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Introduction: Overweight and obesity during adolescence are associated with impaired physical fitness, 
reduced cognitive functioning, and poorer academic outcomes. High-intensity interval training (HIIT) 
has gained recognition as a time-efficient physical activity protocol capable of simultaneously 
enhancing both physical fitness and cognitive function. 
Objective: To investigate the effects of a 12-week HIIT program on executive function (EF), academic 
performance (AP), and health-related physical fitness (HRPF) in overweight adolescents. 
Method: Sixty-eight overweight adolescents aged 12–15 years were randomly assigned to a HIIT group 
(n=34) or a control group (n=34). The HIIT group participated in supervised training sessions three 
times weekly for 12 weeks, while the control group maintained usual activities. Following attrition, 31 
and 32 participants completed the intervention in the HIIT and control groups, respectively. Study 
variables were assessed using standard tools. Data were analyzed using mixed-design ANOVA. 
Results: Compared with the control group, participants assigned to the HIIT intervention achieved 
significantly greater gains in Stroop (F = 16.42, p < 0.001, η² = 0.21), Trail Making Test-B (F = 18.75, p < 0.001, 
η² = 0.24), Digit Span (F = 14.91, p < 0.001, η² = 0.19), GPA (F = 10.28, p = 0.002, η² = 0.14), shuttle run (F = 
22.84, p < 0.001, η² = 0.28), and push-up (F = 24.13, p < 0.001, η² = 0.29). 
Conclusions: HIIT program effectively enhanced EF, AP, and HRPF in overweight adolescents, supporting 
HIIT as a practical intervention for promoting cognitive and physical health in youth. 
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1. Introduction 

Global trends indicate a substantial surge in youth 
obesity rates, marking it as an urgent public health 
imperative (1). This excess adiposity is clinically 
significant, as it frequently predicts poor health 
outcomes, ranging from reduced physical 
performance to early-onset cardiometabolic 
dysfunction and an increased likelihood of chronic 
disease manifestation throughout the lifespan (2). In 
addition to these physical consequences, increasing 
evidence indicates that excess body weight may 
adversely affect brain health and cognitive 
development during a critical period of neurological 
maturation (3,4). Given that adolescence is 
characterized by rapid structural and functional brain 
development alongside increasing educational 
demands, identifying interventions capable of 
simultaneously improving physical health and 
cognitive functioning has become an important public 
health and educational priority. 

Executive function (EF) comprises a cluster of high-
level neurocognitive processes necessary for managing 
goal-oriented behaviors, adjusting to fluctuating 
situational demands, and executing complex mental 

operations (5,6). These processes serve as foundational 
elements for effective problem-solving, self-regulation, 
and scholastic achievement (7). Consequently, 
established literature links diminished EF capacity to 
significant challenges in academic performance, 
including decreased classroom participation and 
suboptimal educational progression (8,9). Importantly, 
overweight and obesity have been linked to 
impairments in EF, although the underlying 
mechanisms remain incompletely understood. 
Proposed pathways include chronic low-grade 
inflammation, insulin resistance, altered 
neuroplasticity, cerebrovascular dysfunction, and 
reduced cerebral perfusion, but these mechanisms 
have not been directly confirmed in intervention 
studies (10,11). Consequently, interventions that can 
improve EF in overweight adolescents may also have 
important implications for educational performance 
and long-term health. 

Physical activity (PA) has emerged as a promising 
non-pharmacological approach for improving both 
cognitive and physical health outcomes in youth 
(12,13). A growing body of literature indicates that PA 
can enhance EF through multiple physiological and 
neurobiological pathways, including increased 
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cerebral perfusion, elevated concentrations of 
neurotrophic factors, enhanced synaptic plasticity, and 
improved neural connectivity (7,14). Although these 
biological mechanisms are biologically plausible and 
supported by experimental research, most exercise 
intervention studies have inferred rather than directly 
measured these processes. In addition to its cognitive 
benefits, PA contributes to improvements in body 
composition, cardiovascular health, muscular fitness, 
and overall well-being (15). Beyond these physiological 
adaptations, participation in structured exercise 
programs may also improve classroom engagement, 
self-discipline, motivation, mood, sleep quality, and 
psychosocial well-being, all of which could indirectly 
contribute to better academic performance (AP). These 
findings have prompted researchers and practitioners 
to explore exercise interventions for conducting in 
school-aged populations. 

Accordingly, high-intensity interval training (HIIT) 
has received increasing attention in recent years. HIIT 
typically involves repeated bouts of vigorous exercise 
interspersed with brief periods of recovery and offers a 
time-efficient alternative to traditional continuous 
exercise programs (16,17). Evidence suggests that HIIT 
can elicit substantial improvements in 
cardiorespiratory fitness, muscular endurance, 
metabolic health, and body composition in youth (18–
20). Recent randomized controlled trials and 
systematic reviews have also reported improvements 
in selected aspects of EF following HIIT interventions, 
although findings remain heterogeneous across 
different cognitive domains and participant 
populations. Furthermore, emerging studies indicate 
that high-intensity exercise may produce favorable 
effects on cognitive performance, particularly EF, 
through proposed adaptations within the central 
nervous system (7,21). However, because most previous 
studies have not directly assessed these 
neurophysiological mechanisms, causal explanations 
should be interpreted cautiously. The relatively short 
duration of HIIT sessions may also enhance adherence 
and practicality within school and community 
settings, making this training modality particularly 
attractive for adolescent populations (22). Its time-
efficient nature further facilitates integration into 
school schedules, where limited curricular time often 
represents a barrier to implementing regular PA 
programs. 

Despite the growing interest in HIIT, several 
important gaps remain in the literature. First, much of 
the existing research has focused primarily on physical 
health outcomes, while comparatively fewer studies 
have examined cognitive and educational outcomes. 
Second, studies investigating EF often assess only one 
cognitive domain, limiting understanding of the 
broader cognitive effects of exercise interventions. 
Third, evidence regarding the influence of HIIT on AP 
remains inconsistent, with some studies reporting 
positive effects and others finding minimal or no 
improvements. These inconsistencies may be 
attributable to differences in exercise duration and 
intensity, assessment methods, and variability in 
school-related factors that also influence academic 
achievement. Furthermore, improvements in AP 
following exercise may not solely reflect enhanced EF 
but may also arise from increased classroom 
attendance, greater motivation, improved mood, 
enhanced self-esteem, better sleep quality, or increased 

teacher engagement during the intervention period. 
Moreover, relatively few randomized controlled trials 
have simultaneously evaluated EF, AP, and health-
related physical fitness (HRPF) within the same cohort 
of overweight adolescents. 

To our knowledge, relatively few randomized 
controlled trials have comprehensively examined the 
effects of a school-based HIIT program on EF, AP, and 
multiple components of HRPF within the same sample 
of overweight adolescents. Addressing these outcomes 
simultaneously may provide more comprehensive 
evidence regarding the educational and health-related 
value of HIIT interventions in this population. 
Therefore, the purpose of the current study was to 
investigate the effects of a 12-week HIIT program on EF, 
AP, and HRPF in overweight adolescents.  

 

2. Methods 

2.1. Study Design 

This study employed a parallel-group randomized 
controlled trial design. 

2.2. Participants 

Participants were recruited from local middle 
schools, and 86 adolescents were screened for 
eligibility. After excluding 18 individuals who did not 
meet the inclusion criteria, 68 eligible participants 
were randomly allocated to the HIIT group (n = 34) or 
the control group (n = 34). Eligibility criteria included 
being 12–15 years of age, having overweight status (BMI 
≥ 85th percentile), being medically fit for vigorous PA, 
and having no regular participation in structured 
exercise during the previous six months. Exclusion 
criteria comprised neurological, cognitive, psychiatric, 
or musculoskeletal conditions, use of medications 
affecting cognitive or physical performance, and 
failure to complete the intervention or outcome 
assessments. Sample size estimation using G*Power 
(Version 3.1; f = 0.25, α = 0.05, power = 0.80) indicated 
that at least 52 participants were required; therefore, 
68 adolescents were enrolled to accommodate 
potential attrition. Randomization was performed 
using a computer-generated sequence by an 
independent researcher, with allocation concealed in 
sealed opaque envelopes until baseline testing was 
completed. During follow-up, three participants in the 
HIIT group and two in the control group withdrew for 
personal reasons, leaving 31 and 32 participants, 
respectively, for the final analyses. The participant flow 
is presented in the CONSORT diagram (Figure 1). 

2.3. Intervention 

2.3.1. High-Intensity Interval Training Intervention 

Participants assigned to the HIIT group completed a 
supervised 12-week exercise program conducted three 
times per week on non-consecutive days. Each training 
session lasted approximately 35–40 minutes and was 
administered by certified exercise specialists. Each 
session consisted of three phases: 1) warm-up, in which, 
participants completed a standardized 10-minute 
warm-up comprising light jogging, dynamic stretching 
exercises, and movement preparation drills; 2) HIIT 
protocol, in which, the main training phase consisted 
of repeated bouts of vigorous exercise interspersed 
with active recovery periods. Participants performed 10 
intervals of 1 minute of high-intensity exercise at 85–
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95% of age-predicted maximal heart rate (HRmax), 
followed by 1 minute of active recovery involving 
walking or low-intensity movement. The exercise 
modalities included shuttle runs, bodyweight squats, 
jumping jacks, high-knee running, mountain climbers, 
and burpees, organized in a circuit format. Training 
intensity was monitored using heart-rate monitors and 
periodically verified using ratings of perceived 
exertion (RPE) according to the Borg 6–20 scale. 
Participants were encouraged to maintain an RPE 
between 15 and 18 during work intervals; and 3) cool-
down, in which, participants completed a 5-minute 
cool-down consisting of walking and static stretching 
exercises targeting the major muscle groups. 
Attendance was recorded at every session, and 
participants were required to attend at least 80% of the 
sessions to be included in the final analysis. To 
maximize intervention adherence, exercise sessions 
were delivered in small supervised groups and 
incorporated regular verbal encouragement, 
progressive variation in exercise circuits, and 
individualized feedback from instructors. Attendance 
records demonstrated excellent compliance, with 
participants who completed the intervention 
attending a mean of 91.6 ± 5.4% of scheduled training 
sessions. No exercise-related injuries or adverse events 
requiring medical attention were reported during the 
intervention period. 

2.3.2. Control Group 

Participants assigned to the control group 
continued their regular school activities and physical 
education curriculum throughout the study period. 
They were instructed not to initiate any new structured 
exercise programs during the intervention. No 
additional exercise sessions were provided to the 
control group. 

2.4. Measurements 

2.4.1. Anthropometric Measurements 

Height and body weight were assessed using a 
portable stadiometer (0.1 cm) and a calibrated digital 
scale (0.1 kg), respectively. Body mass index (BMI) was 
calculated as weight (kg)/height² (m²). Waist 
circumference was measured midway between the 
lowest rib and the iliac crest with a non-elastic tape to 
the nearest 0.1 cm. All anthropometric measurements 
were performed twice, and the average of the two 
measurements was used for analysis. 

2.4.2. Executive Function Assessment 

EF was evaluated in a quiet classroom by trained 
assessors blinded to group allocation using 
standardized neuropsychological tests. Inhibitory 
control was assessed with the Stroop Color–Word Test, 
with response time and accuracy recorded across 
congruent and incongruent conditions. Cognitive 
flexibility was measured using the Trail Making Test 
Part B, in which participants alternated between 
numbers and letters; shorter completion times 
reflected better performance. Working memory was 
assessed with the Digit Span Test, including both 
forward and backward recall tasks, and performance 

was determined by the total number of correctly 
recalled sequences. 

2.4.3. Academic Performance Assessment 

AP was evaluated using official school records 
obtained with parental and school authorization. 
Scores from mathematics, science, and language 
courses were collected at baseline and after the 
intervention period. In addition, overall grade point 
average (GPA) was calculated based on the academic 
grading system used by the participating schools. 

2.4.4. Health-Related Physical Fitness Assessment 

HRPF was assessed using standardized field-based 
tests. Cardiorespiratory fitness was measured by the 
20-m shuttle run test, in which participants ran 
between two lines following progressively increasing 
audio-paced signals, and the completed stages were 
recorded. Muscular endurance was evaluated through 
the push-up and one-minute sit-up tests, with the 
maximum number of correctly performed repetitions 
used as the performance indicator. Speed and agility 
were assessed using the 4 × 10 m shuttle run test, with 
completion time recorded. Flexibility was determined 
by the sit-and-reach test, based on the maximum 
forward reach distance (cm) achieved in a seated 
position. 

2.5. Statistical Analysis 

Statistical analyses were performed using IBM SPSS 
Statistics (Version 27; IBM Corp., Armonk, NY, USA). Data 
distribution was evaluated through the Shapiro–Wilk 
test and visual examination of histograms. Descriptive 
data are reported as mean ± standard deviation (SD), 
and baseline group comparisons were conducted 
using independent-samples t-tests. Intervention effects 
were examined using a two-way mixed ANOVA, 
followed by Bonferroni-adjusted post hoc tests when 
significant interactions were observed. Findings are 
presented with mean differences, 95% confidence 
intervals (CIs), p-values, and effect sizes. Partial eta 
squared (η²p) was reported for interaction effects, 
while Cohen’s d was calculated to quantify within-
group pre–post changes. Statistical significance was set 
at p < 0.05. 

 

3. Results 

3.1. Participant Flow 

Of the 86 adolescents screened, 18 were excluded 
due to ineligibility, leaving 68 participants who were 
randomly allocated to the HIIT (n = 34) or control (n = 
34) groups. Five participants (HIIT: n = 3; Control: n = 2) 
discontinued the study because of personal reasons or 
incomplete post-intervention assessments. Therefore, 
63 participants completed the trial and were included 
in the final analyses (retention rate: 92.6%). The HIIT 
group demonstrated excellent adherence, completing 
33.8 ± 1.7 of 36 prescribed sessions (93.9%), with all 
participants meeting the predefined attendance 
threshold of 80%. No adverse events related to the 
intervention were observed (Figure 1). 
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Figure 1. Participant Flow Diagram 

 

3.2. Baseline Characteristics 

No statistically significant between-group 
differences were observed at baseline for any variable 

(all p > 0.05), indicating successful randomization and 
comparable groups before the intervention (Table 1). 

 

Table 1. Baseline Characteristics of Participants. 

Variable HIIT (n = 31) Control (n = 32) p 

Age (years) 13.4 ± 0.9 13.5 ± 0.8 0.68 
Height (cm) 158.2 ± 7.5 157.6 ± 7.9 0.77 
Weight (kg) 72.8 ± 8.7 73.4 ± 9.1 0.81 
BMI (kg/m²) 29.1 ± 2.8 29.4 ± 2.7 0.65 
Waist Circumference (cm) 91.8 ± 6.4 92.5 ± 6.1 0.67 
Stroop Score 42.3 ± 6.1 41.7 ± 5.8 0.70 
Trail Making Test-B (s) 78.4 ± 12.7 79.1 ± 11.9 0.83 
Digit Span Score 10.8 ± 2.1 10.6 ± 2.0 0.71 
Mathematics Grade 14.2 ± 1.8 14.0 ± 1.7 0.66 
Science Grade 14.4 ± 1.9 14.2 ± 1.8 0.68 
Language Grade 14.8 ± 1.6 14.6 ± 1.7 0.64 
GPA 14.5 ± 1.3 14.3 ± 1.4 0.59 
20-m Shuttle Run (stages) 5.9 ± 1.2 5.8 ± 1.1 0.75 
Push-ups (repetitions) 13.5 ± 4.1 13.2 ± 4.0 0.78 

Sit-ups (repetitions) 24.7 ± 5.2 24.3 ± 5.4 0.79 
4 × 10 m Shuttle run (s) 12.8 ± 0.9 12.9 ± 1.0 0.73 
Sit-and-Reach (cm) 21.4 ± 4.8 21.1 ± 4.5 0.80 

 

3.3. Executive Function Outcomes 

Mixed-design ANOVA demonstrated significant 
group × time interactions for inhibitory control, 
cognitive flexibility, and working memory (all p < 
0.001), with moderate-to-large interaction effect sizes 

(η² = 0.19–0.24). Compared with the control group, 
participants in the HIIT group demonstrated 
significantly greater improvements in EF components. 
Cohen’s d values ranged from 0.72 to 0.96, indicating 
moderate-to-large intervention effects (Table 2 and 
Figure 2A). 

 

Table 2. Executive Function Outcomes Before and After the Intervention. 

Variable Group Pre-Test Post-Test Mean Change F (Group × Time) p Partial η² 

Stroop Test HIIT 42.3 ± 6.1 50.1 ± 5.7 +7.8 16.42 <0.001 0.21 

 Control 41.7 ± 5.8 42.8 ± 5.9 +1.1    
Trail Making Test-B (s) HIIT 78.4 ± 12.7 66.2 ± 10.8 -12.2 18.75 <0.001 0.24 
 Control 79.1 ± 11.9 77.5 ± 11.4 -1.6    
Digit Span HIIT 10.8 ± 2.1 13.4 ± 2.0 +2.6 14.91 <0.001 0.19 
 Control 10.6 ± 2.0 11.0 ± 2.1 +0.4    
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3.4. Academic Performance Outcomes 

Significant group × time interactions were 
observed for mathematics, science, language, and 
overall GPA (all p ≤ 0.011), with η² values ranging from 
0.10 to 0.14. Participants assigned to the HIIT group 
demonstrated greater improvements across all 
academic indicators than those in the control group. 

Mean improvements consistently favored the 
intervention group, with moderate Cohen’s d values 
(0.55–0.79), and 95% confidence intervals supported the 
statistical significance of these differences (Table 3 and 
Figure 2B). 

 
Table 3. Academic Performance Outcomes Before and After the Intervention. 

Variable Group Pre-Test Post-Test Mean Change F (Group × Time) p Partial η² 

Mathematics HIIT 14.2 ± 1.8 16.1 ± 1.6 +1.9 9.33 0.003 0.13 
 Control 14.0 ± 1.7 14.4 ± 1.8 +0.4    
Science HIIT 14.4 ± 1.9 16.0 ± 1.7 +1.6 8.21 0.005 0.12 
 Control 14.2 ± 1.8 14.6 ± 1.8 +0.4    
Language HIIT 14.8 ± 1.6 16.0 ± 1.5 +1.2 6.71 0.011 0.10 
 Control 14.6 ± 1.7 14.9 ± 1.6 +0.3    
GPA HIIT 14.5 ± 1.3 16.0 ± 1.2 +1.5 10.28 0.002 0.14 
 Control 14.3 ± 1.4 14.7 ± 1.3 +0.4    

 

3.5. Health-Related Physical Fitness Outcomes 

Significant group × time interactions were 
identified for all fitness variables (all p < 0.001), with 
large interaction effect sizes (partial η² = 0.22–0.31). 
Compared with controls, adolescents who completed 
the HIIT program exhibited significantly greater 
improvements in cardiorespiratory fitness, upper- and 
abdominal-muscular endurance, agility, and flexibility. 

The magnitude of the intervention effects was large 
(Cohen’s d = 0.88–1.29), and all primary outcome 
estimates were accompanied by 95% confidence 
intervals indicating clinically meaningful 
improvements in favor of the HIIT group (Table 4 and 
Figure 2C). 

 
Table 4. Health-Related Physical Fitness Outcomes Before and After the Intervention. 

Variable Group Pre-Test Post-Test Mean Change F (Group × Time) p Partial η² 

20-m Shuttle Run HIIT 5.9 ± 1.2 8.1 ± 1.4 +2.2 22.84 <0.001 0.28 
 Control 5.8 ± 1.1 6.1 ± 1.1 +0.3    
Push-ups HIIT 13.5 ± 4.1 21.2 ± 4.5 +7.7 24.13 <0.001 0.29 
 Control 13.2 ± 4.0 14.4 ± 4.2 +1.2    
Sit-Ups HIIT 24.7 ± 5.2 33.6 ± 5.5 +8.9 26.07 <0.001 0.31 
 Control 24.3 ± 5.4 25.7 ± 5.3 +1.4    
4 × 10 m Shuttle Run (s) HIIT 12.8 ± 0.9 11.9 ± 0.8 -0.9 19.42 <0.001 0.24 

 Control 12.9 ± 1.0 12.7 ± 0.9 -0.2    
Sit-and-Reach (cm) HIIT 21.4 ± 4.8 26.8 ± 4.9 +5.4 17.16 <0.001 0.22 
 Control 21.1 ± 4.5 22.0 ± 4.6 +0.9    

 

 
Figure 2. Changes in Executive Function, Academic Performance, and Health-Related Physical Fitness Following Intervention. 
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4. Discussion 

The present study investigated the effects of a 12-
week HIIT program on EF, AP, and HRPF in overweight 
adolescents. The principal finding was that 
participants in the HIIT group demonstrated 
significantly greater short-term improvements in EF, 
academic achievement, and HRPF than those in the 
control group. These findings support the growing 
evidence that school-compatible HIIT programs can 
simultaneously improve multiple domains of 
adolescent health and performance. 

One of the most important findings of the present 
study was the improvement in EF following the HIIT 
intervention. These findings are consistent with 
previous randomized trials and recent systematic 
reviews showing that HIIT and other vigorous exercise 
interventions can enhance EF in youth, particularly 
among individuals with overweight or low baseline 
fitness (26–30). The magnitude of improvement 
observed in the present study is comparable with that 
reported in previous school-based HIIT interventions, 
suggesting that relatively brief but vigorous exercise 
programs may provide meaningful cognitive benefits. 

Several physiological mechanisms have been 
proposed to explain these improvements. Previous 
research suggests that HIIT may increase cerebral 
blood flow, stimulate the release of brain-derived 
neurotrophic factor (BDNF), enhance synaptic 
plasticity, and improve metabolic regulation (7,15,31). 
Collectively, these adaptations could facilitate more 
efficient functioning of prefrontal cortical networks 
responsible for executive control. Because no 
neurophysiological or biochemical markers were 
measured, these explanations should be regarded as 
plausible hypotheses rather than direct evidence from 
the current trial. 

The HIIT intervention also resulted in significant 
improvements in AP, including mathematics, science, 
language grades, and overall GPA. These findings 
extend previous research reporting positive, although 
sometimes inconsistent, effects of PA on educational 
outcomes (32–35). While improvements in EF may have 
contributed to better AP by enhancing attention, 
working memory, and self-regulation during 
classroom learning, alternative explanations should 
also be considered. For example, participation in 
regular supervised exercise may improve school 
attendance, classroom engagement, motivation, mood, 
sleep quality, and self-confidence, all of which can 
positively influence academic achievement 
independently of cognitive changes. Furthermore, 
natural academic progression during a school 
semester and teacher-related grading practices may 
also have contributed to improvements, although the 
randomized controlled design and greater gains 
observed in the HIIT group suggest that the 
intervention played an important role. 

The present findings further demonstrated 
substantial improvements in HRPF, including 
cardiorespiratory fitness, muscular endurance, agility, 
and flexibility. These results are highly consistent with 
previous HIIT studies conducted in overweight and 
healthy adolescents, which have consistently reported 
improvements in aerobic capacity and muscular 
fitness following relatively short training programs 
(18–22). The large improvements in cardiorespiratory 

fitness observed in the present study are particularly 
relevant because low aerobic fitness is an established 
predictor of future cardiometabolic risk (36). Similarly, 
improvements in muscular endurance, agility, and 
flexibility likely reflect the multidirectional and whole-
body nature of the exercise protocol used during the 
intervention. Although improved HRPF may partially 
explain the observed cognitive and academic benefits, 
causal relationships among these outcomes cannot be 
established from the present data. Previous studies 
have reported positive associations between 
cardiorespiratory fitness and EF in youth (37), but 
further longitudinal studies incorporating mediation 
analyses are needed to determine whether 
improvements in fitness directly contribute to 
cognitive enhancement. 

The present findings have several practical 
implications. First, the high attendance rate observed 
during the intervention demonstrates that supervised 
HIIT is feasible and well accepted by overweight 
adolescents. Second, because each training session 
required only approximately 35–40 minutes, HIIT could 
be incorporated into school physical education classes, 
extracurricular health programs, or after-school 
initiatives without major disruption to academic 
schedules. Third, the simultaneous improvements 
observed across cognitive, academic, and physical 
domains suggest that structured exercise programs 
may complement, rather than compete with, 
educational objectives. These findings support current 
recommendations encouraging schools to integrate 
regular vigorous PA into comprehensive health-
promotion strategies. 

The present study has several strengths. The 
randomized controlled design reduced selection bias 
and strengthened internal validity. Outcome assessors 
followed standardized testing procedures, and the 
intervention demonstrated excellent participant 
adherence, supporting intervention fidelity. In 
addition, EF, academic achievement, and HRPF were 
evaluated simultaneously, providing a comprehensive 
assessment of intervention effects. 

Several limitations should also be noted. First, the 
intervention lasted only 12 weeks, and no follow-up 
assessments were conducted; therefore, the durability 
of the observed improvements cannot be determined. 
Second, participants were recruited from a limited 
geographical area, which may restrict generalizability 
to broader adolescent populations. Third, AP was 
assessed using school grades, which may be influenced 
by teacher evaluation practices and other educational 
factors. Fourth, neurobiological and psychosocial 
mechanisms potentially underlying the observed 
cognitive improvements were not measured directly. 
Finally, although the findings support construct 
validity of the intervention effects, they should not be 
interpreted as evidence of long-term educational or 
health outcomes. 

Future randomized controlled trials should 
incorporate longer intervention periods, post-
intervention follow-up assessments, larger multicenter 
samples, and objective neurophysiological or 
biomarker measures to clarify the mechanisms 
responsible for exercise-induced cognitive adaptations. 
Investigating mediating variables such as BDNF, 
inflammatory markers, sleep quality, motivation, and 
psychological well-being would further improve 
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understanding of how HIIT influences academic and 
cognitive performance in adolescents. 

4.1. Conclusions 

A 12-week HIIT program produced significant short-
term improvements in EF, AP, and HRPF in overweight 
adolescents compared with a control condition. These 
findings suggest that HIIT represents a feasible and 
time-efficient intervention for promoting multiple 
aspects of adolescent health. Because no long-term 
follow-up was performed, the sustainability of these 
improvements remains uncertain. Nevertheless, the 
present findings support the inclusion of 
appropriately supervised HIIT programs within school-
based physical education and health-promotion 
initiatives as a practical strategy to enhance both HRPF 
and cognitive functioning in overweight adolescents. 
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