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Comparative effects of 
high-intensity interval training 
versus moderate-intensity 
continuous training on body 
composition and blood pressure 
in overweight adolescents: a 
systematic review and 
meta-analysis of randomized 
controlled trials

Xilin Li, Zhibo Cui, Zhijun Tan, Jiangxuan Li and Chengbo Yang*

School of Sport Training, Chengdu Sport University, Chengdu, China

Background and aims: Adolescent overweight and obesity are increasing 
worldwide, posing a growing public health concern. Although both HIIT and 
MICT have been shown to reduce body fat and improve cardiovascular fitness, 
few studies have directly compared their effects in adolescents. This study 
therefore systematically evaluates their impact on body composition and blood 
pressure to inform appropriate exercise recommendations.
Methods: An extensive database search was undertaken involving 
six sources—such as PubMed, Web of Science, and the Cochrane 
Library—employing predetermined search terms to locate randomized 
controlled trials. The search covered literature published up to February 20, 
2025, starting from each database’s inception. The methodological rigor of the 
selected studies was evaluated through a revised evaluation approach based 
on PRISMA guidelines. Finally, the influence of the two exercise modalities on 
adiposity reduction and blood pressure in overweight/obese adolescents was 
analyzed and discussed.
Results: An overall number of 16 randomized controlled trials (RCTs), comprising 
473 eligible participants, were incorporated into the analysis. The findings 
revealed that: (1) HIIT was superior in decreasing body fat percentage [MD = 
−0.74, 95% CI (−1.44, 0.04), Z = 2.74, P = 0,04]. There was no statistically relevant 
difference detected between the two groups in body weight, body mass index, 
fat-free mass, or blood pressure. (2) Subgroup analysis indicated that MICT was 
more effective in reducing waist circumference when running was used as the 
mode of exercise intervention [MD = 2.81, 95% CI (0.36, 5.26), Z = 2.25, P = 0.02].
Conclusion: Both HIIT and MICT demonstrated comparable effects 
on most outcomes in overweight/obese adolescents. HIIT showed
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a modest, borderline significant advantage in reducing body fat percentage, 
while MICT appeared more effective in reducing waist circumference in the 
running subgroup. Further high-quality studies are needed to confirm these 
findings and guide exercise recommendations.
Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/
#myprospero, identifier CRD42025639229.
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1 Introduction

Adolescent obesity has emerged as an increasingly serious 
global public health issue. As reported by the World Health 
Organization (WHO), the year 2022 saw over 390 million 
individuals aged 5 to 19 classified as overweight, with approximately 
160 million falling into the obese category. The global prevalence 
of overweight among this age group increased fourfold, from 2% 
to 8%, compared to data from 2019 (World Health Organization, 
2024a). Obesity has become one of the most serious global 
epidemics and is characterized by excessive fat accumulation 
(World Health Organization, 2021). WHO identifies obesity as a 
complex condition with multiple contributing factors, and it is 
now officially listed as a disease in the International Classification 
of Diseases, 11th Revision (ICD-11) (World Health Organization, 
2022). Obesity-related complications may have long-term impacts 
on adolescents, including metabolic disorders, impaired sleep 
quality, reduced physical activity, and hindered growth and 
development. More seriously, it may impair bone health and 
reproductive function, and significantly increase the potential for 
type 2 diabetes onset, cardiovascular conditions, specific types of 
cancer (World Health Organization, 2019; Skinner et al., 2015), and 
even premature mortality (Freedman et al., 2007).

Obesity is currently recognized as stemming from a disparity 
in energy intake and expenditure (Bray et al., 2017). Reducing fat 
and body weight through dieting or energy-restrictive methods 
in overweight or obese adolescents is likely to result in potential 
health risks, such as malnutrition, decreased basal metabolic 
rate, and impaired growth. Exercise, as a non-pharmacological 
intervention, is widely considered an effective approach for 
reducing fat and weight in adolescents. WHO findings indicate 
that over 80% of school-aged youth worldwide fail to reach the 
recommended physical activity recommendation of at least 1 h daily 
(World Health Organization, 2019). As per the American College of 
Sports Medicine (ACSM)’s documented guidelines on evaluating as 
well as prescribing exercise, it is indicated that MICT is a traditional 
and well-supported intervention suitable for a broad population, 
including individuals with obesity (ACoS, 2018). With increasing 
research attention, HIIT has emerged as a time-efficient training 
modality and has been progressively applied to individuals with 
various health conditions. When professionally supervised, HIIT 
can also be safely implemented in adolescents and individuals 
with obesity. However, careful adjustments are required regarding 
exercise intensity, recovery periods, and individual responsiveness. 
The 2020 statement issued by the European Association of 
Preventive Cardiology (EAPC) highlighted HIIT as a valuable 

approach in cardiovascular rehabilitation and metabolic disease 
intervention, demonstrating favorable effects on significant health 
markers such as maximal oxygen uptake, blood pressure, blood 
glucose, and body fat. The statement further emphasizes that HIIT 
and MICT should be flexibly tailored based on individual fitness 
levels, health status, and adherence capacity, with special attention 
to adaptability and long-term sustainability in specific populations, 
such as adolescents (Hansen et al., 2017).

Body mass and composition serve as key metrics in assessing 
the impact of exercise interventions among overweight or obese 
populations (ACoS, 2018). Achieving sustained health benefits 
requires not only reducing excess adiposity but also maintaining 
or enhancing lean muscle mass (Stefanakis et al., 2024). Blood 
pressure plays a critical role in the progression of hypertension 
and cardiac metabolic regulation, and its regulation is crucial 
for preventing cardiovascular complications in overweight/obese 
youths (Urbina et al., 2023). There is growing evidence that 
high-intensity interval training (HIIT) and moderate-intensity 
continuous training (MICT) may exert differential impact on 
vascular performance and autonomic nervous control (Su et al., 
2024). Metabolic changes are closely associated with weight gain and 
elevated blood pressure (Shi et al., 2022).

The influence of HIIT and MICT on weight management 
and cardiovascular metabolic health has been extensively studied 
(Zheng et al., 2025). Nevertheless, the relative effectiveness of 
these two training approaches continues to be a topic of ongoing 
debate. MICT is commonly used to enhance physical activity 
levels (World Health Organization, 2020). Due to its moderate 
intensity, it is considered suitable for beginners or individuals 
with limited physical conditioning, and could lower the likelihood 
of sustaining exercise-related injuries (Baltich et al., 2017). As 
a result, MICT has been widely adopted to promote general 
physical health. A recent meta-analysis found that MICT gave 
rise to a notable decrease in body fat percentage (BF%) in 
overweight/obese adults, although subgroup analysis indicated that 
HIIT could lead to a more substantial reduction in BF% than 
MICT (Poon et al., 2024), with no notable differences found 
between the two in other outcomes (Keating et al., 2017). However, 
the suitability of MICT for adolescents aged 10–19 remains 
controversial. Adolescents tend to engage in spontaneous and high-
intensity physical activities under natural conditions (Bailey et al., 
1995). HIIT consists of brief bursts of high-intensity activity 
interspersed with periods of rest or low-intensity exercise, leading 
to substantial physiological changes in a relatively short amount of 
time, thereby enhancing cardiovascular health, reducing fat mass, 
and improving metabolic function (Baquet et al., 2017). Over the 

Frontiers in Physiology 02 frontiersin.org

https://doi.org/10.3389/fphys.2025.1636792
https://www.crd.york.ac.uk/PROSPERO/#myprospero
https://www.crd.york.ac.uk/PROSPERO/#myprospero
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Li et al. 10.3389/fphys.2025.1636792

past few years, HIIT has increasingly been adopted as a common 
exercise intervention for obese adolescents.

The relative effectiveness of HIIT and MICT for 
overweight/obese adolescents aged 10–19 warrants further 
investigation, as previous studies have been limited by small sample 
sizes, short intervention durations, or lack of direct comparisons 
between the two modalities. By conducting a comprehensive review 
and quantitative synthesis, the comparative impact of HIIT and 
MICT on body mass, body composition, and blood pressure in 
overweight/obese adolescents will be examined, aiming to offer 
evidence-based guidelines for exercise prescriptions in obesity 
management and inform future clinical decision-making. 

2 Methods

This study was conducted in conformity with the PRISMA 
Statement for systematic reviews and meta-analyses. And it adhered 
to the PERSiST Guidelines (Page et al., 2021; Ardern et al., 2022) 
with rigorous adherence and was recorded in the PROSPERO 
registry (CRD42025639229). 

2.1 Search strategy

Six databases, including PubMed (n = 43), Embase (n = 
73), Cochrane Library (n = 106), Web of Science (n = 59), 
CNKI (n = 80), and EBSCO (n = 129), were systematically 
searched using computer-based methods to identify randomized 
controlled trials (RCTs) examining the effects of HIIT and MICT on 
fat/weight loss and blood pressure in overweight/obese adolescents, 
from database inception to February 20, 2025. The bibliographies 
of the selected studies were additionally reviewed manually to 
uncover any other pertinent literature. The detailed search strategies 
are outlined as follows: (“HIIT” OR “High-Intensity Interval 
Training” OR “Interval Training” OR “Intermittent Exercise” OR 
“Interval Exercise” OR “Intermittent Training”) AND (“MICT” 
OR “Moderate-Intensity Continuous Training” OR “Endurance 
Training” OR “Aerobic Training” OR “Moderate-Intensity Exercise” 
OR “Moderate-Intensity Training”) AND (“Adolescent” OR “Teen” 
OR “Adolescence” OR “Teenager” OR “Teenagers” OR “Youth” 
OR “Youths” OR “Young People” OR “Pediatric” OR “Children”) 
AND (“Overweight” OR “Obese” OR “Obesity” OR “Fat Mass” OR 
“Weight” OR “BMI” OR “Body Composition” OR “Blood Pressure” 
OR “Hypertension” OR “Systolic Pressure” OR “Diastolic Pressure” 
OR “Cardiovascular Health” OR “SBP” OR “DBP” OR “MBP”). 
Furthermore, the citations of each included study were reviewed to 
minimize the possibility of relevant articles being missed. Detailed 
search strategies are presented in Supplementary Tables S1–S6. 

2.2 Eligibility criteria

Based on the PICO(S) framework (Da Costa Santos et al., 2007), 
the following inclusion criteria were established: 

1. Language: Studies disseminated in English or Chinese.
2. Study type: Randomized controlled trials.

3. Participants: Adolescents aged 10–19 years who were 
clinically identified as overweight or obese according to 
WHO standards (BMI-for-age > +1 SD) (Asia WHOROfS-
E, 2021; World Health Organization, 2024b), regardless 
of gender. Individuals with acute or chronic diseases 
were excluded.

4. Interventions: Studies comparing HIIT and MICT with 
an intervention duration of at least 3 weeks were included 
(Johansson et al., 2014; Guerrini Usubini et al., 2022). 
Moderate intensity was defined as 50%–80% VO2max, 
60%–75% HRmax, 40%–75% HRR, or 50%–80% MAS, 
and generally <80% HRpeak. High intensity exercise 
was described as all-out effort or ≥90% VO2peak, 
≥80% VO2max, 85%–95% HRmax, or ≥100% MAS 
(Norton et al., 2010; Gibala et al., 2012).

5. Outcome Measures: Key outcomes included body weight, 
BMI, WC, BF%, and FFM for body composition, as well 
as SBP and DBP. These indicators are widely recognized in 
expert consensus for evaluating exercise interventions in 
adolescent obesity. The American Academy of Pediatrics 
(AAP) has identified BMI and WC as core indicators of 
adolescent weight status and metabolic risk, and recommends 
monitoring obesity-related changes in blood pressure (SE and 
Expert Committee, 2007). The International Association for 
the Study of Obesity emphasizes the importance of BF% and 
WC in identifying central obesity and notes that elevated 
blood pressure may indicate early-stage obesity-related 
metabolic syndrome (Lobstein et al., 2015). Additionally, 
Garber et al. (Garber et al., 2011) highlighted in their exercise 
intervention guidelines that multi-dimensional indicators, 
including body fat, FFM, and blood pressure, are essential for 
comprehensively evaluating the influence of exercise on body 
composition and cardiovascular fitness. Therefore, these seven 
parameters were selected as the primary outcome measures in 
this meta-analysis.

2.3 Exclusion criteria

Studies were excluded if they: 

1. Included participants with metabolic or chronic disorders 
affecting weight or cardiovascular function (e.g., diabetes, 
thyroid dysfunction, sarcopenic obesity).

2. Did not report key outcome measures related to body weight, 
body composition, or blood pressure (e.g., BMI, body fat, FFM, 
waist circumference, SBP, DBP).

3. Did not compare HIIT with MICT or had an intervention 
duration shorter than 3 weeks.

4. Were non-randomized studies.

2.4 Screening process and data collection

In accordance with the PRISMA Statement Guidelines for 
study inclusion and data collection (Moher et al., 2009), the 
collected literature was administered with EndNote 21 software 
(Clarivate, Pennsylvania, United States). The software was employed 
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to remove duplicate records. Two researchers (XL and ZC) separately 
reviewed the literature and gathered data based on the predefined 
criteria for inclusion and exclusion, followed by cross-validation. 
If a disagreement arises, a third researcher (ZT) was referred 
to in order to resolve the issue. If the data is incomplete, 
the corresponding author was engaged to provide more details. 
Data extraction was conducted according to predefined criteria, 
which included: (World Health Organization, 2024a): basic study 
information such as title, year of publication, author names, 
and journal; (World Health Organization, 2021); The essential 
characteristics of the participants, for instance, sample size, gender, 
age, intervention details, duration, and frequency of exercise in 
each group; (World Health Organization, 2022); critical bias risk 
assessment elements. 

2.5 Literature quality evaluation

Two researchers (XL and ZC) evaluated the quality of the 
selected studies using the RCT-specific risk of bias tool, as outlined 
in the Cochrane Handbook (Cumpston et al., 2019). In the event 
of disagreement and unsuccessful discussion, a third researcher (JL) 
was consulted for final advice to uphold the reliability and validity 
of the experimental outcomes. The quality assessment criteria for 
the included studies as outlined below: (a) Random sequence 
generation; (b) Allocation concealment; (c) Blinding of participants 
and personnel; (d) Blinding of outcome assessment; (e) Incomplete 
outcome data; (f) Selective reporting; (g) Other bias. Each domain 
was rated as low risk, high risk, or unclear risk (Savović et al., 2012). 

2.6 Data synthesis and analysis

Excel (Office v.2021, Microsoft Corp) was used for data 
summarization, Review Manager 5.4 (Cochrane Collaboration, 
Oxford, United Kingdom) for data processing and analysis, and Stata 
MP version 18 (Stata Corp) for generating funnel plots. In all studies, 
HIIT was designated as the experimental group, with MICT serving 
as the comparison group. Forest plots were generated using post-
intervention means and standard deviations. The mean difference 
was calculated as HIIT minus MICT, irrespective of the display order 
of the groups in the plot. When the measurement methods and units 
of the outcome indices are the same, the mean difference (MD) is 
utilized as the effect size; if there is a difference, the standardized 
mean difference (SMD) is applied, with a 95% confidence interval 
(95% CI) used as the statistical range. Regarding heterogeneity, 
when I2 < 50%, medium or low heterogeneity is indicated, and the 
fixed-effect model was applied for meta-analysis (Page et al., 2021). 
When I2 ≥ 50%, significant heterogeneity was observed, and the 
random-effects model was applied for meta-analysis (Hosseini et al., 
2012), with a significance threshold set at α = 0.05 (Higgins et al., 
2003; Higgins, 2008). To determine the causes of heterogeneity, 
the selected studies were sorted by exercise intervention type 
(running, cycling, or other), load-rest ratio (<1 and ≥1), and 
intervention duration (<12 weeks and ≥12 weeks) in the subgroup 
analysis. The grouping followed classification criteria from previous 
systematic reviews and meta-analyses (Weston and Coombes, 2014; 
Cao et al., 2021; Costigan et al., 2015), aiming to strengthen the 

explanatory power and practical usability of the findings. Sensitivity 
analysis (using the one-by-one elimination method) was performed 
to assess the reliability of the outcomes. Finally, the eligible indicators 
were used to generate a funnel plot for assessing publication bias. In 
addition, exploratory subgroup analyses were conducted post hoc, 
based on intervention characteristics, to further investigate potential 
sources of heterogeneity. 

3 Results

3.1 Process of selecting studies

Figure 1 depicts the literature inclusion process, culminating in 
490 eligible studies after applying rigorous exclusion filters from 
six databases using the search formula. 199 duplicate articles were 
excluded using EndNote 21 software, and 138 studies were further 
excluded on the grounds of title and abstract. Of the remaining 153 
articles, 65 were conference papers or other types of publications, 
39 were review articles, 3 were not randomized controlled trials, 2 
had missing full texts, 29 were not age-matched, and 32 involved 
non-obese/overweight individuals. Additionally, by tracing the 
references of previous reviews, three studies meeting the criteria 
were included. Ultimately, 16 studies were included, with multiple 
outcome indicators being assessed (Cao et al., 2022; Li et al., 2023; 
Corte de Araujo et al., 2012; Cvetkovic et al., 2018; Koubaa et al., 
2013; Leite et al., 2022; Meng et al., 2022; Morrissey et al., 2018; Wen 
and Lou, 2018; Bahreini et al., 2021; Dias et al., 2018; Fernandez et al., 
2004; Julian et al., 2022; Lazzer et al., 2017; Miguet et al., 2020).

3.2 Study parameters

Table 1 systematically compiles the fundamental parameters 
and experimental outcomes derived from individual investigations 
in this quantitative review. A total of 16 RCTs, released from 
2004 to 2023, originated from 10 different countries: Iran, China, 
Brazil, Spain, Australia, France, Tunisia, Italy, and the United 
States. Participant cohorts varied between 16 and 65 subjects per 
experimental group, culminating in an aggregate enrollment of 473 
research-eligible individuals. The interventions included running, 
power cycling, and combined exercise. Among them, 2 exercise 
intervention cycles lasted 16 weeks (Julian et al., 2022; Miguet et al., 
2020), 11 lasted 12 weeks (Cao et al., 2022; Li et al., 2023; 
Corte de Araujo et al., 2012; Cvetkovic et al., 2018; Koubaa et al., 
2013; Leite et al., 2022; Meng et al., 2022; Morrissey et al., 2018; Wen 
and Lou, 2018; Dias et al., 2018; Fernandez et al., 2004; Starkoff et al., 
2014), and the remaining 3 RCTs had intervention cycles of 8 weeks, 
6 weeks, and 3 weeks, respectively (Bahreini et al., 2021; Julian et al., 
2022; Starkoff et al., 2014). Only three trials had a frequency of 2 
sessions per week (Corte de Araujo et al., 2012; Julian et al., 2022; 
Miguet et al., 2020), while the others had 3 sessions per week. 
More than half of the work-to-rest ratios were ≥1 (Cao et al., 2022; 
Li et al., 2023; Cvetkovic et al., 2018; Koubaa et al., 2013; Meng et al., 
2022; Morrissey et al., 2018; Dias et al., 2018; Julian et al., 2022; 
Miguet et al., 2020; Starkoff et al., 2014). All 16 trials used body 
weight and BMI as outcome measures. Additionally, each of the 16 
trials incorporated body weight, BMI, and BF% in their evaluations. 
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FIGURE 1
Study selection flowchart in PRISMA.

8 trials used waist circumference as an outcome measure (Cao et al., 
2022; Li et al., 2023; Corte de Araujo et al., 2012; Koubaa et al., 2013; 
Leite et al., 2022; Meng et al., 2022; Wen and Lou, 2018; Starkoff et al., 
2014), 12 trials used fat-free mass (Cao et al., 2022; Li et al., 2023; 
Corte de Araujo et al., 2012; Cvetkovic et al., 2018; Koubaa et al., 
2013; Leite et al., 2022; Meng et al., 2022; Morrissey et al., 2018; 
Dias et al., 2018; Julian et al., 2022; Lazzer et al., 2017; Miguet et al., 
2020), and 8 studies included systolic and diastolic blood pressure as 
key indicators (Cao et al., 2022; Li et al., 2023; Corte de Araujo et al., 
2012; Cvetkovic et al., 2018; Koubaa et al., 2013; Leite et al., 2022; 
Meng et al., 2022; Morrissey et al., 2018; Dias et al., 2018).

3.3 Risk of bias

Consistent with the PRISMA guidelines, a formal risk of 
bias assessment was conducted for all included studies. Figure 2 

presents the risk of bias evaluation, which was conducted by 
applying the Cochrane risk of bias assessment tool to appraise 
the methodological reliability of the included trials. Regarding the 
generation of random sequences to address selection bias, one study 
was unclear (Corte de Araujo et al., 2012), while the remaining 
15 studies were assessed as low risk (Cao et al., 2022; Li et al., 
2023; Cvetkovic et al., 2018; Koubaa et al., 2013; Leite et al., 2022; 
Meng et al., 2022; Morrissey et al., 2018; Wen and Lou, 2018; 
Bahreini et al., 2021; Dias et al., 2018; Fernandez et al., 2004; 
Julian et al., 2022; Lazzer et al., 2017; Miguet et al., 2020). For 
allocation concealment (selection bias), 1 study was rated as high 
risk (Morrissey et al., 2018), 9 studies as unclear (Cao et al., 2022; 
Corte de Araujo et al., 2012; Cvetkovic et al., 2018; Koubaa et al., 
2013; Leite et al., 2022; Wen and Lou, 2018; Bahreini et al., 2021; 
Fernandez et al., 2004; Lazzer et al., 2017), and 6 studies as low risk 
(Li et al., 2023; Meng et al., 2022; Dias et al., 2018; Julian et al., 
2022; Miguet et al., 2020). Concerning the masking of participants 
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and study investigators to minimize intervention bias, owing to the 
practical limitations associated with exercise interventions, blinding 
of all adolescents’ post-randomization is challenging. Furthermore, 
researchers may be unable to blind the interventions, potentially 
affecting both intervention implementation and the interpretation 
of results; thus, each of the 16 studies was found to be at high 
risk of bias. Concerning the use of blinding to assess outcomes 
(detection bias), 7 studies were considered high risk (Li et al., 
2023; Leite et al., 2022; Meng et al., 2022; Morrissey et al., 2018; 
Wen and Lou, 2018; Miguet et al., 2020), 3 studies were unclear 
(Cvetkovic et al., 2018; Bahreini et al., 2021), and 6 studies were low 
risk (Corte de Araujo et al., 2012; Koubaa et al., 2013; Dias et al., 
2018; Fernandez et al., 2004; Julian et al., 2022; Lazzer et al., 2017). In 
evaluating attrition bias and reporting bias, associated with missing 
data and selective disclosure, respectively, 14 studies were low risk 
(Cao et al., 2022; Li et al., 2023; Cvetkovic et al., 2018; Koubaa et al., 
2013; Leite et al., 2022; Meng et al., 2022; Morrissey et al., 2018; 
Wen and Lou, 2018; Bahreini et al., 2021; Dias et al., 2018; 
Julian et al., 2022; Lazzer et al., 2017; Miguet et al., 2020), while 
the remaining 2 studies were unclear (Corte de Araujo et al., 2012; 
Fernandez et al., 2004). Finally, for other biases, 1 study was 
rated as high risk (Fernandez et al., 2004), 4 studies were unclear 
(Corte de Araujo et al., 2012; Morrissey et al., 2018; Wen and Lou, 
2018; Bahreini et al., 2021), and 11 studies were low risk (Cao et al., 
2022; Li et al., 2023; Cvetkovic et al., 2018; Koubaa et al., 2013; 
Leite et al., 2022; Meng et al., 2022; Dias et al., 2018; Julian et al., 
2022; Lazzer et al., 2017; Miguet et al., 2020; Higgins et al., 2024).

3.4 Publication bias

As stated by the recommendations of the Cochrane Handbook, 
funnel plots and Egger’s test were performed on indicators with 
data from 10 or more studies to evaluate publication bias, and bias 
was assumed when the p-value met or fell below the 0.05 threshold 
(Higgins et al., 2024). As shown in Figure 3, Body mass (bias = 0.77, 
P = 0.45 > 0.05), BMI (bias = 0.305, P = 0.657 > 0.05), FFM (bias = 
−1.127, P = 0.319 > 0.05), BF% (bias = 1.113, P = 0.202 > 0.05).

3.5 Body composition

3.5.1 Body weight
The 16 included randomized controlled trials compared the 

difference in body weight (n = 16) between the HIIT group and the 
MICT group. The findings from the fixed-effect model meta-analysis 
revealed no statistical significance [MD = 0.29, 95% CI (−1.81, 2.40), 
Z = 0.27, P = 0.78](Figure 4). After conducting a sensitivity analysis, 
the differences remained non-significant after excluding studies one 
by one. Due to its low heterogeneity (I2 = 6%, p > 0.05), the results 
showed strong consistency, though the overall effect size did not 
reach statistical significance.

3.5.2 Body mass index (BMI)
Sixteen RCTs compared the influence of HIIT and MICT on 

BMI. Results from the random-effects model meta-analysis showed 
no significant difference between the two groups [MD = 0.06, 95% 
CI (−0.62, 0.74), Z = 0.17, P = 0.87], with large heterogeneity (I2 = 
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FIGURE 2
Risk of bias graph.

FIGURE 3
Publication bias. (A) Body mass. (B) Body mass index. (C) Fat-free mass. (D) Body fat percentage.

59%, p > 0.05). After conducting sensitivity analysis, studies were 
excluded one by one, and it was found that when Leite et al. (2022) 
(published in 2022) was excluded, the heterogeneity decreased [MD 
= −0.32, 95% CI (−0.66, 0.03), Z = 1.81, P = 0.07], with I2 = 0%, 
p > 0.05. However, the intervention effects between the two groups 
exhibited no significant difference (Figure 5).

3.5.3 Waist circumference (WC)
16 studies investigated the influence of HIIT and MICT on 

WC. There was no meaningful difference between the two groups 

found in the random-effects model meta-analysis [MD = 2.58, 95% 
CI (−0.43, 5.59), Z = 1.68, P = 0.09]. However, after removing 
the study by Starkoff et al. (Starkoff et al., 2014) (published in 
2014), which had high heterogeneity, the difference between the 
two groups was found to be statistically significant [MD = 3.21, 
95% CI (0.29, 6.13), Z = 2.16, P = 0.03] (Figure 6), with the 
heterogeneity reduced to less than 50% (I2 = 47%, p < 0.05). Given 
the high overall heterogeneity (I2 = 51%, p > 0.05), a subgroup 
analysis was undertaken to examine potential factors contributing to 
heterogeneity. The results indicated that when running was used as 
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FIGURE 4
Body mass of forest plot.

FIGURE 5
Body mass index of forest plot.

the form of exercise, MICT showed greater effectiveness than HIIT 
in improving WC in overweight/obese adolescents [MD = 2.81, 95% 
CI (0.36, 5.26), Z = 2.25, P = 0.02]. However, for other forms of 
exercise (such as power cycling and combined training), variation 
in WC improvement was found between the two groups. The 
heterogeneity was high (I2 = 79%), although it was not statistically 
significant (p = 0.82) (Table 2). In the sensitivity analysis, removal 
of the study by Leite et al. (Leite et al., 2022) showed that the 
heterogeneity decreased markedly (I2 = 0%, p = 0.25). Notably, Leite 
et al. used the waist-to-height ratio (WtHR) to adjust for height, 
while Starkoff et al. employed a standard anthropometric ruler to 

measure the midpoint and maximum protrusion between the lowest 
rib and the hip bone. These differing measurement methods could 
account for methodological variations in the results. Furthermore, 
Starkoff et al. adopted the highest exercise intervention load-rest 
ratio of 2.00 among the 16 RCTs, which may have contributed to the 
large discrepancy between their results and those of other studies.

3.5.4 Fat-free mass (FFM)
In total, 12 studies were included to examine the influence of 

HIIT and MICT on FFM. Using the fixed-effect model, the meta-
analysis found no meaningful difference between the two groups 
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FIGURE 6
Waist circumference of forest plot.

TABLE 2  Waist circumference (WC) of subgroup analyses results.

Included studies WMD 95%CI I2 p

Running

4 −0.51 [-4.08,3.07] 0 0.78

4 4.87 [1.11,8.63] 0.55 0.01

Others

5 2.81 [0.36,5.26] 8% 0.02

3 1.12 [-8.72,10.97] 79% 0.82

[MD = 1.19, 95% CI (−0.19, 2.56), Z = 1.70, P = 0.09]. Given 
the absence of heterogeneity (I2 = 0%, p > 0.05), the results were 
consistent. After conducting a sensitivity analysis, it was found that 
the results became statistically significant when the study by Li 
et al. (Li et al., 2023) (published in 2023) was excluded [MD = 
1.49, 95% CI (−0.06, 2.91), Z = 2.04, P = 0.04] (Figure 7), with 
no heterogeneity remaining at this point (I2 = 0%, p < 0.05). 
Most of the randomized controlled trials included in the analysis 
employed the dual-energy X-ray absorption technique (DXA, Lunar 
Prodigy, United States) in standard mode to measure FFM. A 
few studies employed bioelectrical impedance (Biodynamics® ) to 
measure body composition and calculate FFM. Since Li et al. used 
the DXA method, measurement differences could be a potential 
explanation for the observed disparity, though further investigation 
is limited due to the lack of additional supporting evidence.

3.5.5 Body fat percentage (BF%)
The analysis encompassed 16 studies, comparing HIIT and 

MICT in terms of their effects on BF%. The meta-analysis using 
the fixed-effect model showed a statistically significant difference 
between the experimental group and the comparison group [MD = 
−0.74, 95% CI (−1.44, 0.04), Z = 2.74, P = 0.04] (Figure 8), with low 
heterogeneity (I2 = 40%, p < 0.05). Therefore, HIIT demonstrated 
greater efficacy than MICT in reducing the BF% of overweight/obese 
adolescents.

3.6 Blood pressure (BP)

3.6.1 SBP
A total of 8 RCTs assessed the impact of HIIT and MICT on SBP. 

The results of the random-effects model yielded results indicating 
no appreciable difference between the two groups [MD = 1.18, 
95% CI (−2.86, 5.23), Z = 0.57, P = 0.57] (Figure 9). However, the 
heterogeneity was extremely high (I2 = 82%, p > 0.05), prompting 
a subgroup analysis to explore potential factors of heterogeneity. 
Despite this, heterogeneity within subgroups remained high. 
Examination of the forest plot indicated that the study by Leite et al. 
(2022) showed a markedly larger effect size (mean difference = 
20.61 mmHg, 95% CI: 12.99–28.23), substantially influencing both 
the pooled estimate and overall heterogeneity. Notably, in Leite 
et al.’s study, the HIIT group engaged in a significantly shorter 
exercise duration (15–18 min per session), compared to the MICT 
group’s 90 min per session, resulting in markedly unbalanced energy 
expenditure, which may explain its status as a statistical outlier.

Furthermore, variability in blood pressure measurement 
methods across studies may have contributed to the observed 
heterogeneity. For example, Meng et al. (2022). used an automatic 
BP monitor (Omron BP652, United States) after 10 h of fasting and a 
5-min rest period, while Leite et al. (2022) measured BP after fasting 
for 12 h and resting for 10 min using a manual sphygmomanometer, 
with cuff sizes adjusted to participants’ arm circumference. 
Differences in equipment, the number of measurements taken, 
and environmental conditions likely influenced the reported 
outcomes. The lack of standardized blood pressure measurement 
protocols across studies is thus a critical element contributing to the 
substantial heterogeneity in study results (I2 = 82%). 

3.6.2 DBP
8 RCTs analyzed the impact of HIIT and MICT on DBP, 

and the fixed-effect model meta-analysis showed no significant 
difference between the two groups [MD = −0.46, 95% CI (−1.50, 
0.58), Z = 0.87, P = 0.38] (Figure 10). The robustness of the 
result was confirmed through a sensitivity analysis by sequentially 
excluding individual studies, as no significant changes were 
observed. The heterogeneity among studies was low (I2 = 37%, p 
> 0.05), indicating consistent findings across the included trials. 
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FIGURE 7
FFM of forest plot.

FIGURE 8
Body fat percentage of forest plot.

Notably, although the difference was not statistically significant, 
a general trend favoring HIIT over MICT in reducing DBP was 
observed in most studies. This non-significant trend suggests 
that HIIT may have a slightly greater potential for lowering 
DBP in overweight or obese adolescents, warranting further 
investigation in future trials with larger sample sizes or longer
intervention durations.

4 Discussion

In our review and pooled analysis, 16 RCTs with 473 overweight 
or obese adolescents were included to assess the influence of 

HIIT and MICT on body weight, composition of body mass, 
and blood pressure. HIIT demonstrated a significantly higher 
effectiveness than MICT in reducing body fat percentage, although 
both interventions showed no significant differences in body weight, 
BMI, FFM, SBP, or DBP. The subgroup analysis indicated that MICT 
was more effective in reducing WC, particularly when running 
was used as the primary form of intervention. Despite the overall 
findings, sensitivity analyses demonstrated that the results were 
influenced by individual studies, possibly attributable to the small 
number of trials included. These results emphasize the potential 
advantages of HIIT in improving body composition, while also 
stressing the necessity for further large-scale, high-quality RCTs to 
bolster the evidence and increase the reliability of the findings. 
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FIGURE 9
SBP of forest plot.

FIGURE 10
DBP of forest plot.

4.1 Effects of HIIT and MICT on body mass 
and composition in obese adolescents

With the progression of modern society and changes in lifestyle, 
the rate of overweight and obesity has risen considerably. These 
conditions are associated with a range of comorbidities, prompting 
extensive research into effective strategies for fat reduction and 
health improvement. MICT has long been recognized as a 
traditional and effective method for enhancing physical activity and 
health outcomes (Miles, 2007). In recent years, HIIT has gained 
growing attention for its capacity to swiftly deplete glycogen stores 
and enhance fat oxidation and lipolysis (Peake et al., 2014), making 
it an emerging strategy for fat loss. It is well-established that both 
HIIT and MICT positively impact the composition of body mass in 
overweight/obese adolescents, including reductions in BF%, BMI, 
and WC, as well as increases in FFM (Atakan et al., 2021).

Our meta-analysis demonstrated that HIIT and MICT bring 
about comparable effects on body weight and general body 
composition. Notably, HIIT showed a greater effect in reducing BF%, 
which aligns with the findings of Poon et al. (Poon et al., 2024), who 
reported that this advantage is particularly evident in protocols with 
longer intervention durations, cycling-based training, and lower 
HIIT volume. Subgroup analysis in our study revealed that MICT 

was more effective than HIIT in reducing WC, particularly when 
running was the primary mode of exercise. Sensitivity analysis 
further indicated that HIIT had a statistically significant advantage 
over MICT in improving FFM after excluding a study with high 
heterogeneity. These results align with Wewege et al. (2017), who 
also reported that WC reductions induced by MICT may range 
from 1 to 7 cm, especially when running is involved. The change 
in FFM appears to be closely linked to BF% reduction, as HIIT 
typically promotes fat loss while simultaneously stimulating muscle 
hypertrophy. This dual effect is more pronounced in high-intensity 
protocols, contributing not only to improved body composition but 
also to enhanced physical health and appearance (Osawa et al., 
2014). Thus, the increase in FFM may be a key contributor to the 
observed reduction in BF%. Despite these findings, inconsistencies 
remain in the literature. Some previous reviews have concluded 
that two types of exercise have comparable impacts on body 
tissue composition—specifically BF%, WC, and FFM—with the 
primary difference being time efficiency. HIIT has been shown 
to achieve comparable fat loss outcomes in a significantly shorter 
duration than MICT (Cao et al., 2021; Wewege et al., 2017; 
Osawa et al., 2014; Sultana et al., 2019).

We believe that the discrepancies in findings among various 
studies may be attributed to several key factors. First, most existing 
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trials focus on overweight or obese adults, including college 
students, middle-aged adults, and the elderly. In contrast, there is 
a notable shortage of comparative studies focused on adolescents. 
However, physiological responses to exercise can vary significantly 
by age group. Adolescents, being in a period of rapid growth and 
development, exhibit heightened secretion of somatotropin, insulin-
like growth factor, and testosterone—hormones that promote 
both lipolysis (especially of visceral fat) and muscle synthesis 
(Christoforidis et al., 2005). Consequently, adolescents often 
experience more pronounced fat reduction following exercise 
interventions. In contrast, adults typically show age-related declines 
in hormone levels, reduced fat oxidation capacity, and diminished 
visceral fat sensitivity to exercise stimuli, resulting in more 
modest reductions in adiposity (Mancuso and Bouchard, 2019; 
Frandsen et al., 2021). Second, some studies included both 
overweight/obese and normal-weight individuals or were conducted 
exclusively in healthy populations. This lack of specificity reduces the 
applicability of results to the overweight/obese subgroup. In contrast 
to individuals with normal weight, overweight/obese individuals 
store more adipose tissue, suffer from greater insulin resistance, 
and have impaired mitochondrial function, leading them to utilize 
carbohydrates more heavily for energy during exercise (Kwak, 
2013; Braun et al., 1985; Højlund et al., 2008). HIIT can notably 
boost fat oxidation following exercise during the period of excess 
post-exercise oxygen consumption (EPOC) phase by stimulating 
catecholamine release, thereby promoting more efficient lipolysis 
(Jiang et al., 2024; Islam et al., 2018). Conversely, during MICT, 
normal-weight individuals tend to rely more on fat for energy, 
whereas in HIIT, sympathetic nervous system activation and rapid 
lactic acid accumulation inhibit fatty acid transport and oxidation, 
shifting energy reliance back to carbohydrates (Aslankeser and Balcı, 
2017; Bruce et al., 2006; Hetlelid et al., 2015). Moreover, because 
normal-weight individuals generally have better mitochondrial 
function and smaller energy deficits, the scope for improving 
fat oxidation efficiency is limited. Additionally, muscle anabolism 
induced by HIIT in this population may offset fat loss, leading to 
minimal changes in body fat percentage (Davis et al., 2006).

Existing meta-analyses have demonstrated that 12 weeks of 
HIIT can reduce visceral fat by 17% and systolic blood pressure by 
8 mmHg in obese individuals (Sijie et al., 2012), while in normal-
weight populations, HIIT typically reduces body fat percentage 
by 2%–4% with no significant impact on body weight (Boutcher, 
2011). These differences underscore the impact of metabolic status, 
hormonal environment, inflammation, and cardiovascular function 
on exercise outcomes, with overweight/obese individuals deriving 
more pronounced benefits from HIIT. Furthermore, methodological 
differences in HIIT implementation may contribute to inconsistent 
findings. Some studies adopted low-volume HIIT protocols (i.e., 
total exercise ≤500 metabolic equivalent of task-minutes/week) 
or sprint interval training (SIT) as the intervention, comparing 
them with MICT. In theory, standard HIIT protocols expend more 
calories than low-volume HIIT under equivalent conditions. A 
meta-analysis by Sultana et al. (Sultana et al., 2019) involving 47 
studies and 1,422 participants found that low-volume HIIT did not 
show a significant increase in adiposity, fat mass, or lean body mass 
when compared to MICT, highlighting the variability in exercise 
dose and its implications. Lastly, individual dietary habits are a 
critical but often uncontrolled factor influencing study outcomes 

(Hooper et al., 2012; Chawla et al., 2020). Certain studies suggest 
that HIIT may curb caloric intake by modulating appetite-related 
hormonal pathways such as leptin, whereas no such effect has been 
observed in MICT or control groups (Sim et al., 2015). This appetite-
suppressing effect may further explain why HIIT can lead to more 
significant reductions in BF% compared to MICT.

It is worth noting that most assessments of body composition 
in the studies included were conducted employing methods 
like bioelectrical impedance analysis (BIA), dual-energy X-
ray absorptiometry (DEXA), and magnetic resonance imaging 
(MRI). While these methods are widely accepted and 
commonly used, each carries inherent limitations and potential 
measurement errors (Ward, 2019), which may have helped lead 
to variability in research findings and affected the consistency of 
the results. 

4.2 Effects of HIIT and MICT on blood 
pressure in obese adolescents

Hypertension is a significant contributor to the development 
of cardiovascular disease (CVD) (Fryar CDC and Li, 2012), 
predominantly affecting older populations. However, elevated 
blood pressure in youth may serve as a precursor to essential 
hypertension later in life (Ortega et al., 2008). Obesity-related 
reductions in cardiorespiratory fitness and excessive visceral fat 
accumulation are also independent contributors to CVD risk 
(Neeland et al., 2019; Henriksson et al., 2019). Therefore, early 
intervention to lower blood pressure is especially important for 
adolescents, particularly in individuals who are overweight/obese. 
Previous research has demonstrated that both HIIT and MICT can 
contribute to enhanced cardiovascular health among adolescents 
(Su et al., 2024; Ingul et al., 2018), and it has been reported 
that a reduction of SBP by more than 4 mmHg could potentially 
lower cardiovascular mortality by 5%–20% (Taylor et al., 2011). 
Additionally, WC shows a positive correlation with SBP in children 
with obesity (Zampetti et al., 2018). In our meta-analysis, there 
was no statistically significant difference in the effects of HIIT 
and MICT on SBP and DBP among overweight/obese adolescents. 
Nevertheless, five of the eight included randomized controlled trials 
reported that HIIT demonstrated greater efficacy than MICT in 
lowering SBP. Regarding DBP, the results were more evenly split, 
with half of the studies favoring HIIT and the other half supporting 
MICT. These findings indicate ongoing debate and the need for 
further investigation into the comparative cardiovascular benefits of 
these two exercise modalities in this population.

For example, Wang et al. (2024) carried out a meta-analysis 
including 468 adolescents and concluded that HIIT led to a more 
pronounced reduction in SBP compared to MICT (SMD = −0.35, 
95% CI: −0.78 to 0.09). Similarly, García-Hermoso et al. (2016) 
found that a 4–12-week HIIT intervention in 274 overweight/obese 
youths led to a greater reduction in SBP compared to other forms 
of exercise training (SMD = 0.39; equivalent to a 1.33 mmHg 
decrease). Moreover, several studies have suggested that HIIT 
may outperform MICT not only in reducing DBP but also in 
enhancing resting heart rate (HR). For instance, Cheema et al. 
(Cheema et al., 2015) implemented a 12-week intervention in obese 
adults and found that HIIT reduced resting HR by an average of 
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4 beats per minute and DBP by approximately 7 mmHg, whereas 
MICT reduced HR by only 1 beat per minute with no significant 
change in DBP. These findings imply that, while the impact of 
HIIT on DBP appears to be less consistent across studies, it may 
still offer advantages in cardiovascular regulation. The differential 
effects of HIIT on SBP and DBP may be partly explained by 
underlying physiological mechanisms. SBP reflects arterial pressure 
during cardiac contraction and is primarily influenced by cardiac 
output and arterial elasticity (Shahoud JSS and Aeddula, 2023). 
HIIT can improve SBP by enhancing cardiac function, increasing 
arterial compliance, and reducing vascular resistance (Luo et al., 
2024). In contrast, DBP represents the arterial pressure during 
cardiac relaxation, primarily determined by the resistance of small 
arteries and peripheral vascular tone, and is more influenced by 
the regulation of microvascular function (Safar, 2004; Jackson, 
2021). These differences may explain why improvements in SBP 
are more frequently observed and statistically significant in HIIT 
interventions, while changes in DBP tend to be smaller and 
more variable.

On the other hand, HIIT primarily influences the function 
of the aorta and the heart’s pumping capacity, enhancing cardiac 
contractility, cardiac output, and the elasticity or compliance 
of major arteries, including the aorta and carotid artery 
(O'Driscoll et al., 1985). These adaptations are more directly 
associated with reductions in SBP. In contrast, DBP is more 
dependent on arteriolar tone, sympathetic nervous system activity, 
and resting vascular tension—factors that typically require longer 
or more cumulative physiological stimuli to elicit adaptive changes 
(Incognito et al., 2019). Cardiac diastolic function is also crucial 
in regulating blood pressure. Interestingly, multiple studies have 
indicated that HIIT outperforms MICT in enhancing diastolic 
function (Gonçalves et al., 2024). Moreover, the duration of exercise 
intervention is a crucial factor influencing outcomes. Many included 
trials employed intervention periods ranging from 4 to 12 weeks, 
which may be insufficient to significantly affect microvascular 
remodeling or endothelial function—both of which are necessary 
for meaningful reductions in DBP. Additionally, adolescent-specific 
characteristics can further complicate DBP regulation. Overweight 
and obese adolescents may exhibit microvascular abnormalities 
or insulin resistance that blunt improvements in vascular 
function. Furthermore, during puberty, hormonal fluctuations 
and heightened sympathetic activity make DBP more susceptible 
to external factors such as emotional stress, sleep disturbances, 
and lifestyle patterns (Urbina et al., 2012; Seravalle et al., 2018). 
Therefore, SBP tends to show more immediate improvements in 
response to exercise interventions, while changes in DBP may 
require longer-term or more targeted strategies.

Some research has found that physical activity of different 
intensities significantly improved SBP and DBP. For example, 
Way et al. (2019) reported that HIIT led to a significant reduction 
in nighttime diastolic blood pressure (effect size: −0.456, 95% CI: 
−0.826 to −0.086 mmHg; p = 0.016), and also observed a trend 
toward daytime reductions in both DBP and SBP (ES: −0.349, 
95% CI: −0.717 to 0.020 mmHg; p = 0.063). While much of the 
early evidence was derived from adult populations, more recent 
research has increasingly focused on children and adolescents. 
Cornelissen and Smart (2013) found that aerobic endurance 
training significantly reduced both SBP and DBP by an average of 

−3.5 mmHg (95% CI: −4.6 to −2.3 mmHg), and subgroup analyses 
suggested that interventions characterized by running, longer 
training durations, older participant age, and shorter daily training 
times (<24 min) were more effective in lowering blood pressure in 
youth populations. Zhou et al. (2025) performed a meta-analysis that 
included 19 RCTs with a total of 819 overweight or obese children 
and adolescents. The analysis found that exercise interventions led 
to a significant reduction in SBP (SMD = −0.71, 95% CI: −1.06 to 
−0.36, p < 0.001) and DBP (SMD = −0.67, 95% CI: −1.00 to −0.34, p < 
0.001). The effects were particularly pronounced among girls, obese 
participants, those involved in HIIT programs, and individuals 
who accumulated more than 3000 min of total exercise time. 
These results stress the importance of implementing early exercise 
interventions to prevent or delay hypertension in individuals at 
high risk. Similarly, Cao et al. (2021) meta-analysis highlighted that 
interventions lasting longer than 8 weeks and employing running as 
the primary mode of exercise were particularly effective in reducing 
blood pressure among children around 10 years old.

The differing conclusions regarding the impact of HIIT and 
MICT on blood pressure could be explained by differences in 
baseline blood pressure levels among the study populations. 
Some studies focus primarily on the “average blood pressure 
reduction,” while others use the criterion of “whether blood 
pressure reaches the normal range.” Additionally, measurement 
discrepancies, such as differences in equipment, timing of 
measurements, and environmental controls, may influence the 
final outcomes. Publication bias arises when studies with positive 
or significant results are more likely to be disseminated, which 
can contribute to inconsistencies within the existing literature. 
Additionally, individual factors like age, gender, and health 
status significantly influence how participants respond to exercise 
interventions. For example, certain individuals might see greater 
improvements with HIIT, while others may experience more 
favorable outcomes from MICT. 

4.3 Most effective dose of exercise for 
obese/overweight adolescents

The 2020 “Guidelines for Physical Activity and Sedentary 
Behavior” published by the WHO recommends that children 
and adolescents should perform at least 60 min of moderate-to 
vigorous-intensity aerobic activity daily. Additionally, guidelines 
recommend engaging in activities that promote muscle and bone 
strength at least three times per week (World Health Organization, 
2020). A recent Bayesian network meta-analysis highlighted that 
for adolescents without severe chronic conditions, a daily HIIT 
dose of approximately 76 METs-minutes may result in clinically 
meaningful reductions in BMI. In comparison, other forms of 
exercise typically require around 200 METs-minutes/day to produce 
similar effects (Huang et al., 2025). Considering the reality that 
adolescents spend most of their time in school, many studies have 
incorporated the school environment into their recommendations. 
Espinoza-Silva et al. suggested that school-age children (7–9 years 
old) in a school setting engage in a structured HIIT program 
consisting of 10 rounds of 20-s high-intensity sprints with 10-s 
breaks. This form of HIIT, which combines jumping, aerobics, and 
sprints, has been demonstrated to enhance anthropometric and 
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cardiovascular parameters, while also contributing to a reduction 
in obesity rates among school-age children (Espinoza-Silva et al., 
2019). Similarly, Deng and Wang (2024) evaluated 18 RCTs and 
concluded that HIIT three times per week for overweight/obese 
children between the ages of 7 and 9 years, involving 2-8 sets 
of high-intensity exercises that follow a 1:1 work-to-rest ratio, 
represents the most effective strategy for enhancing anthropometric 
and cardiovascular health while reducing obesity prevalence in 
this age group.

Drawing on the results of our meta-analysis and taking into 
account the practical considerations for adolescents, we suggest that 
HIIT can positively impact body composition and blood pressure 
in adolescents aged 10–19 years when performed in shorter, more 
distributed sessions. From a practical perspective, and incorporating 
recommendations from all included literature, running and other 
forms of HIIT can be incorporated into adolescents’ exercise 
routines at least three times per week, with more than six sessions 
per session and a work-to-rest ratio of approximately 1:1. High-
intensity exercise periods with an intensity greater than or equal to 
100% of average daily exercise time (MAS) and recovery periods 
with an intensity of 50% of MAS appear to be particularly effective 
in promoting fat loss, weight control, and improving blood pressure. 
While these recommendations may provide valuable insights for 
school-based or community-based interventions, further research 
is needed to refine optimal exercise prescriptions for different 
adolescent subgroups.

From a practical perspective, the successful implementation 
of exercise interventions in adolescents depends not only on 
physiological efficacy but also on adherence, safety, and feasibility. 
The included studies suggest that shorter, structured HIIT sessions 
integrated into school routines are generally well-tolerated and 
maintain good adherence among adolescents (Espinoza-Silva et al., 
2019; Deng and Wang, 2024). Safety considerations, including 
appropriate warm-up, work-to-rest ratios, and gradual progression 
of intensity, are essential to minimize injury risk and ensure 
exercise is suitable for overweight/obese youth (Baltich et al., 2017; 
Costigan et al., 2015). Moreover, feasibility is enhanced when 
interventions require minimal equipment, can be performed within 
limited time frames, and are adaptable to school or community 
settings (Huang et al., 2025; Espinoza-Silva et al., 2019; Deng and 
Wang, 2024). These practical aspects are crucial for translating 
exercise prescriptions into real-world settings and should be 
considered alongside the observed physiological benefits. 

4.4 Limitations

This study has several limitations, including the following: 
(1) The overall sample size in the included research is generally 
small, and there is an absence of large-scale RCTs; (2) Many of 
the studies did not clearly describe the allocation concealment or 
blinding methods, which could introduce potential bias; (3) The 
exercise protocols among the included studies differed with respect 
to exercise intensity, rest intervals, and duration, which could affect 
the consistency and precision in relation to the observed results. 
The dose-dependent effects of exercise characteristics (intensity, 
frequency, duration) on intervention results should be a focus 
of future prospective research; (4) As these subgroup analyses 

were conducted post hoc, the findings should be interpreted with 
caution and require confirmation by future pre-specified studies. 
Additionally, studies should account for individual factors, including 
age, gender, and baseline BMI, to provide more tailored intervention 
recommendations for diverse populations. 

5 Conclusion

In conclusion, our meta-analysis incorporating 16 RCTs with 
a combined sample of 473 adolescents classified as overweight 
or obese suggested that HIIT may provide a modest advantage 
over MICT in reducing BF% among adolescents aged 10–19 years, 
although the statistical significance was borderline. Nevertheless, 
no significant differences were observed between the two exercise 
modalities in body weight, BMI, FFM, WC, SBP, and DBP, except 
for a subgroup finding indicating that MICT was more effective in 
reducing WC when running was used as the intervention mode. 
Given the limited number of studies, the modest effect size, and the 
variability in exercise prescriptions, further high-quality RCTs are 
warranted to confirm these findings and to establish more precise 
exercise recommendations for this population.
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