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Abstract

Background Although the efficacy of interval training for improving body composition has been summarized in an increas-
ing number of systematic reviews in recent years, discrepancies in review findings and conclusions have been observed.
Objective This study aims to synthesize the available evidence on the efficacy of interval training compared with moderate-
intensity continuous training (MICT) and nonexercise control (CON) in reducing body adiposity in apparently healthy adults.
Methods An umbrella review with meta-analysis was performed. A systematic search was conducted in seven databases
(MEDLINE, EMBASE, Cochrane Database, CINAHL, Scopus, SPORTDiscus, and Web of Science) up to October 2023.
Systematic reviews with meta-analyses of randomized controlled trials (RCTs) comparing interval training and MICT/CON
were included. Literature selection, data extraction, and methodological quality assessment (AMSTAR-2) were conducted
independently by two reviewers. Meta-analyses were performed using a random-effects model. Subgroup analyses were
conducted based on the type of interval training [high-intensity interval training (HIIT) and sprint interval training (SIT)],
intervention duration, body mass index, exercise modality, and volume of HIIT protocols.

Results Sixteen systematic reviews, including 79 RCTs and 2474 unique participants, met the inclusion criteria. Most systematic
reviews had a critically low (n=6) or low (n=6) AMSTAR-2 score. Interval training demonstrated significantly greater reductions
in total body fat percent (BF%) compared with MICT [weighted mean difference (WMD) of —0.77%; 95% confidence interval
(CDH—-1.12 t0—0.32%] and CON (WMD of — 1.50%; 95% CI—2.40 to—0.58%). Significant reductions in fat mass, visceral adi-
pose tissue, subcutaneous abdominal fat, and android abdominal fat were also observed following interval training compared to
CON. Subgroup analyses indicated that both HIIT and SIT resulted in superior BF% loss than MICT. These benefits appeared to
be more prominent in individuals with overweight/obesity and longer duration interventions (> 12 weeks), as well as in protocols
using cycling as a modality and low-volume HIIT (i.e., < 15 min of high-intensity exercise per session).

Conclusions This novel umbrella review with large-scale meta-analysis provides an updated synthesis of evidence with
implications for physical activity guideline recommendations. The findings support interval training as a viable exercise
strategy for reducing adiposity in the general population.

heart disease, stroke, cancer, chronic respiratory diseases,

1 Introduction

The World Health Organization (WHO) defines excess
weight and obesity as abnormal or excess fat accumulation
that poses a risk to health. Obesity is an independent risk
factor for various noncommunicable diseases, including
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and type 2 diabetes [1]. Regular physical activity (PA) and
exercise play a crucial role in weight management by pro-
moting calorie expenditure, enhancing metabolism, and
supporting healthy body composition [1, 2].The current PA
guidelines recommend that adults (18—65 years old) should
engage in a minimum of 75-150 min of weekly moderate-
to-vigorous physical activity (MVPA) to enhance health [2,
3], However, insufficient PA remains a prominent global
issue [4]. Therefore, identifying effective, evidence-based,
and practical exercise strategies aimed at mitigating the
detrimental health consequences of physical inactivity and
obesity has important clinical implications.
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Interval training demonstrated a small but signifi-
cantly greater reduction in total body fat percent (BF%)
compared with moderate-intensity continuous training
(MICT) and significant reductions in fat mass, visceral
adipose tissue, subcutaneous abdominal fat, and android
abdominal fat compared with nonexercise control.

Subgroup analyses indicated that both high-intensity
interval training (HIIT) and sprint interval training (SIT)
resulted in superior BF% loss versus MICT.

These benefits appeared to be more prominent in
individuals with overweight/obesity and longer dura-
tion interventions (> 12 weeks), as well as in protocols
using cycling as a modality and low-volume HIIT
(i.e., < 15 min of high-intensity exercise per session).

Recent bibliometric evidence has highlighted interval
training as an emerging exercise strategy for improving
health-related fitness in the general population compared
with traditional training methods [5]. Interval training has
attracted widespread attention among health and fitness pro-
fessionals over the past decade and has been ranked among
the top trends in the American College of Sports Medicine
(ACSM) Worldwide Survey of Fitness Trends since 2013
[6]. Interval training typically involves repeated bouts of
high-intensity exercise, interspersed with active or inactive
periods of rest or recovery [7, 8]. Interval training is com-
monly classified as high-intensity interval training (HIIT) or
sprint interval training (SIT) [2, 9], although various itera-
tions appear in the literature. In a health context, HIIT can
be characterized as intermittent bouts of exercise performed
above moderate intensity (typically up to 4 min), primarily
falling within the classification of vigorous intensity exer-
cise (e.g., ~80-95% maximal heart rate) [8]. On the other
hand, SIT represents a particularly intense variant of inter-
val training that can be distinguished as repeated sprints at
supramaximal intensities, typically performed with “all-out”
efforts lasting <30 s [9].

Until recently, interval training has been recognized as
an alternative option to traditional exercise approaches like
moderate-intensity continuous training (MICT) in various
authoritative PA guidelines worldwide, including those by
the ACSM [2], the USA [10] and the United Kingdom [11].
However, it is important to note that these guidelines often
lack a clear distinction between HIIT and SIT. For instance,
the US guidelines mention the absence of universally
accepted durations for the “maximal-effort” period, recovery
period, ratio of the two, number of cycles per session, overall

session duration, and the specific relative intensity at which
the maximal-effort component should be performed during
interval training [10]. Similarly, the UK guidelines state that
data on HIIT are still emerging, and that further investigation
is necessary to determine the optimal amount and form of
HIIT to recommend [11]. These acknowledged limitations
in authoritative guidelines underscore the need for addi-
tional research to comprehensively analyze the effectiveness
of interval training, encompassing both HIIT and SIT, on
body composition outcomes. Furthermore, while HIIT has
received more attention in the literature and may be deemed
more suitable for wider populations [7], SIT may still be
considered a feasible option for relatively active and healthy
individuals if appropriately designed [12, 13]. Therefore,
including SIT in evaluating the overall efficacy of interval
training allows for a broader range of interventions that are
relevant and applicable to different populations.

While original studies exploring the efficacy of interval
training in improving body adiposity in both general or pop-
ulations with overweight/obesity have been conducted and
summarized in an increasing number of systematic reviews
in recent years, discrepancies in review findings and conclu-
sions have been observed. For instance, some systematic
reviews revealed the benefits of interval training in improv-
ing body composition, such as reducing whole-body fat and
visceral fat when compared with MICT [14-16], whereas
contrasting findings from other reviews have indicated a lack
of significant differences [17, 18]. These systematic reviews,
often focused on specific population subgroups (e.g., aver-
age healthy or individuals with overweight/obesity), inter-
val training regimens (e.g., HIIT/SIT), intervention dura-
tion (e.g., short-term/long-term), comparator groups (e.g.,
MICT/ nonexercising control), or on specific anthropomet-
ric outcomes, pose challenges for healthcare professionals
and researchers to understand the total body of evidence for
interval training in the management of body fat reduction.

In this regard, umbrella reviews (also termed overviews of
systematic reviews or meta-reviews) have been proposed as
an effective approach to present a comprehensive overview
of evidence synthesis on a given topic. Umbrella reviews
summarize existing evidence from systematic reviews, mak-
ing them a comprehensive means to inform guidelines. To
the best of our knowledge, only one umbrella review has
previously been conducted regarding the efficacy of inter-
val training across the general population [19]. While that
review suggested that interval training, in the form of HIIT,
is effective and safe for improving cardiometabolic health
and anthropometric measures, the results were described
narratively without additional statistical analysis (i.e., quan-
titative meta-analysis). In addition, the article included sys-
tematic reviews of both randomized controlled trials (RCTs)
and nonrandomized trials that mostly compared HIIT with
an active control, but it did not report whether and how
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this form of interval training was superior to a nonactive
control. High quality RCTs encompassing various forms of
interval training and including both active and nonactive
control groups would be required to provide further insights
on the full range of benefits of interval training. Consider-
ing the substantial increase in evidence published from past
systematic reviews and meta-analyses in recent years [20],
an umbrella review that can address the aforementioned
research gaps to further establish the benefits, compliance,
and applications of interval training interventions among the
general population appears timely. Therefore, we set out to
undertake the most comprehensive synthesis of evidence to
date regarding the effect of interval training on body com-
position and adiposity in adults.

2 Methods
2.1 Search Strategy

This overview of systematic reviews was performed in
accordance with the Preferred Reporting Items for Over-
views of Reviews (PRIOR) statement [21] and registered
in the PROSPERO database (CRD42023490819). Seven
databases were searched (MEDLINE, EMBASE, Cochrane
Database, CINAHL, Scopus, SPORTDiscus, and Web of
Science) using subject heading, keyword, and medical sub-
ject headings (MeSH) term searches for “systematic review,”
“meta-analysis,” “HIIT,” and “body adiposity.” Database
searches were limited to peer-reviewed systematic review
articles published in English language from inception to 1
October 2023. The reference lists of the selected review arti-
cles were also examined for other potentially eligible papers.
The detailed search strategy is presented in Supplementary
Table 1.

2.2 Selection Procedure and Eligibility Criteria

The population, interventions, comparators, outcomes, and
study type (PICOS) framework was used to develop the
inclusion criteria.

2.2.1 Types of Population

The population of interest was men and women aged
18 years or above, who were not suffering from any kind
of acute or chronic disease, except for obesity. No exclu-
sion criteria were applied to participants’ baseline fitness.
Individuals who simultaneously have obesity and related
comorbidities (e.g., cardiovascular diseases and type 2 dia-
betes) were excluded.

2.2.2 Types of Interventions

The term “interval training” has been used extensively in the
literature to describe a variety of different high-intensity pro-
tocols that vary in the number and intensity of intervals, the
time and nature (active or passive) of recovery periods, and
total volume [8]; therefore, the definitions used in the pre-
sent review are based on a general classification scheme for
interval training put forward by Weston et al. [9]. The two
most common protocols, HIIT and SIT, were differentiated
based on the exercise intensity and unique characteristics
observed in previous interval training studies. HIIT is gener-
ally defined as “near maximal” efforts performed at an inten-
sity that elicits > 80% maximal heart rate (HR,,,) or peak
oxygen uptake, whereas SIT is characterized by repeated
“all-out” sprints at supramaximal intensities (i.e.,>100%
peak oxygen uptake) interspersed with recovery peri-
ods. Studies were eligible irrespective of interval training
modality (e.g., treadmill running, cycling, or body-weight
exercises), settings (e.g., clinical, laboratory, or community
facility) or dose (frequency and duration).

2.2.3 Type of Comparators

In this overview of reviews, studies with no comparison
groups were excluded. RCTs that involved MICT and/
or nonexercise control (CON) comparison groups were
included. MICT describes “traditional” exercise protocols
performed continuously at a steady state for a set dura-
tion (usually 20-60 min) [9]. Moderate intensity is defined
as intensity that induces a heart rate response of 60-79%
HRmax or that elevates the rate of oxygen consumption to
40-59% of peak oxygen uptake [9].

2.2.4 Types of Qutcomes

The results quantitatively reported from each embedded RCT
included at least one of the following outcomes: total body
fat percentage (BF%), body mass (BM), fat mass (FM), body
mass index (BMI), waist circumference (WC), waist-to-hip
ratio (WHR), lean mass (LM), fat-free mass (FFM), visceral
adipose tissue (VAT), and abdominal fat (AF).

2.2.5 Types of Studies

Systematic reviews (with or without meta-analyses) of RCTs
were selected.

2.3 Selection of Literature and Data Extraction
Search results were imported into EndNote X10 (Clarivate,

Philadelphia). Two reviewers (EP and JHL) independently
screened the titles and abstracts of the retrieved citations
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from the seven electronic databases, removed duplicates, and
determined eligible systematic reviews based on our inclusion
criteria. For each eligible citation from our previous step, full
texts of the embedded citations were obtained. Inter-reviewer
disagreements were resolved by consensus or arbitration by a
third reviewer (R.H.). Data from included systematic reviews
were extracted in duplicate by two independent reviewers (E.P.
and J.H.L..) using a standardized extraction form. The extracted
data included the lead author, year of publication, design of
original studies, population characteristics (age and sex), num-
ber of original studies, and participants included, description
of interval training interventions (protocols, frequency, and
duration), comparison groups, and outcomes.

Considering that some of the systematic reviews included
might have contained certain component RCTs that did not
meet our inclusion criteria (e.g., “contamination” of RCTs
with ineligible participants, interventions, or outcomes),
every component RCT from the included reviews was further
screened by two reviewers (E.P. and J.H.L.) independently
to ensure relevance. The inclusion criteria for the RCTs in
the umbrella review remained consistent with the aforemen-
tioned criteria. Inter-reviewer disagreements were resolved
by consensus or arbitration by a third reviewer (R.H.). Sub-
sequently, data from eligible RCTs were extracted, includ-
ing the first author, year of publication, characteristics of
participants, and sample size. The intervention features were
also extracted to assist the reviewers in subcategorizing the
interval training.

2.4 Critical Appraisal of Systematic Reviews
and Randomized Controlled Trials

Critical appraisals of both systematic reviews and RCTs
were independently performed by the two reviewers (E.P.
and J.H.L.), and discrepancies were resolved through discus-
sions. Discrepancies were resolved by consensus or arbitra-
tion by a third reviewer (R.H.).

2.4.1 Methodological Quality Assessment of Included
Systematic Reviews

The methodological quality of the included reviews was
assessed by two independent reviewers (E.P. and J.H.L.) in
duplicate using the A MeaSurement Tool to Assess system-
atic Reviews (AMSTAR-2) tool [22]. The AMSTAR-2 tool
involves 16 items, with each item scored as yes, partial yes
or no. Seven items are considered “critical” and nine “non-
critical” [22]. The critical domains are protocol registration,
adequacy of search strategy, justification for excluding indi-
vidual studies, risk of bias assessment, appropriateness of
meta-analysis methods, use of risk of bias during interpre-
tation, and assessment of publication bias. Reviews were
rated as “high confidence” (zero critical weakness and less

than three noncritical weaknesses), “moderate” (one criti-
cal weakness and less than three noncritical weaknesses),
“low” (greater than one critical weakness and less than three
noncritical weaknesses), or “critically low” (greater than one
critical weakness and greater than or equal to three noncriti-
cal weaknesses) [22].

2.4.2 Methodological Quality Assessment of Included
Randomized Controlled Trials

The methodological quality of the included RCTs was also
independently assessed by two reviewers (E.P. and J.H.L.)
using the modified physiotherapy Evidence Database
(PEDro) scale. The original PEDro scale used an 11-point
scale, but due to the impracticality of blinding participants
and investigators in supervised exercise interventions, we
opted to exclude assessment items related to blinding (num-
bers 5, 6, and 7 in the scale) as in previous exercise-related
systematic reviews. Consequently, the modified 8-point
PEDro scale has a maximum value of 7 (excluding the first
item from the total score). The qualitative methodological
ratings were adjusted as follows: “excellent” (67 points),
“good” (5 points), “moderate” (4 points), and “poor” (0-3
points).

2.5 Umbrella Review Synthesis Methods

The overlap in component RCTs that were included across
all eligible reviews was assessed using the corrected covered
area (CCA) method [23]. A CCA of 100% indicates that
every review included in our umbrella review comprised
the same component RCTs, while a CCA of 0% indicates
that every review in our umbrella review included entirely
unique RCTs. The following cutoffs were used to quantify
the CCA: 0-5%, “slight overlap;” 6-10%, “moderate;”
11-15%, “high;” and > 15%, “very high” overlap [23].
Meta-analyses from eligible component RCTs were
conducted using Review Manager software (RevMan 5.4;
Cochrane Collaboration, Oxford, United Kingdom). The
absolute change in mean difference and standard deviation
of the outcome value from postintervention between groups
(interval training versus MICT/CON) in each study was
calculated and pooled using the random-effects model. For
studies that compared multiple intervention groups with a
single comparison group (or vice versa), the sample size
of the shared comparison group was split to avoid double
counting [24]. Weighted mean differences (WMDs) with
95% confidence intervals (CIs) were used to synthesize con-
tinuous outcomes and create forest plots, except for VAT and
AF outcomes, where standardized mean differences (SMDs)
were used. Subgroup analyses were conducted based on the
type of interval training (HIIT or SIT), intervention dura-
tion (< 12 weeks or > 12 weeks), body mass index (BMI
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18.5-24.9 or >25 kg/m?), exercise mode (cycling or running/
walking/jogging), and HIIT volume (< 15 min and > 15 min
of high-intensity exercise per session). The heterogeneity of
included RCTs was assessed using the 2 statistic, in which
values of <25%, 50%, and 75% were considered indica-
tive of low, moderate, and high heterogeneity, respectively.
Inverse variance weighting was used to compensate for the
heterogeneity of sample sizes between studies. Publication
bias was assessed by creating a funnel plot and observing the
presence of asymmetries or missing sections.

3 Results
3.1 Overview of Search Results

Out of the 542 records identified, 16 systematic reviews
were included in this overview for the subsequent literature
screening for eligible RCTs (see Fig. 1 for PRISMA flow-
chart). Table 1 provides an overview of the characteristics
of all the reviews. A total of 432 original studies were listed
in the included systematic reviews, with a CCA of 2.9%,
indicating slight overlap.

Of the 432 embedded RCTs, we excluded 139 duplicates
and 216 studies (see Fig. 2 for flowchart and reasons for
exclusions in Supplementary Table 4). A total of 77 eligible
RCTs met our inclusion criteria from the included system-
atic reviews. Two additional RCTs were identified by check-
ing the reference lists, resulting in 79 RCTs included in our
overview for data extraction. Supplementary Table 2 sum-
marizes the characteristics of all included studies [25-103].
Evaluation of funnel plots showed no evidence of publica-
tion bias. The majority of the original studies specifically
involved individuals with overweight/obesity based on a
BMI >25 kg/m? (N=57), while others involved participants
with a BMI of 18-24.9 kg/m2 (N=11), and a small number
did not report (N=06) or classify (N=5) BMIL.

3.2 Participant Characteristics

The meta-analysis included a total of 2474 unique par-
ticipants. They were assigned to the following groups:
HIIT (n="717), SIT (n=485), MICT (n="755), and CON
(n=517). Among the original studies that reported partici-
pants’ sex, the male (n=1179) and female (n=1225) ratio
was similar. Among the RCTs that reported drop-out, a total
of 376 participants (~ 15%) who initially enrolled in the stud-
ies were not included in the data analysis. In accordance with
the inclusion criteria, participants were apparently healthy
adults without acute or chronic diseases, with a mean age
range of 18 to 73.5 years.

3.3 Intervention Characteristics

The intervention characteristics of eligible RCTs are sum-
marized in Supplementary Table 2. The duration of inter-
ventions ranged from 13 days to 16 weeks, with 29 studies
lasting > 12 weeks and 50 studies lasting < 12 weeks. The
interventions generally had a frequency of 2-7 days per
week, with each session lasting 8—70 min. Various exer-
cise modalities were used in interval training, including
cycling, running, aquatic treadmill running, all-extremity
air-baked ergometer, circuit strength training, TRX, boxing
drills (heavy bag, focus mitts, circular body weight foot-
work drills, skipping), circuit-based dynamic body-weight
exercise, and walking/ jogging. The total set/bouts in the
interval training protocols ranged from 2 to 80 times. Both
passive and active recovery protocols were employed, with
work-to-rest ratio ranging from 2:1 to 1:9.

3.4 Methodological Quality of Included Reviews

Table 2 provides a summary of the AMSTAR-2 scores.
The majority of the reviews had a critically low (n=6) or
low (n=6) score, while two reviews had a moderate score.
Specifically, only 37.5% of reviews referred to a predefined
methodology (item 2). None of the studies provided a list
of excluded studies with reasons for exclusions (item 7) or
reported on the sources of funding for the included studies
(item 10). All studies accounted for risk of bias (RoB) when
interpreting the results (item 9) and 69% discussed heteroge-
neity (item 14). Among the reviews that conducted a meta-
analysis, all used appropriate/partly appropriate methods for
statistical combination of results (item 11), and 60% investi-
gated publication bias (item 15). However, only one review
(8%) assessed the impact of RoB on the results (item 12).

3.5 Methodological Quality of Included RCTs

Supplementary Table 3 provides a summary of the PEDro
scores. Among the 79 RCTs, the mean rating was 5.1, indi-
cating that the overall collection of studies was of good qual-
ity. Of these, 33 studies were rated as excellent, 26 studies
were rated as good, and 20 studies were rated as fair. Nota-
bly, none of the studies included in the analysis were deemed
to be of poor quality.

3.6 Meta-Analysis
3.6.1 Interval Training Versus CON
The summary of meta-analyses is presented in Table 3.

Compared with CON, interval training demonstrated signifi-
cant reductions in total BF% (28 RCTs, WMD of — 1.50%;
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Fig. 1 PRISMA flowchart of
literature selection on system-

Identification of studies via databases and registers
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95% CI—2.41% to—0.58%, p=0.001, Fig. 3), FM (19
RCTs, WMD of —0.79 kg; 95% CI—1.55 to—0.04 kg,
p=0.03), VAT (7 RCTs, SMD of —0.26; 95% CI—0.51
to—0.01, p=0.04), AF ,pcutancous (6 RCTs, SMD of —0.33;
95% CI—0.64 to—0.02, p=0.04), AF, 4.,iq (4 RCTs, SMD
of —0.49; 95% CI-0.90 to—0.08, p=0.02), and AF, ;4 (4
RCTs, SMD of — 1.26;95% CI—2.31 to—0.21, p=0.02). No
significant between-group difference was observed for other
outcome measures. Subgroup analyses indicated that longer
duration interventions tended to result in greater reduc-
tions in BF%, BM, BMI, and FM. In addition, greater BF%
loss was observed in individuals with overweight/obesity.
Both HIIT (19 RCTs, WMD of — 1.64%; 95% CI—2.86%
to—0.42%, p=0.01) and SIT (12 RCTs, WMD — 1.81%;
95% CI1—2.48% to 0.13%, p=0.08) showed similar reduc-
tions in BF% loss, whereas HIIT tended to favor reductions
in BMI (18 RCTs, WMD of —0.79 kg/m?; 95% CI—1.52
to —0.07 kg/m?, p=0.03) compared with SIT (8 RCTs,
WMD of 0.17 kg/m?; 95% CI—1.13 to 0.80 kg/m?, p=0.74).
Cycling exercise mode (15 RCTs, WMD of — 1.63%; 95%

CI-2.97% to—0.29%, p=0.02) and low-volume HIIT
(8 RCTs, WMD of —1.62%; 95% CI1—-2.71% to —0.54%,
p=0.003) appeared to have more pronounced BF% reduc-
tion than running/walking/jogging (10 RCTs, WMD
of —0.90%; 95% CI—2.25% to 0.45%, p=0.19) and high-
volume HIIT (6 RCTs, WMD of —0.68%; 95% CI—2.96%
to 1.61%, p=0.56).

3.6.2 Interval Training Versus MICT

The summary of meta-analyses is presented in Table 4.
Compared with MICT, interval training demonstrated sig-
nificantly greater reductions in total BF% (40 RCTs, WMD
of —0.77%; 95% CI1—1.22% to —0.32%, p=0.0008, Fig. 4).
No significant between-group difference was observed for
other outcome measures. Subgroup analyses indicated that
both HIIT (25 RCTs, WMD of — 0.62%; 95% CI—-1.12%
to—0.12%, p=0.01) and SIT (22 RCTs, WMD of — 1.16%;
95% CI—-2.06% to—0.26%, p=0.01) resulted in superior
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BF% loss than MICT (Fig. 4). Long-term interval training
interventions (22 RCTs, WMD of —1.10%; 95% CI—1.67%
to—0.53%, p=0.0002) and individuals with overweight/obe-
sity (37 RCTs, WMD of — 0.74%; 95% CI—1.19 to—0.30%,
p=0.001) tended to show superior benefits of BF% loss
than short-term interval training interventions (24 RCTs,
WMD of —0.38%; 95% CI—1.22% to 0.46%, p=0.38) and
individuals with normal BMI (4 RCTs, WMD of —0.45%;
95% C1—2.87% to 1.97%, p=0.72). Cycling exercise mode
(29 RCTs, WMD of —0.90%; 95% CI—1.43% to —0.36%,
p=0.001) and low-volume HIIT (11 RCTs, WMD — 1.14%;
95% CI1—1.94% to —0.35%, p=0.005) also appeared to have
more pronounced BF% reduction than running/walking/jog-
ging (14 RCTs, WMD of —0.66%; 95% CI—1.71% to 0.38%,
p=0.21) and high-volume HIIT (7 RCTs, WMD of — 0.03%;
95% CI—0.99% to 0.92%, p=0.94), when compared with
MICT.

effective method to improve body

HIIT was found to be a feasible and
composition

Major outcomes

4 Discussion

DEXA, anthropometry measurement

Measurement

To the best of our knowledge, this is the first umbrella review
with large-scale meta-analysis examining the efficacy of
interval training, including HIIT and SIT, in improving body
composition and adiposity in adults. We identified 16 sys-
tematic reviews, reporting the findings of 79 original RCTs,
involving 2474 unique participants. The findings of our
umbrella review support the widespread efficacy of inter-
val training in improving a range of body composition and
adiposity-related outcomes, such as total BF%, FM, VAT,
AF beutaneouss and AF, 4..;q compared with CON. While the
difference appeared modest, our analysis also revealed that
both HIIT and SIT resulted in a superior reduction in BF%
compared to MICT. This effect was particularly pronounced
in individuals with overweight/obesity and in interventions
with longer durations, as well as in protocols with cycling
as the exercise modality and low HIIT volume (see Fig. 5
for the graphical representation of findings).

Several mechanisms that may contribute to the observed
fat loss associated with interval training have been docu-
mented in the literature [104, 105]. One commonly pro-
posed mechanism is the phenomenon known as excess pos-
texercise oxygen consumption (EPOC). Interval training
involves short bursts of intense exercise followed by brief
recovery periods. This pattern creates an oxygen debt that
the body needs to repay during the recovery period, leading
to increased calorie burning and fat oxidation after exercise
cessation [106]. The metabolic rate remains slightly elevated
in response to exercise intensity, ranging from an hour to
several hours with higher intensities [107, 108]. However,
given that many interval training protocols involve a low
volume of exercise, it is debatable whether EPOC can lead

553)
555)

VO, >90% HRR, 60-124% peak
power output, RPE 11-13, 70% of

1 RM

Mode: elliptical devices, cycling,
circuit-based interval exercise,

Xbox 360 s
Control no. 1: MICT (n

Interventions and comparators
Intervention#1: HIIT (n
Duration: 4-24 weeks
Frequency: 2-5 times per week
Intensity: 80-95% HR,,,. > 70%

=468), not
237)

357), female (n

Original studies included: 29
differentiated (n

Sample size: 11,156
Drop out: NR
Age: 61.1-84 years (mean)

Population
Male (n

rate, HRR heart rate reserve, LBM lean body mass, MICT moderate-intensity continuous training, MIIT moderate-intensity interval training, MRI magnetic resonance imaging, NR not reported,
PRT progressive resistance training, PRT progressive resistance training, RE resistance exercise, RPE rate of perceived exertion, SIT sprint interval training, VF visceral fat, VO,,, .. maximal

mass, BMI body mass index, CT computer tomography, DEXA dual-energy X-ray absorptiometry, FM fat mass, FarOX fat oxidation, HIIT high-intensity interval training, HR,,, maximal heart
oxygen uptake, WC waist circumference, WHR waist-to-hip ratio

ADP air displacement plethysmography, AE aerobic exercise, AF abdominal fat, ASF abdominal subcutaneous fat, BF% body fat percentage, BIA bioelectrical impedance analysis, BM body

Table 1 (continued)
#Included the reported data only

References
Wu et al. [15]

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



E.T-C.Poonetal.

Fig.2 Flowchart for eligible
randomized controlled trials
selection for effects of interval
training on body composition
and adiposity outcomes

Citation for screening (n = 432)

) 4

Exclude duplicates (n = 139)

Full text assessed for eligibility
criteria (n = 293)

Excluded (n=216)
Reasons:

¢ Language (n=3)

Non-randomized design (n = 4)
Clinical population (n = 46)

Mixing non-clinical and clinical populations (n = 2)
Children and adolescents (n = 22)

Not meeting eligibility criteria (n = 1)
Not HIIT (n =53)

Not examine the effect of HIIT (n = 10)
Other exercise (n = 5)

No comparison group (n = 7)

Unfair comparison (n = 1)

Irrelevant outcome (n = 54)

Missing data (n = 9)

No full text (n=1)

Additional RCTs identified from other sources (n = 2)

Total eligible RCTs included in
this overview of reviews (n = 79)

Table2 AMSTAR-2 ratings of methodological quality of systematic reviews and meta-analyses

References 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16  Confidence
Alzar-Teruel et al. [104] N N Y PY Y N N PY Y N NA NA N N NA Y  Critcally low
Andreato et al. [130] Y Y Y PY Y Y N Y Y N Y N Y N N Y Low

Batacan et al. [131] Y N Y PY Y N N PY Y N Y N N N N N Critically low
Chang et al. [16] Y N Y PY Y N N PY Y N Y N Y Y Y Y Low
Depiazzi et al. [132] Y Y Y PY Y Y N PY Y N Y N Y Y N Y Low

Guo et al. [133] N Y Y PY Y Y N PY Y N Y N Y Y Y Y  Moderate
Hwang et al. [134] Y N Y PY Y N N PY Y N Y N N Y N Y  Critically low
Keating et al. [135] Y N Y PY N Y N PY Y N Y Y Y Y Y N Low

Rugbeer et al. [18] Y N Y N Y N N PY Y N Y N N Y N N  Critically low
Serrablo-Torrejonetal. [136] Y N Y PY Y N N PY Y N Y N N N N Y  Critically low
Steele et al. [137] Y Y Y PY Y Y N PY Y N Y N Y Y Y Y  Moderate
Sultana et al. [17] Y N Y PY Y Y N PY Y N Y N Y Y Y Y Low

Wang et al. [138] Y Y Y PY Y Y N PY Y N Y N Y Y Y Y  Moderate
Wang et al. [139] Y Y Y PY Y Y N PY Y N Y N Y Y Y Y  Moderate
Wewege et al. [14] Y N Y PY Y Y N PY Y N Y N Y Y Y Y Low

Wuet al. [15] N N Y PY Y N N PY Y N Y N N N Y Y  Ciritically low

N no, NA not applicable (no meta-analysis), PY partial yes, Y yes

to a greater total energy deficit when compared with MICT,
which tends to result in greater energy expenditure during
the exercise bout [109]. Thus, hormonal changes induced
by interval training may also play a role in fat loss. High-
intensity exercise (i.e., above 65% maximal oxygen uptake
[VO,,,.<]) stimulates the release of growth hormone and
catecholamines (epinephrine and norepinephrine), which

elevate tissue lipolysis [110, 111]. Recent evidence sug-
gests that interval training may be particularly effective in
reducing adipose tissues in the visceral regions, as the sig-
nificantly increased catecholamine responses during interval
training favor lipolysis via beta-adrenergic receptors located
in visceral adipose tissue [112]. Furthermore, exercise may
trigger changes in the levels of circulating appetite-related

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Table 3 Summary of meta-
analyses of interval training
versus nonexercise control

Content courtesy of Springer Nature, terms of use apply. Rights reserved.

Outcome N Mean difference (95% of CI)  p P ®)

Body fat (%) 28 —1.50 (—2.41 to—0.58) 0.001 64% (<0.00001)
Protocol: SIT 12 —1.81(—2.48t0 0.13) 0.08 30% (0.13)
Protocol: HIIT 19 —1.64 (—2.86 t0—0.42) 0.008 74% (<0.00001)
Duration: long term 16 —-2.71(=3.73to—1.65) <0.00001 43% (0.02)
Duration: short term 12 —0.12 (- 1.15 t0 0.90) 0.81 39% (0.06)
BMI: 18.5-24.9 kg/m? 4 —1.14 (—-3.76 to 1.47) 0.39 68% (0.01)
BMI: > 25 kg/m? 20 —1.66 (—2.78 to—0.54) 0.004 68% (<0.00001)
Mode: cycling 15 —1.63 (—=2.97t0-0.29) 0.02 46% (0.01)
Mode: run/walk/jog 10 —0.90 (—2.25t0 0.45) 0.19 73% (<0.0001)
HIIT volume: low 8 —1.62 (—2.71 to—-0.54) 0.003 0% (0.45)

HIIT volume: high 6 —0.68 (—2.96to0 1.61) 0.56 81% (<0.0001)
Body mass (kg) 31 —0.67 (—1.92t0 0.58) 0.29 34% (0.02)
Protocol: SIT 11 —0.20 (—2.42 t0 2.02) 0.86 34% (0.86)
Protocol: HIIT 22 —0.89 (—2.44t0 0.67) 0.26 38% (0.04)
Duration: long term 18 —1.88 (—3.50t0—0.25) 0.02 21% (0.18)
Duration: short term 13 0.65 (—1.19 to 2.489) 0.49 41% (0.05)
BMI: 18.5-24.9 kg/m? 5 1.25 (-2.66 t0 5.15) 0.53 59% (0.03)
BMIL: > 25 kg/m? 24 —1.10 (—2.53 t0 0.33) 0.13 34% (0.04)
Mode: cycling 19 —1.67 (—3.02t0—-0.32) 0.02 0% (0.68)
Mode: run/walk/jog 12 0.41 (—1.82t0 2.64) 0.52 64% (0.0006)
HIIT volume: low 9 1.61 (—2.12 to 5.35) 0.40 59% (0.01)

HIIT volume: high 7 —1.26 (—3.451t0 0.94) 0.26 35% (0.16)
Body mass index (kg/mz) 25 —0.53 (- 1.07 to 0.02) 0.06 71% (<0.00001)
Protocol: SIT 8 —0.17 (= 1.13 t0 0.80) 0.74 72% (< 0.00001)
Protocol: HIIT 18 —-0.79 (- 1.52 t0—0.07) 0.03 70% (< 0.00001)
Duration: long term 12 —1.20(-2.27to-0.13) 0.03 84% (< 0.00001)
Duration: short term 14 —0.29 (—0.53 to—0.06) 0.01 0% (0.49)

BMI: 18.5-24.9 kg/m? 4 0.11(=0.95t0 1.17) 0.84 45% (0.12)
BMI: > 25 kg/m? 21 —0.77 (- 1.48 to — 0.05) 0.04 73% (< 0.0001)
Mode: cycling 13 —0.34 (1.17 t0 0.49) 0.42 64% (0.0004)
Mode: run/walk/jog 10 —0.50 (- 1.23 t0 0.24) 0.19 61% (0.005)
Protocol: SIT 4 —0.61 (—1.77 t0 0.54) 0.30 0% (0.72)
Protocol: HIIT 6 —1.36 (—6.44 t0 3.72) 0.18 66% (0.007)
HIIT volume: low 7 —0.62 (—1.52t00.29) 0.07 82% (< 0.00001)
HIIT volume: high 11 —2.27(—4.73t0 0.18) 0.06 81% (< 0.0001)
Waist circumference (cm) 6 —2.81 (—5.68 t0 0.07) 0.60 86% (<0.00001)
Waist-to-hip ratio 7 —0.02 (—0.06 to 0.02) 0.23 95% (<0.00001)
Lean mass (kg) 8 0.60 (—0.49 to 1.70) 0.28 0% (0.66)
Fat-free mass (kg) 8 —0.07 (- 1.39 to 1.26) 0.92 0% (0.77)
Protocol: SIT 4 143 (—1.28 t0 4.13) 0.30 0% (0.85)
Protocol: HIIT 5 —0.54 (-2.07 t0 0.99) 0.49 0% (0.77)

Fat mass (kg) 19 —0.79 (- 1.55 t0—0.04) 0.04 14% (0.26)
Protocol: SIT 6 —1.81(-3.97t00.34) 0.10 0% (0.71)
Protocol: HIIT 17 —0.73 (- 1.61 t0 0.14) 0.10 26% (0.14)
Duration: long term 10 —2.82(—4.13t0—1.52) <0.0001 0% (0.71)
Duration: short term 9 —0.01 (—=0.67 t0 0.65) 0.98 0% (0.90)
Mode: cycling 12 —2.20 (—3.46 to—0.95) 0.0006 0% (0.71)
Mode: run/walk/jog 5 —0.14 (- 1.11 t0 0.84) 0.78 34% (0.18)

HIIT volume: low 6 —0.10 (—0.88 t0 0.69) 0.81 0% (0. 75)
HIIT volume: high 5 0.16 (—1.84 t0 2.16) 0.87 41% (0.15)
Visceral adipose tissue® 7 —-0.26 (=0.51 to—0.01) 0.04 0% (0.90)
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Table 3 (continued) Outcome N Mean difference (95% of CI)  p P ®)
Abdominal fat (total)* 5 —0.29 (—=0.60 to 0.01) 0.06 0% (0.89)
Abdominal fat (subcutaneous)? 6 —0.33 (—=0.64 to—0.02) 0.04 8% (0.37)
Abdominal fat (android)* 4 —0.49 (—0.90 to—0.08) 0.02 17% (0.30)
Abdominal fat (gynoid)* 4 —-1.26 (-2.31t0—-0.21) 0.02 83% (< 0.00001)

BMI body mass index, CON nonexercise control, HIIT high-intensity interval training, SIT sprint interval

training

*Reported as standardized mean difference; bold text signifies statistically significant results

HIT/SIT CON Mean Difference Mean Difference
Study or Subgroup Mean [%] SD [%] Total Mean [%] SD [%] Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.13.1SIT
Abderrahman 2013 (HlITa) [30] 10.8 2.8 9 10.9 1.6 3 3.9% -0.10 [-2.67, 2.47] —
Abderrahman 2013 (HIITb) [30] 12.8 3.7 9 10.9 1.6 3 3.5% 1.90 [-1.12, 4.92] —
Cooper 2016 (A-SIT) [36] 25.2 5.4 15 24.9 4.6 7 2.5% 0.30[-4.07, 4.67] —
Cooper 2016 (P-SIT) [36] 24.8 6 15 24.9 4.6 7 2.3% -0.10 [-4.66, 4.46] —
Gillen 2016 [46] 28 8 9 25 6 6 1.3% 3.00 [-4.10, 10.10]
Gormley 2008 [47] 16 7 13 15.9 8 13 1.7% 0.10 [-5.68, 5.88] _
Heydari & Boutcher 2012 [53] 32.8 5.5 25 36 6.87 21 3.0% -3.20 [-6.84, 0.44] r
Jabbour 2017 [57] 42.1 7.1 12 42.8 7.4 12 1.7% -0.70 [-6.50, 5.10] —
Rebold 2013 [77] 15.12  9.04 13 17.39 6.84 12 1.5% -2.27 [-8.53, 3.99] —
Schubert 2017 [83] 28.1 10.8 12 21 8 3 0.6% 7.10 [-3.82, 18.02]
Sim 2015 [88] 30.9 2.7 10 32.5 3.9 10 3.5% -1.60 [-4.54, 1.34] —
Tong 2018 [91] 38.2 2.4 16 40.5 3.7 7 3.5% -2.30[-5.28, 0.68] B
Trapp 2008 [92] 32.4 891 16 40.5 3.7 14 2.2% -8.10[-12.88, -3.32]
Zhang 2021 (SIT-120) [100] 40.5 4.6 12 43.8 4 4 2.3% -3.30[-8.01, 1.41] —
Zhang 2021 (SIT all-out) [100] 42.1 4.4 11 43.8 4 5 2.5% -1.70 [-6.07, 2.67] .
Subtotal (95% CI) 197 127 36.0% -1.18[-2.48,0.13]

Heterogeneity: Tau? = 1.84; Chi? = 19.88, df = 14 (P = 0.13); I = 30%
Test for overall effect: Z = 1.76 (P = 0.08)

2.13.2 HIT

Ahmadizad 2015 [25] 23.2 2.1 10 26.5 2.1 10
Arad 2015 [26] 44.5 4 9 44.5 8 11
Ballin 2019 [28] 38.8 6.9 36 39.5 5.7 36
Bouri 2015 [31] 35.7 1.9 7 35.4 2.1 7
Eimarieskandari 2012 [39] 35.81 0.73 7 35.23 0.92 6
Hwang 2016 [56] 37.9 6.97 15 34.1 6.36 14
Jiménez-Garcia 2019 [58] 41.64 5.29 26 43.94 4.75 23
Musa 2009 6.4 3.2 20 7.6 3.4 16
Nie 2018 [71] 36.3 2.5 16 40.5 2.8 13
Nybo 2010 [72] 24.2 4.81 8 22.1  9.29 11
Poon 2021 [102] 22.5 2.9 11 22.9 2.6 10
Schubert 2017 [83] 23.8 8.1 12 21 8 3
Sijie 2012 [87] 36.6 4.32 17 41.1  4.07 19
Smith-Ryan 2016 (HIIT 1 min) [90] 36 5 11 37.9 5.8 4
Smith-Ryan 2016 (HIT 2 min) [90] 36.4 3.12 10 37.9 5.8 5
Tong 2018 [91] 38.2 2.4 16 40.5 3.7 7
Tsekouras 2008 [93] 19.2 5.03 7 16.9 3.96 8
Zhang 2015 [98] 28.2 3.9 12 32.6 2.2 11
Zhang 2017 [99] 35.6 2 15 41.4 3 13
Zhang 2021 (HIIT) [100] 41.5 4.8 12 43.8 4 4
Subtotal (95% CI) 277 231

Heterogeneity: Tau® = 4.72; Chi? = 73.67, df = 19 (P < 0.00001); I* = 74%
Test for overall effect: Z = 2.63 (P = 0.008)

Total (95% CI) 474 358
Heterogeneity: Tau? = 3.87; Chi? = 93.77, df = 34 (P < 0.00001); I* = 64%

Test for overall effect: Z = 3.21 (P = 0.001)

Test for subgroup differences: Chi? = 0.26, df = 1 (P = 0.61), I> = 0%

4.6% -3.30[-5.14, -1.46]
1.9% 0.00 [-5.40, 5.40]
3.6% -0.70 [-3.62, 2.22]
4.3% 0.30 [-1.80, 2.40]
5.3% 0.58 [-0.33, 1.49]
2.2% 3.80 [-1.05, 8.65]
3.7% -2.30[-5.11, 0.51]
4.3% -1.20[-3.38, 0.98]
4.5% -4.20[-6.15, -2.25]
1.5% 2.10[-4.32, 8.52]
4.1% -0.40 [-2.75, 1.95]
0.7%  2.80([-7.35,12.95]
3.7% -4.50[-7.25,-1.75]
1.5% -1.90[-8.31, 4.51]
1.9% -1.50 [-6.94, 3.94]
3.5% -2.30[-5.28, 0.68]
2.3% 2.30[-2.33,6.93]
3.9% -4.40[-6.96, -1.84]
4.5% -5.80[-7.72, -3.88]
2.2% -2.30[-7.07, 2.47]
64.0% -1.64[-2.86, -0.42]

. 0i||| |J|ill. mik OIMH |H|||.|

100.0% -1.50 [-2.41, -0.58]

-0 -5 0 5 10
Favours HIIT/SIT Favours CON

Fig.3 Forest plot for the between-group effects of interval training (HIIT/SIT) versus CON on body fat percent reduction. CON nonexercise

control, HIIT high-intensity interval training, SI/7 Sprint interval training

hormones and metabolites, as well as sensations of hunger
and satiety [113]. These responses also appear to be depend-
ent on exercise intensity [114], as higher intensity exercise
was found to promote appetite suppression [115]. Interval
training has been shown to have a favorable impact on appe-
tite-regulating hormones, such as leptin and ghrelin, leading

to a decrease in postexercise appetite and potentially lower
energy intake [105, 116]. Collectively, EPOC, enhanced
catecholamine release that promotes tissue lipolysis, and
decreased postexercise appetite provide a scientific basis
for the potency of interval training for reducing adiposity.
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Table4 Summary of meta-
analyses of interval training
versus moderate-intensity
continuous training

Content courtesy of Springer Nature, terms of use apply. Rights reserved.

Outcome N Mean difference(95% of CI) P P ®)
Body fat (%) 40 —-0.77 (- 1.22 t0 - 0.32) 0.0008 4% (0.40)
Protocol: SIT 22 —1.16 (—2.06 to—0.26) 0.01 12% (0.30)
Protocol: HIIT 25 —-0.62 (—1.12t0—-0.12) 0.01 0% (0.54)
Duration: long term 22 —1.10 (- 1.67 to—0.53) 0.0002 0% (0.94)
Duration: short term 24 —0.38 (— 1.22 to 0.46) 0.38 25% (0.13)
BMI: 18.5— 24.9 kg/m? 4 —-045(-2.87t01.97) 0.72 2% (0.38)
BMI: > 25 kg/m? 37 -0.74 (- 1.19 to—0.30) 0.001 1% (0.46)
Mode: cycling 29 —-0.90 (—1.43t0—-0.36) 0.001 0% (0.80)
Mode: run/walk/jog 14 —0.66 (—1.71 t0 0.38) 0.21 36% (0.09)
HIIT volume: low 11 —1.14 (- 1.94 t0o-0.35) 0.005 0% (0.76)
HIIT volume: high 7 —0.03 (—0.99 t0 0.92) 0.94 2% (0.41)
Body mass (kg) 51 0.40 (—0.48 to 1.28) 0.37 0% (0.98)
Protocol: SIT 24 0.31 (- 1.49t0 2.10) 0.74 0% (0.92)
Protocol: HIIT 29 0.43 (—0.58 to 1.43) 0.41 0% (0.88)
Duration: long term 19 0.23 (- 1.41 to 1.88) 0.78 0% (0.91)
Duration: short term 32 0.39 (- 0.66 to 1.43) 0.47 0% (0.92)
BMI: 18.5— 24.9 kg/m? 9 0.96 (—0.49 to 2.42) 0.19 0% (086)
BMI: > 25 kg/m? 35 —0.07 (- 1.09, 1.23) 0.91 0% (0.98)
Mode: cycling 35 0.65 (—0.67, 1.97) 0.33 0% (0.97)
Mode: run/walk/jog 13 0.45 (—=0.77, 1.67) 0.47 0% (0.78)
HIIT volume: low 15 1.17 (= 0.69, 3.04) 0.22 0% (0.65)
HIIT volume: high 12 0.36 (—=0.95 to 1.67) 0.59 0% (0.87)
Body mass index (kg/m?) 40 0.06 (—0.13 to 0.26) 0.51 0% (0.68)
Protocol: SIT 17 0.17 (—0.43 t0 0.78) 0.57 0% (0.59)
Protocol: HIIT 24 0.05 (—0.15 to 0.25) 0.61 0% (0.58)
Duration: long term 14 —0.31(—0.91 t0 0.28) 0.3 0% (0.67)
Duration: short term 26 0.11 (—=0.09 to 0.31) 0.28 0% (0.60)
BMI: 18.5— 24.9 kg/m? 10 0.13 (—0.09 to 0.34) 0.24 0% (0.60)
BMI: > 25 kg/m? 29 —0.31(-0.741t0 0.12) 0.15 0% (0.66)
Mode: cycling 25 0.34 (—0.14 t0 0.81) 0.17 0% (0.95)
Mode: run/walk/jog 13 0.02 (—0.25 to 0.29) 0.86 2% (0.43)
HIIT volume: low 12 0.45(-0.34t0 1.23 0.26 0% (0.97)
HIIT volume: high 10 0.09 (—0.12 to 0.30) 0.41 0% (0.72)
Waist circumference (cm) 18 0.94 (—0.59 t0 2.47) 0.23 0% (0.84)
Protocol: SIT 4 2.22 (- 1.82t0 6.26) 0.28 15% (0.32)
Protocol: HIIT 15 0.58 (—1.10 t0 2.27) 0.23 0% (0.84)
Duration: long term 10 0.74 (- 1.52 to 3.00) 0.52 0% (0.78)
Duration: short term 9 1.10 (- 0.97 to 3.37) 0.3 0% (0.60)
Mode: cycling 11 1.42 (-0.87 t0 3.71) 0.22 0% (0.80)
Mode: run/walk/jog 6 0.48 (— 1.64 to 2.60) 0.66 0% (0.55)
HIIT volume: low 10 0.92 (—1.26 t0 3.10) 0.41 0% (0.79)
HIIT volume: high 5 0.45 (—2.35t03.26) 0.75 0% (0.71)
Waist— to— hip ratio 8 0 (= 0.01 to 0.01) 0.7 0% (0.47)
Duration: long term 4 —0.01 (—=0.04 to 0.02) 0.7 39% (0.18)
Duration: short term 4 0(—0.01 t0 0.01) 0.52 0% (0.73)
Mode: cycling 4 —0.02 (-0.06 to 0.01) 0.2 0% (0.67)
Mode: run/walk/jog 4 0.00 (—0.01 to 0.01) 0.47 2% (0.38)
Lean mass (kg) 13 0.55 (—0.53 to 1.63) 0.32 0% (0.71)
Protocol: SIT 5 0.61 (—1.01 to 2.23) 0.46 0% (0.65)
Protocol: HIIT 8 0.51 (—=0.94 to 1.95) 0.49 0% (0.49)
Duration: long term 5 1.96 (—0.21 to 4.13) 0.08 0% (0.74)
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Table 4 (continued)

Outcome N Mean difference(95% of CI) P P ®)
Duration: short term 8 0.13 (= 1.11 to 1.38) 0.83 0% (0.68)
Mode: cycling 5 0.55 (- 0.86 to 1.96) 0.45 0% (0.98)
Mode: run/walk/jog 7 0.17 (-2.63 to 2.98) 0.9 18% (0.29)
Fat— free mass (kg) 10 1.40 (—0.19 to 3.00) 0.08 0% (0.78)
Protocol: SIT 4 0.78 (—1.40 to 2.95) 0.48 0% (0.95)
Protocol: HIIT 6 2.13(-0.21 to 4.47) 0.07 0% (0.45)
Fat mass (kg) 23 —0.26 (—0.98 to0 0.46) 0.48 0% (0.72)
Protocol: SIT 9 —0.40 (—1.95t0 1.16) 0.62 0% (0.82)
Protocol: HIIT 15 —0.23 (- 1.06 t0 0.61) 0.59 2% (0.43)
Duration: long term 10 —0.72 (- 1.65t0 0.21) 0.13 0% (0.46)
Duration: short term 13 0.44 (-0.70 to 1.59) 0.45 0% (0.90)
Mode: cycling 18 0.14 (= 0.72 to 1.29) 0.75 0% (0.98)
Mode: run/walk/jog 4 0.13 (—1.54 to 1.80) 0.88 0% (0.57)
HIIT volume: low 6 0.53 (—0.84 to 1.90) 0.45 0% (0.74)
HIIT volume: high 6 0.45(—=0.97 to 1.879 0.54 0% (0.93)
Visceral adipose tissue® 9 —0.08 (- 0.34,0.17) 0.52 0% (0.71)
Duration: long term* 5 —0.26 (- 0.58, 0.06) 0.11 0% (0.91)
Duration: short term? 4 0.21 (- 0.20, 0.63) 0.31 0% (0.53)
Abdominal fat (total)* 8 —0.03 (- 0.27,0.21) 0.8 0% (0.97)
Duration: long term* 4 —0.18 (- 0.52,0.17) 0.32 0% (1.00)
Duration: short term? 4 0.10 (- 0.23,0.42) 0.56 0% (0.65)
Abdominal fat (subcutaneous)* 6 0.05 (- 0.25, 0.35) 0.73 0% (0.71)
Abdominal fat (android)* 9 —0.06 (- 0.33,0.20) 0.65 0% (0.89)
Abdominal fat (gynoid)* 8 —0.65 (- 1.44,0.14) 0.11 81% (<0.00001)
Duration: long term* 4 —1.36 (- 2.82,0.11) 0.07 88% (< 0.00001)
Duration: short term? 4 —0.03 (- 0.51,0.44) 0.89 0% (0.71)

BMI body mass index, HIIT high-intensity interval training, MICT moderate-intensity continuous training,

SIT sprint interval training

#Reported as standardized mean difference; bold text signifies statistically significant results

Regarding the clinical significance of our results, it is
acknowledged that there is currently no universally agreed-
upon minimal clinically meaningful or cutoff value of BF%
reduction in relation to cardiometabolic risk [117]. This
value may vary depending on individual factors and the
specific guideline being referenced. However, a recent epi-
demiological study suggested cutoff values of 25.8% for men
and 37.1% for women for predicting the cardiovascular risk
factors related to obesity [118]. Considering these bench-
marks, we recognize that the observed WMD in BF% in our
study may appear modest when comparing interval training
with CON (- 1.5%; 95% CI1—2.41% to — 0.58%) and MICT
(=0.77%; 95% CI—1.22% to—0.32%). These differences
are only incrementally higher than the typical biological
error of laboratory-standard body composition techniques
such as dual-energy X-ray absorptiometry [119]. The rel-
atively small magnitude of improvement raises questions
about the clinical significance of our results, despite their
statistical significance. Nonetheless, our subgroup analysis
revealed greater benefits in longer duration interventions

(=12 weeks) and in individuals with overweight/obesity,
who are the priority target for public health promotion.
Additionally, it is important to note that most included
studies in our review controlled for participants’ diets to
minimize the confounding effects of diet on body composi-
tion parameters. These findings indicate that the impact of
interval training on BF% reduction may be amplified in indi-
viduals with a relatively high baseline BF% who adhere to
an energy-restrictive diet, as typically prescribed for weight
management, over a sustained period of engagement.
Another noteworthy finding from the subgroup analy-
sis was that cycling appeared to be more efficacious than
running/walking/jogging in reducing BF%. One possible
explanation is that while all these modalities were com-
monly employed in our included studies, cycling is a non-
weight-bearing activity that is gentler on the joints. This
lower impact nature of cycling may make it a suitable exer-
cise option, particularly for individuals with overweight/
obesity or musculoskeletal issues, as it reduces stress on
the joints and lowers the risk of injury [2, 120]. This may in
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HIT/SIT MICT Mean Difference Mean Difference
Study or Subgroup Mean [%] SD [%] Total Mean [%] SD [%] Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.13.1 SIT
Bartlett 2017 [29] 31.8 8.2 36 30.9 8.7 36 1.3% 0.90 [-3.01, 4.81] E—
Burgomaster 2008 [32] 24 6.32 10 26 6.32 10 0.7%  -2.00 [-7.54, 3.54]
Cocks 2016 [35] 31.8 6.51 8 29.6 4.81 8 0.6% 2.20 [-3.41, 7.81]
Cooper 2016 (A-SIT) [36] 25.2 5.4 15 27.9 7 7 0.6% -2.70 [-8.56, 3.16]
Cooper 2016 (P-SIT) [36] 24.8 6 15 27.9 7 7 0.6% -3.10[-9.11, 2.91] ¢
Elmer 2016 [40] 27.32 7.66 6 35.7 1.34 7 0.5% -8.38[-14.59,-2.17] ¥——
Eskelinen 2015 [41] 20.1 3.06 13 21.6  3.14 13 3.4%  -1.50[-3.88,0.88] e
Fedwa 2018 [42] 41.2 5.2 21 44.3 3.7 23 2.7% -3.10 [-5.79, -0.41] I —
Gillen 2016 [46] 28 8 9 25 10 10 0.3% 3.00 [-5.11, 11.11] >
Gormley 2008 [47] 16 7 13 20.6 7 14 0.7%  -4.60[-9.88,0.68] ¢
Higgins 2016 [54] 41.2 4.8 23 44.2 4.4 29 3.0% -3.00[-5.53,-0.47] I —
Keating 2014 [59] 41 7.21 13 42.2  8.29 13 0.6% -1.20[-7.17,4.77]
Kong 2016a [60] 35.4 3.4 13 34.2 2.4 13 3.7% 1.20 [-1.06, 3.46] -1
Kong 2016b [61] 37.4 5.6 10 37 3.2 8 1.2% 0.40 [-3.72, 4.52] ——
Lunt 2014 [62] 39.1 5.2 9 39 5.3 7 0.7% 0.10 [-5.09, 5.29]
MacPherson 2011 [63] 16.6 7.3 10 19.7 9.1 10 0.4% -3.10[-10.33, 4.13] +
Nalcakan 2014 [69] 15.3  3.15 8 149 2.63 7 2.3% 0.40 [-2.53, 3.33] e na—
Rowley 2017 [79] 42.9 4 5 42.7 2.1 7 1.3% 0.20 [-3.64, 4.04]
Sandvei 2012 [80] 23.6 4.64 11 23.3 6.24 12 1.0% 0.30[-4.17, 4.77] ]
Sim 2015 [88] 30.9 2.7 10 30.2 6.5 10 1.0% 0.70 [-3.66, 5.06] I —
Skleryk 2013 [89] 27.2 5.94 8 32.3 3.96 8 0.8% -5.10[-10.05,-0.15] ———
Trapp 2008 [92] 32.4  8.91 15 323 11.2 15 0.4% 0.10 [-7.14, 7.34]
Zhang 2021 (SIT-120) [100] 40.5 46 12 43.4 4.1 4 0.9% -2.90[-7.69, 1.89]
Zhang 2021 (SIT all-out) [100] 42.1 44 11 43.4 4.1 3 0.7% -1.30[-6.62, 4.02]
Subtotal (95% CI) 304 281 29.3% -1.16 [-2.06, -0.26] ‘
Heterogeneity: Tau? = 0.58; Chi? = 26.12, df = 23 (P = 0.30); I? = 12%
Test for overall effect: Z = 2.53 (P = 0.01)
1.13.2 HIIT
Ahmadizad 2015 [25] 23.2 2.1 10 25.1 2.3 10 5.0%  -1.90[-3.83,0.03] I —
Cheema 2015 [33] 29.5 11.1 6 35 11.3 6 0.1% -5.50[-18.17,7.17] ¢
Eimarieskandari 2012 [39] 35.81 0.73 7 35.17 1.34 7 12.4% 0.64 [-0.49, 1.77] T
Garcia-Pinillos 2019 [44] 36.61 5.05 47 39.82 8.97 43 2.1% -3.21[-6.26, -0.16] -
Gripp 2021 [48] 26.8 4.1 11 28.8 3.5 14 2.1% -2.00 [-5.04, 1.04] e
Hornbuckle 2018 [55] 47.9 3 11 45 5.3 3 0.5% 2.90 [-3.35, 9.15] >
Hwang 2016 [56] 37.9 6.97 15 37.2 7.48 14 0.7% 0.70 [-4.57, 5.97]
Lunt 2014 [62] 39 5.6 9 39 5.3 7 0.7% 0.00 [-5.37, 5.37]
Moreira 2008 [68] 28.9 7.4 8 31 4.1 8 0.6% -2.10 [-7.96, 3.76]
Nie 2018 [71] 36.3 2.5 16 37 2.5 14 5.7% -0.70 [-2.49, 1.09] —
Nybo 2010 [72] 24.2 4.81 8 22.6 5.1 9 0.9% 1.60 [-3.11, 6.31]
Panissa 2016 [73] 27.5 6.2 11 26.4 3.6 12 1.1% 1.10 [-3.09, 5.29] -
Poon 2020 [101] 23.2 3.5 12 21.5 4.1 12 2.1% 1.70 [-1.35, 4.75] S E—
Poon 2021 [102] 22.5 2.9 11 22.3 3.7 10 2.4% 0.20 [-2.66, 3.06] O
Ram 2020 [75] 32.2 5.7 16 31.9 5.9 12 1.0% 0.30 [-4.05, 4.65] —
Ramirez-Velez 2017 [76] 22 3.6 11 24.2 5.1 9 1.3% -2.20 [-6.15, 1.75] I R
Relijc 2018 (HIIT 2x4) [78] 31.3 12.2 9 29.7 6.5 4 0.2% 1.60 [-8.60, 11.80] >
Relijc 2018 (HIIT 5x1) [78] 29.3 6.9 11 29.7 6.5 3 0.3%  -0.40[-8.81, 8.01] +
Sasaki 2014 [81] 20.9 4.5 12 19.9 4.85 12 1.4% 1.00 [-2.74, 4.74] I B —
Sawyer 2016 [82] 44.8 5.8 9 46.4 7.3 9 0.5% -1.60 [-7.69, 4.49]
Shepherd 2015 [86] 30.8 7.5 42 30.9 8.7 36 1.5%  -0.10[-3.74, 3.54]
Sijie 2012 [87] 36.6 4.32 17 39 4.04 16 2.4% -2.40 [-5.25, 0.45] -
Umamaheswari 2017 [94] 31.1 1.6 35 32.6 2.7 37 14.6% -1.50[-2.52,-0.48] —
Zhang 2015 [98] 28.2 3.9 12 29.2 2.4 12 2.9% -1.00 [-3.59, 1.59] I —
Zhang 2017 [99] 35.6 2 15 35.6 2.3 15 7.4% 0.00 [-1.54, 1.54] I —
Zhang 2021 (HIIT) [100] 41.5 4.8 12 43.4 4.1 4 0.8%  -1.90 [-6.75, 2.95]
Subtotal (95% CI) 383 338 70.7% -0.62[-1.12,-0.12] ‘
Heterogeneity: Tau? = 0.00; Chi? = 23.60, df = 25 (P = 0.54); I> = 0%
Test for overall effect: Z = 2.44 (P = 0.01)
Total (95% CI) 687 619 100.0% -0.77 [-1.22,-0.32] <

Heterogeneity: Tau? = 0.09; Chi? = 50.82, df = 49 (P = 0.40); I> = 4%
Test for overall effect: Z = 3.35 (P = 0.0008)
Test for subgroup differences: Chi? = 1.07, df = 1 (P = 0.30), I = 6.6%
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Fig.4 Forest plot for the between-group effects of interval training (HIIT/SIT) versus MICT on body fat percent reduction. HIIT high-intensity
interval training, MICT moderate-intensity continuous training, S/T sprint interval training

turn enable individuals to sustain longer and more intense
exercise sessions, leading to more efficient fat loss. Addi-
tionally, our subgroup analysis indicates that HIIT protocols
with low volume (i.e., < 15 min of high-intensity exercise per
session) yielded comparable effects for most body composi-
tion outcomes and possibly superior improvements in BF%
reduction, as compared with interventions with high-volume

protocols. Existing literature suggests that low-volume HIIT
has the potential to rapidly enhance cardiometabolic adap-
tations, including increased mitochondrial biogenesis and
improved insulin sensitivity, through enhanced molecu-
lar signalling activities [121, 122]. These adaptations are
believed to contribute to an improved capacity for fat oxi-
dation, which can enhance metabolic health and facilitate
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Meta-analysis results: Total Body Fat%
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overweight/obesity

Protocols using cycling
as a modality

Fig.5 Graphical representation of the efficacy of interval training in
reducing body adiposity in apparently healthy adults. CI confidence
interval, CON control, HIIT high-intensity interval training, MICT

the reduction of body fat, particularly in individuals with
metabolic disorders and impaired fatty acid oxidation [123].
However, from a physiological standpoint, the mechanisms
proposed for the benefits of low-volume HIIT would also
apply to high-volume HIIT. Moreover, high-volume HIIT
has the added benefit of higher overall exercise session
energy expenditure, which should theoretically lead to
greater fat loss if all other factors are equal. The small actual
differences observed, while modestly larger than technical/
biological error, could also be due to uncontrolled or unac-
counted for factors; although, a similar counterintuitive find-
ing has been shown for reduced-volume SIT before [124].
Further research with stronger statistical power is needed
to fully elucidate the precise mechanisms contributing to
the observed effects of HIIT protocols with varying vol-
umes on body composition outcomes. Another advantage
of low-volume protocols is their perceived “time efficiency”
[122], which may make it easier for individuals to incor-
porate them into their routine. However, it is worth noting
that these time-saving benefits may not be substantial when
considering factors such as warm-up/cool-down periods and
rest intervals. Nevertheless, from a practical perspective, our
results suggest that low-volume HIIT can serve as a viable

S oL

Longer duration

. . Low-volume HIIT
interventions

moderate-intensity continuous training, RC7Ts randomized controlled
trials, SIT sprint interval training, WMD weighted mean difference

exercise alternative or complement to more traditional forms
of aerobic exercise regimen, such as high-volume HIIT and
MICT, for improving body composition and adiposity.
There is an understandable concern about the practical-
ity and safety of implementing interval training in less fit or
previously inactive populations, including some individuals
who with overweight/obesity. For instance, a recent com-
mentary has raised doubts about the long-term sustainability
of HIIT [125]. The transition from short-term supervised
exercise programs to long-term self-directed interventions in
research settings has been linked to decreased participation,
partly due to the ongoing need for supervision, monitoring,
and support. However, this concern does not seem unique
to HIIT. A recent systematic review and meta-analysis con-
ducted by Santos et al. [126], which included 188 unique
studies with a total of 8928 participants, revealed that in
unsupervised, real-world interval training interventions
(inclusive of both HIIT and SIT), the average adherence
rate (i.e., completion of unsupervised physical activity) was
moderate at 63%, which was comparable with the adherence
rate of MICT interventions at 68%. Furthermore, the analysis
showed that compliance rates (i.e., supervised intervention
attendance) to both interval training and MICT were high
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among insufficiently active adults and adults with a medical
condition, with rates of 89% and 92%, respectively. These
high compliance rates align with the modest discontinuation
rate (~ 15%) reported in the included RCTs within our review
that reported dropout rates specifically in interval training
programs. Previous studies have demonstrated that interval
training performed at high intensities appears to be safe,
well tolerated, and achievable, even when applied in clini-
cal populations with low initial fitness levels (e.g., patients
with coronary artery disease, heart failure, and various forms
of cancer) [14, 127-129]. Nevertheless, inactive individu-
als with cardiovascular risk factors should be encouraged to
undergo a medical evaluation before initiating any exercise
program [2]. Although current research suggests that inter-
val training is safe for most healthy individuals, it is prudent
for fitness and health professionals to perform proper pre-
screening and deliver all exercise programming in a progres-
sive manner with adequate supervision.

A limitation of this umbrella review is that most of the
included systematic reviews were rated as critically low
(n=6) or low (n=6), based on the AMSTAR-2 quality rat-
ing. Specifically, only a small number of reviews referred
to a predefined methodology or assessed the impact of
RoB on the results. None of the studies provided a list of
excluded studies with reasons for exclusions or reported on
the sources of funding for the included studies. This under-
scores the importance of exercising caution when interpret-
ing certain included reviews and highlights the need for
well-conducted systematic reviews in this particular field.
Nonetheless, our methodological quality assessment of all
78 included RCTs indicated relatively high PEDro scores,
with most RCTs rated as excellent (41%) or good (33%).
This suggests that our meta-analysis is expected to contrib-
ute to a strong and reliable evidence base on interval training
and its effects on body composition and adiposity. Further-
more, it is noted that the terms HIIT and SIT were defined
somewhat inconsistently across studies. For instance, Bar-
tlett et al. [29] initially described their protocols as HIIT,
involving repeated high-intensity sprints lasting between
15 and 60 s at an intensity exceeding 90% HRmax. How-
ever, considering the recognized time delay in achieving a
steady-state HR (typically exceeding 1 min), any protocol
utilizing short (e.g., < 1-min) intervals and relying solely on
HR% should be subjected to scrutiny when distinguishing
between SIT and HIIT. Lastly, it should be noted that the
target population of this umbrella review and meta-analysis
was apparently healthy adults without acute or chronic dis-
eases. Therefore, caution should be taken when generalizing
the results to other populations, such as children and adoles-
cents, as well as different clinical populations (e.g., persons
with type 2 diabetes, metabolic syndrome, or hypertension).

5 Conclusions

This novel umbrella review with large-scale meta-analysis
provides robust evidence supporting the efficacy of interval
training, including both HIIT and SIT, in reducing adipos-
ity in adults. Interval training demonstrated significant but
modestly greater reductions in total BF% compared with
traditional MICT and nonactive control groups. These
benefits appeared to be more prominent in individuals
with overweight/obesity and longer duration interventions
(=12 weeks), as well as in protocols employing cycling as
a modality and using low-volume HIIT (i.e., < 15 min of
high-intensity exercise per session). Our findings can help
address the existing limitations in PA guidelines regarding
the recommendation of interval training as a viable exer-
cise strategy for improving body composition and adiposity.
Further research and implementation efforts are warranted
to optimize the integration of interval training into compre-
hensive obesity prevention and management programs and
to evaluate the impact of different interval training interven-
tions on obesity-related comorbidities.
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