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Abstract 

Background: High-intensity multimodal training (HIMT) is emerging as a popular training method that combines 
aerobic and resistance training throughout a single exercise session. The current literature is limited by a lack of termi-
nology that broadly encompasses all styles of combined aerobic and resistance training. The magnitude of chronic or 
long-term (i.e.  ≥ 4 weeks) effects of HIMT participation on aerobic and muscular fitness also remains unclear. Addi-
tionally, one of many complex reasons for the growing popularity of HIMT may be attributed to the affective response 
to exercise, namely levels of enjoyment. However, this concept is not yet well understood across all styles of HIMT. A 
comprehensive systematic review is required to synthesise the available literature and attempt to provide an opera-
tional definition of HIMT to capture the breadth of combined training styles that exist.

Objective: The objective of this systematic review was to determine the chronic effects of HIMT participation on 
aerobic and muscular fitness and to compare HIMT to established concurrent training methods. Enjoyability and 
other adherence-related subjective responses were also examined in HIMT participants. This review critically assessed 
the level of evidence and feasibility of current HIMT guidelines.

Methods: A systematic literature search was conducted on PubMed, Web of Science and SPORTDiscus to identify 
studies up until March 2021.

Results: A total of 20 studies were included for review. Studies generally reported moderate to large effects on aero-
bic fitness and subjective responses in favour of HIMT interventions. Mixed outcomes were demonstrated in muscular 
fitness. These results should be treated with caution due to high risk of bias among included studies.

Conclusions: Few studies have assessed the chronic effects of HIMT participation on aerobic, and musculoskeletal 
adaptations and subjective responses, in particular exercise enjoyment. Research conclusions are limited by heteroge-
neity of experimental protocols and outcome measures. Furthermore, the inability of the literature to make adequate 
comparisons between various styles of HIMT and other concurrent training protocols limits understandings of the 
efficacy of HIMT.

Registration This systematic review was registered on the Open Science Framework (10.17605/OSF.IO/2RE4B; 26 March 
2021).
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Key points

• Previous studies have demonstrated positive effects 
of chronic high-intensity multimodal training 
(HIMT) participation on aerobic fitness and subjec-
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tive responses in healthy adults.
• Mixed outcomes have been demonstrated in muscu-

lar fitness (e.g., strength, endurance, power).
• Disparate styles of HIMT and unstandardised report-

ing of interventions inhibit the ability to make clear 
comparisons with other concurrent training meth-
ods, limiting the understanding of the efficacy of 
HIMT.

• The subjective response to HIMT is not clearly 
understood. However, previous findings for high-
intensity interval training (HIIT) show that HIMT 
may be enjoyable, which has implications for pro-
moting exercise adherence.

Introduction
Regular participation in physical activity is known to 
positively influence various outcomes including physical 
and psychological health, well-being and quality of life [1, 
2]. Physical activity guidelines recommend that healthy 
adults participate in both aerobic (i.e. ≥ 30 min of mod-
erate intensity on 5 days/ week or ≥ 20  min of vigorous 
intensity on 2 days/ week) and resistance-based exercise 
(i.e. ≥ 2 days/ week) to reduce the risk of morbidity and 
mortality [3]. However, adherence to physical activity 
guidelines remains low, with lack of time (to accumu-
late both aerobic and resistance training) and poor exer-
cise enjoyment or intrinsic motivation among the most 
commonly reported barriers to exercise participation 
[4–8]. Combining aerobic and resistance training modali-
ties into a single time-efficient exercise session may help 

individuals fulfil the current physical activity recom-
mendations and has recently gained interest [9, 10]. For 
example, high-intensity interval training (HIIT), body-
weight, functional fitness and group training are among 
the top 20 worldwide fitness trends for 2021 [10]. There 
have been recent attempts to label and define this emerg-
ing training trend using terms such as high-intensity 
functional training (HIFT), CrossFit®, bodyweight HIIT, 
resistance HIIT and circuit high-intensity interval train-
ing [9, 11] (Fig. 1b). However, operational terms such as 
functional, bodyweight and resistance may not consist-
ently capture all combinations of aerobic and resistance 
modalities or may be confused with goals associated 
with motor learning and performance [12, 13]. Namely, 
the term functional can be used interchangeably as a 
movement or modality description. Additionally, previ-
ous definitions are limited by large variation in exercise 
prescription (i.e. modality, intensity, work-to-rest ratio). 
Therefore, for the purposes of this review the authors 
introduce the term high-intensity multimodal training 
(HIMT) as a broader defining term that encompasses all 
relevant styles of combined aerobic, resistance and/ or 
bodyweight training (i.e. HIFT, bodyweight HIIT, Cross-
Fit®) performed at a high or vigorous intensity (Fig. 1b). 
High or vigorous exercise intensity is defined by the 
American College of Sports Medicine (ACSM) [3, 14] as 
activity that sustains:

•  > 77% heart rate maximum (HRmax) OR 80–90% 
HRmax during work periods and 40–50% HRmax 
during active or passive rest periods;

• Rating of perceived exertion (RPE) > 14 out of 20;

Fig. 1 Description of relevant training modalities in the literature. HIIT high-intensity interval training, HIMT high-intensity multimodal training, WOD 
workout of the day, CINT circuit-type neuromuscular exercise training, HIPT high-intensity power training, HICTBW high-intensity circuit training with 
bodyweight, HIFT high-intensity functional training, RT resistance training, AT aerobic training
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•  > 70% 1 repetition maximum (1RM);
• Or an inability to speak more than a few words.

HIMT may contain similar components of HIIT which 
typically involves a single aerobic exercise mode (i.e. 
cycling or running) (Fig.  1a, b). Both may be character-
ised by repeated bouts of high- or vigorous-intensity 
activity interspersed with periods of active or passive 
rest [15]. The current popularity of HIIT training can be 
largely attributed to its ability to elicit significant training 
adaptations in a time-efficient manner [11, 16]. Similarly, 
HIMT may be an attractive exercise method for accu-
mulating aerobic and resistance training into one ses-
sion. Previous studies have attempted to investigate the 
chronic or long-term (i.e. ≥ 4  weeks) health and fitness 
outcomes of HIMT [17–20]. These studies suggest that 
the combination of aerobic and resistance training stimu-
lus of HIMT elicits time-efficient aerobic and muscular 
fitness adaptations [21, 22]. However, due to the limited 
ability to prescribe, control and monitor high or vigorous 
levels of intensity and difficulties in standardising exter-
nal work, it remains unclear whether HIMT is as effec-
tive as other concurrent aerobic and resistance training 
interventions [9], for example, concurrent training where 
aerobic and resistance exercise are distributed into sepa-
rate training blocks within a single session (Fig. 1c) or on 
different days (Fig. 1d).

Positive subjective responses including increased 
intrinsic motivation and exercise enjoyment have been 
shown to promote greater exercise adherence and there-
fore may play a role in the improved health and fitness 
outcomes associated with HIMT [5–7]. The reasons for 
exercise initiation and adherence are complex and can be 
attributed to many interrelating environmental, social, 
cognitive, physiological and personal factors [23]. Among 
them, the affective response to exercise, in particular the 
experience of enjoyment, is suggested to impact exercise 
adherence by supporting intrinsic motivation [6, 7]. Pre-
vious investigations that have examined this association 
may offer possible explanations for the emerging popu-
larity of HIMT [24–26]. The notion that HIMT might 
provide an enjoyable mode of training is primarily based 
on similarities with HIIT workouts, which have been 
shown to be more ‘enjoyable’ than steady-state modalities 
in healthy populations [27, 28]. However, high-intensity 
exercise has also shown to be painful and unpleasur-
able for individuals with poorer conditioning [29, 30]. To 
date, few studies have examined the effects of the various 
styles of HIMT on subjective responses such as enjoy-
ment. A greater understanding of this relationship may 
provide insight into exercise behaviour and the impact 
of HIMT on exercise adherence. Therefore, the purpose 
of this review is to examine the effects of chronic HIMT 

participation on aerobic and muscular fitness and to 
compare HIMT to established concurrent aerobic and 
resistance training methods. Exercise enjoyment and 
other adherence-related subjective responses will also be 
examined in HIMT participants. This review will provide 
an operational definition of HIMT to effectively capture a 
broader range of combined aerobic and resistance train-
ing styles that currently are described in the literature. 
Finally, this review will assess the level of evidence of cur-
rent HIMT training guidelines.

Methods
This review was conducted according to PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis) guidelines [31]. A systematic review protocol 
including the review question, search strategy, exclusion 
criteria and risk of bias assessment was prospectively reg-
istered with the Open Science Framework (https:// doi. 
org/ 10. 17605/ OSF. IO/ 2RE4B; 26 March 2021).

Eligibility Criteria
Eligibility criteria were drafted and refined by three 
authors (TS, CG, LW) using exploratory searches. 
Included studies met the following criteria [popula-
tion, intervention, comparator, outcome, study design 
(PICOS)] and report characteristics.

P: This systematic review included studies investigating 
the healthy adult population without contraindication to 
exercise only (over mean age 18 years—2 standard devia-
tions and under mean age 65 + 2 standard deviations). 
Participants younger than 18 or older than 65 may show 
different adaptations to HIMT compared to adults and 
should be studied separately. If studies included both 
adults and the elderly or youth, they were included only 
if data reported for adults are reported separately. Stud-
ies examining participants with metabolic or chronic dis-
ease, musculoskeletal injuries or psychological disorders 
were excluded.

I: All longitudinal interventions (≥ 4-week duration) 
that  primarily emphasise whole-body movements and 
combine aerobic and muscular training (resistance or 
bodyweight) into a single session. This may have included 
but was not limited to high-intensity functional training 
(HIFT), high-intensity circuit training (HIICT), multi-
modal training (MM-HIIT), high-intensity resistance 
training (HIRT) and CrossFit®. Accepted interventions 
elicited both cardiovascular and musculoskeletal training 
stimuli. Any protocols that did not specify a high, vigor-
ous, all out or maximal intensity were excluded. Interven-
tions that specified a high, vigorous, all out or maximal 
intensity but did not meet the ACSM guidelines for high-
intensity activity were included to ensure literature satu-
ration. Interventions that did not use HIMT as the sole 

https://doi.org/10.17605/OSF.IO/2RE4B
https://doi.org/10.17605/OSF.IO/2RE4B
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exercise modality or used block or concurrent training 
where training modes are separated within sessions or on 
separate days were excluded.

C: Only studies with a comparator group were included 
in this review. Eligible comparators included at least one 
of the following:

• Passive control (no engagement in physical activity);
• Habitual activity control (continued regular physical 

activity habits);
• Structured activity control (structured activity con-

trol groups were included where aerobic and resist-
ance training was completed in a concurrent for-
mat distributed into separate training blocks, either 
within (1) a single session or (2) on different days. No 
restriction was placed on exercise intensity).

O: The outcomes of this systematic review were reported 
health and fitness measures regarding:

• Aerobic capacity (e.g. oxygen uptake, heart rate vari-
ables);

• Muscular fitness (e.g. strength [1RM, grip strength], 
endurance [maximal repetition tests] and power 
[Wingate, peak power, counter movement jump]);

• Exercise enjoyment and other adherence-related 
subjective responses (e.g. HIIT self-efficacy, intrinsic 
regulation, identified regulation).

S: This search was limited to randomised parallel groups 
trials in order to ensure greater quality of included stud-
ies and meet the objectives of this review (comparison of 
HIMT with other concurrent training modalities). The 
search did not restrict publication status or language to 
ensure saturation of the literature. Potentially relevant 
studies not written in English were translated for assess-
ment using Google Translate.

Search
A search strategy was developed by three authors (TS, 
CG, LW). A literature search was conducted by a single 
author (TS) in PubMed, Web of Science Core Collec-
tion and SPORTDiscus. Sources were searched with no 
start date and an end date of March 2021. The Cochrane 
Central Register of Controlled Trials (CENTRAL) and 
sources of grey literature were also searched to ensure 
literature saturation. See Additional file  1: Table  S1 
for detailed search strategy and Boolean search string. 
No medical subject headings (MeSH) were used in this 
search strategy due to the non-clinical nature of the 
review. In addition to the database searches, the reference 

lists of relevant studies, reviews and books were screened 
for potential oversights. Relevant experts in the field were 
also consulted and their personal profiles searched to 
ensure saturation of the literature.

Study Selection
Literature search results were exported into reference 
management software (Endnote X9), and all duplicate 
articles were removed. Articles were then imported into 
Covidence (Covidence Systematic Review Software, 
Veritas Health Innovation 2013) to assess eligibility. Two 
authors (TS, CG) independently screened the articles by 
title and abstract. All potentially eligible references pro-
ceeded to full-text screening. Conflicts were resolved 
by a third author (LW). Two authors (TS, CG) inde-
pendently screened the full texts of all included records 
against the eligibility criteria. Conflicts were resolved by 
a third author (LW).

Data Extraction
Two authors (TS, CG) independently extracted data 
from eligible studies. Data were imported into an Excel 
spreadsheet designed for this review (Additional file  2: 
Table  S2). Extracted information included publication 
details (author, year), participant characteristics (sex, 
physical activity level/ training history), study methods 
(design), HIMT intervention (duration, mode, frequency, 
volume, intensity), comparator and sources of fund-
ing. Pre- and post-intervention measures (mean ± SD) 
and effect size were extracted for primary (aerobic and 
muscular fitness) and secondary (enjoyability) outcome 
measures. If pre- and post-intervention data were pro-
vided only in figures or not provided within the paper, 
the authors were contacted via email for further infor-
mation. Where authors were uncontactable or did not 
respond [32–36], the online tool WebPlotDigitizer was 
used to manually extract data from the reported figures.

Data Analysis
Effect sizes (Hedges’ g) and their 95% confidence inter-
vals were calculated for all outcome measures of studies 
included in the review. The between-group effect sizes 
were calculated for HIMT intervention groups versus 
comparator group (i.e. passive or habitual activity control 
or structured activity [concurrent training]). To obtain 
the effect size change, scores (i.e. mean post–mean pre) 
were calculated for all groups and divided by the pooled 
standard deviation. To retrieve the pooled standard devi-
ation, the change from baseline SD using a correlation 
coefficient of 0.8 was calculated using the formula rec-
ommended by the Cochrane guidelines [37]:
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where  SDEbaseline equals the standard deviation at the pre-
test for the HIMT or comparator intervention,  SDEfinal 
equals the standard deviation at the post-test for the 
experimental or control intervention and Corr equals the 
correlation coefficient.

Risk of Bias Assessment
The Cochrane ROB 2 tool for assessing the risk of bias for 
randomised trials was used to assess the possible risk of 
bias for each study (Table 8.5a in the Cochrane Handbook 
for Systematic Reviews of Interventions) [38]. This tool 
addresses sequence generation, deviation from intended 
interventions, incomplete outcome data, outcome meas-
urement and selective reporting. For each domain, the 
methodology of each study was considered and a judge-
ment of the possible risk of bias was made. Where there 
was insufficient information reported in the study, the 
risk of bias was judged as ‘unclear’ and the study authors 
were contacted for further information. Two review-
ers (TS, CG) independently made these judgements per 
the Cochrane collaboration tool criteria. Conflicts were 
resolved by discussion. A third reviewer with experi-
ence in risk of bias assessments (FMI) reviewed all risk 
of bias evaluations. Unresolved conflicts were resolved by 
discussion.

Results

Study Selection
The initial database search generated 9587 studies. Once 
duplicates were removed, 6014 titles and abstracts were 
screened against the eligibility criteria. Of those, 5916 
were excluded (“Eligibility Criteria” section). Following 
this, 98 titles were retrieved as full text and assessed for 
eligibility. Of those, 78 were excluded (Additional file 3: 
Table S3) with reasons for exclusion displayed in Fig. 2. 
On completion of these procedures, 20 studies were 
included for analysis in this systematic review.

Study Characteristics
The 20 papers within this review examined 619 partici-
pants with mean age ranging from 18 to 63 (Additional 
file  2: Table  S2). Three studies from the same authors 
observed the same group of participants [18, 39, 40]. 
Another two studies of the same group of authors 
reported on findings from the same subjects [32, 33]. 
Among the included studies, 4 compared HIMT to a 
passive control, 8 compared HIMT to a habitual activity 
control and 8 compared HIMT with structured activity 

SDEchange =

√

SD2
Ebaseline + SD2

Efinal − (2× Corr× SDEbaseline × SDEfinal)

(concurrent training) (Fig.  3). To meet the objectives 
of this review, the studies comparing HIMT to passive 
and habitual activity control groups will be discussed 
together. Studies that examined HIMT versus structured 
activity (concurrent training) will be discussed separately.

Within the studies comparing HIMT to passive or 
habitual activity controls, 6 measured aerobic fitness, 10 
measured muscular fitness and 2 measured adherence-
related subjective responses (Table 1). Among these stud-
ies, changes in muscular strength, endurance and power 
were examined by 8, 6 and 3 studies, respectively. Among 
the 8 studies comparing HIMT to structured activ-
ity (concurrent training), 3 measured aerobic fitness, 6 
measured muscular fitness (5: strength, 2: endurance, 3: 
power) and only one study observed subjective responses 
(Table  1). HIMT interventions included high-intensity 
circuit bodyweight training, high-intensity circuit-type 
neuromuscular exercise training, high-intensity power 
training, Tabata, bodyweight HIIT, CrossFit® and inte-
grated concurrent training. Passive and habitual activity 
control protocols involved no exercise and the continua-
tion of regular activities, respectively. Structured activity 
(concurrent training) protocols included serial or blocked 
aerobic and resistance training in a single session (Fig. 1c) 
or on different days (Fig. 1d). The intervention and con-
trol group protocols of each study are displayed in Fig. 3. 
Further descriptive results of the included studies includ-
ing publication details, participant characteristics, study 
methods, HIMT intervention, comparator and fund-
ing details are displayed in Additional file  2: Table  S2. 
Pre- and post-intervention measures were extracted for 
primary (aerobic and muscular fitness) and secondary 
(subjective responses) outcome measures. Effect sizes 
(Hedges’ g) and their 95% confidence intervals were 
calculated for all outcome measures (“Data Analysis” 
section).

Outcome Measures
Previous studies that compared HIMT to passive and 
habitual activity control groups generally demonstrated 
positive effects on aerobic fitness, muscular fitness and 
subjective responses in favour of the HIMT intervention. 
For detailed within- and between-group results of HIMT 
versus passive and habitual activity controls, see Addi-
tional file 4: Tables S4; Additional file 5: Table S5; Addi-
tional file 6: Table S6a, Fig. S1a–e. All studies comparing 
HIMT to structured activity (concurrent training) dem-
onstrated a moderate to large effect on aerobic fitness 
in favour of the HIMT intervention (Table  2; Fig.  4a). 
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Contrastingly, Davis et  al. [32] did not demonstrate an 
effect (0.11 ± 0.877) in favour of either group on sub-
maximal HR in male groups. Between-group effect sizes 
were unable to be calculated for female and male rest-
ing HR values and male  VO2max data due to unreported 
data. Authors reported this was due to reduced sample 
size as a result of subject withdrawal and were contacted 
for data retrieval, without response. Another 4 studies 
demonstrated a small to large effect on muscular fitness 
measures in favour of the HIMT intervention versus 

structured activity (concurrent training). In contrast, 7 
studies showed small to large effect in favour of the struc-
tured activity group. The 7 other studies observed a triv-
ial effect on muscular fitness (Table 2; Fig. 4b). Exercise 
enjoyment was observed in one study only comparing 
HIMT to structured activity (concurrent training) [24]. 
Both training groups demonstrated increased exercise 
enjoyment, with a very large effect in favour of the HIMT 
group (2.71 ± 1.280) (Fig. S1f ). For detailed within- and 
between-group results of HIMT versus structured 

Fig. 2 PRISMA flow diagram of systematic search and included studies NRCT  non-randomised controlled trial
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activity (concurrent training), see Additional file  5: 
Table S5 and Additional file 6: Table S6b, Fig. S1f.

Risk of Bias
The risk of bias assessment results, including sequence 
generation, allocation concealment, blinding, outcome 
data and selective reporting, are available in Table  3 
and Additional file 7: Table S7. One study examined the 
effects of assignment to intervention for the intention to 
treat [25], and the remaining studies examined the effects 
of adherence to the intervention. Three studies from the 
same group of authors demonstrated random sequence 
generation and adequate allocation concealment [18, 39, 
40]. Another two studies demonstrated random sequence 
generation without adequate allocation concealment [25, 
41]. Nunes et  al. [42] showed partial random sequence 
generation only. The remaining 14 studies demonstrated 
high risk of bias in inadequate randomisation and con-
cealment procedures. Two studies by the same group of 
authors demonstrated concern in their randomisation 
and matching technique [32, 33]. This was highlighted 

by a discrepancy in the reporting of pairs. The remain-
ing studies showed no significant differences at baseline 
or did not report this information. The same two stud-
ies demonstrated partial blinding of subjects [32, 33]. The 
participants were aware they were assigned to an inter-
vention, but unaware of the aims. The remaining stud-
ies did not demonstrate adequate blinding of allocation 
to intervention or instructors delivering the interven-
tion. Eight studies reported no or partially missing data 
[36, 41–47]. Other included studies either did not report 
on missing data or reasons for missingness. Three stud-
ies demonstrated partial blinding of testing assessors [32, 
33, 46]. The other 17 studies showed inadequate blinding. 
All studies demonstrated moderate risk of bias for selec-
tive reporting. Included studies were unable to report 
adequate details of pre-registrations or lacked details of 
statistical methodologies if registration was provided. 
Overall, the included studies demonstrate high risk of 
bias particularly in the domains relating to deviation 
from intended interventions for the ‘per-protocol effect’, 
missing outcome data and outcome measurement.

Fig. 3 Intervention and comparator protocols of included studies. HIMT high-intensity multimodal training; * concurrent aerobic and resistance 
training distributed into a single session, # concurrent aerobic and resistance training distributed on different days
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Discussion
Despite HIMT providing a time-efficient alternative to 
traditional aerobic and resistance training modes, the 
exact magnitude of its effects on aerobic and muscular 
fitness remains unclear. While HIMT may be considered 
a novel term in the literature, it appears to be an attrac-
tive exercise mode in a real-world health and fitness 
setting [10]. Previous studies that have attempted to syn-
thesise the literature demonstrate a lack of an operational 
term that broadly captures all combinations of aerobic 
and resistance training, e.g. HIFT, bodyweight HIIT and 
circuit HIIT [48–51]. These disparate styles of HIMT 
and unstandardised methods of reporting interventions 
make comparisons to other concurrent training modes 
difficult. For example, future implementation of check-
lists for reporting exercise interventions (e.g. Consensus 
on Exercise Reporting Template [CERT]) may improve 
consistency within the literature [52]. The primary aim 
of this systematic review was to examine the chronic or 
long-term effects of HIMT on aerobic and muscular fit-
ness compared to other concurrent training modalities. 
A secondary aim of the review was to examine subjective 
responses in HIMT. This review also aimed to provide an 

operational definition of HIMT, to  further capture the 
breadth of modalities existing within the literature and 
more effectively make comparisons to other methods of 
concurrent training.

Summary of Evidence
Previous studies have attempted to examine the chronic 
effects of HIMT on numerous select outcomes in aero-
bic and muscular fitness and subjective responses. 
Mixed findings in these domains can be attributed to 
inconsistent definitions in the literature and methodo-
logical limitations. For example, studies have examined 
a variety of populations over a range of interventions 
varying in duration, volume, intensity and mode limit-
ing the ability to comparatively examine their effects. 
Despite these inconsistencies, existing findings sup-
port positive implications for aerobic and muscular 
fitness. However, the magnitude of these effects seems 
to be related to the specific training principles (i.e. 
specificity, variation, progressive overload) of different 
HIMT styles. Given the emerging popularity of HIMT, 
a greater understanding of these effects is essential 
to guide future research in developing guidelines for 

Table 2 Results of summary of within-group changes for studies observing HIMT versus structured activity (concurrent training)

HIMT high-intensity multimodal training, CE concurrent exercise, CF CrossFit®, HICTBW high-intensity circuit training with bodyweight, COMT combined training, 
BWHIIT bodyweight high-intensity interval training, CT combined training, HIFT high-intensity functional training, CSCT common strength and conditioning training, 
M male, F female, ↑ significant improvement, ↔ no significance change, ↓ significant decrease, † at least one significant difference compared to structured activity 
group, × not applicable

Reference Training group Outcomes

Muscular fitness

Aerobic fitness Muscular 
strength

Muscular 
endurance

Muscular power Subjective 
responses

HIMT versus structured activity (concurrent training)

Davis et al. [32] Integrated CE (M) ↑†  ×  ×  ×  × 

Integrated CE (F) ↑† ↔  ×  ×  ×  × 

Serial CE (M)  ↔  ×  ×  ×  × 

Serial CE (F) ↑ ↔  ×  ×  ×  × 

Davis et al. [33] Integrated CE  × ↑† ↑† ↔  ×  × 

Serial CE  × ↑  ↔  ×  × 

Mirzaei et al. [45] Integrated CE  × ↑ ↑ ↑  × 

Serial CE  × ↑ ↑  ↔  × 

Heinrich et al. [24] CF  ×  ×  ×  × ↑
ART  ×  ×  ×  × ↑†

Carneiro et al. [35] HIBWT  × ↑  ×  ×  × 

COMT  × ↑†  ×  ×  × 

Nunes et al. [42] BW HIIT  ×  ↔  ×  ×  × 

ART  × ↑†  ×  ×  × 

Bahremand et al. [34] CF ↑ ↑†  × ↑ ↔  × 

CT ↑ ↑  × ↑ ↔  × 

Hovespian et al. [67] HIFT ↑  ×  ×  ↔  × 

CSCT ↑  ×  ×  ↔  × 
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Fig. 4 Effect sizes ± 95% confidence intervals of pre- to post-intervention between-group changes in a aerobic fitness for studies observing HIMT 
versus structured activity (concurrent training) and b muscular fitness for studies observing HIMT versus structured activity (concurrent training). 
HIMT high-intensity multimodal training, 1RM 1 repetition maximum, LB lower body, UB upper body, UBMPO upper body mean power output, 
LBPPO lower body peak power output, UBPPO upper body peak power output, LBMPO lower body mean power output, R right, L left, F female, M 
male, VO2max maximal oxygen uptake, HR heart rate
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practical implementation in real-world health and fit-
ness settings.

Aerobic Fitness
Previous studies have demonstrated moderate to large 
positive effects on aerobic fitness in favour of chronic 
HIMT participation compared to concurrent training 
or passive and habitual controls. Given the relation-
ship between enhanced aerobic fitness and time spent 
at or near  VO2max, these findings are likely attributed 
to the prescription of high-intensity workloads coupled 
with whole-body movement characteristics [11, 29]. 
HIMT sessions combine high-intensity bouts of gross 
whole-body movements and locomotor patterns that 
engage both upper and lower limbs. These components 
may provide a greater aerobic fitness stimulus than tra-
ditional resistance circuit training alone over a period 
of 4  weeks or longer [29, 48, 53]. For example, multi-
station HIMT circuits and CrossFit® protocols com-
prised of whole-body exercises (e.g. step jack, wall-sit, 

wall push-up, sit-up hand reach and step-up onto aero-
bic step) have demonstrated improvements in  VO2max, 
 VO2peak and submaximal HR following HIMT par-
ticipation [18, 34, 43]. Additional CrossFit® protocols 
comprised of whole-body aerobic and resistance-based 
movements have also been shown to acutely elicit high 
intensities of work (e.g.  HRmax of > 180 bpm and blood 
lactate concentrations of 11–18  mmol/L) that com-
pare to other forms of high-intensity endurance exer-
cise [54, 55]. Despite popular high-intensity exercise 
protocols typically being shorter in session duration, 
this does not appear to limit aerobic fitness adapta-
tions [56, 57]. For example, Schmidt et  al. [58] dem-
onstrated a large positive between-group effect on 
 VO2max (1.15 ± 0.714) in favour of a training group 
(n = 15, females 20.5 ± 1.5 years) following eight weeks 
of single 14-min bodyweight circuit sessions three 
days/ week. Future studies should examine the effects 
of varied HIMT session styles (i.e. duration, volume, 
intensity and mode) on the magnitude of aerobic fitness 

Table 3 Quality assessment of included studies

HIMT, High-Intensity Multimodal Training; ROB risk of bias, + low risk of bias, × high risk of bias, − some risk of bias
a Intention-to-treat analysis

Reference Cochrane collaboration tool domain

Random 
sequence 
generation

Deviation 
from 
intended 
intervention

Missing outcome 
data

Outcome 
measurement

Selective 
reporting

Overall 
ROB

HIMT versus passive or habitual activity control

Paoli et al. [44]  −  −  +  −  −  × 

Meier et al. [47]  −  −  +  −  −  × 

Schmidt et al. [58]  −  ×  ×  −  −  × 

Batrakoulis et al. [18]  +  ×  ×  −  −  × 

Romero-Arenas et al. [46]  −  −  +  +  −  × 

Ajjimaporn et al. [43]  −  −  +  −  −  × 

Engel et al. [41]  −  −  +  ×  −  × 

Batrakoulis et al. [40]  +  ×  ×  ×  −  × 

Eather et al. [25]a  −  +  ×  ×  −  × 

Islam et al. [66]  −  ×  ×  −  −  × 

McWeeny et al. [36]  −  −  +  −  −  × 

Batrakoulis et al. [39]  +  ×  ×  −  −  × 

HIMT versus structured activity (concurrent training)

Davis et al. [32]  ×  ×  ×  +  −  × 

Davis et al. [33]  ×  ×  ×  +  −  × 

Mirzaei et al. [45]  −  −  +  −  −  × 

Heinrich et al. [24]  −  ×  ×  ×  −  × 

Carneiro et al. [35]  −  ×  ×  −  −  × 

Nunes et al. [42]  −  −  +  −  −  × 

Bahremand et al. [34]  −  ×  ×  −  −  × 

Hovsepian et al. [67]  −  ×  ×  −  −  × 
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adaptations to more clearly develop recommendations 
for practice in health and fitness settings for apparently 
healthy populations.

While previous findings demonstrate positive aerobic 
fitness adaptations following HIMT participation, the 
magnitude of these effects compared to other concur-
rent training modes remains unclear. Previous investiga-
tions demonstrate an inability to consistently prescribe, 
control and monitor exercise intensity and external work 
[e.g. objective (i.e. HR variables) vs. subjective measures 
(i.e. RPE)], reducing the ability to compare HIMT with 
other concurrent training modalities (i.e. match training 
dose). Additionally, heterogeneous intervention dura-
tions and work-to-rest ratios limit the understanding of 
the effects of chronic HIMT participation on aerobic fit-
ness measures. A high risk of bias among included stud-
ies indicates that these findings should be examined with 
caution. More robust protocols that standardise report-
ing methods (i.e. duration, volume, intensity and mode) 
are required to allow the precise comparative effects of 
HIMT to be better understood. However, it is acknowl-
edged that standardised exercise prescription and report-
ing in select styles of HIMT may increase internal validity 
yet decrease ecological validity (i.e. CrossFit®).

Muscular Fitness
Previous research has demonstrated mixed outcomes 
of chronic HIMT participation on muscular fitness out-
comes including strength, endurance and power, showing 
large effects in favour of both HIMT and other methods 
of concurrent training. Given the association of HIMT 
with external and/ or bodyweight resistance exercise, 
it is plausible that participation in HIMT may result in 
improvements in muscular fitness. Characteristic fea-
tures of HIMT such as higher repetition ranges of whole-
body movements performed in extended work bouts may 
increase time under tension, potentially providing a pow-
erful musculoskeletal and neuromuscular stimulus that 
enhances muscular fitness adaptations [9, 39, 59]. For 
example, Batrakoulis et  al. [39] demonstrated improve-
ments in various 1RM lifts and measures of endurance 
after 40 weeks of up to 41-min sessions completed 3 days/
week. Additionally, the fast-paced nature of HIMT may 
promote earlier recovery than other concurrent training 
methods, allowing for more rapid progressive overload 
and muscular fitness adaptations relative to the nature of 
the stimulus (i.e. duration, volume, intensity and mode) 
[60]. Davis et al. [60] demonstrated this concept in their 
observation of lower delayed-onset muscle soreness (i.e. 
rating of perceived pain) in an integrated concurrent aer-
obic and resistance training protocol compared to a serial 
concurrent protocol [60]. The authors proposed that 
aerobic elevation of HR preceding resistance exercise 

increases blood flow to the muscle and may stimulate 
long-term angiogenesis increasing the capillarisation rate 
of skeletal muscle [60]. This may reduce recovery peri-
ods, allowing participants to train more frequently and 
promote greater musculoskeletal adaptations.

HIMT seems to promote muscular fitness adapta-
tions to an extent; however, select findings demonstrate 
reduced improvements compared to other concurrent 
training modes [35, 36, 42]. Select styles of HIMT (i.e. 
bodyweight HIIT) may involve lifting little or no load 
through higher repetition sets, which may contribute to 
lower magnitudes of musculoskeletal adaptations com-
pared to traditional concurrent training [9]. For example, 
Nunes et al. [42] reported greater improvements in mus-
cular strength (− 0.73 ± 0.827) and muscle quality index 
(muscle strength for the leg lean mass ratio) in the con-
current aerobic and resistance training group compared 
to the bodyweight only HIMT intervention. The authors 
attributed this outcome to greater load prescription of 
70% 1RM in the concurrent training protocol compared 
to no resistance (bodyweight exercise) in the HIMT 
protocol. Similarly, Carneiro et al. [35] observed greater 
improvements in muscular strength in the concurrent 
training group (using loads of 70% 1RM) compared to 
the bodyweight HIMT group. Expectedly, these find-
ings further indicate that external resistance can provide 
a more potent stimulus than bodyweight training alone 
[35, 42]. Future research should attempt to develop prac-
tical guidelines for different styles of HIMT (e.g. external 
resistance vs. bodyweight), whereby load prescription 
can more effectively prioritise specific muscular fitness 
adaptations (e.g. muscular strength vs. endurance).

Another possible explanation for attenuated mus-
culoskeletal adaptations following chronic HIMT par-
ticipation may be due to the ‘interference effect’. This 
phenomenon describes compromised muscular fitness 
gains when aerobic or resistance training blocks precede 
each other in a single session [61]. It has been suggested 
that HIIT-based concurrent training may diminish mus-
cular strength gains but not hypertrophy when longer 
duration aerobic HIIT intervals are undertaken prior to 
resistance protocols [62]. This effect may be minimised 
with adequate rest periods or when aerobic training 
intervals are of higher intensity and shorter durations 
(e.g. repeat sprint training and sprint interval train-
ing) [62]. This concept may be relevant to HIMT, where 
improvements in muscular fitness may have been limited 
by alternate intervals of resistance and aerobic training 
among other variables of exercise prescription (i.e. sets, 
repetitions, rest period duration). For example, McWeeny 
et al. [36] demonstrated a very large between-group effect 
in (Wingate) lower body mean power (− 3.55 ± 1.406) in 
favour of the habitual activity control and no significant 
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change in other measures of instantaneous muscular 
power (vertical jump, medicine ball toss) following a six-
week HIMT intervention. Despite some findings suggest-
ing that HIMT promotes musculoskeletal adaptations, 
the literature provides limited comparisons to structured 
concurrent training. Further well-controlled comparative 
studies that demonstrate greater homogeneity in inter-
vention protocols are required to further understand the 
mechanisms of promoting and attenuating musculoskel-
etal adaptations in HIMT versus other concurrent train-
ing modes.

Exercise Enjoyment and Other Adherence-Related 
Subjective Responses
Literature examining the chronic effects of HIMT par-
ticipation on exercise enjoyment and other adherence-
related attributes is limited. Three included studies 
measured subjective responses of interest to this review 
[24, 25, 40]. These studies demonstrated a range of posi-
tive effects on subjective responses in favour of HIMT 
including: exercise enjoyment, subjective vitality and 
introjected, intrinsic, identified and external regulation, 
psychological distress, HIIT self-efficacy and autono-
mous motivation [24, 25, 40]. While the reasons for exer-
cise initiation and adherence are complex, these findings 
may assist in examining possible explanations for the 
popularity of HIMT [24–26, 40], namely the notion that 
HIMT may be enjoyable, which is based on HIIT being 
found to be more enjoyable than steady-state modalities 
in some populations [27, 28]. Given that the experience 
of enjoyment is suggested to impact exercise adherence 
by supporting intrinsic motivation, research should fur-
ther investigate this concept in HIMT [6, 7]. The only 
study that observed exercise enjoyment demonstrated 
a large positive between-group effect in favour of the 
HIMT group (2.71 ± 1.280) [24]. Despite these findings, 
this study demonstrates a high risk of bias, specifically, 
in reported baselines differences in enjoyment between 
groups that were not adequately adjusted for in the analy-
sis of the results. Moreover, the single-item scale used to 
measure exercise enjoyment in this study has been found 
to have fair test–retest reliability, suggesting that further 
development may be required [63]. While previous find-
ings suggest HIMT may have a positive impact on subjec-
tive responses, limited research has attempted to identify 
and distinguish between the specific characteristics of 
HIMT that may promote greater exercise enjoyment and 
long-term exercise adherence. This may include the con-
current aerobic and resistance modality offering variety 
between sessions and suggested time-efficient endur-
ance and strength adaptations [26]. Additional psycho-
social factors that may mediate exercise enjoyment in 
HIMT (e.g. group training, instructor) have been shown 

to facilitate greater feelings of affiliation and social rec-
ognition [26, 40, 64, 65]. Further research is required to 
examine the components often associated with HIMT 
to better understand subjective responses to HIMT and 
assist in explaining the growing popularity of the training 
mode.

Strengths and Limitations
This is the first systematic review to examine the effects 
of chronic HIMT participation on aerobic and mus-
cular fitness and to compare various styles of HIMT 
to other structured concurrent training modalities, 
namely concurrent training where aerobic and resist-
ance exercise are distributed into separate training 
blocks within a single session or on different days. 
Moreover, it is the first systematic review to examine 
enjoyability and other adherence-related subjective 
responses to various styles of HIMT. This may assist in 
efforts to better understand possible explanations for 
the growing uptake of HIMT as a time-efficient alter-
native to traditional concurrent training. This review 
provides an operational definition of HIMT, to effec-
tively assess and compare between the various styles of 
HIMT that are broadly described in the literature. Het-
erogeneity of study methodologies and reported out-
come measures did not allow for a meta-analysis to be 
performed. Limitations are present in the calculation of 
effect sizes and confidence intervals as some data were 
required to be manually extracted from the figures pro-
vided. A risk of bias may be present in the search term 
selection and exclusion criteria defined by authors. This 
may have resulted in potentially eligible studies being 
missed in the initial database search. For example, 
studies that did not clearly define or refer to the exer-
cise intervention as ‘high’ intensity (i.e. used terms such 
as ‘vigorous’, ‘maximal effort’ and/ or ‘all-out effort’) but 
met the ACSM guidelines for high-intensity exercise 
may have been overlooked. However, reference lists and 
other resources were screened to achieve maximal lit-
erature saturation. Also, bias may exist in the included 
intervention and control protocols due to limited 
homogeneity of study protocols in the literature. To 
reduce this, the authors assessed studies for inclusion 
based on an original operational definition of HIMT. 
Additional bias may present in the inclusion and cat-
egorisation of selected outcome measures for reporting 
in this review. Only health- and fitness-related meas-
ures relevant to healthy populations were of interest, 
with other performance-related outcomes beyond the 
scope of this review. Furthermore, many studies did not 
report methods of prescribing, controlling or monitor-
ing exercise intensity and used a small sample size of 
participants. An additional limitation is the high risk 
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of bias demonstrated in most eligible studies. The het-
erogeneity of the experimental protocols and modality 
characterisation within the literature limits the ability 
to synthesise and compare the chronic effects of HIMT 
participation on aerobic and muscular fitness and exer-
cise enjoyment and other adherence-related subjective 
responses. Additionally, there is reduced research com-
paring HIMT to concurrent training methods, limiting 
the understanding of the efficacy of HIMT versus tra-
ditional concurrent training methods. It should also be 
noted that the findings of this review may not be trans-
ferable to the general population, due to the diversity in 
participant demographics across the included studies. 
Finally, many of the included studies had no or limited 
funding. Improved funding may promote increased 
quality of experimental studies in HIMT.

Future Research
Given the emerging popularity of HIMT, it is pertinent 
that research in this area is developed and critically 
assessed. Research suggests that HIMT has positive 
effects on aerobic fitness and mixed effects on musculo-
skeletal fitness. The magnitude of these effects remains 
unclear due to the lack of terminology that broadly cap-
tures all styles of aerobic and resistance training as well 
as heterogeneity of intervention protocols. Future stud-
ies should attempt to standardise reporting of train-
ing interventions (i.e. duration, volume, intensity and 
mode) against guidelines (e.g. CERT) and assess consist-
ent chronic health and fitness outcomes. This may allow 
clearer comparisons of HIMT with other concurrent 
aerobic and resistance training protocols (i.e. matched 
training dose) and increase the understanding of its 
effects. However, standardisation of select HIMT pro-
tocols may increase internal validity, yet decrease eco-
logical validity (i.e. CrossFit®). Additionally, these studies 
should endeavour to understand the mechanisms of the 
suggested aerobic and muscular fitness adaptations and 
more clearly examine possible interference effects of 
integrating aerobic and resistance training into a single 
exercise session. There is also a need to investigate feasi-
ble explanations for greater exercise enjoyment in HIMT. 
Future studies should attempt to examine the select fea-
tures of HIMT that may mediate subjective responses. 
These findings may contribute to a more in depth under-
standing of exercise adherence in HIMT.

Conclusion
HIMT participation demonstrates positive effects on 
aerobic fitness adaptations and mixed effects on mus-
cular fitness outcomes including strength, endurance 
and power. However, these effects should not be over-
estimated due to heterogeneous experimental protocols 

and the inability to compare HIMT to other concurrent 
aerobic and resistance training methods. Furthermore, a 
greater understanding of the training behaviours and fit-
ness trends associated with HIMT is required. While it is 
acknowledged that reasons for exercise engagement are 
complex, the affective response to HIMT (i.e. exercise 
enjoyment) should be highlighted, given the proposed 
association with greater exercise adherence. Further 
studies are required to understand this association to 
assist in explaining the growing popularity of the training 
mode. Finally, this review provided an operational defi-
nition of HIMT, to broadly conceptualise an emerging 
training mode and promote consistency in study proto-
cols so more accurate conclusions and comparisons can 
be made.

Abbreviations
HIMT: High-intensity multimodal training; RCT : Randomised controlled trial; 
ROB: Risk of bias; HIIT: High-intensity interval training; HIFT: High-intensity 
functional training; ACSM: American College of Sports Medicine; HRmax: Heart 
rate maximum; 1RM: One repetition maximum; PRISMA: Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis; PICOS: Population, Interven-
tion, Comparator, Outcome, Study design; HIICT: High-intensity circuit training; 
MM-HIIT: Multimodal training high-intensity interval training; HIRT: High-
intensity resistance training; CENTRAL: Cochrane Central Register of Controlled 
Trials; MeSH: Medical subject headings; SD: Standard deviation; HR: Heart rate; 
VO2max: Maximal oxygen uptake; VO2peak: Peak oxygen uptake.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40798- 022- 00434-x.

Additional file 1. Search strategy (29.03.2021).

Additional file 2. Descriptive results of included studies.

Additional file 3. List of excluded studies (n = 78).

Additional file 4. Results summary of within group changes for studies 
observing HIMT vs. passive or habitual activity control.

Additional file 5. Detailed results of included studies.

Additional file 6. Effect sizes ± 95% confidence intervals.

Additional file 7. Quality assessment of included studies.

Acknowledgements
The authors would like to thank Professor Franco M. Impellizzeri for his contri-
butions to the risk of bias assessment and data analysis involved in this review.

Authors’ Contributions
All listed authors meet the requirements of co-authorship. All authors com-
mented on draft versions of the manuscript. All authors read and approved 
the final manuscript.

Funding
No sources of funding were used to assist in the preparation of this article.

Availability of Data and Materials
All data generated or analysed during this study are included in this docu-
ment (and its electronic supplementary files).

https://doi.org/10.1186/s40798-022-00434-x
https://doi.org/10.1186/s40798-022-00434-x


Page 15 of 16Sharp et al. Sports Medicine - Open            (2022) 8:43  

Declarations

Ethics Approval and Consent to Participate
The present systematic review only includes data from existing and published 
studies. Therefore, no specific ethics approval was required.

Consent for Publication
Not applicable.

Competing interests
Tijana Sharp, Clementine Grandou, Aaron J. Coutts and Lee Wallace declare 
that they have no conflicts of interest relevant to the content of this review.

Received: 12 October 2021   Accepted: 14 March 2022

References
 1. Warburton DER, Bredin SSD. Health benefits of physical activity: a 

systematic review of current systematic reviews. Curr Opin Cardiol. 
2017;32(5):541–56.

 2. Penedo FJ, Dahn JR. Exercise and well-being: a review of mental and 
physical health benefits associated with physical activity. Curr Opin 
Psychiatry. 2005;18(2):189–93.

 3. American College of Sports Medicine. ACSM’s guidelines for exercise test-
ing and prescription. 10th ed. Philadelphia: Wolters Kluwer; 2018.

 4. Australian Institute of Health and Welfare. Physical activity across the life 
stages. Cat. no. PHE 225. Canberra. 2018

 5. Ryan RM, Frederick CM, Lepes D, Rubio N, Sheldon KM. Intrinsic motiva-
tion and exercise adherence. Int J sport Psycho. 1997;28(4):335–54.

 6. Ekkekakis P, Hall EE, Petruzzello SJ. The relationship between exer-
cise intensity and affective responses demystified: to crack the 
40-year-old nut, replace the 40-year-old nutcracker! Ann Behav Med. 
2008;35(2):136–49.

 7. Ekkekakis P, Parfitt G, Petruzzello S. The pleasure and displeasure people 
feel when they exercise at different intensities decennial update and 
progress towards a tripartite rationale for exercise intensity prescription. 
Sports Med. 2011;41(8):641–71.

 8. Ryan RM, Deci EL. Intrinsic and extrinsic motivations: classic definitions 
and new directions. Contemp Educ Psychol. 2000;25(1):54–67.

 9. Feito Y, Heinrich KM, Butcher SJ, Poston WSC. High-intensity functional 
training (hift): definition and research implications for improved fitness. 
Sports. 2018;6(3):76.

 10. Kercher VM, Kercher K, Bennion T, Yates BA, Feito Y, Alexander C, et al. Fit-
ness trends from around the globe. ACSM’s Health Fit J. 2021;25(1):20–31.

 11. Batrakoulis A, Jamurtas AZ, Fatouros IG. High-intensity interval training 
in metabolic diseases: Physiological adaptations. ACSM’s Health Fit J. 
2021;25(5):54–9.

 12. Ide BN, Silvatti AP, Marocolo M, Santos CPC, Silva BVC, Oranchuk DJ, et al. 
Is there any non-functional training? A conceptual review. Front Sports 
Act Liv. 2022;66:3.

 13. Fleck SJ, Kraemer W. Designing resistance training programs, 4E: Human 
Kinetics; 2014.

 14. Kravitz L. High-intensity interval training pdf. In: American College of 
Sports Medicine. 2011. https:// www. acsm. org/ docs/ defau lt- source/ files- 
for- resou rce- libra ry/ high- inten sity- inter val- train ing. pdf. Accessed 15 Apr 
2021.

 15. Batrakoulis A, Jamurtas T, Draganidis D, Georgakouli K, Tsimeas P, Poulios 
A, et al. Hybrid neuromuscular training improves cardiometabolic health 
and alters redox status in inactive overweight and obese women: a 
randomized controlled trial. Antioxidants. 2021;10(10):1601.

 16. Gibala MJ, Little JP, Macdonald MJ, Hawley JA. Physiological adaptations 
to low-volume, high-intensity interval training in health and disease. J 
Physiol. 2012;590(5):1077–84.

 17. Sperlich B, Wallmann-Sperlich B, Zinner C, Von Stauffenberg V, Losert H, 
Holmberg HC. Functional high-intensity circuit training improves body 
composition, peak oxygen uptake, strength, and alters certain dimen-
sions of quality of life in overweight women. Front Physiol. 2017;8:172.

 18. Batrakoulis A, Jamurtas AZ, Georgakouli K, Draganidis D, Deli CK, Papan-
ikolaou K, et al. High intensity, circuit-type integrated neuromuscular 
training alters energy balance and reduces body mass and fat in obese 
women: A 10-month training-detraining randomized controlled trial. 
PLoS ONE. 2018;13(8):e0202390.

 19. Ballesta-García I, Martínez-González-Moro I, Rubio-Arias J, Carrasco-Poy-
atos M. High-intensity interval circuit training versus moderate-intensity 
continuous training on functional ability and body mass index in middle-
aged and older women: a randomized controlled trial. Int J Environ Res 
Public Health. 2019;16(21):4205.

 20. McRae G, Payne A, Zelt JG, Scribbans TD, Jung ME, Little JP, et al. 
Extremely low volume, whole-body aerobic–resistance training improves 
aerobic fitness and muscular endurance in females. Appl Physiol Nutr 
Metab. 2012;37(6):1124–31.

 21. Faelli E, Bisio A, Codella R, Ferrando V, Perasso L, Panascì M, et al. Acute 
and chronic catabolic responses to crossfit(®) and resistance training in 
young males. Int J Environ Res Public Health. 2020;17(19):7172.

 22. Buckley S, Knapp K, Lackie A, Lewry C, Horvey K, Benko C, et al. 
Multimodal high-intensity interval training increases muscle func-
tion and metabolic performance in females. Appl Physiol Nutr Metab. 
2015;40(11):1157–62.

 23. Sallis JF, Hovell MF. Determinants of exercise behavior. Exerc Sport Sci Rev. 
1990;18:307–30.

 24. Heinrich KM, Patel PM, O’Neal JL, Heinrich BS. High-intensity compared to 
moderate-intensity training for exercise initiation, enjoyment, adherence, 
and intentions: an intervention study. BMC Public Health. 2014;14(1):789.

 25. Eather N, Babic M, Riley N, Harris N, Jung M, Jeffs M, et al. Integrating 
high-intensity interval training into the workplace: the work-HIIT pilot 
RCT. Scand J Med Sci Sport. 2020;30(12):2445–55.

 26. Fisher J, Sales A, Carlson L, Steele J. A comparison of the motivational fac-
tors between crossfit participants and other resistance exercise modali-
ties: a pilot study. J Sports Med Phys Fitness. 2017;57(9):1227–34.

 27. Bartlett JD, Close GL, MacLaren DP, Gregson W, Drust B, Morton JP. 
High-intensity interval running is perceived to be more enjoyable than 
moderate-intensity continuous exercise: implications for exercise adher-
ence. J Sports Sci. 2011;29(6):547–53.

 28. Jung M, Little J. Taking a HIIT for physical activity: is interval training viable 
for improving health. American College of Sports Medicine Annual Meet-
ing; 2013; Indianapolis: American College of Sports Medicine. 2013.

 29. Kilpatrick M, Jung M, Little J. High-intensity interval training: a review 
of physiological and psychological responses. ACSM’s Health Fit J. 
2014;18(5):11–6.

 30. Frazão DT, de Farias Junior LF, Dantas TC, Krinski K, Elsangedy HM, Prestes 
J, et al. Feeling of pleasure to high-intensity interval exercise is depend-
ent of the number of work bouts and physical activity status. PLoS ONE. 
2016;11(3):e0152752.

 31. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS Med. 2009;6(7):e1000097.

 32. Davis WJ, Wood DT, Andrews RG, Elkind LM, Davis WB. Concurrent train-
ing enhances athletes’ cardiovascular and cardiorespiratory measures. J 
Strength Cond Res. 2008;22(5):1503–14.

 33. Davis WJ, Wood DT, Andrews RG, Elkind LM, Davis WB. Concurrent train-
ing enhances athletes’ strength, muscle endurance, and other measures. 
J Strength Cond Res. 2008;22(5):1487–502.

 34. Bahremand M, Hakak Dokht E, Moazzami M. A comparison of crossfit and 
concurrent training on myonectin, insulin resistance and physical perfor-
mance in healthy young women. Arch Physiol Biochem. 2020;66:1–7.

 35. Carneiro MAS, de Oliveira AA, Martins FM, Souza AP, Nunes PRP, Orsatti FL. 
High-intensity interval body weight training promotes different adapta-
tions to combined training in body composition and muscle strength in 
young women. Sci Sports. 2018;33(3):e105–13.

 36. Mcweeny DK, Boule NG, Neto JHF, Kennedy MD. Effect of high intensity 
functional training and traditional resistance training on aerobic, 
anaerobic, and musculoskeletal fitness improvement. J Phys Educ Sport. 
2020;20(4):1791–802.

 37. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. (Eds). 
Cochrane handbook for systematic reviews of interventions version 6.2. 
Cochrane. 2021. www. train ing. cochr ane. org/ handb ook.

https://www.acsm.org/docs/default-source/files-for-resource-library/high-intensity-interval-training.pdf
https://www.acsm.org/docs/default-source/files-for-resource-library/high-intensity-interval-training.pdf
http://www.training.cochrane.org/handbook


Page 16 of 16Sharp et al. Sports Medicine - Open            (2022) 8:43 

 38. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. 
The Cochrane collaboration’s tool for assessing risk of bias in randomised 
trials. BMJ. 2011;343:d5928.

 39. Batrakoulis A, Tsimeas P, Deli CK, Vlachopoulos D, Ubago-Guisado E, 
Poulios A, et al. Hybrid neuromuscular training promotes musculoskeletal 
adaptations in inactive overweight and obese women: a training-detrain-
ing randomized controlled trial. J Sports Sci. 2021;39(5):503–12.

 40. Batrakoulis A, Loules G, Georgakouli K, Tsimeas P, Draganidis D, 
Chatzinikolaou A, et al. High-intensity interval neuromuscular training 
promotes exercise behavioral regulation, adherence and weight loss in 
inactive obese women. Eur J Sport Sci. 2020;20(6):783–92.

 41. Engel FA, Rappelt L, Held S, Donath L. Can high-intensity functional sus-
pension training over eight weeks improve resting blood pressure and 
quality of life in young adults? A randomized controlled trial. Int J Environ 
Res Public Health. 2019;16(24):5062.

 42. Nunes PRP, Martins FM, Souza AP, Carneiro MAS, Nomelini RS, Michelin 
MA, et al. Comparative effects of high-intensity interval training with 
combined training on physical function markers in obese post-
menopausal women: a randomized controlled trial. Menopause. 
2019;26(11):1242–9.

 43. Ajjimaporn A, Khemtong C, Widjaja W. Effect of 4-week HICTBW training 
on cardiorespiratory fitness in sedentary women. Asian J Sports Med. 
2019;10(4):1–7.

 44. Paoli A, Pacelli F, Bargossi AM, Marcolin G, Guzzinati S, Neri M, et al. Effects 
of three distinct protocols of fitness training on body composition, 
strength and blood lactate. J Sports Med Phys Fit. 2010;50(1):43–51.

 45. Mirzaei B, Rahmani-Nia F, Mehrabani J, Sotudeh M. Effect of serial and 
integrated concurrent exercise on selected physical fitness factors of 
young men handball players. Med Sport. 2013;66(1):47–59.

 46. Romero-Arenas S, Ruiz R, Vera-Ibáñez A, Colomer-Poveda D, Guadalupe-
Grau A, Marquez G. Neuromuscular and cardiovascular adaptations in 
response to high-intensity interval power training. J Strength Cond Res. 
2018;32(1):130–8.

 47. Meier J, Quednow J, Sedlak T, Janot J, Braun S. The effects of high 
intensity interval-based kettle bells and battle rope training on grip 
strength and body composition in college aged adults. Int J Exerc Sci. 
2015;8(2):124–33.

 48. Rezende Barbosa MPDC, Oliveira VC, Silva AKFD, Pérez-Riera AR, Vanderlei 
LC. Effectiveness of functional training on cardiorespiratory parameters: a 
systematic review and meta-analysis of randomized controlled trials. Clin 
Physiol Funct Imaging. 2018;38(4):539–46.

 49. Wilke J, Mohr L. Chronic effects of high-intensity functional training on 
motor function: a systematic review with multilevel meta-analysis. Sci 
Rep. 2020;10(1):21680.

 50. Claudino JG, Gabbett TJ, Bourgeois F, Souza HS, Miranda RC, Mezencio B, 
et al. CrossFit overview: systematic review and meta-analysis. Sports Med 
Open. 2018;4(1):11.

 51. Meyer J, Morrison J, Zuniga J. The benefits and risks of CrossFit: a system-
atic review. Workplace Health Saf. 2017;65(12):612–8.

 52. Slade SC, Dionne CE, Underwood M, Buchbinder R, Beck B, Bennell K, 
et al. Consensus on Exercise Reporting Template (CERT): modified Delphi 
Study. Phys Ther. 2016;96(10):1514–24.

 53. Lagally KM, Cordero J, Good J, Brown DD, McCaw ST. Physiologic and 
metabolic responses to a continuous functional resistance exercise 
workout. J Strength Cond Res. 2009;23(2):373–9.

 54. Tibana RA, de Almeida LM, Frade de Sousa NM, Nascimento Dda C, Neto 
IV, de Almeida JA, et al. Two consecutive days of crossfit training affects 
pro and anti-inflammatory cytokines and osteoprotegerin without 
impairments in muscle power. Front Physiol. 2016;7:260.

 55. Tibana RA, de Sousa NMF, Cunha GV, Prestes J, Fett C, Gabbett TJ, et al. 
Validity of session rating perceived exertion method for quantifying 
internal training load during high-intensity functional training. Sports. 
2018;6(3):68.

 56. Gibala MJ, Little JP. Just hit it! a time-efficient exercise strategy to improve 
muscle insulin sensitivity. J Physiol. 2010;588(Pt 18):3341–2.

 57. Tabata I, Nishimura K, Kouzaki M, Hirai Y, Ogita F, Miyachi M, et al. 
Effects of moderate-intensity endurance and high-intensity intermit-
tent training on anaerobic capacity and vo2max. Med Sci Sports Exerc. 
1996;28(10):1327–30.

 58. Schmidt D, Anderson K, Graff M, Strutz V. The effect of high-intensity cir-
cuit training on physical fitness. J Sports Med Phys Fit. 2016;56(5):534–40.

 59. Burd NA, Andrews RJ, West DW, Little JP, Cochran AJ, Hector AJ, et al. 
Muscle time under tension during resistance exercise stimulates differen-
tial muscle protein sub-fractional synthetic responses in men. J Physiol. 
2012;590(2):351–62.

 60. Davis WJ, Wood DT, Andrews RG, Elkind LM, Davis WB. Elimination of 
delayed-onset muscle soreness by pre-resistance cardioacceleration 
before each set. J Strength Cond Res. 2008;22(1):212–25.

 61. Eddens L, van Someren K, Howatson G. The role of intra-session exercise 
sequence in the interference effect: a systematic review with meta-analy-
sis. Sports Med. 2018;48(1):177–88.

 62. Vechin FC, Conceição MS, Telles GD, Libardi CA, Ugrinowitsch C. 
Interference phenomenon with concurrent strength and high-intensity 
interval training-based aerobic training: an updated model. Sports Med. 
2021;51(4):599–605.

 63. Carlson JA, Sallis JF, Wagner N, Calfas KJ, Patrick K, Groesz LM, et al. Brief 
physical activity-related psychosocial measures: reliability and construct 
validity. J Phys Act Health. 2012;9(8):1178–86.

 64. Beauchamp MR. Promoting exercise adherence through groups: a self-
categorization theory perspective. Exerc Sport Sci Rev. 2019;47(1):54–61.

 65. Nielsen G, Wikman JM, Jensen CJ, Schmidt JF, Gliemann L, Andersen TR. 
Health promotion: the impact of beliefs of health benefits, social rela-
tions and enjoyment on exercise continuation. Scand J Med Sci Sports. 
2014;24(Suppl 1):66–75.

 66. Islam H, Siemens TL, Matusiak JBL, Sawula L, Bonafiglia JT, Preobrazenski 
N, et al. Cardiorespiratory fitness and muscular endurance responses 
immediately and 2 months after a whole-body Tabata orvigorous-
intensity continuous training intervention. Appl Physiol Nutr Metab. 
2020;45(6):650–8.

 67. Hovsepian A, Esfarjani F, Bambaeichi E, Zolaktaf V. The effect of high inten-
sity functional training on the oxidative status, muscle damage and per-
formance of basketball players. J Sports Med Phys Fit. 2021;61(2):188–98.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The Effects of High-Intensity Multimodal Training in Apparently Healthy Populations: A Systematic Review
	Abstract 
	Background: 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Key points
	Introduction
	Methods
	Eligibility Criteria
	Search
	Study Selection
	Data Extraction
	Data Analysis
	Risk of Bias Assessment

	Results
	Study Selection
	Study Characteristics
	Outcome Measures
	Risk of Bias

	Discussion
	Summary of Evidence
	Aerobic Fitness
	Muscular Fitness
	Exercise Enjoyment and Other Adherence-Related Subjective Responses
	Strengths and Limitations
	Future Research

	Conclusion
	Acknowledgements
	References


