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Short-Term, Equipment-Free High Intensity Interval Training Elicits Significant Improvements in Cardiorespiratory Fitness Irrespective of Supervision in Early Adulthood
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Introduction: Serious health implications from having low levels of cardiorespiratory fitness (CRF) and being overweight in young adulthood are carried forward into later life. High-intensity interval training (HIIT) is a time-effective, potent stimulus for improving CRF and indices of cardiometabolic health. To date, few studies have investigated the use of equipment-free HIIT or the impact of supervision for improving CRF via HIIT.

Methods: Thirty healthy young adults (18–30 y) were randomised to 4 weeks (12 sessions) equipment-free, bodyweight based supervised laboratory HIIT (L-HIIT), unsupervised home HIIT (H-HIIT) or no-intervention (CON). Utilised exercises were star jumps, squats and standing sprints. Measurements of CRF (anaerobic threshold (AT) and VO2peak), blood pressure (BP), body mass index (BMI), blood glucose and plasma insulin by oral glucose tolerance test (OGTT), and muscle architecture were performed at baseline and after the intervention.

Results: When compared to the control group, both HIIT protocols improved CRF (AT: L-HIIT mean difference compared to the control group (MD) +2.1 (95% CI: 0.34–4.03) ml/kg/min; p = 0.02; H-HIIT MD +3.01 (1.17–4.85) ml/kg/min; p = 0.002), VO2peak: L-HIIT (MD +2.94 (0.64–5.25) ml/kg/min; p = 0.01; H-HIIT MD +2.55 (0.34–4.76) ml/kg/min; p = 0.03), BMI (L-HIIT MD −0.43 (−0.86 to 0.00) kg/m2; p = 0.05; H-HIIT: MD −0.51 (−0.95 to −0.07) kg/m2; p = 0.03) and m. vastus lateralis pennation angle (L-HIIT MD 0.2 (0.13–0.27)°; p < 0.001; H-HIIT MD 0.17 (0.09 to 0.24)°; p < 0.001). There was no significant change in BP, blood glucose or plasma insulin in any of the groups.

Conclusions: Four weeks time-efficient, equipment-free, bodyweight-based HIIT is able to elicit improvements in CRF irrespective of supervision status. Unsupervised HIIT may be a useful tool for counteracting the rise of sedentary behaviours and consequent cardiometabolic disorders in young adults.
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INTRODUCTION

The health benefits of being physically active in adolescence and young adulthood are well-documented. These benefits include enhanced cardiorespiratory and muscular fitness, superior bone and cardiometabolic health and a positive effect on body weight status (Guthold et al., 2020), as well as improved cerebrovascular and cognitive functioning abilities (Hwang et al., 2018). There is also evidence that these health benefits are carried forward into later adult life, with cardiorespiratory fitness (CRF) in young adulthood a modifiable, prognostic marker of long-term mortality and cardiovascular disease (CVD) risk in later life (Guthold et al., 2020). Specifically, higher fitness levels in early adulthood are associated with a lower future risk for all-cause mortality and adverse cardiovascular events (Valle et al., 2015; Shah et al., 2016), as well as being associated with a lower risk for developing cardiometabolic disorders, such as type 2 diabetes (T2DM), by middle-age (Chow et al., 2016).

Sedentary behaviour, defined as any waking activity with an energy expenditure <1.5 METs whilst in a sitting, reclining or lying posture (Tremblay et al., 2017), and physcial inactivity are becoming increasingly prevalent in modern societies based on changes in physical, social, and economic environments, especially for younger adults (Owen et al., 2010; Castro et al., 2018). Worryingly, it is well-established that sedentary behaviours are associated with both cardiovascular and all-cause mortality (Kodama et al., 2009; Ekelund et al., 2016; Young et al., 2016). Further, numerous physiological changes associated with chronic disease risk are seen with physical inactivity, including declines in CRF, insulin resistance, hypertension, and increased adiposity (Booth et al., 2017). Together, combined presentation of the latter three risk factors is often termed the Metabolic Syndrome (MetS) (Kassi et al., 2011), which confers an odds ratio for cardiovascular morbidity and mortality of 3 and 1.8, respectively (Isomaa et al., 2001). Independent of other factors, young people with a high body mass index (BMI) have an increased risk of developing MetS in later life and may already have established hallmarks of the cardiometabolic disease such as elevated blood glucose, increased carotid intima thickness and raised serum cholesterol levels (Magnussen et al., 2010). In addition, sedentary behaviour is associated with an increased risk of T2DM (Wilmot et al., 2012; Patterson et al., 2018), with 29% of T2DM incidence in the UK estimated to be associated with physical inactivity (Patterson et al., 2018).

Although physical inactivity is associated with declines in CRF (Booth et al., 2017), physical activity can mitigate these reductions (Sparling et al., 2015) as well as the aforementioned risks of mortality associated with sedentary behaviour (Ekelund et al., 2016). However, despite these clear benefits, up to 62% of young adults do not meet current physical activity guidelines (Valle et al., 2015), with “lack of time” a chief barrier in younger adults (Fisher et al., 2015). Other commonly reported barriers preventing exercise participation in young adults include a lack of access to equipment and negative body image when exercising in public (Korkiakangas et al., 2011; Scott et al., 2020).

High intensity interval training (HIIT) has emerged as a time-efficient strategy to rapidly improve CRF (Gillen et al., 2014; Weston M. et al., 2014) and indices of cardiometabolic health, such as weight loss and insulin sensitivity, in younger adults (Gibala and Little, 2010; Weston K. S. et al., 2014). However, these favourable adaptations, that have been shown to be achieved in a shorter time-frame than those achieved by traditional aerobic exercise training (Gillen et al., 2014) have, for the most part, been achieved by supervised training employing specialist equipment such as cycle ergometers (Karlsen et al., 2017; Scott et al., 2019). To date, very few studies have investigated the efficacy of home-based HIIT regimes for improving CRF, with those that have been conducted studying middle-aged individuals (Blackwell et al., 2017; Scott et al., 2019) or those with disease (Scott et al., 2019). In addition, of those studies that have compared laboratory and home-based HIIT (Blackwell et al., 2017; Scott et al., 2019), different modalities of exercise were employed in each of these settings, and as such the impact of supervision was not explored.

Reducing sedentary behaviour in younger adults should be considered a key strategy to promote health and well-being across the life-course (Carnethon et al., 2003; Vainshelboim et al., 2019). Given the purported barriers to exercise participation in this particular age-group, and the allied growing interest in optimising the magnitude of adaptation from exercise, whilst minimising time and effort (Fisher et al., 2015; Foster et al., 2015; Shepherd et al., 2015), a home-based HIIT regime that can improve CRF without the need for specialist equipment could be largely beneficial in this space (Fisher et al., 2015). Therefore, we investigated both the efficacy of, and the impact of supervision on, short-term, equipment-free HIIT for improving CRF in young, recreationally active adults. We hypothesised that this HIIT regime would improve the CRF of young adults, irrespective of supervision status.



METHODS


Subject Characteristics

Thirty recreationally active, non-obese participants aged 18–30 (24(5) years, 15 male), not engaged in a formal exercise regimen (defined as 2 or more sessions per week) were recruited to this study (Table 1), with further exclusion criteria taken from the American Thoracic Society (ATS)/American College of Chest Physicians (ACCP) and the Preoperative Exercise Testing and Training Society (POETTS) (Weisman et al., 2003; Levett et al., 2018) guidelines for exercise testing. After health screening by a medical doctor and provision of informed consent, 10 participants were randomised to each intervention group using computer-generated random permuted blocks of: (i) laboratory (supervised) HIIT (L-HIIT), (ii) home (unsupervised) HIIT (H-HIIT), and (iii) a no-intervention control (CON). Ethical approval for the study was obtained from the University of Nottingham Faculty of Medicine and Health Sciences Research Ethics Committee (C16122016) and the study was registered at clinicaltrials.gov (NCT03473990).


Table 1. Participant baseline characteristics.
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Assessment Sessions

Assessment sessions were conducted before and 72 h after (to ensure CPET performance was not restricted by fatigue or that cardiometabolic measures were not affected by prior acute exercise) a 4-week intervention period. For each of these sessions' participants were asked to fast from 2200 h the preceding night and to attend the research unit at 0900 h. Measures of height and weight were taken to calculate BMI and resting BP was measured, before a 2-h fasted oral glucose tolerance test (OGTT) [World Health Organisation (WHO), 2006]. Plasma insulin concentrations from the OGTT were measured using an ultrasensitive enzyme linked immunosorbent assay (ELISA) according to manufacturer's instructions (Mercodia AB, Uppsala, Sweden), with blood glucose measured on a near-patient glucose analyser (YSI Life Sciences, Ohio, USA). During the OGTT, muscle architecture [fibre pennation angle (PA), muscle thickness (MT) and fascicle length (FL)] was assessed using B-mode ultrasound (MyLab™50; Esaote, Genoa, Italy) as previously described (Rueden et al., 2017; Franchi et al., 2018).

After provision of a standardised meal and a 30 min rest period, a cardiopulmonary exercise testing (CPET) was performed in accordance with the ATS/ACCP and POETTS No Matches Found guidelines on a cycle ergometer (Lode Corival, Lode BV, Groningen, Netherlands) with continuous heart rate, blood pressure (BP) and pulse oximetry as safety monitoring. Breath-by-breath data was collected using an inline gas analysis system (ZAN 680, nSpire Health, Colorado, USA). Each test began with a 3-min period of observed rest on the cycle ergometer followed by a 2-min warm up of unloaded cycling at a sustained cadence of 55 rpm to allow participant acclimatisation to the ergometer. Participants were encouraged to exercise to volitional exhaustion, with termination criteria as set by ATS/ACCP and POETTS (Weisman et al., 2003; Levett et al., 2018) guidelines. VO2peak was defined as the highest VO2 attained during the test and was determined by the gas analysis system. Anaerobic threshold (AT) was later defined using a combination of the modified V-slope and ventilatory equivalents (VE) methods by two blinded experienced assessors, with disagreement resolved by consensus (Kaczmarek et al., 2019).



Interventions

The HIIT protocol undertaken by both the L-HIIT and H-HIIT groups was based on previous work demonstrating the efficacy of this temporal protocol to improve CRF when performed on a cycle ergometer (Boereboom et al., 2016; Blackwell et al., 2017) and as bodyweight-based exercises (Blackwell et al., 2017). All sessions began with a warm-up period of 2 min of walking on the spot before five, 1-min high-intensity efforts were performed, each interspersed by 90 s of active recovery. Following the final effort, a 2-min recovery period concluded each session. Exercises were performed in a pyramid design with the same exercise performed for effort 1 as for effort 5 (star jumps) and the same for effort 2 as for effort 4 (standing squats) with the third effort being an on-the-spot (standing) sprint. Participants were instructed to attempt to achieve the same number of repetitions for effort 4 as achieved in effort 2, and for effort 5 as in effort 1. This design aimed to provide motivation to maintain intensity during fatigue (i.e., in efforts 4 and 5) (Figure 1).


[image: Figure 1]
FIGURE 1. Schematic representation of the high intensity interval training (HIIT) protocol.


All participants assigned to a HIIT group attended the research unit for an in-person introductory session to the HIIT protocol before they started training. This session ensured that all participants were comfortable with the temporal profile of the sessions, were coached for proper form during each exercise, and showed H-HIIT participants how to record engagement with each session. The aim for each effort during every session was to achieve a heart rate >85% age-predicted maximum HR (HRmax) (Fox et al., 1971), as such constant HR was monitored during this introductory session to allow participants to experience HIIT at the desired intensity.

All participants were asked to maintain their level of physical activity and habitual dietary intake for the duration of the study. Participants in both HIIT groups completed three sessions each week for 4 weeks. L-HIIT participants completed this under one-to-one supervision at the research unit, with verbal encouragement throughout each session. H-HIIT participants completed their sessions at home with no supervision and no direct feedback or communication with the research team. Participants in the H-HIIT group used a pulse oximeter to assess HR at the end of each effort. As with our decision to set our intensity aim at 85% age predicted HRmax (rather than true HRmax from the initial CPET), pulse oximetry was chosen based on our desire to understand the real-world translational application of this HIIT regime. H-HIIT participants were also given a print resource outlining the HIIT session and specific exercises, and provided information on what to do if they developed any adverse symptoms.



Statistical Analysis

Based on VO2peak data from a previous study by our research group (Blackwell et al., 2017), an a priori power calculation determined that 30 participants (10 per group) would be required to achieve an α of 0.05 and a 1–β of 0.80 (de Boer et al., 2015). Descriptive statistics are reported as number (%) or mean (SD). Within group analysis for pre and post intervention change was performed using repeated measures t-tests using GraphPad Prism for Mac OS X Version 7.0d (GraphPad Software, La Jolla, San Diego, California USA). Change between groups was determined using ANCOVA with baseline values as the continuous covariates. Effect estimates are presented as mean differences (MD) with 95% confidence intervals (CI). Due to lack of normality, equality of variance and heteroscedasticity for pennation angle analysis, these data were log transformed. Analyses were conducted using Stata Version 16 (StataCorp LLC, TX, USA). The level of significance was set at p < 0.05.




RESULTS


Study Adherence

After randomisation, one participant in the H-HIIT group did not complete the required number of training sessions (minimum of 10) and as such was excluded from the study. Training adherence (number of sessions completed) and compliance (% of training sessions where the target heart rate threshold of 85% HRmax was achieved) was otherwise 100%. There were no adverse safety events reported in any group during exercise testing or training.



Cardiorespiratory Fitness

There was a significant increase in AT in the L-HIIT (MD +2.1 (0.34–4.03) ml/kg/min; p = 0.02) and H-HIIT groups (MD +3.01 (1.17–4.85) ml/kg/min; p = 0.002) after the intervention period compared to control, with no difference in increase between the L-HIIT and H-HIIT groups (MD −0.82 (−2.83 to 1.18) ml/kg/min; p = 0.41) (Figure 2A, Supplementary Table 1).
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FIGURE 2. (A) Anaerobic threshold and (B) VO2peak in young individuals before and after lab (n = 10) or home-based (n = 9) high intensity interval training (HIIT) or a no intervention control (n = 10) period. *p < 0.05; **p < 0.01 vs. pre-intervention.


There was a significant increase in VO2peak in the L-HIIT (MD +2.94 (0.64–5.25) ml/kg/min; p = 0.01) and H-HIIT groups (MD +2.55 (0.34–4.76) ml/kg/min; p = 0.03) after the intervention period compared to control. There was no difference in increase between the L-HIIT and H-HIIT groups (MD +0.39 (−1.90 to 2.68) ml/kg/min; p = 0.73) (Figure 2B, Supplementary Table 1).



Resting Blood Pressure

There were no significant changes in SBP in the L-HIIT (MD −1.71 (−6.67 to 3.26 mmHg; p = 0.49) or H-HIIT (MD −0.49 (−5.85 to 4.86) mmHg; p = 0.85) groups after the intervention period compared to control, with the same findings for DBP (L-HIIT: MD −2.79 (−9.01 to 3.43) mmHg; p = 0.37, H-HIIT: MD −0.13 (−6.64 to 6.38) mmHg; p = 0.97) (Supplementary Table 1).



Body Mass Index

There was a significant decrease in BMI in the L-HIIT (MD −0.43 (−0.86 to 0.00) kg/m2; p = 0.05) and H-HIIT (MD −0.51 (−0.95 to −0.07) kg/m2; p = 0.03), groups after the intervention period compared to control, with no difference in the magnitude of change between the HIIT groups (MD 0.08 (95% CI −0.37 to 0.52) kg/m2; p = 0.72) (Figure 3, Supplementary Table 1).


[image: Figure 3]
FIGURE 3. Body mass index (BMI) in young individuals before and after lab (n = 10) or home-based (n = 9) high intensity interval training (HIIT) or a no intervention control (n = 10) period. *p < 0.05 vs. pre-intervention.




Muscle Architecture

There was a significant increase in m. vastus lateralis PA in the L-HIIT (MD +0.2 (0.13–0.27)°; p < 0.001) and H-HIIT groups (MD +0.17 (0.09–0.24)°; p < 0.001) after the intervention period compared to control, with no significant difference in increase between the L-HIIT and H-HIIT groups (MD +0.03 (−0.04 to 0.11)°; p = 0.36) (Supplementary Table 1).

There were no significant changes in m. vastus lateralis MT (L-HIIT: MD +0.03 (−0.13 to 0.19) mm; p = 0.72, H-HIIT: MD −0.05 (−0.21 to 0.12) mm; p = 0.58) or FL (L-HIIT: MD −0.07 (−0.62 to 0.48) mm; p = 0.8, H-HIIT: MD 0.59 (0 to 1.18) mm; p = 0.06) in either HIIT group after the intervention period compared to control (Supplementary Table 1).



Blood Glucose and Plasma Insulin Concentrations

There were no significant changes in blood glucose area-under-the-curve (AUC) for the OGTT in the L-HIIT (MD −58.36 (−175.58 to 58.85) mmol/120 min; p = 0.31) or H-HIIT (MD −55.19 (−171.16 to 60.78) mmol/min; p = 0.33) groups after the intervention period compared to control (Supplementary Table 1).

Similarly, there were no significant changes in insulin AUC in either HIIT group (L-HIIT: MD +1127.61 (−1445.29 to 3700.51) uU/ml/120 min; p = 0.37, H-HIIT: MD +494.3 (−2120.47 to 3109.08) uU/ml/120 min; p = 0.7) after the intervention period compared to control. In addition, there were no significant changes in HOMA-IR in the L-HIIT (MD 0.51 (−0.11 to 1.12); p = 0.1) or H-HIIT (MD −0.12 (−0.73 to 0.48); p = 0.68) groups after the intervention period compared to control (Supplementary Table 1).




DISCUSSION

This study has shown that just 4 weeks, time-efficient, equipment-free, bodyweight-based HIIT is able to elicit improvements in the CRF and BMI of young healthy adults, and also aspects of skeletal muscle architecture, all irrespective of exercise supervision. This HIIT protocol was not however able to elicit improvements in resting BP, or indices of glucose and insulin metabolism in this cohort.

Although HIIT has been well-documented to be a potent stimulus to improve CRF in a short period of time in younger adults (Gibala et al., 2012; Gillen and Gibala, 2014; MacInnis and Gibala, 2017), the role of supervision and the requirement for equipment to facilitate efficacious HIIT in this age group has been scarcely studied (Blackwell et al., 2017; Scott et al., 2019). This study addresses this evidence gap and demonstrates that: (1) HIIT is acceptable and effective for young individuals in a non-laboratory environment; (2) bodyweight-based HIIT can achieve comparable improvements in CRF to those achieved using equipment (e.g., cycle ergometers); and (3) these improvements can be achieved using an unsupervised protocol with no direct feedback. The improvements we report in both our L-HIIT and H-HIIT groups provides evidence that the exercises employed were sufficient to generate a high enough intensity to replicate the previously reported benefits of HIIT with equipment (Boereboom et al., 2016; MacInnis and Gibala, 2017); with exercise intensity shown to be key to achieving improvements in CRF (Phillips et al., 2017). Our HIIT programme was well-received by all participants and no adverse events or injuries were reported during completion of the programme, irrespective of supervision. This data supports the growing notion that HIIT can be performed outside a laboratory/supervised environment, and that expensive specialist equipment is not needed (Hardcastle et al., 2014; Metcalfe et al., 2020).

Higher fitness levels at an earlier age are associated with a lower future risk for all-cause mortality and adverse cardiovascular events (Valle et al., 2015; Shah et al., 2016). As such, the significant improvements CRF that we report after just 4 weeks of intervention provides further evidence that HIIT as an independent exercise modality potentially mitigates future disease risk. Compared to health-based physical activity guidelines, which until recently have primarily focussed on moderate intensity continuous training (MICT), the ~10% increase in CRF that we report for both of our HIIT groups is consistent with those previously observed with MICT [e.g., 11% after 5-weeks cycling (Kong et al., 2016)].

It must be recognised that HIIT is an umbrella term used for numerous different exercise profiles which intersperse intense efforts with periods of rest or active recovery (Gibala and Little, 2010). Some of these protocols are not time-efficient and as such do not address the commonly cited barrier to exercise of “lack of time.” Conversely, some HIIT protocols are incredibly time-efficient (Whyte et al., 2010) but require “supra-maximal” efforts [often known as sprint-interval training (SIT)], which are often considered not suitable, or indeed attainable, by those with no prior exercise training experience (Gillen and Gibala, 2014). Using a temporal HIIT protocol which is both time-efficient (<16 min per session) and achievable by all [including cancer patients (Blackwell et al., 2020) and elderly individuals (Boereboom et al., 2016)], translated into an equipment free regime, our results are superior to that observed in a 6-week, cycle ergometer-based HIIT study which employed a four-by-30 s protocol in overweight or obese young males. This study reported only a 2.8% increase in VO2peak (Fisher et al., 2015) and concluded that 6 weeks of MICT using continuous cycling (+11.1%) was superior to HIIT for improving CRF in this group. Although between group differences (BMI and gender split) may explain the discrepant findings between the work of Fisher and colleagues and those presented herein, we postulate that it was likely the duration of high-intensity time (2 vs. 5 min) per session, as session frequency and target intensity were matched.

The findings from this study are comparable to another bodyweight based HIIT study in young, obese individuals, which at 4 weeks post intervention, reported an improvement in VO2peak of 2.6 ml/kg/min (Scott et al., 2019). This non-randomised study utilised a four-by-60 s protocol performed 3 times per week for 12 weeks, with interim results at 4 weeks. That our results are similar to this study further validates the use of a 60 s effort for bodyweight HIIT protocols to elicit improvements in CRF.

The findings from the HIIT regime employed in our study are also superior to the findings of a meta-analysis of <13 sessions of low volume HIIT which reported a 6.2% and 3.6% improvement in the VO2peak of young, active, non-athletic males and females, respectively (Weston M. et al., 2014). The majority of studies in this meta-analysis were fully supervised and had equipment requirements. As such, that the improvements we report in this study were based on a protocol with no equipment and a much-reduced time commitment when compared to both MICT and some other forms of HIIT, our HIIT regimen may also improve adherence given that both equipment and time are commonly cited barriers to exercise (Foster et al., 2015).

An increase of one MET or 3.5 ml/kg/min (Jetté et al., 1990) in VO2peak is associated with a 15 and 19% lower risk of all-cause and CVD mortality, respectively (Lee et al., 2011). The increase in VO2peak that we observed in both HIIT groups is close to this level and not different based on supervision, supporting the notion of this HIIT protocol being a feasible strategy for reducing the risk of all-cause mortality in later life. However, for this benefit to be achieved exercise adherence would be essential, and as such further large-scale trials are needed to not only assess exercise adherence but also retention of favourable adaptations beyond the 4-week intervention period reported in this study.

BMI is another parameter known to be closely associated with cardio-metabolic disease risk (Isomaa et al., 2001; Kassi et al., 2011) and we report small but significant reductions in BMI in both HIIT groups, representing another favourable physiological impact of our HIIT regime. These relatively small improvements in BMI in our non-obese cohort are similar to those reported in a 12-week rowing HIIT study in non-obese young females (Brown et al., 2018). Further, that an 8-week SIT programme comparing improvements in BMI and body composition in young obese and normal weight males reported significant improvements in the obese group only (Ouerghi et al., 2017), suggests that greater improvements in BMI may be observed using our HIIT regime in individuals with a less favourable body composition profile at baseline.

A second aspect of body composition associated with overall health is skeletal muscle mass (Franchi et al., 2018). In this study, although we were not able to assess whole-body muscle mass as reported in a number of HIIT studies (Boereboom et al., 2016; Brown et al., 2018; Marcos-Pardo et al., 2019; Scott et al., 2019), we saw no change in VL MT, reported to be representative of muscle mass (Franchi et al., 2018) or VL FL (Randhawa and Wakeling, 2015) in any of the groups. We did however observe an increase in PA in both HIIT groups which is thought to represent an increase in cross sectional area and associated force and contractile capability (Lee et al., 2015; Monti et al., 2020). Whilst improvements in muscle PA have been shown following training modalities commonly associated with hypertrophy and strength gains, e.g., resistance and plyometric exercise training (Monti et al., 2020), the impact of HIIT on PA has been less well-studied.

Despite many HIIT studies reporting improved blood glucose and insulin sensitivity in healthy young, adults after training (Ciolac et al., 2010; Fisher et al., 2015; Shepherd et al., 2015), and in those with impaired metabolic function (Whyte et al., 2010; Jelleyman et al., 2015; Scott et al., 2019), we did not demonstrate any significant improvements in indices of glucose or insulin metabolism, each key features of whole-body health and future disease risk. Of these previous studies in healthy young adults, the shortest training duration was 6-weeks and as such it may be that the 4-week protocol employed in this study was too short to elicit improvements in indices of glucose handling and insulin sensitivity. However, somewhat against the suggestion of training duration being the limiting factor for improvements in these parameters, Babraj et al. (2009) showed improvements in glucose and insulin metabolism in healthy young males following just 2 weeks of a supervised, cycle-based SIT protocol. However, as already mentioned, the “supra-maximal” style of SIT would be difficult to achieve outside of a laboratory setting, especially without equipment, and may not appeal to many individuals (Gillen and Gibala, 2014). As such it may be that a longer duration of training is needed for our well-tolerated, HIIT protocol to elicit favourable changes in glucose and insulin metabolism, especially in young healthy individuals without metabolic impairment.

A number of studies have shown HIIT to be an excellent way to improve BP in distinct patient cohorts, and young and older adults (Ciolac et al., 2010; Gillen et al., 2014; Bruseghini et al., 2015; Grace et al., 2018), including those using the same temporal HIIT profile (Herrod et al., 2020) and/or training duration reported herein (Boereboom et al., 2016). However, in this study, we failed to demonstrate any change in resting SBP or DBP in either HIIT group. We are not however the first to report a lack of improvement in BP with HIIT. For example, a 6 week cycle ergometer-based study in young, overweight males also failed to demonstrate improvements (Fisher et al., 2015). As with our suggestion for improvements in metabolic function, it may be that in normotensive, younger participants, a longer duration of HIIT is required to elicit changes in BP, especially via our well-tolerated regime. Furthermore, a separate study in young, overweight males performing 6-weeks of cycle ergometer-based HIIT reported that BP reductions were less pronounced in normotensive subjects (Clark et al., 2020), which may go some way to explain our findings.

Self-monitoring has been shown to be a promising technique to invoke positive behavioural changes in physical inactivity, thereby increasing rates of compliance and adherence to exercise interventions (Gardner et al., 2016). As such, we must consider that our request for self-report in the H-HIIT group may have impacted their behaviour. In addition, more modern eHealth technologies have been shown to reduce the burden and improve the accuracy of physical activity data collection, when compared to traditional paper-based methods (Compernolle et al., 2019). Further, these technologies have also been shown to improve compliance, adherence and in turn greater achievement of intervention goals (Turner-McGrievy et al., 2013). Although self-reported levels of adherence and compliance in our H-HIIT group were high, the use of eHealth technologies with the opportunity to integrate assessment and feedback, may further enhance motivation and adherence/compliance, especially over longer periods of training. For example, in a recent unsupervised, equipment-free HIIT study, Scott et al. (2019) reported improvements in cardiometabolic health and good levels of adherence in younger adults with diabetes completing a 12-week protocol. Scott and colleagues monitored HR remotely with feedback and instruction provided to participants via a mobile phone application (Scott et al., 2019). Whilst unsupervised HIIT has not been extensively investigated, the application of HIIT in this way may prove to be a crucial cost-effective public health tool to battle the rise of inactivity, cardiometabolic disorders and the associated later poor health outcomes in younger adults.

As with all studies, we recognise some limitations to this work. Firstly, as a volunteer study, self-selection to take part may have created bias within our final cohort. Although this would not impact between-group comparisons, or indeed conclusions on the efficacy of our intervention, it may be that compliance and adherence data may not represent that to be achieved by a larger scale public-health “roll-out.” More expansive measures of body composition would provide additional information on other aspects pertaining to whole body health that may be achieved by our HIIT regimen [i.e., adipose distribution (Scott et al., 2019) and or bone facets (Ravnholt et al., 2018)]. The use of a heart rate monitor, ideally with remote monitoring capability, would have improved the reliability of the data on heart rate achieved during each session/effort, and this is scope for future work. Whilst participants were asked to maintain their current level of physical activity for the duration of the study, this was not measured, and as such it cannot be concluded that alterations in this aspect of their lifestyle did not influence outcomes of this study. Finally, although the inclusion of males and females is a strength of this study given its potential application for public health, hormonal changes during the menstrual cycle are known to impact exercise adaptation and performance (Janse de Jonge, 2003). Despite this, numbers of females in each group was roughly equal, and the 4-week training duration would span a regular menstrual cycle in those not take contraceptive medication, and as such we do not feel that not controlling for menstrual cycle phase will have likely impacted our outcomes.



CONCLUSION

A 4-week, time-efficient, equipment-free HIIT programme is able to elicit improvements in the CRF and BMI of young, healthy adults. Furthermore, this programme is equally successful when performed in an unsupervised setting such as the home. Our home-based HIIT regime could offer an attractive exercise intervention for younger adults, counteracting some of the effects of the rise in sedentary behaviour, and potentially mitigating chronic disease risk across the adult life-course.
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