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Abstract

Background High-intensity interval training (HIIT) has been promoted as a time-efficient exercise strategy to
improve health and fitness in children and adolescents. However, there remains little consensus in the literature
regarding its efficacy in children and adolescents with special educational needs (SEN). This study aimed to examine
HIIT as a means of improving key health and fitness parameters in children and adolescents with SEN.

Methods A systematic search was conducted on eight databases (MEDLINE, Embase, SPORTDiscus, Web of Science,
Scopus, PsycINFO, CINAHL, and Cochrane Library). Studies were eligible if they 1) included an HIIT protocol, 2) exam-
ined parameters related to both physical and mental aspects of health and fitness, and 3) examined children and
adolescents with SEN aged 5-17 years.

Results Of the 1727 studies yielded by the database search, 13 (453 participants) were included and reviewed. We
found that HIIT generally improved body composition, physical fitness, and cardiometabolic risk biomarkers across
a spectrum of SEN (e.g., attention deficit hyperactivity disorder, cerebral palsy, developmental coordination disor-
der, and mental iliness). Improvements in mental health and cognitive performance following HIIT have also been
observed.

Conclusion This review provides up-to-date evidence for HIIT as a viable exercise strategy for children and adoles-
cents with SEN. Further research investigating the benefits of HIIT in a wider range of SEN populations is warranted.

Trial registration This study was registered in the International Prospective Register of Systematic Review (PROS-
PERQ; registration number CRD42022352696).

Keywords HIIT, Interval exercise, Young people, Disabilities, Public health
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benefits for physical and mental well-being [4], children
and adolescents with special educational needs (SEN) are
considerably less physically active, tend to engage more
in sedentary pursuits [5-8], and are at a higher risk for
obesity [9] than their typically developing peers. While
SEN can cover a range of needs, including physical or
mental disabilities and cognition or educational impair-
ments [10], it appears that children and adolescents with
SEN, regardless of the type, face some common barri-
ers (e.g., lack of knowledge and skills, inadequate facili-
ties, and cost) when engaging in PA [11]. Furthermore,
children and adolescents with SEN are more likely to
develop mental health problems, such as anxiety and
problems with behavioral control [12-14], which could
be the consequences of inadequate PA, excessive screen-
based media exposure, social isolation, and feelings of
loneliness [15]. It is important for this vulnerable popu-
lation to participate in a suitable and adapted type of
PA to improve independent functioning, quality of life,
and well-being [7]. Therefore, identifying and evaluating
effective, evidence-based, and enjoyable exercise strate-
gies aimed at improving health and fitness would have
important clinical implications for the SEN population.

Among an array of exercise strategies, high-intensity
interval training (HIIT) has emerged as a novel and time-
efficient strategy for improving health-related fitness
in children and adolescents compared with traditional
training methods [16, 17]. It has attracted widespread
attention among pediatric health and fitness profession-
als over the past decade [16, 17] and has been ranked
among the top 10 in the American College of Sports
Medicine Worldwide Survey of Fitness Trends since
2013 [18]. HIIT typically involves repeated short bouts of
high-intensity exercise interspersed with active or inac-
tive periods of recovery [19]. Its intermittent nature is
more likely to be relevant to the sporadic, high-intensity,
habitual activity patterns during childhood and adoles-
cence than continuous, light-, and moderate-intensity
exercise [17].

Recent systematic reviews exploring the efficacy of
HIIT in promoting positive health-related outcomes in
typically developing children and adolescents have been
conducted [16, 17, 20, 21]. Overall, there is extensive
evidence suggesting that HIIT is effective in improving
physical fitness and cardiometabolic health [16, 17, 20] as
well as mental health and cognitive performance in chil-
dren and adolescents [21]. There is clear potential for the
adaptation of evidence-based HIIT strategies (known to
be effective in typically developing children and adoles-
cents) for those with SEN, given the low levels of PA and
fitness typically observed in the SEN cohort [5-8]. Some
of the distinctive features of HIIT (e.g., time efficiency,
inexpensive equipment, minimal space requirement, and
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variety of exercise selections) [22] may also facilitate par-
ticipation in PA for children and adolescents with SEN
[11]. Moreover, children and adolescents may less likely
perform structured PA/ exercise training for the sake of
it, but HIIT can be viable and sustainably incorporated
as part of a sport (e.g., soccer, tennis, and athletics) or
play in which participants enjoy [23]. However, it remains
unclear whether the fitness and health outcomes fol-
lowing HIIT would be different in children and adoles-
cents with or without SEN. Multiple factors, including
biological, environmental, and social factors, surround-
ing the SEN cohort could have significant impacts on
their PA behaviors [8] and, hence, subsequent HIIT out-
comes. Furthermore, there is an understandable concern
about the feasibility (e.g., safety and adherence) of HIIT
in children and adolescents with SEN, which has yet to
be thoroughly evaluated in the literature. These knowl-
edge gaps should be filled before HIIT programs can be
fully recommended for the SEN population. To the best
of our knowledge, no systematic review has investigated
the efficacy of HIIT in children and adolescents with dif-
ferent types of SEN. Therefore, this review aimed to sys-
tematically synthesize the scientific literature on HIIT in
improving health-related fitness, mental health, and cog-
nitive performance in children and adolescents with SEN.

Methods

Search strategy

This systematic review was performed in accordance
with the PRISMA statement [24] and registered in
the PROSPERO database (CRD42022352696). Elec-
tronic database searches were performed in MEDLINE,
Embase, SPORTDiscus, Web of Science, Scopus, Psy-
cINFO, CINAHL, and the Cochrane Library, using
all available records up to August 10, 2022. The search
terms covered the areas of HIIT, children and adoles-
cents, and various types of SEN (e.g., attention deficit
hyperactivity disorder [ADHD], cerebral palsy, develop-
mental coordination disorder, and mental illness). We
used the operation guide for integrated education by
the HKSAR Government. The detailed search strategy is
presented in Supplement 1.

Selection procedure and eligibility criteria

After all duplicates were removed, two reviewers (EP and
WW) independently screened the titles, abstracts, and
full texts of the searched studies using predetermined
criteria. Inclusion criteria for eligible studies were as fol-
lows: studies that 1) included a structured HIIT protocol
(i.e.,>80% maximum heart rate [HR,,,] or peak oxygen
uptake) delivered in any setting (e.g., school, laboratory,
or community facility); 2) quantitively measured and
reported at least one outcome of physical fitness-related
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parameters (e.g., body composition, cardiorespiratory fit-
ness, muscular fitness, anaerobic performance, functional
capacity, and motor proficiency), cardiometabolic risk
biomarkers (e.g., blood pressure, lipid profile, and glyce-
mic responses), mental health (e.g., self-perception, men-
tal wellness, ill-being, and mood states), and cognitive
performance (e.g., executive function); 3) examined chil-
dren or adolescents aged 5-17 years with SEN; 4) were
randomized and non-randomized experimental studies
(both chronic and acute studies); and 5) were published
in a peer-reviewed journal with full text in English. The
exclusion criteria were as follows: 1) studies involving
adult participants, and 2) cross-sectional or longitudinal
studies that did not evaluate an HIIT protocol.

Inter-reviewer disagreements were resolved by consen-
sus or arbitration by a third reviewer (FS). Eligible studies
were collected and imported into EndNote X10. Where
the full manuscript was not available, the corresponding
author was contacted via mail. The reference lists of the
selected manuscripts were examined for other potentially
eligible papers.

Assessment of risk of bias

The revised Cochrane risk-of-bias tool for randomized
trials (RoB 2) [25] and the Risk of Bias in Non-ran-
domized Studies of Interventions (ROBINS-I) [26]
were used to gauge the risk of bias in the findings of
the included randomized and non-randomized stud-
ies, respectively. RoB 2 addresses five bias domains:
randomization, deviations from intended interven-
tions, missing outcome data, and measurement and
selection of reported results. Each domain was judged
as “low risk,” “some concerns,” or “high risk” based on
responses to signaling questions, resulting in an over-
all bias judgement for the specific study outcome being
assessed. Similarly, the ROBINS-I tool covers seven
domains, including confounding, selection, measure-
ment of intervention, missing data, selection of reported
results, measurement of outcomes, and reported results,
through which bias may be introduced in a non-rand-
omized study. The judgement within each domain was
categorized as low, moderate, serious, or critical risk
of bias based on responses to signaling questions, lead-
ing to an overall risk of bias judgement for the outcome
being assessed. Two authors (EP and WW) indepen-
dently determined the risk of bias, and all disagreements
were resolved by a third researcher (FS).

Data extraction

A data extraction table has been developed (Table 1). The
extracted data included the lead author, year of publica-
tion, study location (country of origin), population char-
acteristics (children or adolescents and type of SEN),
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intervention protocols, frequency, and duration. One
reviewer (EP) extracted the aforementioned information,
which was then verified by a second reviewer (WW).

Cohen’s d was used to determine the standardized
effect sizes (ES) of HIIT interventions on the reported
outcome measures, where appropriate [40]. ES of 0.2,
0.5, and > 0.8 were regarded as small, moderate, and large
effect sizes, respectively; a score of <0.2 was considered
to be negligible.

Heterogeneity assessment

Because of variations in the characteristics of the stud-
ies included in this review, for example, among inter-
ventions, outcome measures, and cohort populations
(i.e., various types of SEN), amalgamating the results of
a meta-analysis was deemed unsuitable. Therefore, the
results of this review were analyzed narratively.

Results

Study selection

The search strategy identified 1723 articles from eight
electronic databases, and 4 other articles were manu-
ally identified. After removing duplicates, 627 articles
remained, 562 of which were subsequently excluded
after their titles and abstracts were screened. Of the 65
remaining full-text articles, 13 fulfilled the inclusion cri-
teria (Fig. 1).

Characteristics of included studies
A summary of the author, year, country, participant char-
acteristics, and study design is presented in Table 1. The
sample sizes of the 13 studies ranged from 9 [34] to 78
[38], and 453 participants were included in the overall
review. The age of participants ranged from 5 to 18 years,
with the youngest mean age being 8.7 £ 1.7 years [34] and
the oldest being 17.3+0.7 years [30]. There were four
randomized controlled trials [27, 32, 33, 35], one rand-
omized crossover trial [31], and eight quasi-experimental
trials [28—30, 34, 36—39]. The included studies were con-
ducted mainly in Western countries. Two studies each
were conducted in the Netherlands [28, 39], Australia
[30, 36], Canada [31, 34] and Iran [35, 37] and one each
in Belgium [27], Germany [32], Norway [29], Austria
[33] and the United States [38]. Furthermore, six types of
SEN were included in this review: four papers discussed
ADHD [32, 35, 37, 38], three discussed cerebral palsy [29,
33], two discussed mental illness [31, 36], one discussed
physical disability [39], one discussed intellectual disabil-
ity [27], and one discussed developmental coordination
disorder [28]. Additionally, one study focused on several
types of disabilities [30].

The exercise protocols are summarized in Table 1.
Studies have used various PA modalities to engage
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Fig. 1 Flow diagram of outcomes of review (study flowchart)

children and adolescents in HIIT, including short bouts
of sprinting [27, 34, 36, 39], functional exercise [33], run-
ning [29, 35, 37], circuit training [31], low-complexity
exercise [30], and a combination of aerobic and anaero-
bic activities (e.g., running and jumping jacks) [38]. One
study included a combination of modalities (e.g., run-
ning, strength exercises, and plyometrics) [28], whereas
another did not specify the modality of the HIIT proto-
col [32]. Five studies were conducted in school settings
[27, 28, 30, 34, 39], three in hospitals [31, 32, 36], and one
each in laboratories [37], home environment [33] and a
therapeutic summer camp [38]. All interventions ranged

in duration from 2 to 15 weeks, with the exception of one
acute study [31]. The interventions generally had a fre-
quency of 2—4 days per week.

Risk of bias

The methodological rigor of the studies included in
this review according to the risk of bias assessment is
presented in Table 2 (RoB 2) and Table 3 (ROBINS-I).
Among the five randomized studies included in RoB
2, three displayed a “high” risk of overall bias [31, 33,
35], mainly because of a significant portion of miss-
ing outcome data (i.e., high dropout rates). Two studies

Table 2 Risk of bias assessment using cochrane risk-of-bias tool for randomized trials (RoB 2)

Study Randomization process  Deviations Missing Measurement Selection of the  Overall bias
from intended outcome of the outcome reported result
interventions data
Boer et al. 2014 [27] Low Some concerns Low Low Some concerns Some concerns
Lee etal. 2019 [31] Low Low High Low Some concerns High
Schranzetal. 2018 [33]  Low High High Low Some concerns High
Soori et al. 2020 [35] Low High High Low Some concerns High
Messler et al. 2018 [32]  Some concerns Some concerns Low Low Some concerns Some concerns
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Table 3 Risk of bias assessment using The Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) assessment tool

Study Confounding Selection Measurement
of

intervention

Missing data Selection of the Measurement Reported result Overall

reported result of outcomes

Braaksma et al. 2022 Serious Low Low Moderate Low Serious Serious Serious
[28]

Lauglo etal. 2016 [29]  Serious Low Low Moderate Moderate Serious Serious Serious
Leahy etal. 2021 [30]  Serious Low Low Moderate Moderate Serious Serious Serious
Smati et al. 2022 [34]  Serious Low Low Moderate Low Serious Serious Serious
Taylor etal. 2019 [36]  Serious Moderate Low Moderate Low Moderate Moderate Serious
Torabietal. 2018 [37]  Moderate Low Low Moderate Low Moderate Moderate Moderate
Wymbs et al. 2021 [38] Low Low Low Low Low Moderate Moderate Low
Zwinkels et al. 2018 Serious Low Low Moderate Serious Serious Serious Serious

[39]

displayed “some concerns” regarding overall bias [27, 32]
arising from potential deviations from intended inter-
ventions and selective reporting of results. Of the eight
included non-randomized studies in the ROBINS-I, six
demonstrated a “serious” overall risk of bias, mainly due
to baseline confounding, measurement of outcomes, and
selection of the reported result [28—30, 34, 36, 39]. One
study showed a “moderate” risk of overall bias arising
from a lack of adherence data [37]. Another study dis-
played a “low” risk of overall bias, showing low risks in
most bias domains [38].

Outcome measures

A summary of the results of all 13 studies is presented
in Supplement 2. Six studies reported the effect of
HIIT on body composition parameters, including body
mass index (BMI) (n=6; ES= —0.55 to 0.02), waist
circumference (n=3; ES= —0.33 to 0.01), body fat
percentage (n=3; ES= —0.55 to —0.14), and fat mass
(n=4; ES= —0.51 to 0.00), with the majority con-
cluding that HIIT had significant benefits (Table 4).
Twelve of the included studies reported the effect of
HIIT on physical fitness-related outcomes, including

Table 4 Baseline to post-intervention changes in common measures of body composition

Study Outcome measure HIIT Baseline HIIT Post-test Mean change (from Effect size
Mean +SD Mean +SD baseline) (Cohen'’s
d)
Boer et al. 2014 [27] BMI 284447 277 +47 -0.7 -0.15
Lauglo et al. 2016 [29] BMI 21.0 214 04 N.A.
Soori et al. 2022 [35] BMI (z-score) 1.63+£0.27 143+£0.66 -0.2 -0.40
Taylor et al. 2019 [36] BMI 260170 25771 -0.3 -0.04
Torabi et al. 2018 [37] BMI (boys only) 244435 236438 -0.8 -0.22
Torabi et al. 2018 [37] BMI (girls only) 267£26 254+£21 -13 -0.55
Zwinkels et al. 2019 [39] BMI 2221438 223451 0.1 0.02
Zwinkels et al. 2019 [39] BMI (z-score) 131£14 129+14 -0.02 -0.01
Boer et al. 2014 [27] Waist circumference (cm) 95.8413.1 9154131 -43 -0.33
Taylor et al. 2019 [36] Waist circumference (cm) 8104137 8034136 -0.7 -0.05
Zwinkels et al. 2019 [39] Waist circumference (cm) 7924145 7944141 02 0.01
Boer et al. 2014 [27] Body fat (%) 342+69 304+70 -3.8 -0.55
Lauglo et al. 2016 [29] Body fat (%) 309 299 1.0 N.A.
Taylor et al. 2019 [36] Body fat (%) 302+106 287+11.2 -1.5 -0.14
Lauglo et al. 2016 [29] Fat mass (kg) 15.7 16.2 0.5 N.A.
Soori et al. 2022 [35] Fat mass (kg) 279459 260457 -19 -0.32
Torabi et al. 2018 [37] Fat mass (kg, boys only) 255459 226455 -29 -0.51
Torabi et al. 2018 [37] Fat mass (kg, girls only) 2914538 27845 -13 -0.24
Zwinkels et al. 2019 [39] Fat mass (kg) 3044104 3044104 0 0

BMI body mass index
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cardiorespiratory fitness (n=6; ES= —0.02 to 0.68),
muscular fitness (n=5; ES= —0.22 to 0.91), anaero-
bic performance (n=4; ES= —0.04 to 0.42), func-
tional capacity (n=4; ES=0.09 to 1.42), and motor
proficiency (n=1; ES=0.73) (Table 5). Improvements
in various fitness tests, such as peak oxygen uptake
assessment (i.e., shuttle run test and incremental
test using cycle ergometers and treadmills), muscle
power sprint test, and 6-min walk test, were consist-
ently observed following HIIT interventions. However,
improvements in muscular fitness tests, such as the
handgrip strength test, were less conclusive.
Biomarkers of cardiometabolic risk, including blood
pressure (n=3; ES= —1.22 to 0.45), lipid profile (n=2;
ES= —0.88 to 0.36), fasting blood glucose levels (n=2;
ES= —0.14 to 0.16), insulin (n=1; ES= —0.60), and
insulin resistance (#n=2; ES= —1.46 to—0.56), were
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measured in five studies (Table 6). While significant
improvements in insulin resistance and lipid profile
(i.e., cholesterol and triglyceride levels) were consist-
ently observed, findings on blood pressure tended to be
inconclusive.

Nine of the included studies examined mental health-
or cognitive performance-related outcomes, includ-
ing mood (n=2), quality of life (n=3), well-being index
(n=1), social behavior (n=4), and inhibitory control
(n=1). Eight of the nine studies showed improvements
in these outcomes using various subjective and objective
measures (e.g., questionnaires, rating scales, cognitive
tests, and parents’ observations). The only exception was
the study by Wymbs et al. [38], in which children with
ADHD had a wider range of behavioral problems imme-
diately after HIIT and showed worse initial mood and
more negative mood changes over time (Supplement 2).

Table 5 Baseline to post-intervention changes in common measures of physical fitness related outcomes

Study Outcome measure HIIT Baseline HIIT Post-test ~ Mean change Effect size
Mean +SD Mean +SD (from baseline) (Cohen's
d)
Boer et al. 2014 [27] \/Ozpeak (mL/kg/min) 315452 314448 -0.1 -0.02
Braaksma et al. 2022 VOzpeak (mL/kg/min) 423+43 43.7+£43 14 032
[28]
Lauglo et al. 2016 [29] VOZpeak (mL/kg/min) 373 41.0 3.7 N.A.
Messler etal. 2018 [32] VO, (L/min) 1.25£037 1.31£034 0.06 0.17
Taylor etal. 2019 [36] VO, (ML/kg/min) 233461 29.14104 58 068
Zwinkels et al. 2019 VO,peak (ML/kg/min) 376+£97 377+88 0.1 0.01
[39]
Boer et al. 2014 [27] 6MWT (m) 598 +64.0 666+69.4 67.7 1.02
Leahy et al. 2021 [30] 6MWT (m) 4004127 563+158 163 1.25
Schranz et al. 2018 [33] 6MWT (m) 568 65 573458 5 0.09
Smati et al. 2022 [34] 6MWT (m) 199+£486 3171107 118 141
Boer et al. 2014 [27] Sit-to-stand (repetitions) 16.84+4.0 16.0+34 -0.8 -0.22
Leahy etal. 2021 [30]  Sit-to-stand (repetitions) 15+5 18+5 3 091
Leahy et al. 2021 [30] Push-up (repetitions) 5+6 12412 7 0.99
Braaksma et al. 2022 Grip strength (kg) 145+54 149455 0.2 0.04
[28]
Zwinkels et al. 2019 Grip strength (N) 1514+£763 1504723 -1 -0.01
[39]
Zwinkels et al. 2019 Standing broad jump (m) 8744356 91.74+387 43 033
[39]
Braaksma et al. 2022 Anaerobic performance (MPST mean power, W) 163473 198489 35 042
(28]
Taylor et al. 2019 [36] Anaerobic performance (Wingate peak power, W) 3424145 3924152 50 034
Tayloretal. 2019 [36]  Anaerobic performance (Wingate mean power, W) 234499 230493 -4 -0.04
Zwinkels et al. 2019 Anaerobic performance (MPST peak power, W) 1994161 2224188 23 033
(39]
Zwinkels et al. 2019 Anaerobic performance (MPST mean power, W) 1694136 187+ 156 18 0.40
[39]

6MWT 6-min walk test, MPST muscle power sprint test, VO,,,.q Peak oxygen uptake
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Table 6 Baseline to post-intervention changes in common measures of cardiometabolic risk biomarkers
Study Outcome measure Baseline Mean +SD Post-test Mean - SD Mean change Effect size
(from baseline)  (Cohen’s
d)
Boeretal. 2014 [27]  SBP (mmHq) 124410 113+8 =11 -1.22
Taylor et al. 2019 [36]  SBP (mmHg) 107 +£6.60 1114+£10.36 391 045
Zwinkels etal.2019  SBP (mmHg) 123+14.0 120+£128 -3 -0.34
[39]
Boer et al. 2014 [27] DBP (mmHg) 74+7 77+8 3 040
Taylor etal. 2019 [36] DBP (mmHg) 68.24+5.39 704+6.05 22 0.39
Zwinkels et al. 2019 DBP (mmHg) 6784103 654485 24 -0.29
[39]
Boeretal. 2014 [27]  Total cholesterol (mg/dL) 170425 155423 -15 -0.62
Zwinkels et al. 2019 Total cholesterol (mmol/L) 3.8+£067 3.81+£068 0.01 0.01
[39]
Boeretal. 2014 [27]  HDL-cholesterol (mg/dL) 549+135 594+114 45 0.36
Zwinkels et al. 2019 HDL-cholesterol (mmol/L) 1234036 1254036 0.02 0.06
[39]
Boeretal. 2014 [27]  LDL-cholesterol (mg/dL) 1054120 96+93 -9 -0.88
Zwinkels etal. 2019 LDL-cholesterol (mmol/L) 2254056 22+051 -0.05 -0.09
[39]
Boeretal. 2014 [27]  Triglycerides (mg/dL) 792+£222 708+£16.7 -84 -043
Zwinkels et al. 2019 Triglyceride (mmol/L) 1.014+0.59 1.1140.68 0.1 0.16
[39]
Boeretal. 2014 [27]  Glucose (mg/dL) 86+7.6 85+7.1 -1 -0.14
Zwinkels et al. 2019 Glucose (mmol/L) 4681061 4840.58 0.1 0.16
[39]
Boeretal.2014[27]  Insulin (IU/mg) 14+£59 11+£40 -3 -0.60
Torabi et al. 2018 [37]  Insulin resistance (HOMA-IR, boys only) 3.6+£09 26+£06 -1 1.31
Torabietal. 2018 [37]  Insulin resistance (HOMA-IR, girls only) 33+08 22+07 =11 -1.46
Boer et al. 2014 [27] Insulin resistance (HOMA-IR) 29413 23408 -0.6 -0.56

DBP diastolic blood pressure, HDL high-density lipoprotein, HOMA-IR Homeostatic model assessment of insulin resistance, LDL low-density lipoprotein, SBP systolic

blood pressure

Adherence and adverse events

Four studies reported no adverse events using HIIT pro-
tocols throughout the experimental period [27, 29, 30,
39]. Six studies reported on adherence to HIIT protocols
[28, 33—-36, 39] and the overall adherence level was satis-
factory (i.e., 70-100%). However, several studies did not
report either intervention adherence or adverse events
[31, 32, 35, 37, 38].

Discussion

The present review aimed to synthesize available evi-
dence regarding the efficacy of HIIT in children and
adolescents with SEN. In general, our findings were con-
sistent with those of previous HIIT studies in typically
developing children and adolescents, showing benefits
in physical fitness-related outcomes, as well as mental
health and cognitive performance. This suggests that the
benefits of HIIT are likely to be universal for all children
and adolescents, including those with SEN.

Effects of HIIT on body composition

Recent systematic reviews exploring the efficacy of HIIT
in promoting favorable changes in body composition
have shown promising results in children and adolescents
[16, 17], including those who are overweight or obese
[41]. The present findings revealed that children and ado-
lescents with SEN also showed favorable changes in vari-
ous body composition measures, including BMI, waist
circumference, body fat percentage, and fat mass follow-
ing HIIT interventions. These findings have significant
clinical implications, as children and adolescents with
SEN or disabilities are at a higher risk (up to 3—6 times)
of being overweight and obese than their typically devel-
oping peers [9]. It has been proposed that HIIT induces
direct energy consumption during exercise and that addi-
tional fat loss mechanisms might be involved owing to
the intense nature of HIIT. These fat loss mechanisms
include increased excess post-exercise oxygen consump-
tion, decreased post-exercise appetite, and increased cat-
echolamine release, which elevates tissue lipolysis [42].
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An additional benefit of HIIT is that the same fat loss
effects can be obtained with a significantly shorter exer-
cise duration.

Effects of HIIT on physical fitness-related outcomes

Our results revealed that HIIT generally elicited posi-
tive changes in a range of physical fitness-related out-
comes, including cardiorespiratory fitness, anaerobic
performance, functional capacity, and motor proficiency
among the SEN cohort. These findings are of paramount
importance given that children and adolescents with SEN
are more likely to face different physical barriers in their
daily lives, which may affect their independent function-
ing and increase the burden on caregivers [11, 43]. Our
results demonstrate that following HIIT, positive out-
comes on performance-related fitness, such as improved
exercise capacity, sprint performance, and agility, can
be expected. Such performance-related fitness enhance-
ments are also related to functional performance in
daily life. In particular, the intermittent nature of HIIT
(i.e., a mixture of low- and high-intensity exercises)
with frequent explosive movements requires substantial
neuromuscular loads and contributions from both the
anaerobic and aerobic pathways. This is more likely to be
relevant to activity patterns during childhood and ado-
lescence than continuous-based exercise [17]. Regarding
muscular fitness, it is interesting to note that improve-
ments in handgrip strength and sit-to-stand tests were
not consistently observed in two of the included studies.
Such findings may reflect a lack of training specificity in
HIIT protocols that predominantly involve running and
sprinting, which are likely to improve other fitness com-
ponents (e.g., speed, cardiorespiratory fitness, and body
composition) [16]. Future HIIT studies may consider
using a more diverse HIIT protocol that targets major
muscle groups in different parts of the body.

Effects of HIIT on cardiometabolic risk biomarkers

In addition to its beneficial effects on physical fitness,
our results also suggest that HIIT favors certain cardio-
metabolic risk biomarkers, as it consistently improves
lipid profiles (i.e., cholesterol and triglyceride levels) and
insulin resistance across multiple studies. Cardiometa-
bolic health is an important issue, particularly among
children and adolescents with SEN, as this cohort has
been found to be insufficiently active and tends to adopt
a physically inactive lifestyle [5-8]. This may put them at
a higher risk for chronic cardiometabolic diseases, such
as cerebrovascular disease, coronary artery disease, and
type-2 diabetes, in adulthood [1]. The metabolic benefits
of habitual HIIT are thought to be related to repeated
acute responses to a single high-intensity exercise ses-
sion [44]. For example, cardiometabolic changes typically
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observed after a bout of exercise are transient but can
be experienced on a routine basis after regular exercise
[44]. The proposed physiological mechanisms underly-
ing the improvement in cardiometabolic health following
HIIT have recently been outlined in detail elsewhere [13].
These include HIIT-induced improvements in glycemic
responses through enhanced muscle oxidative capacity
and increased skeletal muscle glucose transporter pro-
tein content [45, 46], which promote the overall glucose
transport capacity of the body. Interestingly, our findings
regarding changes in blood pressure and fasting glucose
levels tend to be inconclusive. This may be because the
baseline blood pressure and fasting glucose levels of par-
ticipants in those related studies were within the normal
range; hence, further improvements were less likely to be
observed.

Effects of HIIT on mental health and cognitive performance
It is well established that both acute and chronic PA can
result in several physiological and psychological changes
that elicit improvements in brain-based processes. Our
results are in line with those of a recent review suggest-
ing that HIIT can improve cognitive performance and
mental health in children and adolescents [21]. Improve-
ments in mood, quality of life, well-being index, and
social, behavioral, and inhibitory control were reported
in the included studies. For instance, Messler et al. [32]
reported that 3 weeks of HIIT (4 x4 min intervals at
95% HR_,,) was more effective than standard multi-
modal therapy in improving health-related quality of
life, competence, and behavioral symptoms (i.e., atten-
tion) in boys with ADHD. Taylor et al. [36] demonstrated
that an 8-week bicycle-based HIIT intervention (4 x 30 s
maximal sprints) helped protect and potentially improve
multiple health indices (e.g., psychiatric symptoms and
mental well-being) in adolescents with serious mental ill-
ness. Using a randomized, counterbalanced study design,
Lee et al. [31] reported that an acute bout of a 12-min
HIIT circuit improved inhibitory control by increasing
response efficiency in adolescents hospitalized for men-
tal illness. A psychophysiological mechanism has been
identified to underlie this positive relationship, suggest-
ing that higher concentrations of several neurochemicals
(i.e., brain-derived neurotrophic factor and catechola-
mines [e.g., dopamine, epinephrine]) induced by exer-
cise, particularly high-intensity exercise (i.e., HIIT), may
improve cognitive performance and psychological well-
being, leading to better overall mental health and cogni-
tive performance [47]. To date, most HIIT studies related
to mental health and cognitive performance have been
conducted in typically developing children and adoles-
cents [21]; however, some studies have shown positive
effects of PA on self-competence, quality of life, mental
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wellness, and enjoyment in children with SEN [48-51].
While the aforementioned studies did not exclusively
focus on the effects of HIIT (but rather on any form of
moderate-to-vigorous exercise), their results are in line
with our findings, suggesting that HIIT may provide a
time-efficient alternative to induce mental health and
cognitive performance benefits.

Potential moderators of HIIT outcomes

Owing to the relatively small sample size and methodo-
logical limitations of the studies included in our review,
we were unable to perform quantitative subgroup analy-
ses for potential moderators. However, this could have
implications for future research, given the possibility that
the effects of HIIT on fitness and health outcomes may
depend on biological factors, such as age, sex, and type of
disabilities in the SEN cohort [8]. Our data show that the
beneficial effects associated with HIIT appear to be con-
sistent across different sexes, pubertal stages, and settings
for various types of SEN (e.g., ADHD, physical disability,
and mental illness). Future studies should also explore
how various intervention components (e.g., type, inten-
sity, duration, and frequency of exercise) may moderate
HIIT outcomes to elucidate the most effective protocol.

Safety precautions and adherence

There is an understandable concern about safety and
adherence to HIIT in children and adolescents with
SEN. Although four of our included studies reported no
adverse events and six reported relatively high adherence
levels to HIIT interventions, several other studies did
not report intervention adherence and adverse events.
Nonetheless, HIIT performed at very high intensities is
reportedly safe, well-tolerated, and attainable, even when
applied to clinical populations with low initial fitness
[52-54]. The safety concerns associated with HIIT among
children and adolescents do not seem to be significantly
greater than those associated with traditional programs
[55]. Furthermore, the built-in recovery periods of HIIT
may be relevant to the sporadic and highly intense nature
of children’s habitual play patterns. This may ease feelings
of displeasure during workout sessions by reducing bore-
dom and inducing a sense of accomplishment after each
interval, thus enhancing participants’ motivation in the
long run [56]. That said, children and adolescents with
SEN should be encouraged to undergo medical evalu-
ations prior to the initiation of any exercise program [2,
3]. Fitness and health professionals should tailor the HIIT
program to meet the needs and interest of children and
adolescents with SEN. An example could be implement-
ing HIIT as part of a sport or play during school PE les-
sons or leisure time. Programs should always be delivered
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in a progressive manner with adequate supervision to
ensure long-term safety and adherence.

Strengths and limitations

To the best of our knowledge, this is the first systematic
review to examine the effects of HIIT on health-related
outcomes and cognitive performance in children and ado-
lescents with SEN. The strengths of our review include
adherence to PRISMA guidelines and the use of widely
recognized benchmarks (e.g., Cochrane RoB 2 and ROB-
INS-I tools) to assess the scientific rigor of the included
studies. However, this review had several limitations.
First, the included studies were relatively heterogene-
ous regarding SEN types and diversity in HIIT protocols
(e.g., modality, work intensity, duration, volume, and set-
ting). This hindered the extent to which the studies could
be integrated and interpreted (e.g., performing separate
quantitative analyses across subgroups), thereby limiting
the generalizability of our findings. Second, only English-
language articles were considered in the present review;
hence, some relevant studies in other languages might
have been overlooked. Moreover, a relatively high propor-
tion of studies displayed a “high” or “serious” overall risk
of bias, owing to a significant portion of missing outcome
data and potential deviation from intended interventions.
Future high-quality randomized controlled studies are
warranted, and researchers should adopt an appropriate
level of supervision to minimize dropout rates and control
for confounding factors (e.g., participants’ daily PA and
diet during the intervention). However, we believe that
our findings provide valuable insights into the real-world
application of HIIT in children and adolescents with SEN.
From a practical perspective, our results suggest that HIIT
can serve as a viable exercise option for enhancing fitness,
health-related outcomes, and mental and cognitive per-
formance in the SEN cohort. Further research investigat-
ing the benefits of HIIT can be conducted in a wider range
of SEN populations (e.g., autism spectrum disorder). This
will help provide more information on the safety and effi-
cacy of different HIIT modes in each specific SEN cohort.
Future studies should incorporate a follow-up period
within the study design to evaluate the long-term sustain-
ability of the HIIT-elicited benefits.

Conclusion

In summary, the present review revealed that HIIT gen-
erally improved physical fitness, cardiometabolic risk bio-
markers, mental health, and cognitive performance across
a spectrum of SEN (e.g., ADHD, cerebral palsy, develop-
mental coordination disorder, and mental illness). This
study provides up-to-date evidence for HIIT as a viable
exercise strategy for children and adolescents with SEN.
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