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Abstract
Background
To determine rates of compliance (i.e., supervised intervention attendance) and adherence (i.e., unsupervised physical activity completion) to high-intensity interval training (HIIT) among insufficiently active adults and adults with a medical condition, and determine whether compliance and adherence rates were different between HIIT and moderate-intensity continuous training (MICT).

Methods
Articles on adults in a HIIT intervention and who were either insufficiently active or had a medical condition were included. MEDLINE, EMBASE, PsychINFO, SPORTDiscus, CINAHL, and Web of Science were searched. Article screening and data extraction were completed by two independent reviewers. Risk of bias was assessed using RoB 2.0 or ROBINS-I. Meta-analyses were conducted to discern differences in compliance and adherence between HIIT vs. MICT. Sensitivity analyses, publication bias, sub-group analyses, and quality appraisal were conducted for each meta-analysis.

Results
One hundred eighty-eight unique studies were included (n = 8928 participants). Compliance to HIIT interventions averaged 89.4% (SD:11.8%), while adherence to HIIT averaged 63% (SD: 21.1%). Compliance and adherence to MICT averaged 92.5% (SD:10.6%) and 68.2% (SD:16.2%), respectively. Based on 65 studies included in the meta-analysis, compliance rates were not different between supervised HIIT and MICT interventions [Hedge’s g = 0.015 (95%CI: − 0.088–0.118), p = .78]. Results were robust and low risk of publication bias was detected. No differences were detected based on sub-group analyses comparing medical conditions or risk of bias of studies. Quality of the evidence was rated as moderate over concerns in the directness of the evidence. Based on 10 studies, adherence rates were not different between unsupervised HIIT and MICT interventions [Hedge’s g = − 0.313 (95%CI: − 0.681–0.056), p = .096]. Sub-group analysis points to differences in adherence rates dependent on the method of outcome measurement. Adherence results should be interpreted with caution due to very low quality of evidence.

Conclusions
Compliance to HIIT and MICT was high among insufficiently active adults and adults with a medical condition. Adherence to HIIT and MICT was relatively moderate, although there was high heterogeneity and very low quality of evidence. Further research should take into consideration exercise protocols employed, methods of outcome measurement, and measurement timepoints.

Registration
This review was registered in the PROSPERO database and given the identifier CRD42019103313.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12966-023-01535-w.
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	MVPA
	moderate-to-vigorous physical activity

	HIIT
	high-intensity interval training

	MICT
	moderate-intensity continuous training

	HRmax
	maximum heart rate

	PRISMA
	preferred reporting items for systematic reviews and meta-analyses

	RoB 2.0
	risk of bias tool 2.0

	ROBINS-I
	risk of bias in non-randomized studies – of interventions

	SD
	standard deviation

	GRADE
	grading of recommendations assessment, development and evaluation




Background
Physical inactivity is a prominent issue worldwide with an estimated 27.5% (95% CI: 25.0–32.2%) of the global population not meeting recommended physical activity guidelines of 75–150 minutes of moderate-to-vigorous physical activity (MVPA) per week [1, 2]. Individuals who are insufficiently active are at higher risk of developing non-communicable chronic diseases such as coronary heart disease, type 2 diabetes, and certain forms of cancer, and an estimated 9% of deaths are attributable to physical inactivity [3]. In contrast, increasing physical activity can lead to an abundance of benefits, some of which include primary and secondary prevention of chronic disease [4], improved cardiorespiratory fitness [5], improved psychological well-being [6], and a reduction in all-cause mortality [7].
The promotion of physical activity through supervised exercise interventions is a common strategy used in healthy and clinical populations, and such interventions have generally shown favorable physiological outcomes [8–11]. Of interest, high-intensity interval training (HIIT) is a type of aerobic exercise that has grown in popularity in recent years [12] as an alternative to more traditional forms of exercise such as moderate-intensity continuous training (MICT). MICT is defined as a continuous effort of at least 10 minutes at a moderate intensity (i.e., 64–76% of maximum heart rate [HRmax]) [13]. HIIT is broadly defined as short bursts of high-intensity exercise (> 80% HRmax) interspersed with periods of rest or light active recovery [14] and can be manipulated into an infinite number of lengths and iterations. Compared to MICT, HIIT may be more time-efficient, and research suggests there are no or small significant differences between the two regarding improvements of physiological markers such as cardiorespiratory fitness [14, 15], vascular function [16], body composition [17], and glycated hemoglobin profiles [18]. Similarly, Oliveira and colleagues [19] have reported comparable rates of perceived exercise enjoyment and affective responses to exercise, although this review has been recently critiqued on the basis of using a single summary statistic to examine enjoyment and affect [20].

Compliance, conceptualized as attendance to supervised HIIT and/or MICT sessions, is a key metric for the success of exercise interventions. Systematic reviews have demonstrated generally high attendance rates to supervised HIIT and/or MICT sessions, with Weston and colleagues [14] reporting attendance rates > 85% for six studies focusing on individuals with cardiometabolic disease, and De Nardi and colleagues [18] reporting attendance rates between 70 and 90% in four studies on individuals with prediabetes or type 2 diabetes. The small number of studies synthesized and the specificity of the target populations in these systematic reviews hinder the generalizability of results to a broader population of individuals who are insufficiently active or present with varying medical conditions. Furthermore, the translation of exercise compliance in supervised exercise interventions to unsupervised adherence, originally conceptualized as any engagement in real-world physical activity, is not well-known. The need for such synthesis has already been alluded to by Oliveira and colleagues [19], who document that long-term studies are needed to clarify the applicability of HIIT interventions for exercise adherence.
There is debate in the literature as to whether HIIT is a more feasible type of exercise in pragmatic settings compared to MICT [21]. Some argue that HIIT is an enjoyable and time efficient exercise modality, increasing appeal to a general population where time is the most prominent self-reported reason for non-engagement in physical activity [22, 23]. Others argue that HIIT elicits more negative affective responses compared to MICT, which may result in subsequent disengagement from exercise [24]. Preliminary evidence on adherence to HIIT/MICT interventions in real-world unsupervised settings have found mixed results which may be due to differing methods of measuring exercise in free-living conditions. In 2014, Lunt and colleagues [25] found modest adherence rates to a HIIT program in a real-world setting for adults who were overweight and inactive, stating that non-adherence to the exercise program was likely the main reason for small observed changes in cardiorespiratory fitness compared to previous studies. A more recent study by Jung and colleagues [26] showed that after a brief supervised HIIT/MICT program, individuals who were low-active increased weekly MVPA in unsupervised, real-world settings over the next 12 months compared to baseline values measured via accelerometry. A recent literature search by Ekkekakis and Biddle [27] revealed no apparent differences in long-term physical activity adherence between HIIT and MICT protocols. However, this study focused only on long-term adherence and included eight trials with a minimum 12-month follow-up, with no meta-analysis conducted. Given the debate of whether HIIT is a viable type of exercise in real-world settings for individuals who are insufficiently active, coupled with preliminary mixed findings and apparent heterogeneous program designs and methods of measuring physical activity adherence, there is a need for a synthesis of the evidence on physical activity adherence following HIIT programs [19]. The results of such synthesis have important implications on future intervention design and physical activity recommendations.
Compliance to HIIT interventions among individuals who are insufficiently active or present with a medical condition are not known. Furthermore, there is no quantitative synthesis to determine whether there is a difference in compliance rates between HIIT and MICT interventions in these populations. In addition, few studies have examined physical activity adherence following supervised HIIT or MICT interventions. It is also not known whether physical activity adherence is statistically different dependent on the exercise modality engaged in. As such, the primary and secondary purposes of our review were to:	1.
Synthesize compliance and adherence rates to HIIT interventions for adults who are insufficiently active or present with a medical condition, and

 

	2.
Determine whether compliance and adherence rates differ between HIIT and MICT interventions for adults who are insufficiently active or present with a medical condition.

 




Based on previous results [14, 18], we hypothesized that compliance to supervised HIIT and MICT interventions would be comparable and relatively high. Considering high rates of physical inactivity [2], conflicting perspectives on the feasibility of HIIT in real-world scenarios [21–24], and mixed preliminary evidence [25–27], we hypothesized that physical activity adherence rates following supervised interventions would be variable between HIIT and MICT dependent on intervention type and methods of physical activity measurement.

Methods
The reporting of this systematic review follows the 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [28] and the completed PRISMA 2020 checklist can be found as Additional File 1. This review was registered in the PROSPERO database on March 8th, 2019 and given the identifier CRD42019103313. The protocol of this systematic review has been published elsewhere [29]. Extracted data from included studies, data used for analyses, and the analytic code used for quantitative synthesis of the data are available by the study authors upon reasonable request. We have no competing interests or financial support associated with this study to declare.
Eligibility criteria
Inclusion of studies in this systematic review was based on pre-specified criteria relating to the domains of the PICOS framework [30] and the full details of inclusion and exclusion criteria can be found in Table 1. Briefly, studies were considered eligible if they met the following criteria: Population – human participants between the average ages of 18–65 years who were insufficiently active (i.e., not meeting recommended physical activity guidelines) [1] or defined as presenting with a medical condition; Intervention – a supervised or unsupervised HIIT intervention; Comparator – studies that included a MICT intervention and measured compliance or adherence for these participants were used as comparator groups; Outcomes – a quantifiable measure of compliance or adherence to the HIIT intervention; Study Type – full-text, peer-reviewed, primary research articles. Both randomized and nonrandomized experimental studies were included in an attempt to decrease publication bias.
Table 1Pre-specified PICOs domains for eligibility criteria


	Domain
	Inclusion Criteria

	Population
	• 18–65 years of age
• Insufficiently activea
• If activity not specified, diagnosed with a co-morbidity
• Not an animal study

	Intervention
	• Supervised or unsupervised HIIT interventionb

	Comparator
	• Supervised or unsupervised MICT interventionc

	Outcomes
	• Quantifiable measure of compliance to supervised HIIT programd
• Quantifiable measure of adherence to unsupervised exercise following a supervised HIIT programe

	Study Type
	• Full-text available
• Peer-reviewed
• Observational studies or variations thereof
• Randomized controlled trials or variations thereof
• Not qualitative, secondary research, grey literature, published protocol, or published abstractf


a Insufficiently active is defined as not meeting current physical activity guidelines of 75 minutes of vigorous intensity exercise or 150 minutes of moderate intensity exercise per week [1]
b HIIT high-intensity interval training; defined as alternating short bursts of high-intensity (> 80% maximum/peak heart rate or equivalent) exercise with recovery periods or light exercise [14]
c MICT moderate-intensity interval training; defined as achieving between ~ 64 and 76% of maximum heart rate or equivalent for a continuous period of at least 10 minutes [13]
d Compliance measured as the frequency of attendance to supervised exercise sessions, either as number of sessions or percentage of sessions attended
e Adherence measured as physical activity engagement in unsupervised settings, either as minutes of MVPA, metabolic equivalent values, number/percentage of prescribed sessions completed, or equivalent
f Acknowledgement that the exclusion of the mentioned study types may increase the chances of publication bias



There was no restriction on the health status of participants, setting of interventions, or any co-interventions present. There was also no restriction on publication date or the language of publication. In addition to qualitatively synthesizing information from these studies, studies that included a MICT comparator group were grouped separately for quantitative syntheses via meta-analyses.

Information sources
MEDLINE (OVID), EMBASE (OVID), PsycINFO (EBSCO), SPORTDiscus (EBSCO), CINAHL (EBSCO) and Web of Science Core Collection were searched from their inception until October 3, 2022. Additional articles not captured in the database searches were identified through citation searching of included articles, as well as other systematic reviews that were captured in the search.

Search strategy
The main concepts “high-intensity interval training”, “compliance”, and “adherence” were used to conduct the systematic searches in each database. The full search strategy for each database has been published elsewhere [29]; the Medline search strategy can be found as Additional File 2. The search strategy was developed in consultation with a health sciences librarian and peer-reviewed using the 2015 PRESS review guidelines [31]. No limits on date, study type, population, or language of publication were implemented.

Selection process
De-duplication of retrieved records was done manually by an independent reviewer using EndNote X9 [Clarivate Analytics, 2018]. Manually de-duplicated records were exported into Covidence [Veritas Health Innovation Ltd., 2015], where additional duplicates were programmatically identified and subsequently reviewed before removal [32].
Title and abstract screening were completed in Covidence by two independent reviewers for each record (equally split between 3 individuals). Reviewers met before screening to ensure consistent understanding of eligibility criteria to reduce conflicts. Reviewers were not blinded to study authors or study settings. Conflicts between reviewers were resolved through deliberation. Consensus was achieved in all cases without the need of a third reviewer. Cohen’s kappa score was used to assess interrater reliability, with interpretation of scores following the convention of 0.21–0.40 as fair agreement, 0.41–0.60 as moderate agreement, 0.61–0.80 as substantial agreement, and 0.81–1.00 as almost perfect agreement [33].
Full-text documents for records that met inclusion criteria in title and abstract screening were retrieved and uploaded into Covidence. Full-text screening was performed on each record by two independent reviewers (equally split between 3 individuals). The same process used in title and abstract screening was used in full-text screening: reviewers met to clarify inclusion criteria, then worked independently until all records had been screened; conflict resolution was done through deliberation, and consensus achieved for all records.
Records identified in any language other than English were included in this review, and when needed, two independent reviewers proficient in the language of the record were sought to complete the screening process in the same way as English records. All records not in English that met the inclusion criteria of this review had data extracted by the same reviewers who did the screening for such records.

Data collection process
Data extraction consisted of a pilot and extraction phase. An initial data extraction form was piloted on five included studies by two independent reviewers. Reviewers met after extraction of the five articles to discuss potential improvements to the data extraction form, and a finalized form approved for all subsequent articles. The finalized data extraction form can be found as Additional File 3. Data from each included study was extracted by independent reviewers, with the majority of studies being doubly extracted, and conflicts resolved by reviewers via discussion at the end of the data extraction phase.

Risk of Bias
Risk of bias assessments were completed by two independent reviewers for each included study (equally split between 3 individuals). Studies characterized as randomized controlled trials were assessed using the Cochrane Risk of Bias Tool 2.0 (RoB 2.0) [34], while quasi-experimental studies were assessed using the Risk of Bias in Non-Randomized Studies of Interventions tool (ROBINS-I) [35]. After all studies were assessed, resolution of conflicts was conducted via discussion between the two independent reviewers. Risk of bias for each sub-category as well as a general risk of bias score was summarized using the Robvis web application [36].

Synthesis of information
Data extracted from each included study was summarized qualitatively in tabular format and summary statistics are presented. Authors of included studies that did not report means and/or standard deviations (SDs) for the outcome variables of interest were contacted and given a 2-week timeframe to respond with the requested information. In instances where authors were unable to provide the means and/or SDs, the medians, ranges, and interquartile ranges were used to estimate the means and/or SDs using the methods proposed by Weir and colleagues [37]. Specifically, for studies that provided ranges, SD was estimated by using the following formula where R is the range [38]:[image: $$SD\approx \frac{R}{4}$$]




For studies that provided interquartile ranges or 95% CIs, SD was estimated by using the Cochrane Handbook estimator calculation where q3 is the third quartile and q1 is the first quartile [39], and t is the distribution value based on degrees of freedom:[image: $$SD\approx \frac{q3-q1}{1.35}$$]



[image: $$SD\approx \frac{\sqrt{n}\left(95\%{CI}_{upper}-95\%{CI}_{lower}\right)}{2(t)}$$]




For studies that provided medians along with ranges, 95% CIs, or interquartile ranges, means were estimated by using the calculations proposed by Wan and colleagues where m is the median [40]:[image: $$\overline{x}\approx \frac{q1+m+q3}{3}$$]




Studies with insufficient information to estimate means and/or SDs were omitted from the quantitative synthesis (n = 6).
To address the first purpose of this study, weighted averages and weighted standard deviations of compliance and adherence to the prescribed exercise type were calculated using the following calculations where W is the weighted average, w is the study weight, X is the study average, SDw is the weighted SD, and M is the number of non-zero weights [41]:[image: $$W=\frac{\sum_{i=1}^n{w}_i{X}_i}{\sum_{i=1}^n{w}_i}$$]



[image: $${SD}_w=\sqrt{\frac{\sum_{i=1}^n{w}_i{\left({X}_i-W\right)}^2}{\frac{\left(M-1\right)}{M}{\sum}_{i=1}^n{w}_i}}$$]





Meta-analyses
To address the second purpose of this study, two meta-analyses were conducted: one for the compliance outcome variable and one for the adherence outcome variable. All meta-analyses and accompanying figures were generated in Comprehensive Meta Analysis Version 4 [42]. Inclusion in the meta-analyses required studies to 1) have a MICT comparator group in addition to a HIIT group, 2) report compliance or adherence rates (for compliance: percentage of attendance to supervised exercise sessions; for adherence: percentage of unsupervised exercise sessions completed of the prescribed exercise type), 3) report the means, SDs, and sample sizes for each group, and 4) have a sample size greater than 1. It should be noted that in studies where mean percentage values were 100%, accompanying SD values were 0 (i.e., all participants completed all sessions). These SD values were changed to 0.001%.
Random-effects meta-analyses were conducted to determine the mean differences between HIIT and MICT in each outcome variable. Random-effects analyses consider individual studies’ variance when assigning weights to each study, assesses the between-study variance (via τ2), and allows for the generalizability of results to other comparable studies in the universe that may not have been captured in these syntheses [43]. The generalizability of the results to various populations was made possible as we included studies focusing on populations that present with varying medical conditions as well as studies that focus on insufficiently active but otherwise healthy populations. Considering most included studies in the meta-analyses had relatively small sample sizes, Hedge’s g was used as the effect size point estimate for each study, and pooled Hedge’s g was used as the mean effect size point estimate in each analysis. All meta-analyses were summarized in forest plots, with key information presented in the results section. A statistically significant negative pooled Hedge’s g indicated an outcome variable favoring the MICT condition, while a statistically significant positive pooled Hedge’s g indicated an outcome variable favoring the HIIT condition. For all statistical comparisons, alpha was set to .05.
Heterogeneity
Various statistical values were interpreted to identify the presence of heterogeneity in each meta-analysis. The prediction interval was used to estimate the 95% dispersion of the mean effect size for each meta-analysis [44]. Q statistic was used to determine whether the effect sizes vary among included studies, and I2 statistic was used to determine the proportion of the observed variance that is due to true effects instead of sampling error. A minimum of 10 studies included in each meta-analysis was considered sufficient for heterogeneity values to be deemed reliable [45].

Sensitivity Analyses
To assess the robustness of the meta-analyses, one-study removed analysis was performed. One-study removed analysis is a statistical technique that shows what the pooled Hedge’s g effect size would be if each included study was removed from the analysis [46]. This technique showed whether any one study had a statistically or clinically significant impact on the pooled effect size compared to the others based on its weighting and individual effect size.
Funnel plots were used as another type of sensitivity analysis to test for publication bias. Historically, smaller studies and studies whose results are regarded as less conclusive (i.e., non-significant) tend to not be published as often as studies with larger sample sizes and stronger treatment effects, creating the potential introduction of publication bias [47]. Visual inspection of funnel plots allowed for the estimation of whether smaller studies have not been published due to publication bias. For each meta-analysis, if there was apparent asymmetry between one side of the funnel plot compared to the other side, imputation of potentially missing studies was performed by using Duval & Tweedie’s trim and fill function [48] to determine what the pooled effect size would be if such missing studies were included in the meta-analyses. In addition to visual inspection of funnel plots, the Begg & Mazumdar’s rank correlation test [49] was used to assess whether there was an inverse correlation between study size and treatment effect. After correcting for ties, 1-tailed tests based on continuity-corrected normal approximations were computed. Significant correlation findings were interpreted as a potential presence of publication bias, and the subsequent use of Duval and Tweedie’s trim and fill function was performed. In situations where no significant correlation was found, visual inspection of funnel plots was still used to assess publication bias as bias cannot be ruled out if the rank correlation test is not significant [49].

Moderation Analyses
To address potential wide prediction intervals associated with each mean effect size point estimate, sub-group analyses were conducted to provide more specificity on the effect sizes for given sub-groups within each outcome variable. All sub-groups were created as dichotomous categorical groups and defined a-priori for each outcome. Although all sub-group analyses’ models were computed using random-effects, sub-groups were combined using a fixed-effect model. The sub-groups created for each outcome variable were as follows:	Compliance: Study design (randomized controlled trial vs. quasi-experimental), medical condition (presence vs. absence), and subjective risk of bias (low/moderate vs. high).

	Adherence: Study design (randomized controlled trial vs. observational study), medical condition (presence vs. absence), subjective risk of bias (low/moderate vs. high), method of measurement (self-report vs. activity tracker), and timepoint of measurement (≤12 weeks vs. > 12 weeks).




For all sub-group analyses, the pooled τ2 value was used to estimate the mean effect size for each sub-group, as using the individual τ2 values on a small number of studies in each sub-group are likely to be imprecise [50]. Comparisons between the calculated mean effect sizes of sub-groups were performed using a Q statistic. Like the main meta-analyses, sub-group analyses were summarized using forest plots and an alpha of .05 was used for all statistical comparisons.


Quality appraisal of the cumulative body of evidence
Quality of the cumulative body of evidence for each outcome variable was appraised using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach [51]. Each outcome variable was assessed on factors that could either decrease or increase the quality of the cumulative evidence [52]. Factors that could decrease the quality of evidence included study limitations (risk of bias), inconsistencies of results (heterogeneity), indirectness of evidence, imprecision, and publication bias. The observation of a large magnitude of an effect was used as a factor that could increase the quality of evidence. Each factor was appraised by an independent reviewer in consultation with the GRADE Handbook [52]. The overall quality of the evidence for each outcome variable was determined based on a continuum of four grades: high, moderate, low, and very low. Outcome variables that generally had a higher proportion of randomized controlled trials started on a “high” rating of quality, while outcome variables that generally had a higher proportion of observational trials started on a “low” rating of quality. Fluctuations thereafter were a result of the factor appraisals mentioned above. The results of the quality appraisals were summarized in a GRADE evidence profile table created using the GRADEpro GDT tool [53].

Equity, diversity, and inclusion statement
Our author group is gender balanced, representative of different disciplines within health sciences, and includes 3 junior, 2 mid-career, and 3 senior researchers living in two different countries, although we acknowledge that both are high-income countries (Canada and Australia). Three of the authors are women (including the senior corresponding author, who also identifies as of Chinese heritage), and two of the authors are part of equity-deserving groups due to their heritage from the Global South and persons of color.
Our systematic review attempted to include studies from all regions of the globe, and efforts were made to include information presented in other languages so that diverse perspectives from traditionally underrepresented, equity-deserving cultures in academia were represented. We also included studies with many diverse forms of conditions so that results could be pertinent to a wide variety of populations regardless of physical ability, mental health status, or medical condition. Similarly, we included studies with samples of varying ages, demographics, regional locations, and biological sex. We sought to gather information on reported gender identities during our data collection phase to be more inclusive of those not conforming to binary gender classifications, although a scarcity of gender identity reporting was noticed in this field of research.


Results
A PRISMA flow diagram shows the progression of record screening throughout this systematic review (Fig. 1). A total of 3670 records were retrieved via database searches and an additional 123 records were retrieved through manual searching of reference lists for a total of 3793 records. After de-duplication of records, 2374 records went through title and abstract screening. Cohen’s kappa for the title and abstract screening phase was 0.64, indicating moderate agreement between reviewers. Of the 2374 records, 641 went to the full-text screening phase. Cohen’s kappa for the full-text screening phase was 0.77, indicating substantial agreement. After consensus was reached, 188 unique studies were included in this systematic review with a total sample size of 8928 participants [25, 26, 54–239].[image: ]
Fig. 1PRISMA Flow Diagram


Study characteristics
General information about each study can be found in tabular form as Additional File 4. The majority of articles were published between 2016 and 2022 (n = 131; 69.7%; range 1996 to 2022), with 2016 having the most articles published of any given year (n = 26; 13.8%). Only one included article [76] was in a language other than English (Spanish; 0.53%). Most studies were conducted at a single centre (n = 176; 93.6%) with only 12 studies reporting multi-center designs (6.4%). Research studies were conducted in 30 different countries, the most prominent being Canada (n = 31; 16.5%), the United States (n = 24; 12.8%), and Norway (n = 22; 11.7%). 74.5% of included studies reported receiving funding (n = 140); 6.9% declared at least one conflict of interest (n = 13), 79.3% had no conflicts to declare (n = 149), and 13.8% had no declaration statement (n = 26). Ethical approval from an institutional board and participant consents were obtained for 98.9% of included studies (n = 186).
Study Design
Information about studies’ design and population of interest are found in Additional File 5. Most included studies were prospective, with only 4 studies reporting on retrospective data (2.1%). One-hundred and 55 studies were designed as randomized controlled trials or variations thereof (82.4%), while 31 studies were quasi-experimental (16.5%), one study was an exploratory retrospective analysis (0.5%), and one study was a case study (0.5%). Of the 188 included studies, 49 included insufficiently active but otherwise healthy individuals (26.1%). The remaining 139 studies included individuals who presented with at least one medical condition (73.9%). A total of 46 different medical conditions were captured in this systematic review, with the most prominent conditions being cancer (n = 21; 11.2%), obesity (n = 19; 10.1%), coronary artery disease (n = 13; 6.9%), and type 2 diabetes (n = 13; 6.9%).

Group Characteristics
Additional File 6 details information regarding sample size and group characteristics in each study. Total sample size was on average 48 participants per study (SD: 46.2) and ranged from 1 participant [106] to 255 participants [73]. All included studies had a HIIT intervention group; 87 of them included a MICT group (46.3%), 96 included a control group (51.1%), and 47 included another type of group (25%). Mean age for individuals allocated to a HIIT group was 46.6 years (SD: 13.4). For studies that included a MICT group, mean age for individuals allocated to MICT was 47.3 years (SD: 13.8). Regarding biological sex, 53% (SD: 34%) and 56% (SD: 36.1%) of HIIT and MICT participants were male, respectively. No study reported on participants’ gender or sexual identity.

Intervention Characteristics
Additional File 7 summarizes characteristics of the supervised HIIT protocols and where applicable, MICT interventions introduced in each study, while Table 2 provides details on unsupervised, prescribed exercise interventions. Most interventions were one-on-one supervised exercise sessions (n = 159; 84.6%), with the remainder being group sessions ranging between 2 [56, 99] to 15 [209] participants in each session. For studies with a supervised intervention, participants engaged in 1 to 8 sessions per week, with the modal frequency being 3 sessions per week (n = 105; 55.9%) and total number of sessions averaging 30 (SD: 18.2) and ranging between 6 sessions [151, 201] and 104 sessions [121]. For studies with an unsupervised exercise intervention, participants were most often prescribed 3 sessions per week (n = 13; 43.3%) of their specific exercise type (HIIT or MICT), ranging between 1 to 6 sessions per week. Five studies prescribed exercise in terms of minutes of MVPA per week ranging between 75 and 180 minutes of any physical activity meeting a minimum moderate-intensity threshold. In unsupervised settings, exercise was prescribed for variable lengths of time ranging between 4 weeks [139] to 80 weeks [129], with 52 weeks being the most commonly prescribed length (n = 7; 23.3%).
Table 2Characteristics of Studies with Unsupervised Exercise Components


	Study Reference
	Number of Prescribed Unsupervised Sessions
	Length of Unsupervised Time Period
	FITT Description

	HIIT
	MICT

	Aamot et al. [54]
	150 minutes MVPA/week
	52 weeks post-intervention
	–
	–

	Bjorke et al. [73]
	2 sessions/week
	24 weeks
	5-10 × 2 min; 80–90% HRR; Running/Walking/Cycling; 60s recovery.
	75 min; 40–50% HRR; Running/Walking/Cycling.

	Currie et al. [85]
	1 session/week
	12 weeks post-intervention
	Lower limb exercises
	Lower limb exercises

	Dowd et al. [94]
	150 minutes MVPA/week
	12 weeks post-intervention
	–
	–

	Emtner et al. [99]
	2 sessions/week
	8 weeks post-intervention
	Pool swimming
	–

	Gauthier et al. [108]
	3 sessions/week
	6 weeks
	20x30s; 6–8 BORG10 RPE; Wheelchair propulsion; 60s recovery.
	30 min; 4–5 BORG10 RPE; Wheelchair propulsion.

	Guillamo et al. [118]
	4–6 sessions/week
	20 weeks post-intervention
	3 × 3-5 min; 17–18 BORG20 RPE; Biking; 3 min recovery
	–

	Heje et al. [123]
	3 sessions/week
	8 weeks post-intervention
	2 sets of 5x10s; Maximal sprints; Biking; 50s recovery.
	–

	Hesketh et al. [124]
	3 sessions/week
	12 weeks
	4-9x 60s; 80% HR max; Body weight exercises; 60s recovery.
	45 min; 50–70% HR max; Home-based exercises.

	Howden et al. [129]
	3–4 sessions/week
	80 weeks
	4x4min; 95% HR peak; Running/Biking/Elliptical; 3 min recovery.
	–

	Ivanova et al. [134]
	1–2 sessions/week
	24 weeks post-intervention
	4-10x 60s; 90% HR peak; Treadmill/Stationary bike/Elliptical; 60s recovery.
	20-50 min; 65% HR peak; Treadmill/Stationary bike/Elliptical.

	Jung et al. [139]
	1–2 sessions/week
	4 weeks post-intervention
	10x 60s; 90% HR peak; Treadmill/Stationary bike/Elliptical; 60s recovery.
	50 min; 65% HR peak; Treadmill/Stationary bike/Elliptical.

	Jung et al. [26]
	3 sessions/week
	52 weeks post-intervention
	10x 60s; 90% HR peak; Treadmill/Stationary bike/Elliptical; 60s recovery.
	50 min; 65% HR peak; Treadmill/Stationary bike/Elliptical.

	Karstoft et al. [142]
	5 sessions/week
	16 weeks
	10x3min; 70% VO2 peak; Walking; 3 min recovery.
	60 min; 55% VO2 peak; Walking.

	Keogh et al. [147]
	4 sessions/week
	8 weeks
	5x45s; High intensity; Biking; 90s recovery.
	20 min; Moderate intensity; Biking.

	Locke et al. [157]
	75–150 minutes MVPA/week
	24 weeks post-intervention
	10x60s; 85% HR peak; Walking/Biking/Elliptical; 60s recovery.
	30 min; 65% HR peak; Walking/Biking/Elliptical.

	Madssen et al. [163]
	3 sessions/week
	52 weeks post-intervention
	4x4min; 85–95% HR max; Running/Biking/Skiing; 3 min recovery.
	–

	Mendelson et al. [167]
	3 sessions/week
	16 weeks post-intervention
	22x60s; 100% PPO; Cycle ergometer; 60s recovery.
	32-44 min; 50% PPO; Cycle ergometer.

	Midtgaard et al. [171]
	180 minutes MVPA/week
	52 weeks post-intervention
	–
	–

	Moholdt et al. [173]
	3–4 sessions/week
	24 weeks post-intervention
	4x4min; 90% HR max; Biking; 3 min recovery.
	46 min; 70% HR max; Biking.

	Moholdt et al. [174]
	3 sessions/week
	24 weeks
	4x4min; 85–95% HR max; Running/Biking/Swimming; 3 min recovery.
	–

	Pattyn et al. [184]
	150 minutes MVPA/week
	52 weeks
	–
	–

	Poon et al. [188]
	3 sessions/week
	8 weeks
	10x60s; 80–90% HR max; Running; 60s recovery.
	50 min; 65–70% HR max; Running.

	Poon et al. [189]
	3 sessions/week
	16 weeks post-intervention
	6-12x 60s; 80–90% HR max; Running; 60s recovery.
	40 min; 65–70% HR max; Walking.

	Roy et al. [198]
	3 sessions/week
	52 weeks
	HIIT exercises; 80–90% HR max; Walking/Biking
	–

	Scott et al. [207]
	3 sessions/week
	6 weeks
	6-10x 60s; 80% HR max; Body weight exercises; 60s recovery.
	–

	Smith-Ryan et al. [213]
	2 sessions/week
	12 weeks
	10x60s; 75–95% HR max; Home-based exercises; 60s recovery.
	–

	Taylor et al. [217]
	3 sessions/week
	52 weeks post-intervention
	4x4min; RPE 15–18 BORG20 RPE; Home-based exercises; 3 min recovery.
	40 min; RPE 11–13 BORG20 RPE; Home-based exercises.

	Valent et al. [226]
	2–3 sessions/week
	8–12 weeks
	6-8 × 2-3 min; 60–80% HRR; Hand cycling; 1-2 min recovery.
	–

	Vella et al. [227]
	3 sessions/week
	5 weeks post-intervention
	10x60s; 75–80% HRR; Treadmill/Cycle ergometer/Elliptical; 60s recovery.
	20 min; 55–59% HRR; Treadmill/Cycle ergometer/Elliptical.


FITT descriptions follow the convention of duration of intervals/exercise, intensity of exercise sessions, modality/type of exercise, and for HIIT interventions, recovery duration. MVPA moderate-to-vigorous physical activity, HR heart rate, HRR heart rate reserve, VO2 volume of oxygen consumption, PPO peak power output, BORG10 RPE rating of perceived exertion based on the 0–10 scale, BORG20 RPE rating of perceived exertion based on the 6–20 Borg scale



For both supervised and unsupervised interventions, there was wide diversity in exercise prescription; each HIIT and MICT intervention has been summarized in Additional File 7 and Table 2 according to their intensity, time, and type. In addition to HIIT or MICT, 14.4% of interventions also had a strength training component (n = 27), 5.9% had other exercise components such as stretching, yoga, cross-training, etc. (n = 11), and 13.8% had some form of educational counselling/behaviour change technique component (n = 26).


Risk of Bias assessment
Risk of bias assessments for each randomized controlled trial can be found in Fig. 2, with accompanying summary results illustrated in Fig. 3. A total of 156 studies were assessed, with 85 (54.5%) showing overall low risk of bias, 28 (17.9%) showing some concerns, and 43 (27.6%) showing high risk of bias based on the 5 domains of RoB 2.0 [34].[image: ]
Fig. 2Risk of Bias 2.0 Traffic Light Plot (n = 156)

[image: ]
Fig. 3Summary Plot of Risk of Bias 2.0 Assessments (n = 156)


Individual study results and summary statistics of risk of bias of studies that were not randomized controlled trials are depicted in Figs. 4 and 5, respectively. Thirty-two studies were assessed using the 7 domains of ROBINS-I [35]: 10 studies (31.3%) were categorized as low risk of bias, 10 (31.3%) were moderate risk, 11 (34.4%) were categorized as high risk of bias, and 1 study (3.1%) was categorized as critical risk of bias.[image: ]
Fig. 4ROBINS-I Traffic Light Plot (n = 32)

[image: ]
Fig. 5Summary Plot of ROBINS-I Assessments (n = 32)



Compliance
Weighted Average and SD
Of the 188 studies included in the systematic review, 172 reported compliance rates to a supervised HIIT intervention, and 76 reported compliance rates to supervised MICT. Individual study results and dropout rates can be found in Additional File 8. On average, 12.9% (SD: 13%) and 11.8% (SD: 11.6%) of participants dropped out from a supervised HIIT or MICT intervention, respectively. Six studies reported compliance rates in units other than percentage of supervised sessions completed and were therefore omitted from quantitative syntheses. The results of the remaining 166 studies and 70 studies were used to calculate the weighted average and weighted SD for compliance rates to supervised HIIT and MICT interventions, respectively. Overall, compliance to supervised HIIT interventions averaged 89.4% (SD: 11.8%), while compliance to supervised MICT interventions averaged 92.5% (SD: 10.6%).

Meta-Analysis
Sixty-five studies met the criteria necessary to be included in a random-effects meta-analysis comparing compliance rates between supervised HIIT and MICT interventions. A forest plot depicting each study’s weight, effect size and accompanying 95% confidence interval can be found as Fig. 6. Pooled results show no significant difference in compliance rates between supervised HIIT and MICT interventions [Hedge’s g = 0.015 (95% CI: − 0.088 – 0.118), p = .78]. The prediction interval demonstrates that 95% of true effects for all comparable studies in the universe fall somewhere between − 0.49 and 0.52 from the reference line (see Fig. 7). Between-study variance of the true effects is denoted by τ2, with standard deviation being the square root (τ2 = 0.060). Effect size point estimates significantly varied among included studies [Q (64) = 100.88, p = .002]. I2 statistic revealed that 36.56% of the observed variance was due to true effects, with the remaining proportion attributable to sampling error.[image: ]
Fig. 6Forest Plot Comparing Compliance Rates to HIIT vs. MICT Interventions

[image: ]
Fig. 7Pooled Effect Size Point Estimate, 95% Confidence Interval, and Accompanying Prediction Interval for Compliance Rates to HIIT vs. MICT Interventions



Sensitivity Analysis
One-study removed analyses showed that no study included in this meta-analysis had a significant statistical impact on the pooled effect size compared to all other studies (p > .05), suggesting the analysis is robust.

Publication Bias
Begg & Mazumdar’s rank correlation test [49] was used to assess the presence of publication bias. Kendall’s τb for 1-tailed test with continuity correction suggested low publication bias in the compliance meta-analysis (τb = 0.131, p = .062). Visual inspection of a funnel plot mapping each included study relative to the pooled effect size revealed symmetry on both sides of the reference line, also suggesting low publication bias (see Fig. 8). As a result, no potential missing studies were imputed in the meta-analysis through the trim and fill function.[image: ]
Fig. 8Funnel Plot for Compliance Rates to HIIT vs. MICT Interventions



Moderation Analyses
Of the three planned sub-group analyses for the compliance outcome variable, two were conducted. Only one study included in the meta-analysis was not a randomized controlled trial [98]. Therefore, sub-group analysis based on study design (randomized control trial vs. quasi-experimental study) was waived.
Sub-group analysis based on the presence vs. absence of a medical condition is summarized in a forest plot (Fig. 9). Of the 65 studies included in the meta-analysis, 46 had a presence of a medical condition (70.8%). For those presenting with a medical condition, mean effect size was not significant [Hedge’s g = − 0.046 (95% CI: − 0.164 – 0.072), p = .44] with a prediction interval of − 0.519 to 0.427. For the remaining 19 studies on insufficiently active but otherwise healthy samples, mean effect size was also not significant [Hedge’s g = 0.182 (95% CI: − 0.011 – 0.381), p = .065] with a prediction interval of − 0.316 to 0.681. Comparisons between the two mean effect sizes using a Q-statistic showed a significant difference in compliance rate between those with a presence vs. absence of a medical condition [Q (1) = 3.90, p = .048].[image: ]
Fig. 9Forest Plot of Sub-Group Analysis (presence vs. absence of medical condition) for Compliance Rates to HIIT vs. MICT Interventions


Sub-group analysis based on subjective risk of bias (low/moderate vs. high) is summarized as a forest plot (Fig. 10). Ten studies were assessed to have high risk of bias, with the other 55 studies having low/moderate risk (84.6%). Mean effect sizes for both sub-groups were not statistically significant (ps > .05), and comparison between the two mean effect sizes using a Q-statistic showed no significant difference in compliance rates between studies with a high risk of bias compared to studies with a low/moderate risk of bias [Q (1) = 2.39, p = .122].[image: ]
Fig. 10Forest Plot of Sub-Group Analysis (low/moderate vs. high risk of bias) for Compliance Rates to HIIT vs. MICT Interventions




Adherence
Weighted Average and SD
Thirty studies reported adherence rates to unsupervised, real-world HIIT interventions, while 17 studies reported adherence rates to MICT. A summary of these results can be found in Table 3. There was greater variety in the method of measurement, unit of measurement (e.g., MVPA/week as opposed to adherence to prescribed exercise type), and timepoint of measurement of adherence rates when compared to compliance rates. As a result, 15 of the 30 studies were included in the calculation of weighted average and weighted SD for HIIT, as the other 15 reported adherence rates in units other than percentage of exercise sessions completed in the prescribed exercise type. Ten studies were used in the weighted average and SD calculation for MICT. On average, adherence rate to unsupervised, real-world HIIT sessions was 63% (SD: 21.1%). Adherence to MICT sessions was 68.2% (SD: 16.2%).
Table 3Adherence to Unsupervised Interventions


	Study Reference
	Method of Measurement
	Unit of Measurement
	Timepoint(s) of Measurement
	Adherence Result (SD)

	HIIT
	MICT

	Aamot et al. [54]
	Self-Report
	Percentage of reported regular exercisers
	52 weeks post-intervention
	72%
	–

	Bjorke et al. [73]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	24 weeks
	52% (32%)
	65% (32%)

	Currie et al. [85]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	12 weeks post-intervention
	91.7% (83.3%)
	100%

	Dowd et al. [94]
	Self-Report
	Number of MVPA minutes per week
	12 weeks post-intervention
	131.5 (32.1)
	–

	Emtner et al. [99]
	Self-Report
	Number of exercise sessions completed per week
	8 weeks post-intervention
	2
	–

	Gauthier et al. [108]
	Self-Report
	Percentage of prescribed exercise sessions completed
	6 weeks
	86.1% (11.7%)
	97.8% (9.4%)

	Guillamo et al. [118]
	Self-Report
	Percentage of prescribed exercise sessions completed
	20 weeks post-intervention
	30%
	–

	Heje et al. [123]
	–
	Number of exercise minutes per week
	8 weeks post-intervention
	30–50
	 
	Hesketh et al. [124]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	12 weeks
	39% (36%)
	48% (35%)

	Howden et al. [129]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	80 weeks
	88% (11%)
	–

	Ivanova et al. [134]
	Activity Tracker
	Number of MVPA minutes per week
	4- and 24-weeks post-intervention
	4: 313.5 (88.3)
24: 290.8 (122.7)
	4: 313.5 (88.3)
24: 290.8 (122.7)

	Jung et al. [139]
	Self-Report
	Percentage of prescribed exercise sessions completed
	4 weeks post-intervention
	89% (11%)
	71% (31%)

	Jung et al. [26]
	Activity Tracker
	Change in MVPA minutes per week
	12-, 24-, and 52-weeks post-intervention
	12: 68.5
24: 24.4
52: 2.2
	12: 86.4
24: 99
52: 61.6

	Karstoft et al. [142]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	16 weeks
	85% (4%)
	94% (6%)

	Keogh et al. [147]
	Self-Report
	Percentage of prescribed exercise sessions completed
	8 weeks
	94% (8%)
	88% (12%)

	Locke et al. [157]
	Activity Tracker
	Number of MVPA10+ minutes per week
	24 weeks post-intervention
	69.4 (11.7)
	53 (16.9)

	Madssen et al. [163]
	Self-Report
	Number of exercise sessions completed per week
	52 weeks post-intervention
	2–3
	–

	Mendelson et al. [167]
	Activity Tracker
	Number of MVPA minutes per week
	16 weeks post-intervention
	105 (90)
	82 (53)

	Midtgaard et al. [171]
	Self-Report
	Percentage of reported regular exercisers
	52 weeks post-intervention
	70.4%
	–

	Moholdt et al. [173]
	Self-Report
	Percentage of reported regular exercisers
	24 weeks post-intervention
	73.9%
	68%

	Moholdt et al. [174]
	Self-Report
	Number of exercise sessions completed per week
	24 weeks
	1.6 (1.6)
	–

	Pattyn et al. [184]
	Activity Tracker
	Percentage of reported regular exercisers
	52 weeks
	93.1%
	89.6%

	Poon et al. [188]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	8 weeks
	90.1% (4.3%)
	95.8% (3.3%)

	Poon et al. [189]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	16 weeks
	84% (8.4%)
	83.8% (4.3%)

	Roy et al. [198]
	Activity Tracker
	Percentage of reported regular exercisers
	52 weeks
	23.1%
	–

	Scott et al. [207]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	6 weeks
	95% (2%)
	–

	Smith-Ryan et al. [213]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	12 weeks
	63.3% (36.9%)
	–

	Taylor et al. [217]
	Self-Report
	Number of exercise sessions completed per week
	12-, 24-, and 52-weeks post-intervention
	12: 2.8 (1.7)
24: 3.5 (1.5)
52: 3.1 (1.8)
	12: 3.3 (1.8)
24: 3.7 (1.6)
52: 3.5 (2.1)

	Valent et al. [226]
	Self-Report
	Percentage of prescribed exercise sessions completed
	12 weeks
	79.2% (12.5%)
	–

	Vella et al. [227]
	Activity Tracker
	Percentage of prescribed exercise sessions completed
	8 weeks post-intervention
	93.4% (8.3%)
	93.1% (10.6%)


Activity tracker measurement includes heart rate monitors, wearable technology, and accelerometry data. MVPA moderate-to-vigorous physical activity, MVPA10+ moderate-to-vigorous physical activity in bouts of 10 minutes or more




Meta-Analysis
Ten studies met the criteria necessary to be included in a random-effects meta-analysis comparing adherence rates between unsupervised, real-world HIIT and MICT interventions. A forest plot depicting each study’s weight, effect size and accompanying 95% confidence interval can be found as Fig. 11. Pooled results showed no significant difference in adherence rates between unsupervised HIIT and MICT interventions [Hedge’s g = − 0.313 (95% CI: − 0.681 – 0.056), p = .096]. The prediction interval demonstrates that 95% of true effects for all comparable studies in the universe fall somewhere between − 1.457 and 0.832 from the reference line (see Fig. 12). Between-study variance of the true effects (τ2) was calculated to be 0.211. Effect size point estimates significantly varied among included studies [Q (9) = 30.96, p < .001]. Based on I2 statistic, 70.93% of the observed variance was due to true effects, with the remaining proportion attributable to sampling error.[image: ]
Fig. 11Forest Plot Comparing Adherence Rates to HIIT vs. MICT Interventions

[image: ]
Fig. 12Pooled Effect Size Point Estimate, 95% Confidence Interval, and Accompanying Prediction Interval for Adherence Rates to HIIT vs. MICT Interventions



Sensitivity Analysis. One-study removed analyses identified two studies that significantly influenced the pooled effect size. The removal of Jung and colleagues [139] from the main analysis resulted in a statistically significant pooled effect size favoring the MICT interventions (Hedge’s g = − 0.426, p = .016). Similarly, removing Keogh and colleagues [147] from the main analysis resulted in a statistically significant pooled effect size favoring the MICT interventions (Hedge’s g = − 0.388, p = .043).

Publication Bias. The rank correlation test was not used as a measure of publication bias since only 10 studies were included in this meta-analysis and concerns over low statistical power have been previously raised [240]. Funnel plot inspection was used instead. Visual inspection of the plot may have suggested publication bias as an unequal number of studies were found at bottom of the plot (see Fig. 13), but the trim and fill function had 0 adjusted values to the left or right of the mean, indicating a non-significant change in mean effect size due to publication bias.[image: ]
Fig. 13Funnel Plot for Adherence Rates to HIIT vs. MICT Interventions



Moderation Analyses
Three of the five planned sub-group analyses were completed for the adherence meta-analysis. Sub-group analysis based on study design was waived as only one included study was not a randomized controlled trial [124]. Similarly, all 10 included studies were on populations presenting with a medical condition, so sub-group analysis based on the presence vs. absence of a medical condition was also waived. For the remaining sub-group analyses, results should be interpreted with caution due to the low number of studies aggregated in each sub-group.
For sub-group analysis based on risk of bias assessment, 2 studies had a subjective rating of high risk and the remaining 8 were rated as low/moderate risk. Summary results can be found as a forest plot (Fig. 14). Mean effect sizes were not statistically significant for either sub-group (ps > .05) and comparison between the two mean effect sizes was also non-significant, suggesting that adherence rates were not different dependent on risk of bias rating [Q (1) = 0.185, p = .668].[image: ]
Fig. 14Forest Plot of Sub-Group Analysis (low/moderate vs. high risk of bias) for Adherence Rates to HIIT vs. MICT Interventions


For sub-group analysis based on timepoint of adherence measurement (≤12 weeks vs. > 12 weeks), 7 included studies measured adherence ≤12 weeks post-intervention. Summary of results for this sub-group analysis can be found in Fig. 15. Mean effect sizes for both sub-groups were non-significant (ps > .05) and comparison between the two yielded no difference in adherence rates between measurements ≤12 weeks and > 12 weeks post-intervention [Q (1) = 0.961, p = .327].[image: ]
Fig. 15Forest Plot of Sub-Group Analysis (≤12 weeks vs. > 12 weeks) for Adherence Rates to HIIT vs. MICT Interventions


The results of the sub-group analysis based on the method of adherence measurement (activity tracker vs. self-report) can be found as a forest plot (Fig. 16). Seven of the 10 studies measured adherence with activity trackers (i.e., heart rate monitor, wearable watch, accelerometer). The remaining 3 studies measured adherence through self-report measures. For studies that measured adherence through self-report, mean effect size was not significant [Hedge’s g = 0.259 (95% CI: − 0.433 – 0.951), p = .46] with a prediction interval of − 0.974 to 1.493. Mean effect size for the studies that used activity trackers significantly favored the MICT interventions [Hedge’s g = − 0.487 (95% CI: − 0.876 – − 0.098), p = .014] with a prediction interval of − 1.520 to 0.546. The comparison between the two mean effect sizes showed no significant difference in adherence rates depending on whether adherence was measured using activity trackers or self-report measures [Q (1) = 3.391, p = .066].[image: ]
Fig. 16Forest Plot of Sub-Group Analysis (activity tracker vs. self-report) for Adherence Rates to HIIT vs. MICT Interventions




GRADE quality appraisal
Quality appraisal of the cumulative body of evidence for each outcome variable can be found in the GRADE Evidence Profile (Table 4). For the outcome variable of compliance to supervised HIIT vs. MICT interventions, no serious concerns were noted in four of the five domains appraised. Specifically, most included studies were randomized controlled trials, a relatively small proportion of included studies were assessed to have high risk of bias, heterogeneity values (i.e. I2, τ2) were moderate and did not significantly impact mean effect size estimates, sufficient sample sizes for each condition provided confidence in the findings, and no publication bias was detected. When appraising the directness of the evidence, some concerns were raised due to the potential of interventions being delivered differently in different settings based on the diversity of the interventions included in the analysis. For example, type, duration, mode of delivery, and intensity of exercise varied in each study, some of which may have influenced compliance to the intervention. As such, quality of the evidence was downgraded one level due to indirectness, resulting in an overall moderate certainty rating.
Table 4GRADE Evidence Profile for compliance and adherence rates to high-intensity interval training vs. moderate-intensity continuous training interventions among insufficiently active individuals


	Certainty assessment
	№ of patients
	Absolute Effect (95% CI)
	Certainty

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	HIIT
	MICT

	Compliance

	 65
	Randomized trials
	Not seriousa
	Not seriousb
	Seriousc
	Not seriousd
	No publication bias detected
	1249
	1230
	SMD 0.015 SD higher
(0.088 lower to 0.118 higher)
	⨁⨁⨁◯
Moderate

	Adherence

	 10
	Randomized trials
	Seriouse
	Seriousf
	Seriousg
	Serioush
	No publication bias detected
	301
	282
	SMD 0.313 SD lower
(0.681 lower to 0.056 higher)
	⨁◯◯◯
Very low


CI confidence interval, SMD standardized mean difference
a 15.4% of included studies were assessed to have high risk of bias, the results of which did not significantly differ from studies with low/moderate risk of bias, so quality of evidence was not downgraded
b Moderate heterogeneity in findings with relatively low between-study variance
c Diversity in interventions delivered decreases the directness of the comparisons between groups
d Adequate sample size gives confidence in findings
e 20% of included studies were assessed to have a high risk of bias, posing some concerns over the design and/or execution of studies
f Substantial heterogeneity in findings denotes inconsistency in findings
g Diversity in the methods and timepoints of adherence measurement increase indirectness of the outcome variable
h Insufficient sample size per intervention to have confidence in precision of results



For the outcome variable of adherence to unsupervised HIIT vs. MICT interventions, serious concerns were noted for each domain appraised. With the low number of included studies, heterogeneity in findings was high and inconsistent between studies, and a low sample size in each condition coupled with statistically significant sensitivity analyses decrease confidence in the precision and robustness of results. Similar to compliance, diversity in the interventions delivered, timepoints and methods of outcome measurement raise concerns over the directness of the comparisons being made. Taken together, quality of the evidence was rated as very low for the adherence outcome.


Discussion
The primary and secondary purposes of this systematic review and meta-analyses were to first determine what compliance and adherence rates to supervised and unsupervised HIIT interventions were, respectively, for insufficiently active adults and adults presenting with a medical condition; and second, to determine whether compliance and adherence rates were different between HIIT and MICT interventions in both supervised and unsupervised settings. One-hundred and 88 unique studies were included in this review representing a diversity of populations and HIIT iterations. In congruence with our hypothesis, average compliance rate to supervised HIIT interventions was relatively high (> 89% of sessions attended), suggesting that under controlled settings, HIIT is a viable exercise option for insufficiently active adults and individuals presenting with a medical condition. This is inclusive of varying forms of HIIT, such as traditional 4 × 4-minute intervals, low-volume HIIT, sprint interval training, and so forth. This finding may shed light on whether HIIT is feasible for a largely sedentary population due to concerns over perceived difficulty and/or affective response in supervised settings [21–24].
Based on the 65 studies included in the meta-analysis, compliance rates were not different between supervised HIIT and MICT interventions. These results appear robust as sensitivity analyses suggested no study significantly influenced results and a small risk of publication bias was detected. This non-significant finding alludes to the thought that both HIIT and MICT are viable exercise options in supervised settings among insufficiently active adults and adults presenting with a medical condition. Given that both exercise modalities have been shown to elicit positive physiological benefits [14–18], perhaps providing a choice between the two may prove optimal when developing physical activity recommendations and designing supervised exercise interventions. Quality appraisal of the evidence was rated as moderate due to the diversity in interventions, thus limiting the direct comparisons between standardized HIIT and MICT modalities free from influences of exercise time, equipment choice and intensity. It would be interesting for future syntheses to compare compliance and adherence rates to different HIIT and MICT exercise protocols to determine whether optimal protocols exist that elicit the highest completion rates. The vast diversity of protocols found in this review precluded such formal analyses.
Average adherence rates to unsupervised, real-world HIIT/MICT interventions were moderate (HIIT:63%; MICT: 68%). This decrease in completion of HIIT and MICT sessions in real-world environments compared to supervised settings may suggest that individual’s behaviors are influenced by one’s knowledge of being directly under observation in a supervised setting, as is the case in randomized controlled trials [241]. Previous research has also indicated social support to be an important determinant of physical activity engagement [242–244]. Nonetheless, considering the minimal amount of external support received in unsupervised interventions, individuals who had never done HIIT and/or MICT before completed over 60% of prescribed sessions, implying such exercise modalities may be well tolerated in this population. Further research may be warranted to explore potential strategies to increase adherence rates to unsupervised HIIT and MICT exercise. For example, support through concurrent mHealth, eHealth, and activity tracker interventions [245–248], the implementation of behavior change techniques [249, 250], and/or the development of unsupervised interventions grounded on theoretical frameworks [251] are just some strategies that have shown promise in improving physical activity behaviour.
Based on the meta-analysis including 10 studies, no statistical difference was found in adherence rates between unsupervised, real-world HIIT and MICT interventions, although there appears to be a notable trend favouring MICT dependent on the method of measuring adherence. However, these results should be interpreted with great caution as concerns over the robustness of the analysis, high heterogeneity between studies, and very low quality of the evidence are apparent. Results from the sensitivity analysis support the need for caution, as the removal of two studies seem to influence results towards a non-significant finding [139, 147]. However, the purpose of a sensitivity analysis is not to discredit the main findings of a meta-analysis, but rather to assess whether such analysis is robust, or whether more research is needed to solidify the pooled effect estimate. Furthermore, due to the sheer diversity in interventions, there are countless confounding variables that cannot be controlled for in a meta-analysis (hence heterogeneity). The only manner in which to address this is by increasing the number of studies in the analysis, and by doing so, eventually diluting the effects of such confounders. Lastly, as it may be the case that certain studies are pulling the pooled effect estimate towards a non-significant finding [139, 147], it may equally be the case that further research would support or thwart the findings from these certain studies. This is the basic statistical concept of a normal sampling distribution, and the only way to confirm the precision of the effect estimate is by increasing the number of studies in the analysis, not by pointing to one or two studies which may or may not be an accurate depiction of the true parameter effect.
There is a clear need for more research to be conducted on adherence to unsupervised HIIT and MICT interventions to increase the confidence in mean effect size estimate and its accompanying confidence interval. Future interventions would greatly benefit from prescribing standardized HIIT and MICT protocols for ease of comparison across studies, as well as consensus on the method and unit of measuring adherence rates. Additionally, more randomized controlled trials comparing adherence rates are needed on insufficiently active but otherwise healthy individuals since none were included in this meta-analysis. Nonetheless, this preliminary evidence suggests that both HIIT and MICT exercise protocols may be viable options for adults presenting with a medical condition in unsupervised, real-world settings.
When considering the method of measuring adherence rates in real-world settings, sub-group analysis may point to differences between self-report and activity tracker measures, with activity trackers favoring higher adherence rates in MICT conditions compared to HIIT, and self-report measures showing similar adherence rates between the two conditions. Although causal conclusions cannot be drawn from this analysis due to the low number of studies aggregated in each sub-group and the lack of control for potential confounding variables, the results observed are interesting and could be due to a couple of factors. A review of reviews summarizes that self-report methods of measuring physical activity have the potential to be inconsistent dependent on the context of implementation and when compared to other forms of measurement [252]. This may be the case in the studies included in this review, and hence the differences observed between self-report measures and wearable activity measures of physical activity. In contrast, it may be the case that the inconsistencies found in this review stem from wearable activity trackers instead of self-report measures, and the inability for older and current trackers to accurately capture higher intensity exercise bouts [252]. Moving forward, it may be best practice to measure adherence rates to unsupervised physical activity in a multitude of ways in any given study, inclusive of self-report and activity trackers, so that cross-examination may be done to provide a more accurate depiction of physical activity intensity and behaviour in unsupervised settings.
Strengths and limitations
Our systematic review and meta-analyses had a variety of strengths, such as the inclusion of a large number of studies conducted in a variety of settings with different populations across the globe. As such, our findings may be generalizable to most populations of interest. However, it should be noted that due to most included studies being randomized controlled trials, relatively small sample sizes, and substantial heterogeneity of trial design amongst free-living interventions, generalizability should be done with caution. Another strength of this review is the employment of rigorous processes in the database searches, article screening, data retrieval, and reporting phases, which further add to the quality of this review. Furthermore, the use of well-established tools, guidelines, and statistical processes at each stage provides confidence in the results presented.
Despite these strengths, there are several limitations that should be noted. Importantly, our review placed focus on attendance and completion rates of prescribed exercise modalities without considering whether individuals achieved the intensities of such exercises. It could be the case that although compliance and adherence to exercise were relatively high, the distinction between HIIT and MICT could be decreased in instances where individuals were unable to achieve and/or maintain higher-intensity efforts [20]. In congruence with recommendations by Taylor and colleagues [253], future research on exercise implementation should consider both attendance and intensity achievement to determine implementation success. Another limitation is that roughly a quarter of full texts were excluded from this review due to the non-reporting of compliance or adherence. Although we cannot be certain, perhaps studies that reported compliance or adherence rates are more prone to attempt to evoke engagement in their intervention, thus inflating the compliance and adherence rates calculated in this review. Another limitation that may exacerbate the differences in compliance and adherence rates between HIIT and MICT is the standardization of these outcomes to percentage of completed sessions when calculating weighted means and standardized mean differences. Although such standardization allows for ease of comparison between studies, it does not consider the absolute number of exercise sessions prescribed. In rare instances when the number of sessions prescribed are different between groups e.g., [174, 197, 205, 209], the percentage of completed sessions may be inflated when a lower number of sessions are prescribed compared to the other group. For example, Shepherd and colleagues [209] note that although attendance percentage is higher in the HIIT group compared to MICT, the absolute number of sessions completed by the MICT group was greater since they were prescribed more sessions.
The exclusion of grey literature, qualitative studies, and non-peer reviewed studies are also limitations. The information from these other sources may have impacted the results presented, although analyses aiming to detect publication bias were conducted to mitigate such risk. Although not necessarily a limitation of this study, the small number of studies included in the adherence meta-analysis and very low quality of evidence impede concrete conclusions to be made, highlighting the need for more research in this area.


Conclusions
Results from this systematic review and meta-analyses indicate that compliance rate to supervised HIIT interventions is relatively high (89%) and not significantly different than supervised MICT interventions (92%) among insufficiently active adults and adults presenting with a medical condition. Such information could prove useful when developing physical activity recommendations and exercise interventions. Average adherence rate to unsupervised, real-world HIIT interventions is moderate (63%) and comparable to MICT interventions (68%), although these findings should be interpreted with caution due to the low number of studies, high heterogeneity, and very low quality of evidence. Further research is needed to increase confidence in adherence rate results among these populations, taking into consideration the exercise protocols employed, method of outcome measurement, unit of measurement, and timepoint of measurement. Future research on differences in compliance rates between varying HIIT and MICT protocols could also be of interest to determine whether optimal protocols exist to promote short- and long-term physical activity participation. Lastly, instead of focusing on whether one exercise modality is superior to another for improving free-living physical activity behavior, future research may benefit from focusing on constructs that may impact such behavior, including the use of eHealth, behavior change techniques, and theory in intervention development.

Acknowledgements
The authors of this study would like to acknowledge Chrisie McGrath, Tyson Watson, and Ian Walker for their assistance in the retrieval of full-text articles, full-text screening, extraction form piloting, and data extraction. The authors would also like to acknowledge Dr. Victoria Meah for her assistance in the meta-analyses. This study was completed on the unceded, ancestral lands of the Syilx Nation.

Authors’ contributions
AS conducted data retrieval, was one of the independent reviewers for article screening, data extraction, and risk of bias, performed the analyses, and wrote the first draft of the manuscript. KB was one of the independent reviewers for article screening, data extraction, and risk of bias, and assisted with the critical revision of the manuscript. MM was one of the independent reviewers for article screening, data extraction, and risk of bias, and assisted with the critical revision of the manuscript. DV was one of the independent reviewers for article screening, data extraction, and risk of bias, and assisted with the critical revision of the manuscript. MV-D assisted with the creation of the search strategy, assisted with data retrieval, and assisted with the critical revision of the manuscript. CL assisted with the conception of this study and assisted with the critical revision of this manuscript. DL assisted with the conception of this study and assisted with the critical revision of this manuscript. MEJ assisted with the conception of this study, provided supervision of the project, and assisted with the critical revision of this manuscript. All authors read and approved the final manuscript.

Funding
The authors declare no source of funding associated with this study.

Availability of data and materials
The datasets used and analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. 2020;54:1451–62. https://​doi.​org/​10.​1136/​bjsports-2020-102955.Crossref

	2.
Guthold R, Stevens GA, Riley LM, et al. Worlwide trends in insufficient physical activity from 2001 to 2016: a pooled analysis of 358 population-based surveys with 1.9 million participants. Lancet Glob Health. 2018;6:e1077–86. https://​doi.​org/​10.​1016/​S2214-109X(18)30357-7.Crossref

	3.
Lee IM, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and life expectancy. Lancet. 2012;380:219–29. https://​doi.​org/​10.​1016/​S0140-6736(12)61031-9.Crossref

	4.
Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity: the evidence. CMAJ. 2006;174:801–9. https://​doi.​org/​10.​1503/​cmaj.​051351.Crossref

	5.
Nayor M, Chernofsky A, Spartano NL, et al. Physical activity and fitness in the community: the Framingham heart study. Eur Heart J. 2021;42:4565–75. https://​doi.​org/​10.​1093/​eurheartj/​ehab580.Crossref

	6.
Penedo FJ, Dahn JR. Exercise and well-being: a review of mental and physical health benefits associated with physical activity. Curr Opin Psychiatry. 2005;18:189–93. https://​doi.​org/​10.​1097/​00001504-200503000-00013.Crossref

	7.
Zhao M, Veeranki SP, Magnussen CG, et al. Recommended physical activity and all cause and cause specific mortality in US adults: prospective cohort study. BMJ. 2020;370:m2031. https://​doi.​org/​10.​1136/​bmj.​m2031.Crossref

	8.
Di Lorito C, Long A, Byrne A, et al. Exercise interventions for older adults: a systematic review of meta-analyses. J Sport Health Sci. 2021;10:29–47. https://​doi.​org/​10.​1016/​j.​jshs.​2020.​06.​003.Crossref

	9.
Goodwin VA, Richards SH, Taylor RS, et al. The effectiveness of exercise interventions for people with Parkinson’s disease: a systematic review and meta-analysis. Mov Disord. 2008;23:631–40. https://​doi.​org/​10.​1002/​mds.​21922.Crossref

	10.
Stevinson C, Lawlor DA, Fox KR. Exercise interventions for cancer patients: systematic review of controlled trials. Cancer Causes Control. 2004;15:1035–56. https://​doi.​org/​10.​1007/​s10552-004-1325-4.Crossref

	11.
Theou O, Stathokostas L, Roland KP, et al. The effectiveness of exercise interventions for the management of frailty: a systematic review. J Aging Res. 2011;2011:569194. https://​doi.​org/​10.​4061/​2011/​569194.Crossref

	12.
Thompson WR. Worldwide survey of fitness trends for 2020. ACSMs Health Fit J. 2019;23:10–8. https://​doi.​org/​10.​1249/​FIT.​0000000000000526​.Crossref

	13.
American College of Sports Medicine. ACSM’s guidelines for exercise testing and prescription. 9th ed. Philadelphia, PA: Wolters Kluwer; 2018.

	14.
Weston KS, Wisloff U, Coombes JS. High-intensity interval training in patients with lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis. Br J Sports Med. 2014;48:1227–34. https://​doi.​org/​10.​1136/​bjsports-2013-092576.Crossref

	15.
Milanovic Z, Sporis G, Weston M. Effectiveness of high-intensity interval training (HIT) and continuous endurance training for VO2max improvements: a systematic review and meta-analysis of controlled trials. Sports Med. 2015;45:1469–81. https://​doi.​org/​10.​1007/​s40279-015-0365-0.Crossref

	16.
Ramos JS, Dalleck LC, Tjonna AE, et al. The impact of high-intensity interval training versus moderate-intensity continuous training on vascular function: a systematic review and meta-analysis. Sports Med. 2015;45:679–92. https://​doi.​org/​10.​1007/​s40279-015-0321-z.Crossref

	17.
Su L, Fu J, Sun S, et al. Effects of HIIT and MICT on cardiovascular risk factors in adults with overweight and/or obesity: a meta-analysis. PloS One. 2019;14:e0210644. https://​doi.​org/​10.​1371/​journal.​pone.​0210644.Crossref

	18.
De Nardi AT, Tolves T, Lenzi TL, et al. High intensity interval training versus continuous training on physiological and metabolic variables in prediabetes and type 2 diabetes: a meta-analysis. Diabetes Res Clin Pract. 2018;137:149–59. https://​doi.​org/​10.​1016/​j.​diabres.​2017.​12.​017.Crossref

	19.
Oliveira BRR, Santos TM, Kilpatrick M, et al. Affective and enjoyment responses in high intensity interval training and continuous training: a systematic review and meta-analysis. PloS One. 2018;13:e0197124. https://​doi.​org/​10.​1371/​journal.​pone.​0197124.Crossref

	20.
Ekkekakis P, Hartman ME, Ladwig MA. A methodological checklist for studies of pleasure and enjoyment responses to high-intensity interval training: part II. Intensity, timing of assessments, data modeling, and interpretation. J Sport Exerc Psychol. 2023;45:92–109. https://​doi.​org/​10.​1123/​jsep.​2022-0029.Crossref

	21.
Biddle SJH, Batterham AM. High-intensity interval exercise training for public health: a big HIT or shall we HIT it on the head? Int J Behav Nutr Phys Act. 2015;12:95. https://​doi.​org/​10.​1186/​s12966-015-0254-9.Crossref

	22.
Del Vecchio FB, Gentil P, Coswig VS, et al. Commentary: why sprint interval training is inappropriate for a largely sedentary population. Front Psychol. 2015;6:1359. https://​doi.​org/​10.​3389/​fpsyg.​2015.​01359.Crossref

	23.
Jung ME, Little JP, Batterham AM. Commentary: why sprint interval training is inappropriate for a largely sedentary population. Front Psychol. 2015;6:1999. https://​doi.​org/​10.​3389/​fpsyg.​2015.​01999.Crossref

	24.
Hardcastle SJ, Ray H, Beale L, et al. Why sprint interval training is inappropriate for a largely sedentary population. Front Psychol. 2014;5:1505. https://​doi.​org/​10.​3389/​fpsyg.​2014.​01505.Crossref

	25.
Lunt H, Draper N, Marshall HC, et al. High intensity interval training in a real world setting: a randomized controlled feasibility study in overweight inactive adults, measuring change in maximal oxygen uptake. PloS One. 2014;9:e83256. https://​doi.​org/​10.​1371/​journal.​pone.​0083256.Crossref

	26.
Jung ME, Locke SR, Bourne JE, et al. Cardiorespiratory fitness and accelerometer-determine physical activity following one year of free-living high-intensity interval training and moderate-intensity continuous training: a randomized trial. Int J Behav Nutr Phys Act. 2020;17:25. https://​doi.​org/​10.​1186/​s12966-020-00933-8.Crossref

	27.
Ekkekakis P, Biddle SJH. Extraordinary claims in the literature on high-intensity interval training (HIIT): IV. Is HIIT associated with higher long-term exercise adherence? Psychol Sport Exerc. 2023;64:102295. https://​doi.​org/​10.​1016/​j.​psychsport.​2022.​102295.Crossref

	28.
Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. https://​doi.​org/​10.​1136/​bmj.​n71.Crossref

	29.
Santos A, Lonsdale C, Lubans D, et al. Rates of compliance and adherence to high-intensity interval training in insufficiently active adults: a systematic review and meta-analysis protocol. Syst Rev. 2020;9:56. https://​doi.​org/​10.​1186/​s13643-020-01301-0.Crossref

	30.
Richardson WS, Wilson MC, Nishikawa J, et al. The well-built clinical question: a key to evidence-based decisions. ACP J Club. 1995;123:A12–3.Crossref

	31.
McGowan J, Sampson M, Salzwedel DM, et al. PRESS peer review of electronic search strategies: 2015 guideline statement. J Clin Epidemiol. 2016;75:40–6. https://​doi.​org/​10.​1016/​j.​jclinepi.​2016.​01.​021.Crossref

	32.
McKeown S, Mir ZM. Considerations for conducting systematic reviews: evaluating the performance of different methods for de-duplicating references. Syst Rev. 2021;10:38. https://​doi.​org/​10.​1186/​s13643-021-01583-y.Crossref

	33.
McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb). 2012;22:276–82.Crossref

	34.
Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomized trials. BMJ. 2019;366:14898. https://​doi.​org/​10.​1136/​bmj.​l4898.Crossref

	35.
Sterne JAC, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ. 2016;355:i4919. https://​doi.​org/​10.​1136/​bmj.​i4919.Crossref

	36.
McGuinness LA, Higgins JPT. Risk of bias visualization (robvis): an R package and shiny web app for visualizing risk-of-bias assessments. Res Synth Methods. 2020:1–7. https://​doi.​org/​10.​1002/​jrsm.​1411.

	37.
Weir CJ, Butcher I, Assi V, et al. Dealing with missing standard deviation and mean values in meta-analysis of continuous outcomes: a systematic review. BMC Med Res Methodol. 2018;18:25. https://​doi.​org/​10.​1186/​s12874-018-0483-0.Crossref

	38.
Walter SD, Yao X. Effect sizes can be calculated for studies reporting ranges for outcome variables in systematic reviews. J Clin Epidemiol. 2007;60:849–52. https://​doi.​org/​10.​1016/​j.​jclinepi.​2006.​11.​003.Crossref

	39.
Higgins JPT, Thomas J, Chandler J, et al. (editors). Cochrane Handbook for Systematic Reviews of Interventions version 6.3 (updated February 2022). Cochrane 2022. Available from www.training.cochrane.org/handbook

	40.
Wan X, Wang W, Liu J, et al. Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range. BMC Med Res Methodol. 2014;14:135. https://​doi.​org/​10.​1186/​1471-2288-14-135.Crossref

	41.
Everitt BS, Skondral A. The Cambridge dictionary of statistics. 4th ed. Cambridge University Press; 2010.Crossref

	42.
Borenstein M, Hedges L, Higgins JPT, et al. Comprehensive Meta-analysis version 4. Englewood, NJ: Biostat; 2022.

	43.
Dettori JR, Norvell DC, Chapman JR. Fixed-effect vs. random-effects models for meta-analysis: 3 points to consider. Global. Spine J. 2022;12:1624–6. https://​doi.​org/​10.​1177/​2192568222111052​7.Crossref

	44.
Higgins JPT, Thompson SG, Spiegelhalter DJ. A re-evaluation of random-effects meta-analysis. J R Stat Soc Ser A Stat Soc. 2009;172:137–59. https://​doi.​org/​10.​1111/​j.​1467-985X.​2008.​00552.​x.Crossref

	45.
Gagnier JJ, Moher D, Boon H, et al. Investigating clinical heterogeneity in systematic reviews: a methodologic review of guidance in the literature. BMC Med. Res Methodol. 2012;12:111. https://​doi.​org/​10.​1186/​1471-2288-12-111.Crossref

	46.
Willis BH, Riley RD. Measuring the statistical validity of summary meta-analysis and meta-regression results for use in clinical practice. Stat Med. 2017;36:3283–301. https://​doi.​org/​10.​1002/​sim.​7372.Crossref

	47.
Dalton JE, Bolen SD, Mascha EJ. Publication bias: the elephant in the review. Anesth Analg. 2016;123:812–3. https://​doi.​org/​10.​1213/​ANE.​0000000000001596​.Crossref

	48.
Duval S, Tweedie R. Trim and fill: a simple funnel-plot–based method of testing and adjusting for publication bias in meta-analysis. Biometrics. 2000;56:455–63. https://​doi.​org/​10.​1111/​j.​0006-341x.​2000.​00455.​x.Crossref

	49.
Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publication bias. Biometrics. 1994;50:1088–101.Crossref

	50.
Borenstein M, Hedges LV, Higgins JPT, et al. Introduction to Meta-analysis. 2nd ed. John Wiley & Sons; 2021.Crossref

	51.
Zhang Y, Akl EA, Schunemann HJ. Using systematic reviews in guideline development: the GRADE approach. Res Synth Methods. 2018;10:312–29. https://​doi.​org/​10.​1002/​jrsm.​1313.Crossref

	52.
Schünemann H, Brożek J, Guyatt G, et al. (editors). GRADE Handbook for Grading Quality of Evidence and Strength of Recommendations (updated October 2013). The GRADE Working Group 2013. Available from www.guidelinedevelopment.org/handbook

	53.
GRADEpro GDT: GRADEpro guideline development tool [software]. McMaster University and Evidence Prime 2022. Available from www.gradepro.org.

	54.
Aamot I-L, Karlsen T, Dalen H, et al. Long-term exercise adherence after high-intensity interval training in cardiac rehabilitation: a randomized study. Physiother Res Int. 2016;21:54–64. https://​doi.​org/​10.​1002/​pri.​1619.Crossref

	55.
Adams SC, DeLorey DS, Davenport MH, et al. Effects of high-intensity interval training on fatigue and quality of life in testicular cancer survivors. Br J Cancer. 2018;118:1313–21. https://​doi.​org/​10.​1038/​s41416-018-0044-7.Crossref

	56.
Allen NG, Higham SM, Mendham AE, et al. The effect of high-intensity aerobic interval training on markers of systemic inflammation in sedentary populations. Eur J Appl Physiol. 2017;117:1249–56. https://​doi.​org/​10.​1007/​s00421-017-3613-1.Crossref

	57.
Allen A, Carlson SC, Bosch TA, et al. High-intensity interval training and continuous aerobic exercise interventions to promote self-initiated quit attempts in young adults who smoke: feasibility, acceptability, and lessons learned from a randomized pilot trial. J Addict Med. 2018;12:373–80. https://​doi.​org/​10.​1097/​ADM.​0000000000000414​.Crossref

	58.
Allison MK, Baglole JH, Martin BJ, et al. Brief intense stair climbing improves cardiorespiratory fitness. Med Sci Sports Exerc. 2017;49:298–307. https://​doi.​org/​10.​1249/​MSS.​0000000000001188​.Crossref

	59.
Alvarez C, Ramirez-Campillo R, Martinez-Salazar C, et al. Low-volume high-intensity interval training as a therapy for type 2 diabetes. Int J Sports Med. 2016;37:723–9. https://​doi.​org/​10.​1055/​s-0042-104935.Crossref

	60.
Arad AD, Albu JB, DiMenna FJ. Feasibility of a progressive protocol of high-intensity interval training for overweight/obese, sedentary African American women: a retrospective analysis. BMC Sports Sci Med Rehabil. 2020;12:59. https://​doi.​org/​10.​1186/​s13102-020-00207-7.Crossref

	61.
Archila LR, Bostad W, Joyner MJ, et al. Simple bodyweight training improves cardiorespiratory fitness with minimal time commitment: a contemporary application of the 5BX approach. Int J Exerc Sci. 2021;14:93–100.

	62.
Astorino TA, Schubert MM, Palumbo E, et al. Effect of two doses of interval training on maximal fat oxidation in sedentary women. Med Sci Sports Exerc. 2013;45:1878–86. https://​doi.​org/​10.​1249/​MSS.​0b013e3182936261​.Crossref

	63.
Atan T, Karavelioğlu Y. Effectiveness of high-intensity interval training vs moderate-intensity continuous training in patients with fibromyalgia: a pilot randomized controlled trial. Arch Phys Med Rehabil. 2020;101:1865–76. https://​doi.​org/​10.​1016/​j.​apmr.​2020.​05.​022.Crossref

	64.
Ávila-Gandía V, Sanchez-Macarro M, Luque-Rubia A, et al. High versus low-moderate intensity exercise training program as an adjunct to antihypertensive medication: a pilot clinical trial. J Pers Med. 2021;11:291. https://​doi.​org/​10.​3390/​jpm11040291.Crossref

	65.
Bækkerud FH, Solberg F, Leinan IM, et al. Comparison of three popular exercise modalities on VO2max in overweight and obese. Med Sci Sports Exerc. 2016;48:491–8. https://​doi.​org/​10.​1249/​MSS.​0000000000000777​.Crossref

	66.
Bang-Kittilsen G, Egeland J, Holmen TL, et al. High-intensity interval training and active video gaming improve neurocognition in schizophrenia: a randomized controlled trial. Eur Arch Psychiatry Clin Neurosci. 2021;271:339–53. https://​doi.​org/​10.​1007/​s00406-020-01200-4.Crossref

	67.
Banitalebi E, Kazemi A, Faramarzi M, et al. Effects of sprint interval or combined aerobic and resistance training on myokines in overweight women with type 2 diabetes: a randomized controlled trial. Life Sci. 2019;217:101–9. https://​doi.​org/​10.​1016/​j.​lfs.​2018.​11.​062.Crossref

	68.
Beetham KS, Howden EJ, Fassett RG, et al. High-intensity interval training in chronic kidney disease: a randomized pilot study. Scand J Med Sci Sports. 2019;29:1197–204. https://​doi.​org/​10.​1111/​sms.​13436.Crossref

	69.
Benda NMM, Seeger JPH, Stevens GGC, et al. Effects of high-intensity interval training versus continuous training on physical fitness, cardiovascular function and quality of life in heart failure patients. PloS One. 2015;10:e0141256. https://​doi.​org/​10.​1371/​journal.​pone.​0141256.Crossref

	70.
Benham JL, Booth JE, Corenblum B, et al. Exercise training and reproductive outcomes in women with polycystic ovary syndrome: a pilot randomized controlled trial. Clin Endocrinol (Oxf). 2021;95:332–43. https://​doi.​org/​10.​1111/​cen.​14452.Crossref

	71.
Berger NJA, Tolfrey K, Williams AG, et al. Influence of continuous and interval training on oxygen uptake on-kinetics. Med Sci Sports Exerc. 2006;38:504–12. https://​doi.​org/​10.​1249/​01.​mss.​0000191418.​37709.​81.Crossref

	72.
Billany RE, Smith AC, Hutchinson GM, et al. Feasibility and acceptability of high-intensity interval training and moderate-intensity continuous training in kidney transplant recipients: the PACE-KD study. Pilot Feasibility Stud. 2022;8:106. https://​doi.​org/​10.​1186/​s40814-022-01067-3.Crossref

	73.
Bjørke ACH, Buffart LM, Raastad T, et al. Exploring moderators of the effect of high vs. low-to-moderate intensity exercise on cardiorespiratory fitness during breast cancer treatment – analyses of a subsample from the Phys-can RCT. Front Sports Act Living. 2022;4:902124. https://​doi.​org/​10.​3389/​fspor.​2022.​902124.Crossref

	74.
Briggs BC, Ryan AS, Sorkin JD, et al. Feasibility and effects of high-intensity interval training in older adults living with HIV. J Sports Sci. 2021;39:304–11. https://​doi.​org/​10.​1080/​02640414.​2020.​1818949.Crossref

	75.
Brobakken MF, Nygard M, Guzey IC, et al. One-year aerobic interval training in outpatients with schizophrenia: a randomized controlled trial. Scand J Med Sci Sports. 2020;30:2420–36. https://​doi.​org/​10.​1111/​sms.​13808.Crossref

	76.
Cano-Montoya J, Alvarez C, Martinez C, et al. Cardiovascular recovery during intermittent exercise in highly adherent participants with hypertension and type 2 diabetes mellitus. Rev Med Chil. 2016;144:1150–8. https://​doi.​org/​10.​4067/​S0034-9887201600090000​8.Crossref

	77.
Cerini T, Hilfiker R, Riegler TF, et al. 12 weeks high intensity interval training versus moderate intensity continuous training in chronic low back pain subjects: a randomised single-blinded feasibility study. Arch Phys Ther. 2022;12:12. https://​doi.​org/​10.​1186/​s40945-022-00136-3.Crossref

	78.
Cheema BS, Davies TB, Stewart M, et al. The feasibility and effectiveness of high-intensity boxing training versus moderate-intensity brisk walking in adults with abdominal obesity: a pilot study. BMC Sports Sci Med Rehabil. 2015;7:3. https://​doi.​org/​10.​1186/​2052-1847-7-3.Crossref

	79.
Ciolac EG, Bocchi EA, Bortolotto LA, et al. Effects of high-intensity aerobic interval training vs. moderate exercise on hemodynamic, metabolic and neuro-humoral abnormalities of young normotensive women at high familial risk for hypertension. Hypertens Res. 2010;33:836–43. https://​doi.​org/​10.​1038/​hr.​2010.​72.Crossref

	80.
Coletta AM, Brewster AM, Chen M, et al. High-intensity interval training is feasible in women at high risk for breast cancer. Med Sci Sports Exerc. 2019;51:2193–200. https://​doi.​org/​10.​1249/​MSS.​0000000000002048​.Crossref

	81.
Connolly LJ, Nordsborg NB, Nyberg M, et al. Low-volume high-intensity swim training is superior to high-volume low-intensity training in relation to insulin sensitivity and glucose control in inactive middle-aged women. Eur J Appl Physiol. 2016;116:1889–97. https://​doi.​org/​10.​1007/​s00421-016-3441-8.Crossref

	82.
Conraads VV, De Maeyer C, Pattyn N, et al. Comparison of aerobic interval training with moderate endurance training in patients with coronary artery disease. Results from the SAINTEX-CAD study. Eur J Prev Cardiol. 2014;21:S6. https://​doi.​org/​10.​1177/​2047487314534570​.Crossref

	83.
Cooke MB, Deasy W, Ritenis EJ, et al. Effects of intermittent energy restriction alone and in combination with sprint interval training on body composition and cardiometabolic biomarkers in individuals with overweight and obesity. Int J Environ Res Public Health. 2022;19:7969. https://​doi.​org/​10.​3390/​ijerph19137969.Crossref

	84.
Cooper JHF, Collins BEG, Adams DR, et al. Limited effects of endurance or interval training on visceral adipose tissue and systemic inflammation in sedentary middle-aged men. J Obes. 2016;2016:2479597. https://​doi.​org/​10.​1155/​2016/​2479597.Crossref

	85.
Currie KD, Dubberley JB, McKelvie RS, et al. Low-volume, high-intensity interval training in patients with CAD. Med Sci Sports Exerc. 2013;45:1436–42. https://​doi.​org/​10.​1249/​MSS.​0b013e31828bbbd4​.Crossref

	86.
Currie KD, Bailey KJ, Jung ME, et al. Effects of resistance training combined with moderate-intensity endurance or low-volume high-intensity interval exercise on cardiovascular risk factors in patients with coronary artery disease. J Sci Med Sport. 2015;18:637–42. https://​doi.​org/​10.​1016/​j.​jsams.​2014.​09.​013.Crossref

	87.
D’Amuri A, Sanz JM, Capatti E, et al. Effectiveness of high-intensity interval training for weight loss in adults with obesity: a randomised controlled non-inferiority trial. BMJ Open Sport Exerc Med. 2021;7:e001021. https://​doi.​org/​10.​1136/​bmjsem-2020-001021.Crossref

	88.
Damme KSF, Gupta T, Ristanovic I, et al. Exercise intervention in individuals at clinical high risk for psychosis: benefits to fitness, symptoms, hippocampal volumes, and functional connectivity. Schizophr Bull. 2022;48:1394–405. https://​doi.​org/​10.​1093/​schbul/​sbac084.Crossref

	89.
Dereaas TS, Hopstock L, Henriksen A, et al. Complex lifestyle intervention among inactive older adults with elevated cardiovascular disease risk and obesity: a mixed-method, single-arm feasibility study for RESTART- a randomized controlled trial. Pilot Feasibility Stud. 2021;7:190. https://​doi.​org/​10.​1186/​s40814-021-00921-0.Crossref

	90.
Devin JL, Sax AT, Hughes GI, et al. The influence of high-intensity compared with moderate-intensity exercise training on cardiorespiratory fitness and body composition in colorectal cancer survivors: a randomised controlled trial. J Cancer Surviv. 2016;10:467–79. https://​doi.​org/​10.​1007/​s11764-015-0490-7.Crossref

	91.
Devin JL, Jenkins DG, Sax AT, et al. Cardiorespiratory fitness and body composition responses to different intensities and frequencies of exercise training in colorectal cancer survivors. Clin Colorectal Cancer. 2018;17:e269–79. https://​doi.​org/​10.​1016/​j.​clcc.​2018.​01.​004.Crossref

	92.
Dissing A-ML, Johansen MD, Pilegaard M, et al. A self-monitoring approach for evaluating the effect of 3 weeks of high-intensity training in patients with type 2 diabetes mellitus: an intervention study. Obes Med. 2019;13:45–51. https://​doi.​org/​10.​1016/​j.​obmed.​2019.​01.​001.Crossref

	93.
Dolan LB, Campbell K, Gelmon K, et al. Interval versus continuous aerobic exercise training in breast cancer survivors: a pilot RCT. Support Care Cancer. 2016;24:119–27. https://​doi.​org/​10.​1007/​s00520-015-2749-y.Crossref

	94.
Dowd AJ, Kronlund L, Warbeck C, et al. Effects of a 12-week HIIT + group mediated cognitive behavioural intervention on quality of life among inactive adults with coeliac disease: findings from the pilot MOVE-C study. Psychol Health. 2022;37:440–56. https://​doi.​org/​10.​1080/​08870446.​2021.​1921774.Crossref

	95.
Egegaard T, Rohold J, Lillelund C, et al. Pre-radiotherapy daily exercise training in non-small cell lung cancer: a feasibility study. Rep Pract Oncol Radiother. 2019;24:375–82. https://​doi.​org/​10.​1016/​j.​rpor.​2019.​06.​003.Crossref

	96.
Eichner NZM, Gaitan JM, Gilbertson NM, et al. Postprandial augmentation index is reduced in adults with prediabetes following continuous and interval exercise training. Exp Physiol. 2019;104:264–71. https://​doi.​org/​10.​1113/​EP087305.Crossref

	97.
Ellingsen O, Halle M, Conraads V, et al. High-intensity interval training in patient with heart failure with reduced ejection fraction. Circulation. 2017;135:839–49. https://​doi.​org/​10.​1161/​CIRCULATIONAHA.​116.​022924.Crossref

	98.
Elmer DJ, Laird RH, Barberio MD, et al. Inflammatory, lipid, and body composition responses to interval training or moderate aerobic training. Eur J Appl Physiol. 2016;116:601–9. https://​doi.​org/​10.​1007/​s00421-015-3308-4.Crossref

	99.
Emtner M, Herala M, Stalenheim G. High-intensity physical training in adults with asthma. A 10-week rehabilitation program. Chest. 1996;109:323–30. https://​doi.​org/​10.​1378/​chest.​109.​2.​323.Crossref

	100.
Emtner M, Finne M, Stalenheim G. High-intensity physical training in adults with asthma. A comparison between training on land and in water. Scand J Rehabil Med. 1998;30:201–9. https://​doi.​org/​10.​1080/​003655098443940.Crossref

	101.
Flaherty JM, Smoliga JM, Zavorsky GS. The effect of increased physical activity on pulmonary diffusing capacity in unfit women. Exp Physiol. 2014;99:562–70. https://​doi.​org/​10.​1113/​expphysiol.​2013.​076406.Crossref

	102.
Flemmen G, Unhjem R, Wang E. High-intensity interval training in patients with substance use disorder. Biomed Res Int. 2014;2014:616935. https://​doi.​org/​10.​1155/​2014/​616935.Crossref

	103.
Foster C, Farland CV, Guidotti F, et al. The effects of high-intensity interval training vs steady state training on aerobic and anaerobic capacity. J Sports Sci Med. 2015;14:747–55.

	104.
Francois ME, Durrer C, Pistawka KJ, et al. Combined interval training and post-exercise nutrition in type 2 diabetes: a randomized controlled trial. Front Physiol. 2017;8:528. https://​doi.​org/​10.​3389/​fphys.​2017.​00528.Crossref

	105.
Freese EC, Acitelli RM, Gist NH, et al. Effect of six weeks of sprint interval training on mood and perceived health in women at risk for metabolic syndrome. J Sport Exerc Psychol. 2014;36:610–8. https://​doi.​org/​10.​1123/​jsep.​2014-0083.Crossref

	106.
Freitag N, Weber PD, Sanders TC, et al. High-intensity interval training and hyperoxia during chemotherapy: a case report about the feasibility, safety and physical functioning in a colorectal cancer patient. Medicine (Baltimore). 2018;97:e11068. https://​doi.​org/​10.​1097/​MD.​0000000000011068​.Crossref

	107.
Freyssin C, Verkindt C, Prieur F, et al. Cardiac rehabilitation in chronic heart failure: effect of an 8-week, high-intensity interval training versus continuous training. Arch Phys Med Rehabil. 2012;93:1359–64. https://​doi.​org/​10.​1016/​j.​apmr.​2012.​03.​007.Crossref

	108.
Gauthier C, Brosseau R, Hicks AL, et al. Feasibility, safety, and preliminary effectiveness of a home-based self-managed high-intensity interval training program offered to long-term manual wheelchair users. Rehabil Res Pract. 2018;2018:8209360. https://​doi.​org/​10.​1155/​2018/​8209360.Crossref

	109.
Gilbertson NM, Mandelson JA, Hilovsky K, et al. Combining supervised run interval training or moderate-intensity continuous training with the diabetes prevention program on clinical outcomes. Eur J Appl Physiol. 2019;119:1503–12. https://​doi.​org/​10.​1007/​s00421-019-04137-2.Crossref

	110.
Gildea N, McDermott A, Rocha J, et al. Time course of changes in V̇o2peak and O2 extraction during ramp cycle exercise following HIIT versus moderate-intensity continuous training in type 2 diabetes. Am J Physiol Regul Integr Comp Physiol. 2021;320:R683–96. https://​doi.​org/​10.​1152/​ajpregu.​00318.​2020.Crossref

	111.
Gillen JB, Percival ME, Skelly LE, et al. Three minutes of all-out intermittent exercise per week increases skeletal muscle oxidative capacity and improves cardiometabolic health. PloS One. 2014;9:e111489. https://​doi.​org/​10.​1371/​journal.​pone.​0111489.Crossref

	112.
Gillen JB, Martin BJ, MacInnis MJ, et al. Twelve weeks of sprint interval training improves indices of cardiometabolic health similar to traditional endurance training despite a five-fold lower exercise volume and time commitment. PloS One. 2016;11:e0154075. https://​doi.​org/​10.​1371/​journal.​pone.​0154075.Crossref

	113.
Gloeckl R, Halle M, Kenn K. Interval versus continuous training in lung transplant candidates: a randomized trial. J Heart Lung Transplant. 2012;31:934–41. https://​doi.​org/​10.​1016/​j.​healun.​2012.​06.​004.Crossref

	114.
Golightly YM, Smith-Ryan AE, Blue MNM, et al. High-intensity interval training for knee osteoarthritis: a pilot study. ACR Open Rheumatol. 2021;3:723–32. https://​doi.​org/​10.​1002/​acr2.​11318.Crossref

	115.
Gorostegi-Anduaga I, Corres P, Aguirre-Betolaza AM, et al. Effects of different aerobic exercise programmes with nutritional intervention in sedentary adults with overweight/obesity and hypertension: EXERDIET-HTA study. Eur J Prev Cardiol. 2018;25:343–53. https://​doi.​org/​10.​1177/​2047487317749956​.Crossref

	116.
Grace F, Herbert P, Elliott AD, et al. High intensity interval training (HIIT) improves resting blood pressure, metabolic (MET) capacity and heart rate reserve without compromising cardiac function in sedentary aging men. Exp Gerontol. 2018;109:75–81. https://​doi.​org/​10.​1016/​j.​exger.​2017.​05.​010.Crossref

	117.
Gremeaux V, Drigny J, Nigam A, et al. Long-term lifestyle intervention with optimized high-intensity interval training improves body composition, cardiometabolic risk, and exercise parameters in patients with abdominal obesity. Am J Phys Med Rehabil. 2012;91:941–50. https://​doi.​org/​10.​1097/​PHM.​0b013e3182643ce0​.Crossref

	118.
Guillamó E, Cobo-Calvo A, Oviedo GR, et al. Feasibility and effects of structured physical exercise interventions in adults with relapsing-remitting multiple sclerosis: a pilot study. J Sports Sci Med. 2018;17:426–36.

	119.
Haines M. Feasibility of procedures for a randomised pilot study of reduced exertion, high-intensity interval training (REHIT) with non-diabetic hyperglycaemia patients. Pilot Feasibility Stud. 2020;6:28. https://​doi.​org/​10.​1186/​s40814-020-00571-8.Crossref

	120.
Hatle H, Stobakk PK, Molmen HE, et al. Effect of 24 sessions of high-intensity aerobic interval training carried out at either high or moderate frequency, a randomized trial. PloS One. 2014;9:e88375. https://​doi.​org/​10.​1371/​journal.​pone.​0088375.Crossref

	121.
Hearon CM Jr, Dias KA, MacNamara JP, et al. 1 year HIIT and omega-3 fatty acids to improve cardiometabolic risk in stage-a heart failure. JACC Heart Fail. 2022;10:238–49. https://​doi.​org/​10.​1016/​j.​jchf.​2022.​01.​004.Crossref

	122.
Heggelund J, Nilsberg GE, Hoff J, et al. Effects of high aerobic intensity training in patients with schizophrenia: a controlled trial. Nord J Psychiatry. 2011;65:269–75. https://​doi.​org/​10.​3109/​08039488.​2011.​560278.Crossref

	123.
Heje K, Andersen G, Buch A, et al. High-intensity training in patients with spinal and bulbar muscular atrophy. J Neurol. 2019;266:1693–7. https://​doi.​org/​10.​1007/​s00415-019-09316-x.Crossref

	124.
Hesketh K, Jones H, Kinnafick F, et al. Home-based HIIT and traditional MICT prescriptions improve cardiorespiratory fitness to a similar extent within an exercise referral scheme for at-risk individuals. Front Physiol. 2021;12:750283. https://​doi.​org/​10.​3389/​fphys.​2021.​750283.Crossref

	125.
Hettchen M, von Stengel S, Kohl M, et al. Effects of high-intensity aerobic exercise and resistance training on cardiometabolic risk in early-postmenopausal women. Dtsch Z SPortmed. 2021;72:28–35. https://​doi.​org/​10.​5960/​dzsm.​2020.​449.Crossref

	126.
Heydari M, Boutcher SH. Rating of perceived exertion after 12 weeks of high-intensity, intermittent sprinting. Percept Mot Skills. 2013;116:340–51. https://​doi.​org/​10.​2466/​06.​15.​29.​PMS.​116.​1.​340-351.Crossref

	127.
Higgins S, Fedewa MV, Hathaway ED, et al. Sprint interval and moderate-intensity cycling training differentially affect adiposity and aerobic capacity in overweight young-adult women. Appl Physiol Nutr Metab. 2016;41:1177–83. https://​doi.​org/​10.​1139/​apnm-2016-0240.Crossref

	128.
Hindsø M, Kuhlman AB, Dohlmann TL, et al. Effect of 6 weeks of very low-volume high-intensity interval training on oral glucose-stimulated incretin hormone response. Eur J Sport Sci. 2022;22:381–9. https://​doi.​org/​10.​1080/​17461391.​2021.​1877830.Crossref

	129.
Howden EJ, Sarma S, Lawley JS, et al. Reversing the cardiac effects of sedentary aging in middle age – a randomized controlled trial: implications for heart failure prevention. Circulation. 2018;137:1549–60. https://​doi.​org/​10.​1161/​CIRCULATIONAHA.​117.​030617.Crossref

	130.
Humphreys L, Carter A, Sharrack B, et al. High-intensity interval training in people with mild multiple sclerosis: a mixed-methods feasibility study. Int J Therapy Rehabil. 2022:29. https://​doi.​org/​10.​12968/​ijtr.​2021.​0073.

	131.
Hwang C-L, Yu C-J, Shih J-Y, et al. Effects of exercise training on exercise capacity in patients with non-small cell lung cancer receiving targeted therapy. Support Care Cancer. 2012;20:3169–77. https://​doi.​org/​10.​1007/​s00520-012-1452-5.Crossref

	132.
Hwang C-L, Yoo J-K, Kim H-K, et al. Novel all-extremity high-intensity interval training improves aerobic fitness, cardiac function and insulin resistance in healthy older adults. Exp Gerontol. 2016;82:112–9. https://​doi.​org/​10.​1016/​j.​exger.​2016.​06.​009.Crossref

	133.
Iellamo F, Manzi V, Caminiti G, et al. Matched dose interval and continuous exercise training induce similar cardiorespiratory and metabolic adaptations in patients with heart failure. Int J Cardiol. 2013;167:2561–5. https://​doi.​org/​10.​1016/​j.​ijcard.​2012.​06.​057.Crossref

	134.
Ivanova E, Sadikaj G, Bourne JE, et al. A pilot study on in-task affect predicting free-living adherence to HIIT and MICT. Res Q Exerc Sport. 2022;93:291–300. https://​doi.​org/​10.​1080/​02701367.​2020.​1828562.Crossref

	135.
Izadi MR, Afousi AG, Fard MA, et al. High-intensity interval training lowers blood pressure and improves apelin and NOx plasma levels in older treated hypertensive individuals. J Physiol Biochem. 2018;74:47–55. https://​doi.​org/​10.​1007/​s13105-017-0602-0.Crossref

	136.
Jabbour G, Iancu H-D, Zouhal H, et al. High-intensity interval training improves acute plasma volume responses to exercise that is age dependent. Physiol Rep. 2018;6:e13609. https://​doi.​org/​10.​14814/​phy2.​13609.Crossref

	137.
Jabbour G, Majed L. Rating of perceived exertion misclassify intensities for sedentary older adults during graded cycling test: effect of supramaximal high-intensity interval training. Front Physiol. 2018;9:1505. https://​doi.​org/​10.​3389/​fphys.​2018.​01505.Crossref

	138.
Jakobsen MD, Sundstrup E, Krustrup P, et al. The effect of recreational soccer training and running on postural balance in untrained men. Eur J Appl Physiol. 2011;111:521–30. https://​doi.​org/​10.​1007/​s00421-010-1669-2.Crossref

	139.
Jung ME, Bourne JE, Beauchamp MR, et al. High-intensity interval training as an efficacious alternative to moderate-intensity continuous training for adults with prediabetes. J Diabetes Res. 2015;2015:191595. https://​doi.​org/​10.​1155/​2015/​191595.Crossref

	140.
Kang D-W, Fairey AS, Boule NG, et al. Effects of exercise on cardiorespiratory fitness and biochemical progression on men with localized prostate cancer under active surveillance: the ERASE randomized clinical trial. JAMA Oncol. 2021;7:1487–95. https://​doi.​org/​10.​1001/​jamaoncol.​2021.​3067.Crossref

	141.
Karlsen T, Hoff J, Stoylen A, et al. Aerobic interval training improves VO2 peak in coronary artery disease patients; no additional effect from hyperoxia. Scand Cardiovasc J. 2008;42:303–9. https://​doi.​org/​10.​1080/​1401743080203272​3.Crossref

	142.
Karstoft K, Winding K, Knudsen SH, et al. The effects of free-living interval-walking training on glycemic control, body composition, and physical fitness in type 2 diabetic patients: a randomized, controlled trial. Diabetes Care. 2013;36:228–36. https://​doi.​org/​10.​2337/​dc12-0658.Crossref

	143.
Kaur N, Aubertin-Leheudre M, Fellows LK, et al. Feasibility and potential benefits of a structured exercise program on cognitive performance in HIV. AIDS Care. 2021;33:1627–35. https://​doi.​org/​10.​1080/​09540121.​2020.​1867307.Crossref

	144.
Keating SE, Machan EA, O’Connor HT, et al. Continuous exercise but not high intensity interval training improves fat distribution in overweight adults. J Obes. 2014;2014:834865. https://​doi.​org/​10.​1155/​2014/​834865.Crossref

	145.
Keating CJ, Roman PAL, Linares JCC, et al. Utilizing age-predicted heart rate maximum to prescribe a minimally invasive cycle ergometer HIIT protocol in older adults: a feasibility study. Int J Exerc Sci. 2022;15:896–909.

	146.
Kemmler W, Scharf M, Lell M, et al. High versus moderate intensity running exercise to impact cardiometabolic risk factors: the randomized controlled RUSH-study. Biomed Res Int. 2014;2014:843095. https://​doi.​org/​10.​1155/​2014/​843095.Crossref

	147.
Keogh JW, Grigg J, Vertullo CJ. Is high-intensity interval cycling feasible and more beneficial than continuous cycling for knee osteoarthritic patients? Results of a randomised control feasibility trial. Peer J. 2018;6:e4738. https://​doi.​org/​10.​7717/​peerj.​4738.Crossref

	148.
Keteyian SJ, Hibner BA, Bronsteen K, et al. Greater improvement in cardiorespiratory fitness using higher-intensity interval training in the standard cardiac rehabilitation setting. J Cardiopulm Rehabil Prev. 2014;34:98–105. https://​doi.​org/​10.​1097/​HCR.​0000000000000049​.Crossref

	149.
Keytsman C, Van Noten P, Spaas J, et al. Periodized home-based training: a new strategy to improve high intensity exercise therapy adherence in mildly affected patients with multiple sclerosis. Mult Scler Relat Disord. 2019;28:91–7. https://​doi.​org/​10.​1016/​j.​msard.​2018.​12.​018.Crossref

	150.
Kiel IA, Lionett S, Parr EB, et al. High-intensity interval training in polycystic ovary syndrome: a two-center, three-armed randomized controlled trial. Med Sci Sports Exerc. 2022;54:717–27. https://​doi.​org/​10.​1249/​MSS.​0000000000002849​.Crossref

	151.
Klonizakis M, Moss J, Gilbert S, et al. Low-volume high-intensity interval training rapidly improves cardiopulmonary function in postmenopausal women. Menopause. 2014;21:1099–105. https://​doi.​org/​10.​1097/​GME.​0000000000000208​.Crossref

	152.
Knowles A-M, Herbert P, Easton C, et al. Impact of low-volume, high-intensity interval training on maximal aerobic capacity, health-related quality of life and motivation to exercise in ageing men. Age (Dordr). 2015;37:25. https://​doi.​org/​10.​1007/​s11357-015-9763-3.Crossref

	153.
Kong Z, Fan X, Sun S, et al. Comparison of high-intensity interval training and moderate-to-vigorous continuous training for cardiometabolic health and exercise enjoyment in obese young women: a randomized controlled trial. PloS One. 2016;11:e0158589. https://​doi.​org/​10.​1371/​journal.​pone.​0158589.Crossref

	154.
Lanzi S, Codecasa F, Cornacchia M, et al. Short-term HIIT and fat max training increase aerobic and metabolic fitness in men with class II and III obesity. Obesity (Silver Spring). 2015;23:1987–94. https://​doi.​org/​10.​1002/​oby.​21206.Crossref

	155.
Lee AS, Johnson NA, McGill MJ, et al. Effect of high-intensity interval training on glycemic control in adults with type 1 diabetes and overweight or obesity: a randomized controlled trial with partial crossover. Diabetes Care. 2020;43:2281–8. https://​doi.​org/​10.​2337/​dc20-0342.Crossref

	156.
Lee K, Norris MK, Wang E, et al. Effect of high-intensity interval training on patient-reported outcomes and physical function in women with breast cancer receiving anthracycline-based chemotherapy. Support Care Cancer. 2021;29:6863–70. https://​doi.​org/​10.​1007/​s00520-021-06294-7.Crossref

	157.
Locke SR, Bourne JE, Beauchamp MR, et al. High-intensity interval or continuous moderate exercise: a 24-week pilot trial. Med Sci Sports Exerc. 2018;50:2067–75. https://​doi.​org/​10.​1249/​MSS.​0000000000001668​.Crossref

	158.
Lyall GK, Birk GK, Harris E, et al. Efficacy of interval exercise training to improve vascular health in sedentary postmenopausal females. Physiol Rep. 2022;10:e15441. https://​doi.​org/​10.​14814/​phy2.​15441.Crossref

	159.
MacDonald G, Sitlinger A, Deal MA, et al. A pilot study of high-intensity interval training in older adults with treatment naïve chronic lymphocytic leukemia. Sci Rep. 2021;11:23137. https://​doi.​org/​10.​1038/​s41598-021-02352-6.Crossref

	160.
MacLean C, Dillon J, Babraj JA, et al. The effect of low volume sprint interval training in patients with non-alcoholic fatty liver disease. Phys Sportsmed. 2018;46:87–92. https://​doi.​org/​10.​1080/​00913847.​2018.​1411171.Crossref

	161.
Madsen SM, Thorup AC, Overgaard K, et al. High intensity interval training improves glycaemic control and pancreatic β cell function of type 2 diabetes patients. PloS One. 2015;10:e0133286. https://​doi.​org/​10.​1371/​journal.​pone.​0133286.Crossref

	162.
Madssen E, Moholdt T, Videm V, et al. Coronary atheroma regression and plaque characteristics assessed by grayscale and radiofrequency intravascular ultrasound after aerobic exercise. Am J Cardiol. 2014;114:1504–11. https://​doi.​org/​10.​1016/​j.​amjcard.​2014.​08.​012.Crossref

	163.
Madssen E, Arbo I, Granoien I, et al. Peak oxygen uptake after cardiac rehabilitation: a randomized controlled trial of a 12-month maintenance program versus usual care. PloS One. 2014;9:e107924. https://​doi.​org/​10.​1371/​journal.​pone.​0107924.Crossref

	164.
Martin D, Besson C, Pache B, et al. Feasibility of a prehabilitation program before major abdominal surgery: a pilot prospective study. J Int Med Res. 2021;49:3000605211060196. https://​doi.​org/​10.​1177/​0300060521106019​6.Crossref

	165.
Martins C, Kazakova I, Ludviksen M, et al. High-intensity interval training and isocaloric moderate-intensity continuous training result in similar improvements in body composition and fitness in obese individuals. Int J Sport Nutr Exerc Metab. 2016;26:197–204. https://​doi.​org/​10.​1123/​ijsnem.​2015-0078.Crossref

	166.
Matsuo T, Saotome K, Seino S, et al. Effects of a low-volume aerobic-type interval exercise on VO2max and cardiac mass. Med Sci Sports Exerc. 2014;46:42–50. https://​doi.​org/​10.​1249/​MSS.​0b013e3182a38da8​.Crossref

	167.
Mendelson M, Chacaroun S, Baillieul S, et al. Effects of high intensity interval training on sustained reduction in cardiometabolic risk associated with overweight/obesity. A randomized trial. J Exerc Sci Fit. 2022;20:172–81. https://​doi.​org/​10.​1016/​j.​jesf.​2022.​03.​001.Crossref

	168.
Metcalfe RS, Babraj JA, Fawkner SG, et al. Towards the minimal amount of exercise for improving metabolic health: beneficial effects of reduced-exertion high-intensity interval training. Eur J Appl Physiol. 2012;112:2767–75. https://​doi.​org/​10.​1007/​s00421-011-2254-z.Crossref

	169.
Metcalfe RS, Tardiff N, Thompson D, et al. Changes in aerobic capacity and glycaemic control in response to reduced-exertion high-intensity interval training (REHIT) are not different between sedentary men and women. Appl Physiol Nutr Metab. 2016;41:1117–23. https://​doi.​org/​10.​1139/​apnm-2016-0253.Crossref

	170.
Metcalfe RS, Atef H, Mackintosh K, et al. Time-efficient and computer-guided sprint interval exercise training for improving health in the workplace: a randomised mixed-methods feasibility study in office-based employees. BMC Public Health. 2020;20:313. https://​doi.​org/​10.​1186/​s12889-020-8444-z.Crossref

	171.
Mitgaard J, Christensen JF, Tolver A, et al. Efficacy of multimodal exercise-based rehabilitation on physical activity, cardiorespiratory fitness, and patient-reported outcomes in cancer survivors: a randomized, controlled trial. Ann Oncol. 2013;24:2267–73. https://​doi.​org/​10.​1093/​annonc/​mdt185.Crossref

	172.
Mijwel S, Backman M, Bolam KA, et al. Adding high-intensity interval training to conventional training modalities: optimizing health-related outcomes during chemotherapy for breast cancer: the OptiTrain randomized controlled trial. Breast Cancer Res Treat. 2018;168:79–93. https://​doi.​org/​10.​1007/​s10549-017-4571-3.Crossref

	173.
Moholdt TT, Amundsen BH, Rustad LA, et al. Aerobic interval training versus continuous moderate exercise after coronary artery bypass surgery: a randomized study of cardiovascular effects and quality of life. Am Heart J. 2009;158:1031–7. https://​doi.​org/​10.​1016/​j.​ahj.​2009.​10.​003.Crossref

	174.
Moholdt T, Vold MB, Grimsmo J, et al. Home-based aerobic interval training improves peak oxygen uptake equal to residential cardiac rehabilitation: a randomized, controlled trial. PloS One. 2012;7:e41199. https://​doi.​org/​10.​1371/​journal.​pone.​0041199.Crossref

	175.
Munk PS, Staal EM, Butt N, et al. High-intensity interval training may reduce in-stent restenosis following percutaneous coronary intervention with stent implantation: a randomized controlled trial evaluating the relationship to endothelial function and inflammation. Am Heart J. 2009;158:734–41. https://​doi.​org/​10.​1016/​j.​ahj.​2009.​08.​021.Crossref

	176.
Nikseresht M, Ahmadi MRH, Hedayati M. Detraining-induced alterations in adipokines and cardiometabolic risk factors after nonlinear periodized resistance and aerobic interval training in obese men. Appl Physiol Nutr Metab. 2016;41:1018–25. https://​doi.​org/​10.​1139/​apnm-2015-0693.Crossref

	177.
Nilsson BB, Bunæs-Næss H, Edvardsen E, et al. High-intensity interval training in haemodialysis patients: a pilot randomised controlled trial. BMJ Open Sport Exerc Med. 2019;5:e000617. https://​doi.​org/​10.​1136/​bmjsem-2019-000617.Crossref

	178.
Northey JM, Pumpa KL, Quinlan C, et al. Cognition in breast cancer survivors: a pilot study of interval and continuous exercise. J Sci Med Sport. 2019;22:580–5. https://​doi.​org/​10.​1016/​j.​jsams.​2018.​11.​026.Crossref

	179.
Nybo L, Sundstrup E, Jakobsen MD, et al. High-intensity training versus traditional exercise interventions for promoting health. Med Sci Sports Exerc. 2010;42:1951–8. https://​doi.​org/​10.​1249/​MSS.​0b013e3181d99203​.Crossref

	180.
Nytrøen K, Rustad LA, Aukrust P, et al. High-intensity interval training improves peak oxygen uptake and muscular exercise capacity in heart transplant recipients. Am J Transplant. 2012;12:3134–42. https://​doi.​org/​10.​1111/​j.​1600-6143.​2012.​04221.​x.Crossref

	181.
Nytrøen K, Rolid K, Andreassen AK, et al. Effect of high-intensity interval training in de novo heart transplant recipients in Scandinavia. Circulation. 2019;139:2198–211. https://​doi.​org/​10.​1161/​CIRCULATIONAHA.​118.​036747.Crossref

	182.
Olsen RH, Pedersen LR, Jurs A, et al. A randomised trial comparing the effect of exercise training and weight loss on microvascular function in coronary artery disease. Int J Cardiol. 185:229–35. https://​doi.​org/​10.​1016/​j.​ijcard.​2015.​03.​118.

	183.
Papadopoulos E, Gillen J, Moore D, et al. High-intensity interval training or resistance training versus usual care in men with prostate cancer on active surveillance: a 3-arm feasibility randomized controlled trial. Appl Physiol Nutr Metab. 2021;46:1535–44. https://​doi.​org/​10.​1139/​apnm-2021-0365.Crossref

	184.
Pattyn N, Vanhees L, Cornelissen VA, et al. The long-term effects of a randomized trial comparing aerobic interval versus continuous training in coronary artery disease patients: 1-year data from the SAINTEX-CAD study. Eur J Prev Cardiol. 2016;23:1154–64. https://​doi.​org/​10.​1177/​2047487316631200​.Crossref

	185.
Perdersen LR, Olsen RH, Jurs A, et al. A randomized trial comparing the effect of weight loss and exercise training on insulin sensitivity and glucose metabolism in coronary artery disease. Metabolism. 2015;64:1298–307. https://​doi.​org/​10.​1016/​j.​metabol.​2015.​07.​007.Crossref

	186.
Phillips BE, Kelly BM, Lilja M, et al. A practical and time-efficient high-intensity interval training program modifies cardio-metabolic risk factors in adults with risk factors for type II diabetes. Front Endocrinol (Lausanne). 2017;8:229. https://​doi.​org/​10.​3389/​fendo.​2017.​00229.Crossref

	187.
Piraux E, Reychler G, Vancraeynest D, et al. High-intensity aerobic interval training and resistance training are feasible in rectal cancer patients undergoing chemoradiotherapy: a feasibility randomized controlled study. Rep Pract Oncol Radiother. 2022;27:198–208. https://​doi.​org/​10.​5603/​RPOR.​a2022.​0036.Crossref

	188.
Poon ET-C, Little JP, Sit CH-P, et al. The effect of low-volume high-intensity interval training on cardiometabolic health and psychological responses in overweight/obese middle-aged men. J Sports Sci. 2020;38:1997–2004. https://​doi.​org/​10.​1080/​02640414.​2020.​1766178.Crossref

	189.
Poon ET-C, Siu PM-F, Wongpipit W, et al. Alternating high-intensity interval training and continuous training is efficacious in improving cardiometabolic health in obese middle-aged men. J Exerc Sci Fit. 2022;20:40–7. https://​doi.​org/​10.​1016/​j.​jesf.​2021.​11.​003.Crossref

	190.
Rakobowchuk M, Harris E, Taylor A, et al. Moderate and heavy metabolic stress interval training improve arterial stiffness and heart rate dynamics in humans. Eur J Appl Physiol. 2013;113:839–49. https://​doi.​org/​10.​1007/​s00421-012-2486-6.Crossref

	191.
Reljic D, Wittmann F, Fischer JE. Effects of low-volume high-intensity interval training in a community setting: a pilot study. Eur J Appl Physiol. 2018;118:1153–67. https://​doi.​org/​10.​1007/​s00421-018-3845-8.Crossref

	192.
Reljic D, Herrmann HJ, Jakobs B, et al. Feasibility, safety, and preliminary efficacy of very low-volume interval training in advanced cancer patients. Med Sci Sports Exerc. 2022;54:1817–30. https://​doi.​org/​10.​1249/​MSS.​0000000000002989​.Crossref

	193.
Robinson E, Durrer C, Simtchouk S, et al. Short-term high-intensity interval and moderate-intensity continuous training reduce leukocyte TLR4 in inactive adults at elevated risk of type 2 diabetes. J Appl Physiol. 2015;119:508–16. https://​doi.​org/​10.​1152/​japplphysiol.​00334.​2015.Crossref

	194.
Rolid K, Andreassen AK, Yardley M, et al. High-intensity interval training and health-related quality of life in de novo heart transplant recipients - results from a randomized controlled trial. Health Qual Life Outcomes. 2020;18:283. https://​doi.​org/​10.​1186/​s12955-020-01536-4.Crossref

	195.
Romain AJ, Fankam C, Karelis AD, et al. Effects of high intensity interval training among overweight individuals with psychotic disorders: a randomized controlled trial. Schizphr Res. 2019;210:278–86. https://​doi.​org/​10.​1016/​j.​schres.​2018.​12.​021.Crossref

	196.
Rowan CP, Riddell MC, Gledhill N, et al. Aerobic exercise training modalities and prediabetes risk reduction. Med Sci Sports Exerc. 2017;49:403–12. https://​doi.​org/​10.​1249/​MSS.​0000000000001135​.Crossref

	197.
Roxburgh BH, Nolan PB, Weatherwax RM, et al. Is moderate intensity exercise training combined with high intensity interval training more effective at improving cardiorespiratory fitness than moderate intensity exercise training alone? J Sports Sci Med. 2014;13:702–7.

	198.
Roy M, Williams SM, Brown RC, et al. High-intensity interval training in the real world: outcomes from a 12-month intervention in overweight adults. Med Sci Sports Exerc. 2018;50:1818–26. https://​doi.​org/​10.​1249/​MSS.​0000000000001642​.Crossref

	199.
Ruffino JS, Songsorn P, Haggett M, et al. A comparison of the health benefits of reduced-exertion high-intensity interval training (REHIT) and moderate-intensity walking in type 2 diabetes patients. Appl Physiol Nutr Metab. 2017;42:202–8. https://​doi.​org/​10.​1139/​apnm-2016-0497.Crossref

	200.
Rustad LA, Nytroen K, Amundsen BH, et al. One year of high-intensity interval training improves exercise capacity, but not left ventricular function in stable heart transplant recipients: a randomised controlled trial. Eur J Prev Cardiol. 2014;21:181–91. https://​doi.​org/​10.​1177/​2047487312469477​.Crossref

	201.
Saanijoki T, Nummenmaa L, Eskelinen J-J, et al. Affective responses to repeated sessions of high-intensity interval training. Med Sci Sports Exerc. 2015;47:2604–11. https://​doi.​org/​10.​1249/​MSS.​0000000000000721​.Crossref

	202.
Safiyari-Hafizi H, Taunton J, Ignaszewski A, et al. The health benefits of a 12-week home-based interval training cardiac rehabilitation program in patients with heart failure. Can J Cardiol. 2016;32:561–7. https://​doi.​org/​10.​1016/​j.​cjca.​2016.​01.​031.Crossref

	203.
Sargeant JA, Bawden S, Aithal GP, et al. Effects of sprint interval training on ectopic lipids and tissue-specific insulin sensitivity in men with non-alcoholic fatty liver disease. Eur J Appl Physiol. 2018;118:817–28. https://​doi.​org/​10.​1007/​s00421-018-3818-y.Crossref

	204.
Sawyer BJ, Tucker WJ, Bhammar DM, et al. Effects of high-intensity interval training and moderate-intensity continuous training on endothelial function and cardiometabolic risk markers in obese adults. J Appl Physiol. 1985;2016(121):279–88. https://​doi.​org/​10.​1152/​japplphysiol.​00024.​2016.Crossref

	205.
Schmitt J, Lindner N, Reuss-Borst M, et al. A 3-week multimodal intervention involving high-intensity interval training in female cancer survivors: a randomized controlled trial. Physiol Rep. 2016;4:e12693. https://​doi.​org/​10.​14814/​phy2.​12693.Crossref

	206.
Schulz SVW, Laszlo R, Otto S, et al. Feasibility and effects of a combined adjuvant high-intensity interval/strength training in breast cancer patients: a single-center pilot study. Disabil Rehabil. 2018;40:1501–8. https://​doi.​org/​10.​1080/​09638288.​2017.​1300688.Crossref

	207.
Scott SN, Shepherd SO, Andrews RC, et al. A multidisciplinary evaluation of virtually supervised home-based high-intensity interval training intervention in people with type 1 diabetes. Diabetes Care. 2019;42:2330–3. https://​doi.​org/​10.​2337/​dc19-0871.Crossref

	208.
Shenouda N, Gillen JB, Gibala MJ, et al. Changes in brachial artery endothelial function and resting diameter with moderate-intensity continuous but not sprint interval training in sedentary men. J Appl Physiol. 1985;2017(123):773–80. https://​doi.​org/​10.​1152/​japplphysiol.​00058.​2017.Crossref

	209.
Shepherd SO, Wilson OJ, Taylor AS, et al. Low-volume high=intensity interval training in a gym setting improves cardio-metabolic and psychological health. PloS One. 2015;10:e0139056. https://​doi.​org/​10.​1371/​journal.​pone.​0139056.Crossref

	210.
Sim AY, Wallman KE, Fairchild TJ, et al. Effects of high-intensity intermittent exercise training on appetite regulation. Med Sci Sports Exerc. 2015;47:2441–9. https://​doi.​org/​10.​1249/​MSS.​0000000000000687​.Crossref

	211.
Simonsen C, Thorsen-Streit S, Sundberg A, et al. Effects of high-intensity exercise training on physical fitness, quality of life and treatment outcomes after oesophagectomy for cancer of the gastro-oesophageal junction: PRESET pilot study. BJS Open. 2020;4:855–64. https://​doi.​org/​10.​1002/​bjs5.​50337.Crossref

	212.
Smith-Ryan AE, Trexler ET, Wingfield HL, et al. Effects of high-intensity interval training on cardiometabolic risk factors in overweight/obese women. J Sports Sci. 2016;34:2038–46. https://​doi.​org/​10.​1080/​02640414.​2016.​1149609.Crossref

	213.
Smith-Ryan AE, Weaver MA, Viera AJ, et al. Promoting exercise and healthy diet among primary care patients: feasibility, preliminary outcomes, and lessons learned from a pilot trial with high intensity interval exercise. Front Sports Act Living. 2021;3:690243. https://​doi.​org/​10.​3389/​fspor.​2021.​690243.Crossref

	214.
Søgaard D, Lund MT, Scheuer CM, et al. High-intensity interval training improves insulin sensitivity in older individuals. Acta Physiol (Oxf.). 2018;222:e13009. https://​doi.​org/​10.​1111/​apha.​13009.Crossref

	215.
Stavrinou PS, Bogdanis GC, Giannaki CD, et al. Effects of high-intensity interval training frequency on perceptual responses and future physical activity participation. Appl Physiol Nutr Metab. 2019;44:952–7. https://​doi.​org/​10.​1139/​apnm-2018-0707.Crossref

	216.
Sveaas SH, Berg IJ, Fongen C, et al. High-intensity cardiorespiratory and strength exercises reduced emotional distress and fatigue in patients with axial spondyloarthritis: a randomized controlled pilot study. Scand J Rheumatol. 2018;47:117–21. https://​doi.​org/​10.​1080/​03009742.​2017.​1347276.Crossref

	217.
Taylor JL, Holland DJ, Keating SE, et al. Short-term and long-term feasibility, safety, and efficacy of high-intensity interval training in cardiac rehabilitation: the FITR heart study randomized clinical trial. JAMA Cardiol. 2020;5:1382–9. https://​doi.​org/​10.​1001/​jamacardio.​2020.​3511.Crossref

	218.
Terada T, Friesen A, Chahal BS, et al. Feasibility and preliminary efficacy of high intensity interval training in type 2 diabetes. Diabetes Res Clin Pract. 2013;99:120–9. https://​doi.​org/​10.​1016/​j.​diabres.​2012.​10.​019.Crossref

	219.
Tew GA, Leighton D, Carpenter R, et al. High-intensity interval training and moderate-intensity continuous training in adults with Crohn's disease: a pilot randomised controlled trial. BMC Gastroenterol. 2019;19:19. https://​doi.​org/​10.​1186/​s12876-019-0936-x.Crossref

	220.
Tjønna AE, Lee SJ, Rognmo O, et al. Aerobic interval training versus continuous moderate exercise as a treatment for the metabolic syndrome: a pilot study. Circulation. 2008;118:346–54. https://​doi.​org/​10.​1161/​CIRCULATIONAHA.​108.​772822.Crossref

	221.
Toennesen LL, Soerensen ED, Hostrup M, et al. Feasibility of high-intensity training in asthma. Eur Clin Respir J. 2018;5:1468714. https://​doi.​org/​10.​1080/​20018525.​2018.​1468714.Crossref

	222.
Tong TK, Zhang H, Shi H, et al. Comparing time efficiency of sprint vs. high-intensity interval training in reducing abdominal visceral fat in obese young women: a randomized, controlled trial. Front Physiol. 2018;9:1048. https://​doi.​org/​10.​3389/​fphys.​2018.​01048.Crossref

	223.
Tschentscher M, Eichinger J, Egger A, et al. High-intensity interval training is not superior to other forms of endurance training during cardiac rehabilitation. Eur J Prev Cardiol. 2016;23:14–20. https://​doi.​org/​10.​1177/​2047487314560100​.Crossref

	224.
Tsirigkakis S, Mastorakos G, Koutedakis Y, et al. Effects of two workload-matched high-intensity interval training protocols on regional body composition and fat oxidation in obese men. Nutrients. 2021;13:1096. https://​doi.​org/​10.​3390/​nu13041096.Crossref

	225.
Turri-Silva N, Vale-Lira A, Verboven K, et al. High-intensity interval training versus progressive high-intensity circuit resistance training on endothelial function and cardiorespiratory fitness in heart failure: a preliminary randomized controlled trial. PloS One. 2021;16:e0257607. https://​doi.​org/​10.​1371/​journal.​pone.​0257607.Crossref

	226.
Valent LJM, Dallmeijer AJ, Houdijk H, et al. Effects of hand cycle training on physical capacity in individuals with tetraplegia: a clinical trial. Phys Ther. 2009;89:1051–60. https://​doi.​org/​10.​2522/​ptj.​20080340.Crossref

	227.
Vella CA, Taylor K, Drummer D. High-intensity interval and moderate-intensity continuous training elicit similar enjoyment and adherence levels in overweight and obese adults. Eur J Sport Sci. 2017;17:1203–11. https://​doi.​org/​10.​1080/​17461391.​2017.​1359679.Crossref

	228.
Verbrugghe J, Agten A, Eijnde BO, et al. Feasibility of high intensity training in nonspecific chronic low back pain: a clinical trial. J Back Musculoskelet Rehabil. 2018;31:657–66. https://​doi.​org/​10.​3233/​BMR-170810.Crossref

	229.
Verbrugghe J, Agten A, Stevens S, et al. Exercise intensity matters in chronic nonspecific low back pain rehabilitation. Med Sci Sports Exerc. 2019;51:2434–42. https://​doi.​org/​10.​1249/​MSS.​0000000000002078​.Crossref

	230.
Vestergaard M, Jensen K, Juul-Kristensen B. Hybrid high-intensity interval training using functional electrical stimulation leg cycling and arm ski ergometer for people with spinal cord injuries: a feasibility study. Pilot Feasibility Stud. 2022;8:43. https://​doi.​org/​10.​1186/​s40814-022-00997-2.Crossref

	231.
Vidal-Almela S, Way KL, Terada T, et al. Sex differences in physical and mental health following high-intensity interval training in adults with cardiovascular disease who completed cardiac rehabilitation. Appl Physiol Nutr Metab. 2021;10:1–9. https://​doi.​org/​10.​1139/​apnm-2021-0265.Crossref

	232.
Way KL, Vidal-Almela S, Keast M-L, et al. The feasibility of implementing high-intensity interval training in cardiac rehabilitation settings: a retrospective analysis. BMC Sports Sci Med Rehabil. 2020;12:38. https://​doi.​org/​10.​1186/​s13102-020-00186-9.Crossref

	233.
Weng T-P, Huang S-C, Chuang Y-F, et al. Effects of interval and continuous exercise training on CD4 lymphocyte apoptotic and autophagic responses to hypoxic stress in sedentary men. PloS One. 2013;8:e80248. https://​doi.​org/​10.​1371/​journal.​pone.​0080248.Crossref

	234.
Willoughby TN, Thomas MPL, Schmale MS, et al. Four weeks of running sprint interval training improves cardiorespiratory fitness in young and middle-aged adults. J Sports Sci. 2016;34:1207–14. https://​doi.​org/​10.​1080/​02640414.​2015.​1102316.Crossref

	235.
Wilson GA, Wilkins GT, Cotter JD, et al. HIIT improves left ventricular exercise response in adults with type 2 diabetes. Med Sci Sports Exerc. 2019;51:1099–105. https://​doi.​org/​10.​1249/​MSS.​0000000000001897​.Crossref

	236.
Winding KM, Munch GW, Iepsen UW, et al. The effect on glycaemic control of low-volume high-intensity interval training versus endurance training in individuals with type 2 diabetes. Diabetes Obes Metab. 2018;20:1131–9. https://​doi.​org/​10.​1111/​dom.​13198.Crossref

	237.
Wormgoor SG, Dalleck LC, Zinn C, et al. High-intensity interval training is equivalent to moderate-intensity continuous training for short- and medium-term outcomes of glucose control, cardiometabolic risk, and microvascular complication markers in men with type 2 diabetes. Front Endocrinol (Lausanne). 2018;9:475. https://​doi.​org/​10.​3389/​fendo.​2018.​00475.Crossref

	238.
Zhang H, Tong TK, Qiu W, et al. Comparable effects of high-intensity interval training and prolonged continuous exercise training on abdominal visceral fat reduction in obese young women. J Diabetes Res. 2017;2017:5071740. https://​doi.​org/​10.​1155/​2017/​5071740.Crossref

	239.
Zisko N, Stensvold D, Hordnes-Slagsvold K, et al. Effect of change in VO2max on daily total energy expenditure in a cohort of Norwegian men: a randomized pilot study. Open Cardiovasc Med J. 2015;9:50–7. https://​doi.​org/​10.​2174/​1874192401509010​050.Crossref

	240.
Gjerdevik M, Heuch I. Improving the error rates of the Begg and Mazumdar test for publication bias in fixed effects meta-analysis. BMC Med Res Methodol. 2014;14:109. https://​doi.​org/​10.​1186/​1471-2288-14-109.Crossref

	241.
McCambridge J, Witton J, Elbourne DR. Systematic review of the Hawthorne effect: new concepts are needed to study research participation effects. J Clin Epidemiol. 2014;67:267–77. https://​doi.​org/​10.​1016/​j.​jclinepi.​2013.​08.​015.Crossref

	242.
McDonough MH, Beselt LJ, Daun JT, et al. The role of social support in physical activity for cancer survivors: a systematic review. Psychooncoly. 2019;28:1945–58. https://​doi.​org/​10.​1002/​pon.​5171.Crossref

	243.
Scarapicchia TMF, Amireault S, Faulkner G, et al. Social support and physical activity participation among healthy adults: a systematic review of prospective studies. Int Rev Sport Exerc Psychol. 2017;10:50–83. https://​doi.​org/​10.​1080/​1750984X.​2016.​1183222.Crossref

	244.
Smith GL, Banting L, Eime R, et al. The association between social support and physical activity in older adults: a systematic review. Int J Behav Nutr Phys Act. 2017;14:56. https://​doi.​org/​10.​1186/​s12966-017-0509-8.Crossref

	245.
Aslam AS, van Luenen S, Aslam S, et al. A systematic review on the use of mHealth to increase physical activity in older people. Clin eHealth. 2020;3:31–9. https://​doi.​org/​10.​1016/​j.​ceh.​2020.​04.​002.Crossref

	246.
Ferguson T, Olds T, Curtis R, et al. Effectiveness of wearable activity trackers to increase physical activity and improve health: a systematic review of systematic reviews and meta-analyses. Lancet Digit Health. 2022;4:e615–26. https://​doi.​org/​10.​1016/​S2589-7500(22)00111-X.Crossref

	247.
McGarrigle L, Todd C. Promotion of physical activity in older adults using mHealth and eHealth technologies: rapid review of reviews. J Med Internet Res. 2020;22:e22201. https://​doi.​org/​10.​2196/​22201.Crossref

	248.
Mönninghoff A, Kramer JN, Hess AJ, et al. Long-term effectiveness of mHealth physical activity interventions: systematic review and meta-analysis of randomized controlled trials. J Med Internet Res. 2021;23:e26699. https://​doi.​org/​10.​2196/​26699.Crossref

	249.
Hailey V, Rojas-Garcia A, Kassianos AP. A systematic review of behaviour change techniques used in interventions to increase physical activity among breast cancer survivors. Breast Cancer. 2022;29:193–208. https://​doi.​org/​10.​1007/​s12282-021-01323-z.Crossref

	250.
Samdal GB, Eide GE, Barth T, et al. Effective behaviour change techniques for physical activity and healthy eating in overweight and obese adults; systematic review and meta-regression analyses. Int J Behav Nutr Phys Act. 2017;14:42. https://​doi.​org/​10.​1186/​s12966-017-0494-y.Crossref

	251.
Michie S, Atkins L, West R. The behaviour change wheel: a guide to designing interventions. London: Silverback Publishing; 2014.

	252.
Dowd KP, Szeklicki R, Minetto MA, et al. A systematic literature review of reviews on techniques for physical activity measurement in adults: a DEDIPAC study. Int J Behav Nutr Phys Act. 2018;15:15. https://​doi.​org/​10.​1186/​s12966-017-0636-2.Crossref

	253.
Taylor KL, Weston M, Batterham AM. Evaluating intervention fidelity: an example from a high-intensity interval training study. PloS One. 2015;10:e0125166. https://​doi.​org/​10.​1371/​journal.​pone.​0125166.Crossref



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


OEBPS/images/12966_2023_1535_Article_TeX_Equf.png





OEBPS/images/12966_2023_1535_Fig11_HTML.png
Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper Relative
g limit limit Z-Value p-Value weight
Karstoft et al [142] -1.704 2615 -0.794 -3.668 0.000 —|.— 8.28
Poon et al [188] -1.436 -2.309 -0.563  -3.224 0.001 —— 8.64
Gauthier et al [108] -0.996 -2.158 0.166 -1.680 0.093 - 6.28
Bjorke et al [73] -0.405 -0652 -0.158 -3.211 0.001 . 15.58
Hesketh et al [124] -0.252  -0.569 0.065 -1.557 0.119 14.91
Currie et al [85] -0.136  -0.941 0.669 -0.330 0.741 9.31
Poon et al [189] 0.029 -0.744 0.802 0.073 0.941 9.65
Vella et al [227] 0.030 -0.830 0.890 0.068 0.946 8.76
Keogh et al [147] 0.566  -0.358 1.489 1.200 0.230 8.16
Jung et al [139] 0.736 0.035 1.436 2.058 0.040 10.44
Pooled -0.313  -0.681 0.056 -1.663 0.096
Prediction Interval -0.313  -1.457 0.832
-4.00 -2.00 0.00 2.00 4.00
Favours MICT Favours HIIT

Random-effects (Number of studies=10)





OEBPS/images/12966_2023_1535_Article_TeX_Equc.png
SD ~ \/ﬁ (95%Clupper — 95%01101067’)

2(t)





OEBPS/images/12966_2023_1535_Fig14_HTML.png
Group by
isk of Bias

High
High

High

High

Low/Moderste
Low/Moderste
Low/Moderste
Low/Moderste
Low/Moderste
Low/Moderate
Low/Moderste
Low/Moderste
Low/Moderste
Low/Moderste

Oversll

Study name

Gauthier et al [108]
Hesketh et s [124]
Pooled

Prediction Interval
Karstoft et al [142]
Poon et sl [188]
Bjorke et al [72]
Curie et sl [85]
Poon et al [189]
Vella et sl [227]
Keogh et al [147)
Jung et al [139)
Pooled

Prediction Interval

Prediction Interval

Hedges's
9

0.9%
0252
0.510

-0.405
0128
0.029

0.568

0.738
0274
0274

0322

Lower
limit

2.188
0.569
1472
2273
2815
2209
0.852
0.941
0.744

0.820

Upper
limit

.16
0.065
0.452
1.253
0784
0563

0.158

0214
1194

0.854

Statistics for each study

ZValue

-1.680

-3.668
3224

321

20858

-1.099

p-Value
0.092
0.119

0.289

0.000
0.001

0.001

0.040

0.272

Hedges's g and 95% CI

L ]
I 1
i
i I
L
—a—
—_——
—_—
J
I
-2.00 0.00 2.00

Favours MICT

Favours HIIT

Relative
weight

2471

11.08
11.44
17.25
1211
12.43
1156
10.98

13.18

Random-effects (Number of studies=10)





OEBPS/images/12966_2023_1535_Article_TeX_Equb.png
g3 —ql

1.35





OEBPS/images/12966_2023_1535_Article_TeX_Eque.png





OEBPS/images/12966_2023_1535_Article_TeX_Equd.png
Q

ql +m + q3






OEBPS/images/12966_2023_1535_Fig6_HTML.png
Study name

Currie et al [85]
Verbrugghe et al [229]
Benham et al [70]
Gillen etal [112]
Shenouda et al [208]
Higgins et al [127]
Devin etal [91]

Tew etal [219]

Lanzi et al [154]
Gilbertson et al [109]
Gildea et al [110]
Moholdt et al [173]
Currie et al [86]
Winding et al [236]
Cerini etal [77]
Ciolac etal [79]
Beetham et al [68]
Northey et al [178]
Terada etal [218]
Devin et al [90]
Baekkerud et al [65]
Benda etal [69]
Berger etal [71]
Dolan etal [93]
Ellingsen et al [97]
Elmer et al [98]
Foster etal [103]
Freyssin etal [107]
Gorostegi-Anduaga et al [115]
lellamo et al [133]
Jung et al [139]
Jung et al [26]
Keteyian et al [148]
Kong et al [153]
Locke etal [157]
Martins et al [165]
Mendelson et al [167]
Nilsson etal [177]
Nytroen etal [181]
Robinson et al [193]
Rolid et al [194]
Rowan et al [196]
Saanijoki et al [201]
Sawyer et al [204]
Tjonna et al [220]
Tschentscher et al [223]
Weng et al [233]
Zisko et al [239]
Kemmler et al [146)]
Cooper et al [84)]
Conraads etal [82]
Reljic et al [191)
Wormgoor et al [237]
Gloeckl etal [113]
D'Amuri et al [87]
Eichner et al [96]
Allen et al [57]

Sim etal [210]
Matsuo et al [166]
Zhang et al [238]
Klonizakis etal [151]
Cheema etal [78]
Atan et al [63]
Shepherd et al [209]
Roxburgh et al [197]
Pooled

Prediction Interval

Hedges's
9
-0.815
-0.761
-0.661
-0.605
-0.581
-0.464
-0.447
-0.436
-0.429
-0.369
-0.321
-0.215
-0.215
-0.201
-0.157
-0.003
-0.084
-0.050
-0.029
-0.006

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.026
0.065
0.081
0.088
0.090
0.114
0.128
0.188
0.265
0.271
0.276
0.442
0.479
0.688
0.956
1505
2592
0.015
0.015

Lower
limit
-1.655
-1.407
-1.379
-1.487
-1.461
-0.975
-1.086
-1.204
-1.279
-1.093
-1.121
-0.683
-1.078
-0.962
-0.856
-0.769
-0.914
-1.136
-0.983
-0.591
-0.830
-0.773
-0.927
-0.773
-0.328
-0.981
-0.583
-0.747
-0.419
-0.839
-0.677
-0.391
-0.617
-0.686
-0.677
-0.698
-0.607
-0.991
-0.440
-0.615
-0.432
-0.822
-0.719
-0.804
-0.857
-0.607
-0.839
-0.839
-0.411
-0.631
-0.195
-0.720
-0.699
-0.346
-0.453
-0.503
-0.568
-0.573
-0.447
-0.253
-0.340
-0.392
0313
1.040
1438
-0.088
-0.486

Upper

limit
0.024
-0.116
0.057
0.276
0.298
0.048
0.192
0.333
0.421
0.356
0.479
0.254
0.648
0.560
0542
0.583
0.748
1.035
0.926
0579
0.830
0.773
0.927
0.773
0.328
0.981
0.583
0.747
0.419
0.839
0.677
0.391
0617
0.686
0677
0.698
0.607
0.991
0.440
0615
0432
0.822
0.719
0.804
0.857
0.607
0.839
0.839
0.462
0.762
0.357
0.896
0.879
0.575
0.709
0.878
1.099
1.115
0.998
1136
1.299
1.768
1599
1.970
3746
0.118
0516

Statistics for each study

Z-Value

-1.904
-2311
-1.805
-1.346
-1.295
-1.777
-1.370
-1.111
-0.989
-0.997
-0.787
-0.899
-0.487
-0.518
-0.441
-0.270
-0.199
-0.091
-0.059
-0.020
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.115
0.184
0574
0213
0.224
0.487
0433
0533
0.623
0.629
0.747
1246
1.147
1248
2916
6.342
4.403
0.285

p-Value

0.057
0.021
0.071
0.178
0.195
0.075
0171
0.266
0.323
0.319
0431
0.369
0.626
0.604
0.659
0.787
0.842
0.927
0.953
0.984
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.908
0.854
0.566
0.831
0.823
0.626
0.665
0.594
0533
0.529
0.455
0213
0.252
0.212
0.004
0.000
0.000
0.776

-4.00

Hedges's g

|
l

-2.00

Favours MICT

it

i

(3
=3
=3

and 95% CI

-—
-—
HE—

—.—

I
S
——
——

2.00

Favours HIIT

Relative

weight
1.14
164
143
1.06
1.06
216
167
130
112
141
122
237
1.09
131
148

1.16
0.76
0.93
186
1.16
129
0.98
129
3.15
0.89
187
135
262
114
155
277
174
152
155
148
177
0.88
251
175
255
117
142
121
1.10
177
114
114
253
149
347
120
125
240
187
150
1.15
113
141
149
1.18
076
165
238
0.68

4.00

Random-effects (Number of studies=65)





OEBPS/images/12966_2023_1535_Fig3_HTML.png
Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

J

o

% 25% 50% 75% 100%

| B owrisk [0 someconcems [l Highrisk |






OEBPS/images/12966_2023_1535_Fig2_HTML.png
oooooooTo'

©00000000000000000000000000000000

;xﬁw

®eececccccee

®00c0000000000000000 oﬁcooooo

®0000000c0000000000e
o..f.o..oooof.o-ooo.-o.o.oooooooo

%H..”.H.H.H.






OEBPS/images/12966_2023_1535_Fig8_HTML.png
Standard Error

0.0

0.1

0.2

0.3

04

0.5

0.6

Funnel Plot of Standard Error by Hedges's g

o] o
80
fe) [e]
(]
o o
o &f
[e]
8
o o°
@
g
[e]
>

Hedges's g






OEBPS/images/12966_2023_1535_Fig5_HTML.png
Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

J

0%

25% 50% 75%

100%

B wowisk [ woderaterisk [l seriousrisk [l critcairisc [ Noinormation






OEBPS/images/12966_2023_1535_Fig9_HTML.png
Group by

Study name

Medical Condition

No

§§5357%

§7

Gillen et al [112]
Shenouds et sl [208]
Higgins et al [127)
Ciolacet al [79]
Berger et al [71]

Foster et 8l [102]
Ssanijoki et 81 [201]
Weng et al [233]
Zisko et sl [229)
Kemmler et al [14€]
Cooper et al [84]
DAmur et sl [87)
Allen et sl [57)

Sim et 8l [210]
Matsuo et al [166)
Kionizskis et sl [151]
Shepherd et al [209]
Roxburgh et sl [197)
Pooled

Prediction Interval
Currie et l [85]
Verbrugghe et al [229)
Benham et sl [70]
Devin et sl [91]

Tew etal [219)
Lanzi et 8l [154]
Gilbertson et al [109]
Gildea et a1 [110]
Moholdt et al [173]
Curie et l [8€]
Winding et sl (226]
Cerini et sl [77)
Beetham et al [68]
Northey et sl [178]
Terada et al [218]
Devin et sl [90]
Baekkerud et sl [65]
Bends et al [69)]
Dolan et sl 93]
Ellingsen et sl [97)
Freyssin et a1 [107)]
Gorostegi-Andusga et al [115]
lellamo et sl [133]
Jung et al [139]
Jung et al [26]
Keteyian et al [148]
Kong et sl [153]
Looe et sl [157]
Martins et sl [165]
Mendelson et al [167]
Nilsson et sl [177]
Nytroen et al [181]
Robinson et al [192]
Rolid et sl [194]
Rowan et sl [19€]
Sawyer et al [204]
Tjonna et sl [220]
Tschentscher et al [223]
Conrasds et sl [82]
Reljicet sl [191]
Wormgoor et sl [237]
Gloedd et sl [112]
Eichner et al [96]
Zhang et sl [228)
Cheems et sl [78]
Atan et sl [63]
Pocled

Prediction Interval
Prediction Interval

Hedges's
9

0.605
0.581
0.484
0.093
0.000
0.000
0.000
0.000
0.000
0.000
0.026
0.085
0.128
0.265
0.271
0.276
0479
1.505
2592
0.182
0.182
0815
0761
0.681
0.447
0.428
0.429
0.269
0.321
0215
0218
0.201
0.157
0.084
0.050
0.029
-0.008
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.081
0.088
0.090
0114
0.188
0.442
0.e88
0.958
0.048
0.048
0016

Lower
limit
-1.487
-1.481
0875
0.769
0.927
0.981
0.583
0718
0839
0.839
0.411
0.831
0.452
0.568
0573
0.447
0.240

1.040

1.428
0011
0318
-1.655
-1.407
1379
-1.086
-1.204
1.279
-1.093
1121
0682
-1.078
0.962
0.856
0914
1138
0.982
0.591
0.820
0773
0773
0.328
0.747
0.419
0.838
0.877
0.291
0817
0.888
0,877
-0.698
0.607
0.991
0.440
0815
0.422
0.822
0.804
0.857
0.607
0.195
0.720
0.899
0348
0.502
0.252
0.292

0313
0.184
0519
0.484

r
limit
0.27¢
0.298
0.048
0.583
0.927
0.981
0582
0719
0.839
0.839
0.482
0.762
0.709
1.089
1115
0.998
1299
1970
3748
0.376
0.681
0.024
0.118
0.057
0.192
0.333
0.421
0.356
0.479
0.254
0.e48
0.560
0.542
0.748
1.025
0.926
0.579
0.830
0773
0773
0.328
0747
0.419
0.839
0.677
0.391
0817
o.ese
0.677
0.698
0.607
0.991
0.440
0815
0.432
0.822
0.804
0.857
0.607
0.357
0.8%
0.879
0.575
0.878
1138
1768
1599
0.072
0.427
0516

Statistics for each study

ZValue

-1.348
1.208
4777
0.270
0.000
0.000
0.000
0.000
0.000
0.000
0.115
0.184
0.422
0.623
0.629
0747
1147
8242
4402
1844

-1.904
2311
-1.805
-1.370
4411
-0.989
0.997
0.787
0.899
0.487
0518
0.441
0.199
0.091
0.058
0.020
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0574
0213
0.224
0.487
0532
1248
1248
2918
0.768

p-Value

0.178
0.195
0.075
0.787
1.000
1.000
1.000
1.000
1.000
1.000
0.508
0.854
0.e65
0532
0.529
0.455
0.252
0.000
0.000
0.065

0.057
0.021
0.071
0471

0.268
0.222
0.319
0.421
0.289
062
0.604
0.659
0.842
0.927
0.953
0.984
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.568
0.831

0823
0.626
0.594
0213
0212
0.004
0.444

i

1

Relative
weight

284
285
8.12
571
254
222
6.94
523
415
415
9.58
547
6.97
419
411
5.19
420
8.99
245

152
224
194
227
175
1.50
191
165

1.47
178
201
158
1.01
125
255

1.74
174

Random-effects (Number of studies=65)





OEBPS/css/sidebar.gif





OEBPS/navigation.xhtml

    
      Contents


      
        		Rates of compliance and adherence to high-intensity interval training: a systematic review and Meta-analyses


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12966_2023_1535_Fig4_HTML.png
Risk of bias domains

Apnis

D4: Bias due to deviations from intended interventions.

@ No informason

D7: Bias in selection of the reported result.





OEBPS/images/12966_2023_1535_Fig1_HTML.png
] [ Identification ]

Eligibility ] [ Screening

[

)

Included

Records identified through
database searching
(n =3670)
1

Additional records identified
through other sources
(n=123)

l

Duplicate records removed
(n=1419)

A

Records screened
(n=2374)

Records excluded

A

Full-text articles assessed
for eligibility
(n=641)

A

Studies included in
qualitative synthesis
(n=188)

/\

Studies included in
Compliance meta-analysis
(n=65)

Studies included in
Adherence meta-analysis
(n=10)

> (n=1733)

Full-text articles excluded,
with reasons
(n=453)

n =125 abstracts
n =109 no measure of
compliance/adherence
n =82 not HIIT protocol
n =47 Physically active

sample
n =41 not in age range
n = 24 duplicate sample
n = 14 could not access
n = 6 summary document
n = 3 dissertation
n = 1 protocol

n = 1 qualitative study






OEBPS/images/12966_2023_1535_Fig15_HTML.png
Group by Study name Statistics for each study Hedges's g and 95% Cl
Timepoint of Measurement

Hedges's Lower Upper Relative
P limit  limit  ZValue p-Value weight
12 weeks or less Poon et sl [188] .43 2309 0563 3224 0.001 ——i— 12.38
12 weeks or less Gauthier et al [108] 089 2158 0168 1880  0.092 - 10.27
12 weeks or less Hesketh et al [124] 0252 0569 0085 1557 0118 20.27
12 weeks or less Curie et sl [85] 0128 0941 0669 020  0.741 1421
12 weeks or less Vella et sl [227) 0020 0820 08%0 0088 0948 1252
12 weeks or less Keogh et al [147] 0566 0358 1489 1200 0230 — 1278
12 weeks or less Jung et al [129] 0736  0.035 1.428 2058 0.040 —— 15.55
12 weeks or less Pooled 0174 0884 0238 0888 0504 <>
12 weeks or less Prediction Interval 0174 1588 1240 : :
More than 12 weeks Karstoft et al [142] 4704 2815 0794 2668  0.000 —i— 26.69
More than 12 weeks Bjorke et al [73) 0405 0852 0158 3211 0.001 . 4314
More than 12 weeks Poon et al [189) 0029 0744 0802 0072  0.941 —— 2017
More than 12 weeks Pooled 0621 1354 0112  -1.680 0097 <>>
More than 12 weeks Prediction Interval 0621 2165 0822 :
Oversll Prediction Interval 0320 1488 0848 :
4.00 2.00 0.00 2.00 4.00

Favours MICT Favours HIIT

Random-effects (Number of studies=10)





OEBPS/images/12966_2023_1535_Fig12_HTML.png
Favours Favours
MICT HIT

*

-2.00

-1.50 -1.00 -0.50 0.00 0.50 1.00 1.50

Standardized difference in means (Hedge's g)

The mean effect size is -0.313 with a 95% confidence interval of -0.681 to 0.056
The true effect size in 95% of all parable populati falls bety 1 -1.457 and 0.832

2.00





OEBPS/images/12966_2023_1535_Fig16_HTML.png
Group by Study name Statistics for each study Hedges's g and 95% CI
Method of Measurement

Hedges's  Lower  Upper Relative
] limit limit ZValue p-Value weight

Activity Tracker Karstoft et sl [142] 1704 2815 0794 2688  0.000 —— 10.43

Activity Tracker Poon et al [188] 1428 2309 0563 3224  0.001 — 10.94

Activity Tracker Bjorke et al [72] 0405 0652 0158  -2211  0.001 » 2219

Activity Tracker Hesketh et al [124] 0252 0569 0085 -1.557  0.119 - 20.88

Activity Tracker Currie et sl [85] 0128 0941 0689 0230 0741 11.92

Activity Tracker Poon et al [189] 0029 0744 0802 0073 0941 E 12.42

Activity Tracker Vells et sl [227] 0020 0820 08% 0088 0948 1111

Activity Tracker Pooled 0487 0878 0098 2454 0014 <>

Activity Tracker Prediction Interval 0487 1520 0546 l—q

Self-Report Gauthier et al [108] 09% -2158 0168  -1680 0092 n 2432

Self-Report Keogh et sl [147] 0568 0358  1.489 1.200 0.220 ——.— 2253

Self-Report Jung et sl [129] 0726 0035 1436 2058  0.040 —.— 4215

Self-Report Pooled 0269 0432 0951 0734 0462 <:>

Self-Report Prediction Interval 0269 0974  1.493 I——'

Oversll Prediction Interval 0308 -1.440 0824 l——l

-4.00 -2.00 0.4

o

0 2.00 4.00

Favours MICT Favours HIIT

Random-effects (Number of studies=10)





OEBPS/images/12966_2023_1535_Fig13_HTML.png
0.0
0.1
0.2

03
04

10113 piepuejs

0.5
0.6

20

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

-2.0

Hedges's g





OEBPS/css/envelope.png





OEBPS/images/12966_2023_1535_Fig10_HTML.png
Study name

High Gillen et sl [112]
High Shenouda et sl [208]
High Higgins et sl [127]
High Gilbertson et al [108]
High Beetham et al [68]
High Baeikerud et l [65]
High Berger et al [71]
High Nilsson et al [177]
High Foster et al [103)]
High Gloea et al [113]
High Pooled

High Prediction Interval
LowModerste Curie et sl [85]
LowModerste Verbrugghe et i [229]
LowModerate Benham et al [70]
LowModerate Devin et al [31]
LowModerate Tew et al [219]
LowModerate Lanzi et al [154]
LowModerate Gildea et al [110]
LowModerate Moholdt et al [173]
LowModerate Curie et al [8€]
LowModerate Winding et al [226]
LowiModerate Cerini et al [77]
LowiModerate Ciolacet sl [79]
Low/Moderate Northey et al [178]
LowiModerate Terada et sl [218]
Low/Moderate Devin et a1 [30]
LowiModerate Zisko et sl [239]
LowModerate Benda et sl [69]
LowModerate Dolan et al [92]
Low/Moderate Ellingsen et sl (7]
LowModerate Freyssin et al [107]

L etal[115)
Low/Moderate lellamo et al [123]
LowModerate Jung et sl [139]
LowModerate Jung et sl [26]
LowModerate Keteyian et al [148]
LowModerate Kong et sl [152]
LowModerste Locke et 8l [157)
LowModerste Martins et sl [165]
LowModerste Mendelson et sl [167]
LowModerste Elmer et al [98]
LowModerste Nytroen et 8l [181]
LowModerste Robinson et sl [193]
LowModerate Rolid et &l [194]
LowModerste Rowan et sl [196]
LowModerate Sawyer et al [204]
LowModerate Tionna et al [220]
LowModerate Tschentscher et al [223]
LowModerate Saanijoki et al [201]
LowModerate Weng et al [233]
LowModerate Kemmler et al [146]
LowModerate Cooper et al [8¢]
LowModerate Conraads et sl [82]
LowModerate Reljicet a1 [191)
LowiModerate Wormgoor et al [237)
LowModerate DAmur et al [87]
LowModerate Eichner et al [96]
LowModerate Allen et sl [57)
LowModerate Sim et al [210]
LowModerate Matsuo et al [1€6]
Low/Moderate Znang et sl [228]
Low/Moderate Klonizskis et s [151)
LowModerate Cheema et sl [78]
LowModerate Aten et al [62]
LowModerate Shepherd et sl [209]
Low/Moderate Roxburgh et al [157]
LowModerate Pooled
LowModerate Prediction Interval
Oversll Prediction Interval

Hedges's
9

0.605
0.581

0.269
0084
0.000
0.000
0.000
0.000
0.114
0.184
0184
03815
0781

Lower
limit
-1.487
-1.481
0.975
1.093
0.914
0.830
0.927
0.891
0582
0.348
0.456
0.735
1,55
-1.407
1.279
-1.088
1.204
1.279
421
0682
1.078

0.856
0.769
1138
0.982
0.591
0.839
0773
0773
0.328
0.747
0.419
0.839
0677
0391
0617
0.688

1.970
2748
0.158
0528
0516

Statistics for each study

ZValue
1248
1295
777
0.997
0.199

0.000
0.000
0.000
0.000
0.487
1323

1904

2311
1.805

0.851

pValue
0178
0.195
0075
0319
0842
1.000
1.000
1.000
1.000
0626
0.188

0.057
0.021
0.071
0.471

0.323
0.431

0.628
0.604
0.859
0.787
0.927
0.953
0.98¢
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Favours MICT

Hedges's g and 95% CI

—

LIy

|..|||||||.|1I|1III111|1||I11|I1|1III1||ll|||||||||| llll*+¥#

*I‘||||||']]']'||I|||'|'|||IIITI|T|T|||I||III|'||I'
|

e
3
8

Favours HIIT

2.00 4.00

Relative
weight

742
7.45
15.41
995
8.15
.16
687
616
1325
1747

078

Random-effects (Number of studies=65)





OEBPS/images/12966_2023_1535_Article_TeX_Equa.png





OEBPS/images/12966_2023_1535_Fig7_HTML.png
Distribution of True Effects

-1.00

Favours Favours
MmicT ef— HIT
-0.75 -0.50 -0.25 0.00 0.25 0.50 0.75

Standardized difference in means (g)

The mean effect size is 0.02 with a 95% confidence interval of -0.09 to 0.12
The true effect size in 95% of all comparable populations falls in the interval -0.49 to 0.52

1.00





