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Abstract
Childhood overweight and obesity have dramatically increased worldwide, affecting tens of millions of children and adoles-
cents and paralleling increases in type 2 diabetes, fatty liver, and cardiovascular diseases. Of particular concern is ectopic 
fat—lipid stored within visceral, hepatic, intramuscular, pancreatic, and perivascular tissues—which independently promotes 
metabolic dysfunction beyond total body fat. Exercise represents a cornerstone in the management of obesity, yet aerobic, 
resistance, high-intensity interval training (HIIT), combined training, and novel modalities such as yoga, mind–body, and 
neuromuscular stimulation uniquely activate the muscular, hormonal, and metabolic axes. Here, in this narrative review, 
we review the evidence from pediatric exercise trials that compare these modes of exercise for depot-specific fat loss in 
overweight/obese adolescents. High-intensity and aerobic exercise have shown promising effects in several pediatric trials 
on mobilizing visceral fat and liver fat, respectively, though they do not always surpass resistance training alone. Combined 
training may produce broader improvements in multiple depots when sustained for the longer term, while nontraditional 
modes can serve as useful adjuncts to core exercise by improving adherence or targeting less well-studied depots. Key 
limitations include the narrative (rather than systematic) design of this review, the overall paucity of high-quality long-
term pediatric randomized controlled trials, reliance on adult and preclinical data for mechanistic insights, heterogeneity in 
measurement techniques, and sparse evidence for certain ectopic depots. We emphasize practical implications for the design 
of youth exercise programs and enumerate knowledge gaps in the extant literature, including pancreatic and pericardial fat, 
and age- and sex-based tailoring.

What is Known:
• Childhood and adolescent obesity is strongly associated with increased ectopic fat deposition (visceral, hepatic, and intramuscular fat), 

which contributes to metabolic disorders such as insulin resistance, type 2 diabetes, and cardiovascular disease.
• Exercise interventions, including aerobic, resistance, and high-intensity interval training (HIIT), are effective in reducing overall adiposity, 

but their comparative effects on specific ectopic fat depots in pediatric populations remain incompletely understood.
What is New:
• This narrative review synthesizes and compares evidence across multiple exercise modalities (aerobic, resistance, HIIT, combined, and 

mind–body approaches) specifically focusing on depot-specific ectopic fat reduction in overweight and obese children and adolescents.
• It highlights that combined training may offer broader multi-depot fat reduction, while emerging modalities (e.g., yoga and neuromuscular 

approaches) may enhance adherence and target underexplored fat depots such as pancreatic and pericardial fat.
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Introduction

Over the last few decades, childhood and adolescent over-
weight and obesity have risen dramatically, with an esti-
mated 159 million children and adolescents worldwide now 
meeting criteria for obesity [1]. This epidemic is associated 
with markedly earlier onset of insulin resistance, type 2 dia-
betes, metabolic dysfunction–associated steatotic liver dis-
ease (MASLD), and cardiovascular dysfunction compared 
with lean peers [2]. Importantly, fat distribution rather than 
total fat mass is a key determinant of risk. Ectopic fat—
lipids stored in non-adipose tissues such as visceral adipose 
tissue (VAT), liver, skeletal muscle (inter- and intramyocel-
lular fat), pancreas, and perivascular/pericardial depots—
exerts depot-specific toxic effects that amplify cardiometa-
bolic risk beyond overall adiposity [3–8]. For example, VAT 
drives systemic inflammation and insulin resistance, hepatic 
steatosis induces lipotoxicity and oxidative stress, intramus-
cular fat impairs muscle insulin signaling, perivascular fat 
promotes arterial stiffness, and pancreatic fat disrupts β-cell 
function.

Adolescence represents a critical window because 
pubertal hormonal changes, lifestyle factors, and ectopic fat 
accumulation interact in ways that both promote metabolic 
dysfunction and offer an opportunity for reversal through 
targeted exercise. Different exercise modalities engage dis-
tinct physiological pathways: aerobic and HIIT training 
strongly stimulate mitochondrial biogenesis and fatty acid 
oxidation (with particular benefits for visceral and hepatic 
fat), resistance training enhances muscle mass and glu-
cose uptake, combined programs integrate both, and novel 
approaches (yoga, pilates, neuromuscular electrical stimula-
tion, exergaming) may improve adherence while targeting 
peripheral stores [9]. No single modality is optimal for all 
ectopic depots. This narrative review therefore compares the 
depot-specific effects of continuous moderate aerobic train-
ing, resistance training, HIIT, combined aerobic + resistance 
programs, and emerging modalities on visceral, hepatic, 
intramuscular, perivascular/pericardial, and pancreatic fat in 
overweight or obese adolescents (≤ 18 years), with the aim 
of informing tailored exercise prescriptions for this popula-
tion [10, 11].

Literature search strategy

This manuscript is presented as a narrative review rather 
than a systematic review or meta-analysis. In contrast to 
prior systematic reviews and meta-analyses that have pro-
vided quantitative syntheses focused on specific fat depots 

[12, 13], the narrative format adopted here allows for a 
broader integration of underlying physiological mechanisms 
across multiple ectopic depots, inclusion of emerging and 
nontraditional modalities (e.g., exergaming, neuromuscular 
electrical stimulation, yoga), comparative depot-specific 
effects, practical clinical guidelines, and identification of 
knowledge gaps. This approach is intended to complement 
rather than duplicate existing meta-analytic work by synthe-
sizing mechanistic insights and real-world implementation 
considerations that are often excluded from strict quantita-
tive reviews.

To ensure methodological transparency, a comprehensive 
search was conducted across PubMed, Scopus, Web of Sci-
ence, and Google Scholar. Search terms combined “ectopic 
fat,” “visceral adipose tissue,” “hepatic fat/MASLD/
NAFLD,” “intramuscular/intermuscular adipose tissue,” 
“pancreatic fat,” “perivascular/pericardial fat,” with “exer-
cise,” “aerobic,” “resistance,” “HIIT,” “combined training,” 
“youth,” “adolescent,” “child,” “obese,” and “overweight.” 
English-language articles published 2010–2025 were prior-
itized; reference lists of key reviews and meta-analyses were 
hand-searched or additional relevant studies.

Inclusion criteria encompassed (1) randomized con-
trolled trials and prospective studies conducted in over-
weight or obese children and adolescents (≤ 18 years); (2) 
interventions examining aerobic, resistance, HIIT, com-
bined, or novel exercise modalities (e.g., yoga, exergam-
ing, neuromuscular electrical stimulation); (3) outcomes 
including direct or indirect measures of ectopic fat depots 
(visceral, hepatic, intramuscular, pancreatic, or perivascular/
pericardial); and (4) studies reporting mechanistic insights 
relevant to youth populations.

Both randomized controlled trials in pediatric populations 
and selected mechanistic or adult studies (explicitly flagged 
when used) were included. Studies without exercise inter-
ventions, those focused solely on dietary or pharmacological 
approaches, or those lacking relevant fat depot outcomes 
were excluded.

The narrative synthesis emphasizes pediatric-specific 
data while integrating physiological pathways and emerg-
ing modalities to guide future research and clinical practice.

Understanding ectopic fat in young people

Ectopic fat in non-adipose tissues (visceral adipose tissue 
[VAT], hepatic [MASLD], intramuscular [IMAT], perivas-
cular/pericardial, and pancreatic) promotes organ-specific 
inflammation, oxidative stress, and insulin resistance in 
youth [14–32]. VAT and hepatic fat are most responsive to 
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exercise; IMAT impairs muscle insulin sensitivity; pancre-
atic and pericardial fat data remain limited. MRI-PDFF is 
the preferred measurement method [33–38]. Detailed patho-
physiology and measurement techniques are provided in 
Supplementary Material S1 (TableS1; Figure S1).

Comparative overview of exercise modalities

Exercise modalities activate convergent pathways (AMPK/
PGC-1α-mediated mitochondrial biogenesis, enhanced 
lipolysis, adipokine remodeling, and improved hepatic 
β-oxidation) that promote lipid mobilization from ectopic 
depots, while exhibiting modality-specific differences in 
intensity, muscle recruitment, and metabolic adaptations 
(detailed mechanistic descriptions, primarily from adult/
preclinical studies, are provided in Supplementary Material 

S1). HIIT excels in rapid mitochondrial adaptations and vis-
ceral lipolysis, aerobic training sustains fat oxidation and 
hepatic lipid handling, resistance training enhances muscle 
mass and glucose uptake, and combined training integrates 
these benefits synergistically. Available pediatric evidence 
suggests differential effects on specific depots, informing 
tailored youth prescriptions (Fig. 1).

Effects of aerobic exercise on ectopic fat

Aerobic exercise is a key non-pharmacological strategy for 
reducing ectopic fat in obese children and adolescents by 
enhancing oxidative capacity and improving lipid homeo-
stasis. Through increased fat oxidation, restored lipolytic 
sensitivity, and improved hepatic lipid handling, it mitigates 
metabolic dysfunction independent of major weight loss. 

Fig. 1   Mechanistic pathways linking exercise modalities to ectopic fat 
reduction. Schematic representation of how different exercise modali-
ties—aerobic, resistance, high-intensity interval training (HIIT), and 
combined training—activate convergent and distinct molecular path-
ways, including AMPK activation, PGC-1α–mediated mitochondrial 
biogenesis, adipokine remodeling, and enhanced insulin sensitivity. 

These adaptations promote hepatic lipid oxidation and selectively 
reduce ectopic fat depots in the liver, visceral compartment, skeletal 
muscle, and pancreas, thereby improving cardiometabolic health in 
children/adolescents (some pathways are hypothesized or extrapo-
lated from adult/preclinical studies)
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In adolescents, aerobic training provides a developmentally 
appropriate means to counter pubertal increases in ectopic 
fat, with benefits influenced by exercise intensity, volume, 
and adherence. (Evidence from pediatric RCTs).

Physiological mechanisms

Aerobic exercise enhances fat oxidation and mitochon-
drial biogenesis primarily through AMPK/PGC-1α sign-
aling, restores catecholamine-stimulated lipolysis in vis-
ceral adipose tissue, and improves hepatic lipid export and 
β-oxidation by suppressing de novo lipogenesis and upregu-
lating PPARα pathways (detailed mechanisms in Supple-
mentary Material S1). These adaptations support reductions 
in visceral and hepatic fat observed in pediatric trials.

Evidence in youth

Evidence from pediatric RCTs and meta‑analyses

In obese adolescents, 6 months of moderate-to-vigorous 
aerobic training (180 min/week) reduced liver fat by 0.61% 
and IMAT by 10.7 cm2 (1H-MRS/CT), comparable to com-
bined training and superior to resistance alone [39]. Shorter 
8-week programs also lowered MASLD grade and liver 
enzymes [40]. Meta-analyses confirm aerobic exercise con-
sistently reduces hepatic fat and VAT, with vigorous inten-
sity yielding larger effects [11, 41]. Optimal prescription: 
3–5 sessions/week, 30–60 min, moderate-to-vigorous inten-
sity for 12 + weeks. Key randomized controlled trials exam-
ining the effects of different exercise modalities on ectopic 
fat depots in overweight and obese children and adolescents 
are compared in Table 1.

Strengths and limitations

Aerobic exercise demonstrates strong adherence in super-
vised programs among obese adolescents. Its practicality 
lies in accessibility and moderate intensity suitable for broad 
implementation in youth. Limitations include slower ectopic 
fat reduction relative to HIIT and loss of benefits upon dis-
continuation without continued supervision [11, 39, 42–45].

Effects of resistance training

Evidence from limited pediatric RCTs and supportive adult 
data  Resistance training is a complementary approach for 
reducing ectopic fat in obese children and adolescents by 
increasing muscle mass and improving insulin signaling, 
thereby indirectly limiting lipid deposition in non-adipose 
tissues. Rather than primarily enhancing fat oxidation, it Ta
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promotes skeletal muscle remodeling and metabolic health, 
with potential benefits for intermuscular and hepatic fat 
without high-volume endurance exercise. In adolescents, 
well-supervised resistance programs can improve cardio-
metabolic health while supporting physical literacy and 
adherence among those less inclined toward aerobic activity.

Mechanisms

RT increases skeletal muscle mass, improves insulin sensi-
tivity via GLUT4 and AMPK upregulation, reduces circulat-
ing insulin to limit hepatic and pancreatic de novo lipogen-
esis, and promotes intramuscular adipose tissue remodeling 
through hormonal and anti-inflammatory effects (detailed 
mechanisms in Supplementary Material S1). These adap-
tations are particularly relevant for adolescents with low 
muscular fitness.

Evidence

Evidence for resistance training effects on IMAT and liver 
fat in adolescents is limited but promising, with most 
direct data derived from mixed-modality interventions. 
The comparative data for IMAT in youth relies heavily on 
a single randomized controlled trial [39]. Lee et al. con-
ducted the only RCT in overweight/obese adolescents (ages 
12–17 years), demonstrating that 6 months of resistance 
training reduced IMAT similarly to aerobic exercise and 
combined training (~ 8.5 cm2) alongside modest total adi-
posity loss (~ 2%) [39]. Notably, IMAT reductions occurred 
without differential hypertrophy across groups, suggesting 
that exercise engagement itself, rather than substantial mus-
cle gain, drives outcomes in youth.

Practical considerations

Implementing resistance training in overweight/obese chil-
dren and adolescents requires careful attention to injury pre-
vention and age-appropriate load progression. Overweight 
youth face elevated lower-extremity injury risk (e.g., ankle 
sprains) due to increased mechanical stress on immature 
musculoskeletal tissues [46]. Progressive overload should 
follow structured frameworks that respect individual load 
capacity, incorporating Gabbett’s concepts of training 
“floor” (current capacity), “ceiling” (target capacity), and 
adaptation timeline to minimize risk while promoting gains 
[47, 48]. Properly supervised 12-week programs with con-
trolled intensity have proven safe and effective in obese ado-
lescents, reducing fat mass while improving strength, flexi-
bility, and cardiovascular fitness without adverse events [49]. 
Clinical application should prioritize supervision, gradual 
volume/intensity increases (e.g., 3–4 sessions/week), and 

frequent reassessment to balance metabolic benefits with 
musculoskeletal safety [50].

In summary, resistance training offers a safe, muscle-cen-
tric approach to combating ectopic fat in obese children and 
adolescents, with outcomes influenced by puberty and sex. 
Although direct pediatric evidence is sparse, integration into 
multimodal programs under expert supervision holds strong 
promise for sustainable cardiometabolic improvements.

High‑intensity interval training (HIIT)

Evidence from pediatric and adolescent RCTs  High-intensity 
interval training (HIIT) is a time-efficient strategy for reduc-
ing ectopic fat in obese children and adolescents, inducing 
strong metabolic adaptations through brief, intense exercise 
bouts. Compared with moderate-intensity continuous train-
ing, HIIT often produces comparable or greater reductions 
in visceral and hepatic fat with less time commitment. Its 
brevity and effectiveness make HIIT particularly suitable 
for adolescents, where adherence to prolonged exercise is 
challenging.

Mechanistic advantages

HIIT induces rapid mitochondrial biogenesis, catecho-
lamine-driven visceral lipolysis, and enhanced hepatic 
β-oxidation, often achieving comparable or superior ectopic 
fat reductions to moderate continuous training in shorter 
durations (detailed mechanisms in Supplementary Material 
S1).

Evidence in young people

In overweight/obese adolescents, short HIIT protocols 
(10–20 min per session) produce similar or greater improve-
ments in liver fat reduction, VO2max, and insulin sensitiv-
ity compared with traditional 45–60-min moderate-intensity 
continuous training (MICT). A meta-analysis of 17 studies 
(563 youth) showed HIIT elicits superior cardiorespira-
tory fitness gains (ES = 0.51) versus MICT, with 10–15-
min sessions matching longer protocols in efficacy [51]. 
Randomized trials confirm that 8–12-week HIIT interven-
tions (3 sessions/week at 85–95% peak heart rate) improve 
VO2max by 2.06–2.99 SMD units—often outperforming 
MICT (0.81–0.87 units)—particularly in overweight groups 
[52–57]. For hepatic fat, short HIIT reduces content by 
2.85% (95% CI =  − 4.86 to − 0.84), comparable to MICT’s 
3.14% reduction despite ~ 40% less time commitment 
[58–61]. In obese children and adolescents, supervised HIIT 
(≥ 3 sessions/week, total volume ≥ 60 min achievable in 
short bursts) decreases MASLD prevalence and hepatic fat, 
with intensity appearing more influential than duration [40, 
41]. Insulin sensitivity benefits are pronounced, with HIIT 
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lowering insulin resistance more than MICT (SMD − 1.53) 
and improving glucose control without caloric restriction 
[55, 62–67]. Overall, brief HIIT protocols deliver time-
efficient metabolic adaptations in youth, although direct 
comparisons of 10- versus 20-min session durations remain 
limited [68, 69].

Strengths and limitations

HIIT exhibits high adherence rates in supervised pediatric 
settings. Its primary practicality advantage is time efficiency 
for achieving metabolic benefits in youth with busy sched-
ules. Limitations involve initial challenges for untrained or 
sedentary adolescents requiring appropriate supervision and 
progression [40, 52–55, 64, 67, 68, 70–77].

Combined training (aerobic + resistance)

Evidence from pediatric meta‑analyses and adult RCTs (with 
children and adolescents extrapolation)  Combined aerobic 
and resistance training leverages the complementary effects 
of both modalities to reduce ectopic fat more consistently 
than single-modality programs in several meta-analyses. 
Aerobic exercise enhances fat oxidation, while resistance 
training preserves lean mass and elevates metabolic rate, 
together improving visceral, hepatic, and intermuscular fat. 
In obese children and adolescents, this balanced approach 
supports healthy body composition and cardiometabolic out-
comes without compromising growth or adherence.

Synergistic mechanisms

Combined aerobic and resistance training synergistically 
enhances mitochondrial function, adipokine profiles, lipoly-
sis, and hepatic oxidation beyond single modalities, support-
ing broader ectopic fat reductions (detailed mechanisms in 
Supplementary Material S1).

Evidence

Pediatric meta-analyses in adolescents with obesity show 
concurrent training reduces body mass (− 2.28 kg), fat mass 
(− 3.49% to − 4.34 kg), and LDL-cholesterol while increas-
ing lean mass (+ 2.20 kg) and adiponectin, with amplified 
effects when sustained beyond 24 weeks [78]. In adoles-
cents, while HIIT and aerobic training showed significant 
VAT reductions, resistance-only and combined protocols 
did not consistently reach statistical significance according 
to Wang et al. [12]; nevertheless, modalities yield similar 
VAT reductions in some youth-specific analyses, suggesting 
potential benefit of combined training that requires further 

longitudinal pediatric study. Direct head-to-head trials in 
adolescents indicate similar VAT reductions across modali-
ties, suggesting combined training offers potential additive 
benefits that warrant further longitudinal pediatric investiga-
tion [39, 79].

Implementation

Implementing combined aerobic and resistance training 
requires structured weekly plans that balance both modalities 
while prioritizing adherence and progression. A practical 
regimen consists of 3–4 sessions per week (e.g., 2 aerobic 
sessions of 30–40 min at 60–80% HRmax and 2 resistance 
sessions of 8–12 repetitions at 70% 1RM), with alternating 
days for recovery [80]. Evidence indicates optimal hepatic 
fat reductions (− 10.3 to − 12.6%) occur at an average of 
3.35–3.39 sessions per week [81]. Frequency is key: pro-
grams performed ≥ 3 times weekly outperform twice-weekly 
training for body fat and android fat reductions despite equal 
volume [82, 83]. For obese youth, conservative initiation 
combined with caloric restriction can achieve substantial 
visceral (− 22%) and intrahepatic (− 29%) fat losses [84]. 
High-frequency programs (≥ 5 days total) further minimize 
MASLD risk [85]. Supervision, progressive overload, and 
regular monitoring are essential to ensure safety and sus-
tained cardiometabolic gains.

Emerging and innovative exercise methods

Functional/circuit training, exergaming, yoga/pilates, and 
neuromuscular electrical stimulation improve adherence and 
modestly reduce VAT/IMAT via enjoyment, gamification, 
and low-impact activation. They serve as useful adjuncts to 
traditional modalities in obese youth (details in Supplemen-
tary Material S3).

Comparative analysis of exercise modalities

Comparative analyses show that exercise modalities differ 
in their effectiveness at reducing specific ectopic fat depots 
in overweight and obese children and adolescents, depend-
ing on physiological mechanisms, program design, and 
participant characteristics. Among available interventions, 
HIIT demonstrates larger effect sizes for visceral adipose 
tissue (VAT) reduction (SMD − 0.59) compared with aero-
bic exercise (SMD − 0.32), while resistance-only and com-
bined protocols often yield smaller or non-significant effects 
when examined independently in youth-specific meta-anal-
yses [12]. Aerobic and moderate-to-vigorous continuous 
exercise performed at least three times per week appears 
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most consistent for reducing intrahepatic lipid content and 
MASLD prevalence in pediatric populations [41]. Evidence 
for intermuscular adipose tissue (IMAT) in pediatric popu-
lations remains limited and relies heavily on a single rand-
omized controlled trial; Lee et al. showed that resistance, 
aerobic, and combined training over 6 months produced 
similar IMAT reductions (~ 7–10 cm2) [39]. Combined aero-
bic–resistance programs (≥ 12 months) may offer potential 
benefit for sustained VAT reduction and broader improve-
ments across multiple depots, although pediatric data for 
the latter remain inconclusive relative to single modalities 
[86]. Data on pancreatic, pericardial, and perivascular fat in 
youth remain sparse, highlighting important evidence gaps.

Age, sex, and pubertal maturation substantially modify 
ectopic fat distribution and exercise responsiveness. Post-
pubertal adolescents exhibit greater metabolic plasticity and 
larger exercise-induced improvements in insulin sensitivity 
and hepatic fat reduction [87]. Males tend to accumulate 
ectopic fat in an android pattern and respond particularly 
well to resistance training due to testosterone-driven ana-
bolic responses, whereas females exhibit a more gynoid 
pattern and may derive greater relative benefit from aerobic 
and combined programs [88, 89]. HIIT appears especially 
time-sensitive during peak growth velocity when metabolic 
flexibility is heightened, although high-intensity protocols 
require careful progression to avoid excessive neuromuscu-
lar fatigue in adolescents [90]. Adherence in obese youth 
is modulated by enjoyment, peer interaction, and parental 
involvement, accounting for ~ 22% of variance; peer-sup-
ported and family-based interventions significantly improve 
attendance and long-term outcomes [91–98]. A comparative 
profile of exercise modalities, including effectiveness for key 
depots, time efficiency, adherence factors, and safety consid-
erations, is presented in Table 2.

Clinical and practical guidelines

Guidelines derived from pediatric evidence recommend that 
exercise interventions to reduce ectopic fat in overweight or 
obese adolescents could benefit from being evidence-based, 
developmentally appropriate, and tailored to pubertal stage 
and sex where feasible. Combined aerobic and resistance 
training (≥ 3 sessions/week, moderate-to-vigorous inten-
sity, ≥ 60  min/session) may represent a comprehensive 
approach for potential broad reductions in VAT, hepatic fat, 
and overall fat mass while preserving lean mass [41, 100]. 
HIIT may serve as time-efficient option with evidence sug-
gesting superior VAT reduction and comparable hepatic ben-
efits to longer moderate protocols [12, 101, 102]. Aerobic 
(continuous) training has been associated with consistent 
hepatic fat reduction, particularly in youth with MASLD 
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Fig. 2   Clinical translation pathway for exercise-based ectopic fat 
reduction in youth. This schematic illustrates the stepwise transla-
tion of evidence into practice, progressing from clinical and lifestyle 
assessment to individualized exercise prescription, supported imple-
mentation within school and family environments, ongoing monitor-

ing, and evaluation of clinical and metabolic outcomes. A feedback 
loop enables program adaptation based on response and adherence, 
supporting scalable, sustainable interventions for pediatric ectopic 
fat reduction (some pathways are hypothesized or extrapolated from 
adult/preclinical studies)

Table 3   Evidence-based exercise prescriptions for ectopic fat reduction in overweight/obese children and adolescents, summarizing modality-
specific recommendations derived from intervention studies

BMI Body mass index, HIIT High-intensity interval training, VAT Visceral adipose tissue

Target population Exercise type Frequency/intensity Expected depot-spe-
cific outcomes

Safety notes Key references

Overweight/obese chil-
dren and adolescents

Combined aero-
bic + resistance

 ≥ 3 sessions/week; 
moderate-to-vigor-
ous; ≥ 60 min/session

↓ VAT, ↓ overall fat 
mass, ↓ BMI; preser-
vation of lean mass

Medical supervision; 
gradual progression

[41, 100, 102, 
125–128]

Overweight/obese chil-
dren and adolescents

HIIT 3 sessions/week; vigor-
ous; multi-week

↓ VAT (often > aero-
bic); similar hepatic 
fat effects

Supervised; age-appro-
priate

[12, 101, 102, 127]

Overweight/obese chil-
dren and adolescents

Aerobic (continuous)  ≥ 3 sessions/week; 
moderate-to-vigorous

Consistent hepatic fat 
↓; moderate VAT ↓

Low risk; suitable 
broadly

[41, 101]

Children and adoles-
cents with MASLD

Combined aero-
bic + resistance

Several sessions/week; 
moderate-to-vigorous

↓ Hepatic fat; ↓ triglyc-
erides; ↓ BMI

Clinical monitoring [41, 119–124]

Overweight/obese 
adolescents

Resistance alone Supervised sessions Limited ectopic fat 
change; ↑ strength 
(boys)

Strict supervision [99, 103]
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[41]. RT may be incorporated to support muscle health and 
IMAT reduction, especially in pubertal boys [99, 103].

School-based programs that modify physical education 
with circuit training, HIIT “snacks,” or multi-component 
activity interventions demonstrate high feasibility, improve 
body composition, and can be delivered effectively by 
teachers [104–112]. Family-based behavioral counseling 
that includes goal setting, problem-solving, shared physi-
cal activity, and motivational interviewing enhances adher-
ence and produces favorable BMI and metabolic trends 
[113–118]. For adolescents with MASLD, combined mod-
erate-to-vigorous programs (several sessions/week) with 
clinical monitoring are advised, often yielding reductions 
in hepatic fat, triglycerides, and BMI [119–124]. A stepwise 
clinical translation pathway from assessment and individu-
alized prescription to school- and family-supported imple-
mentation, ongoing monitoring, and program adaptation—is 
illustrated in Fig. 2. Evidence-based exercise prescriptions 
tailored to target population and depot-specific outcomes are 
summarized in Table 3.

Challenges and limitations in current 
research

Despite promising findings, research on exercise modalities 
for ectopic fat reduction in overweight and obese children 
and adolescents is limited by several key challenges.

•	 Short duration of trials: Most studies are short term 
(typically several months), with few longitudinal inter-
ventions extending beyond 6 months. This restricts the 
ability to assess the sustainability of ectopic fat reduc-
tions and long-term cardiometabolic benefits following 
intervention cessation [129].

•	 Small sample sizes: Many randomized controlled trials 
involve relatively small cohorts, which reduces statisti-
cal power and contributes to variability in observed out-
comes. Recruitment and retention challenges in pediatric 
populations further exacerbate this issue [130].

•	 Heterogeneity: Substantial heterogeneity exists across 
studies in participant characteristics (age spanning pre- to 
post-pubertal stages, sex distribution, obesity severity), 
intervention parameters (modality, intensity, frequency, 
duration), and ectopic fat measurement techniques (ultra-
sonography, CT, 1H-MRS, MRI-PDFF) [131]. This vari-
ability hinders direct head-to-head comparisons of exer-
cise modalities and limits generalizability [13].

•	 Lack of puberty/sex stratification: Few trials ade-
quately stratify analyses by sex/gender or pubertal mat-
uration stage, despite clear evidence that these factors 
influence ectopic fat accumulation and exercise respon-
siveness [39, 100, 132, 133]. This gap restricts the devel-

opment of personalized, developmentally appropriate 
recommendations.

•	 Narrative design limitation: As a narrative rather than 
systematic review, this manuscript does not employ for-
mal quantitative synthesis or comprehensive risk-of-bias 
evaluation, which may introduce selection bias and pre-
cludes meta-analytic assessment of effect sizes.

•	 Collectively, these limitations temper definitive conclu-
sions regarding the superiority of any single exercise 
modality. High-quality, large-scale, longer-term RCTs 
with standardized protocols, advanced imaging, and sub-
group analyses by sex and maturation stage are urgently 
needed to strengthen the evidence base and inform clini-
cal practice.

Future directions

Emerging research highlights promising avenues in preci-
sion exercise medicine, artificial intelligence monitoring, 
and multi-omics for addressing ectopic fat in overweight 
and obese adolescents. Precision exercise medicine may 
benefit from tailoring interventions to individual genotype 
and metabolic phenotype; future studies should explore 
gene–exercise interactions to enable individualized prescrip-
tions that account for baseline fat distribution and metabolic 
traits [86, 133, 134]. Artificial intelligence–based tracking 
and machine learning models hold considerable potential 
for enhancing adherence, predicting attrition, and delivering 
adaptive, real-time exercise prescriptions in pediatric pro-
grams [135–137]. Integration of multi-omics approaches—
including metabolomics, gut microbiome profiling, and 
epigenetic analyses—could identify biomarkers for early 
risk stratification and personalized treatment responses 
[138–141]. Collectively, these innovations are expected to 
refine modality selection and markedly improve long-term 
outcomes in youth obesity management.

Conclusion

Exercise is an effective strategy for reducing ectopic fat in 
overweight and obese adolescents, but modalities differ in 
their depot-specific effects. This narrative review of the 
available evidence from pediatric trials (with supportive 
adult and preclinical data) suggests that HIIT and vigor-
ous aerobic exercise have shown promising effects in sev-
eral pediatric trials on abdominal visceral fat, likely through 
enhanced lipolysis and muscle–liver oxidative signaling. 
Continuous aerobic training appears consistent at reducing 
liver (hepatic) fat and improving related biomarkers (e.g., 
gamma-glutamyl transferase), even without weight loss. 
Resistance training yields smaller visceral and hepatic fat 
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losses but offers anabolic benefits increased lean mass—and 
modest metabolic improvements. Combined aerobic + resist-
ance programs may produce improvements across multiple 
depots visceral, hepatic, and muscle fat though pediatric data 
indicate that further longitudinal studies are needed to con-
firm superiority over single modalities in children and ado-
lescents [12]. These patterns emerge despite heterogeneity in 
study quality, design, and populations; thus, while clinically 
promising, the evidence base supports a mixed-modality 
approach with the caveats noted in the limitations section.

Data on other depots remain sparse intramuscular, pan-
creatic, and pericardial with preliminary evidence suggest-
ing that moderate-to-vigorous exercise (especially combined 
regimes) may reduce intramuscular fat alongside overall fat 
loss, while innovative approaches such as yoga or neuromus-
cular stimulation could potentially influence muscle lipid 
content or central adiposity through novel mechanisms.

Given the narrative nature of this review and the limited 
pediatric evidence base, exercise programs for obese ado-
lescents may be considered to target the depots of highest 
concern: e.g., incorporate HIIT or high-intensity aerobic 
work which has shown potential to support mobilization of 
visceral fat, especially in adolescents; emphasize aerobic 
endurance sessions to address hepatic steatosis; and include 
resistance training to preserve muscle mass and bone health. 
Tailoring by age, sex, and maturity, as post-pubertal teens 
show greater ectopic fat and may tolerate higher intensities, 
is important. Adherence strategies make activities enjoyable, 
incorporate peer or family support, and use technology or 
games can amplify fat loss by maintaining program intensity 
and frequency. Future research should highlight key gaps 
in pancreatic, pericardial, and bone marrow fat responses, 
and elucidate exercise–gene and exercise–metabolome 
interactions in youth. Long-term trials defining optimal 
“doses” (frequency, intensity, duration) for each modality 
are needed, and how combined or novel modalities (e.g., 
hybrid HIIT + strength circuits, tech-enabled training) might 
synergize depot-specific benefits. The current evidence sug-
gests that a “mixed-modality” approach may be beneficial: 
structured aerobic exercise is retained as the mainstay for 
reductions in hepatic and visceral fat, HIIT can be added 
for potential efficiency and additional insulin improvements, 
while resistance training is performed for sustaining lean 
mass. By leveraging these differences, pediatric exercise 
programs may be more precisely tailored to improve meta-
bolic health in overweight and obese adolescents.
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