45(0.24) 3.54(0.30)
Post-intervention 2.22(0.02) 3.32(0.42)
Follow-up 2.70(0.51) 3.30(0.48)
Inhibitory control
Baseline 3.77 (0.84) 3.62(0.72)
Post-intervention 5.71(2.02) 3.25(0.64)
Follow-up 4.54(0.91) 3.43(0.88)
Working memory
Baseline 2.65 (0.77) 2.15(1.09)
Post-intervention 5.15(1.06) 2.26 (0.82)
Follow-up 5.05 (0.35) 2.07 (0.81)
Cognitive flexibility
Baseline 43.01 (7.98) 47.40 (3.34)
Post-intervention 21.40 (2.32) 45.82 (5.15)
Follow-up 22.15(3.18) 42.40 (4.75)

Inhibitory control. In the domain of inhibitory control, the repeated-measures
ANOVAs (rANOVAs) unveiled a notable increase in scores from the initial
assessment to the conclusion of the study and the subsequent follow-up
period across the entire participant cohort (refer to figure 1). This noteworthy
effect primarily stemmed from a marked enhancement in inhibitory control
within the resistance group, substantiated by the significant interaction
between Time and Group. Evaluation of effect sizes (Cohen's d) illustrated
a considerable rise in inhibitory control scores within the resistance group,
both post-intervention (substantial effect: d =1.23) and during the follow-
up (moderate effect: d = 0.60), compared to baseline. Conversely, inhibitory
control scores within the control group exhibited minimal alterations from
baseline to post-intervention (d = 0.05) and follow-up (d = 0.07). Effect size
calculations for group means indicated comparable inhibitory control scores
at baseline (d = 0.05), while noteworthy differences between the intervention
and control groups emerged at post-intervention (substantial effect: d = 1.82)
and follow-up (moderate effect: d = 0.81) (Figure 1) The statistical significance
of these outcomes is detailed in Table 2.

Working memory. The rANOVAs indicated that working memory scores
increased from baseline to intervention completion and follow-up in the
sample as a whole, with a significant Time effect as shown in Table 2. The
improvement in working memory was primarily attributed to the intervention
group (Figure 2), as indicated by the significant Time x Group effect, while
working memory scores remained almost unchanged from baseline to follow-
up in the control group. Effect size calculations showed that working memory
scores in the intervention group increased substantially from baseline to post-
intervention (large effect: d = 1.93) and from baseline to follow-up (large effect:
d = 1.32). However, working memory scores in the control group remained
nearly unchanged from baseline to post-intervention (d = 0.13) and from
baseline to follow-up (d = 0.09). Effect size calculations comparing the means
of the intervention and control groups showed that working memory scores
were similar at baseline (d = 0.19), but differences became more pronounced
at post-intervention (large effect: d = 1.32) and follow-up (large effect: d = 1.09).
Statistical significance for these findings is presented in Table 2.

Cognitive flexibility. The rANOVAs revealed that cognitive flexibility error
decreased across the sample as a whole from baseline to post-intervention
and follow-up, as shown in Table 2. However, the significant Time effect was

Factors
Group Time Time x Group interaction
F npz F npz F npz
4.78% A7 31.28** 43 7.26%* 42
5.42* .15 26.43%* .45 21.23%* .58
17.21%%% .25 20.29*%* .61 16.22%* .66
4.16% 11 25.31%* .56 27.45%* .66
o 10— i .
] * Experimental group
o .
o 8 M = Control Condition
Jhis *
o
£ o o 11
; 7
o 4 é
%
% 7
2 1 b
£ UH |
£ AU %

Baseline Post-testFollow-up
time

Figure 1. Bar chart showing the group means for inhibitory control scores
across the two group and three assessment (*p < 0.05. **p < 0.01.).

primarily due to a reduction in cognitive flexibility error in the intervention
group (Figure 3), while the control group's scores remained at a similar level
from baseline to follow-up. Effect size calculations indicated that cognitive
flexibility error in the intervention group decreased substantially from baseline
to post-intervention (large effect: d = 2.06) and from baseline to follow-up
(large effect: d = 1.63). In contrast, cognitive flexibility error in the control group
remained almost the same from baseline to post-intervention (d = 0.06) and
from baseline to follow-up (small effect: d = 0.21). Comparing the means of the
intervention and control groups, both groups had similar scores at baseline
(large effect: d =.62), but at post-intervention (large effect: d = 1.78) and follow-
up (large effect: d = 0.90), the control group reported higher error than the
intervention group. These results are statistically significant, as presented in
Table 2.

Discussion

The main results of this study indicate that participating in an eight-week
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course of resistance training improved sleep quality and executive functions
in adolescents compared to an active control condition. Crucially, the
improvements in sleep quality and executive functions observed in the
resistance training group persisted for four weeks after the completion of
the intervention program. These findings are valuable addition to the current
literature, as they demonstrate the successful application of resistance training
in improving sleep quality and executive functions among adolescent students.

There is huge evidence that showed physical activity appears to be a promising
intervention in the sleep quality and cognitive enhancement [33-35]. The
current study provides evidence that resistance training can increase sleep
quality and executive functions among adolescent students. This finding
is consistent with Esteban-Cornejo, Tejero-Gonzalez [34] study showing
that physical activity led to a increase in cognitive functions in adolescents.
Moreover, our results were in line with Wang and Boros [36] study that showed
physical activity can improve sleep quality.

Previous studies have shown that environmental stimuli such as physical activity
have positive effects on cognitive development during childhood [37]. Physical
activity leads to increased synapses and memory formation in the brain. In a
study, Gomes da Silva and Arida [38] showed that physical activity intervention
can increase hippocampal Volume. Therefore, physical activity can play a key
role in promoting cognitive function and academic achievement. In this line
and in a review study based on sixteen studies, Sibley and Etnier [39] showed
that there is a positive and significant relationship between physical activity
and learning and academic score in children. Furthermore, structural and
functional changes in the brain following physical activity have been confirmed
[40]. Moreover, enhancement of basic motor skills can improve cognitive and
brain functions. As a result, physical activity can strengthen relationships with
peers, parents and teachers, which is an important factor in mental health and
cognitive function improvement [41].

The results of present study showed that resistance training can improve
inhibitory control in adolescents student. This finding is consistent with the
findings of Ludyga, Gerber [42], Hillman, Erickson [43] and Khan and Hillman
[44]. Our finding was consist with Ludyga et al. (2018) study who found that
8 physical activity based intervention can enhances adolescents' inhibitory
control. There is evidence that showed higher inhibitory control is associated
with lower impulsive behaviors [45]. Impulsive behaviors are common among
adolescents. Impulsivity is presented as a multiple structure that is associated

with cognitive impairment such as little attention and reduced control and
inhibition. As a result, special attention to impulsivity can be very important
in improving mental health. In this regard, Carragher, Teesson [46] found
that to reduce antisocial behaviors in adolescents, interventions that target
impulsivity and inhibitory control should be used. There is relationship
between physical health, cognitive function and academic performance in
children and adolescents. Findings have been shown that physical activity can
improve academic performance [43]. In addition, the results of the present
study are consistent with the results of Rasberry, Lee [47] review. In this regard,
physical activity can improve self-esteem and self-control. More self-esteem is
associated with more involvement in the school and a greater willingness to
learn. Moreover, physical activity in the school environment is associated with
higher discipline, creativity and motivation. As a result, physical activity have
many positive effects on social, cognitive and academic performance.

These findings are consistent with previous research indicating that
physical activity and exercise have positive effects on sleep quality and
cognitive function. One plausible interpretation of this discovery is that
engagement in physical activity and exercise might elevate the levels of brain-
derived neurotrophic factor (BDNF), a neurotrophic known for promoting
neurogenesis. This elevation in BDNF levels could potentially contribute to an
enhancement in sleep quality [48] and working memory functioning [49,50].
Moreover, existing evidence suggests that resistance training could influence
cognitive function through neurobiological pathways. Interventions based on
physical activity, including resistance training, have demonstrated an ability
to increase both gray and white matters Volume in the frontal cortex [51,52].
Consequently, the release of neurotrophic factors, such as BDNF and insulin-
like growth factor-1 (IGF-1), is theorized to result in an augmented Volume of
the temporal lobe and prefrontal cortex [53] affecting emotion regulation,
learning and memory capacity. This proposition may elucidate the observed
enhancements in sleep quality and working memory performance within the
resistance exercise training group in this current study.

Despite the innovative nature of these findings, several limitations warrant
caution against broad generalizations. Primarily, the study is constrained by a
relatively small sample size, a notable limitation. However, it's noteworthy that
statistical calculations relied on effect sizes, which remain unaffected by sample
size. Secondly, no biomarkers, such as cortisol (indicative of perceived stress)
or BDNF (indicative of neural plasticity), were measured. Thirdly, the possibility
exists that unmeasured variables could have influenced two or more factors
either in the same or opposing directions, potentially impacting the observed
pattern of results. Lastly, the study exclusively involved male students, leaving
uncertainties about the applicability of these findings to female students and
the extent of such applicability.

Conclusion

The findings of this research suggest that resistance training can enhance sleep
quality, inhibitory control, working memory, and cognitive flexibility. Future
studies could compare the effects of resistance training with other forms of
exercise training, such as aerobic and strength training, on both sleep quality
and cognitive function. However, there is limited evidence currently available
that suggests the superiority of one form of exercise training over another [54].
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