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Objective: The aim of this study was to evaluate the effect of sprint interval training (SIT) and [high intensive interval training (HIIT)] carried out during the cool-down period of the physical education classes on body composition, blood pressure variables (BP) and pulse rate (PR), and cardiorespiratory fitness of adolescents who are overweight and obese, and to compare the differences in enjoyment in response to SIT vs. HIIT.

Methods: For this randomized controlled trial, forty-five adolescents were recruited from a high school and were randomly placed into three groups. SIT and HIIT trained for 8 weeks, twice a week, for 12 min/session. Experimental group (EG) 3 was the control, and they maintained their regular physical education class schedule. The SIT group performed 6 sets of 60 s of work (90-95%HRmax) / 60 s of rest (50-55%HRmax), and the HIIT group performed 3 sets of 2 min of work (80-85%HRmax) / 2 min of rest (50-55%HRmax).

Results: Both experimental groups showed a significant improvement in fat mass (FM) (%) and trunk FM (kg). In addition, EG2 reported a significance improvement in lean mass (kg), blood pressure BP (mmHG), systolic blood pressure (SBP) (mmHg), diastolic blood pressure (DBP) (mmHg), PR (bpm), and VO2max (ml/kg/min).

Conclusion: The present study found that a HIIT protocol performed during the cool-down period of the physical education classes generated adaptations such as improvement in body composition, BP variables and PR, and cardiorespiratory fitness, in overweight and obese adolescents. In contrast, the group of overweight and obese adolescents who performed SIT showed limited benefits, with changes in fat mass only.
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1 Introduction

Obesity in children and adolescents is a global health issue with increasing prevalence in the last decades (1), which is particularly worrying considering that childhood and adolescence are the stages in which lifestyle habits are set (2). Numerous studies have shown that levels of physical activity decrease during childhood and adolescence (3), reaching high rates of physically inactive children and adolescents according to the criteria of the World Health Organisation (WHO) (4–6). In addition, the percentage of physically inactive individuals is even higher among overweight and obese children and adolescents (7).

High intensity interval training (HIIT) has been presented as an alternative with which to increase the practice of physical activity at high intensities, as this type of training minimizes the time spent in the training session (8). More specifically, HIIT-based physical exercise programmes have been presented as a good option to improve the level of cardiorespiratory fitness (CRF) of overweight and obese adolescents, showing significantly improves maximal oxygen uptake (mean change: 0.51 to 1.117 mL.kg-1.min−1; p < 0.001) (9–11).

More discrepancies exist about its effectiveness body composition and cardiometabolic risk factors, as there is a great heterogeneity and inconsistency in the results regarding these variables (9, 11, 12), which could be due to differences in the training intensity of the exercise performed (9, 12). More specifically, a systematic review with meta-analysis showed a significant decrease in body mass (mean change: −0.295 kg; p = 0.012) and fat mass (mean change: −0.786 kg; p = 0.021) after a HIIT programme in overweight and obese children and adolescents; but not in body mass index (BMI) (p = 0.061), nor in fat-free mass (p = 0.625) (9). It also found a significant decrease in systolic (SBP) and diastolic blood pressure (DBP) (mean change: −1.026 and-0.966 mmHg; p < 0.001) (9). Another systematic review with meta-analysis looked at the effect of HIIT on adult population with different weight statuses (12). It was found that there was a significant decrease in fat mass (mean change: −0.189 kg; p = 0.003), abdominal fat mass (mean change: −0.188 kg; p = 0.007) and visceral fat mass (mean change: −0.243 kg; p = 0.018) after the HIIT program (12).

Indeed, a systematic review with meta-analysis that analysed the effects of HIIT on total, abdominal, and visceral fat mass in normal-weight and overweight/obese adults found that the adaptations of this type of training may depend on the intensity at which the exercises are performed (12). Another systematic review on HIIT in children and adolescents found that the effectiveness of this type of programme on physiological parameters, such as blood pressure (BP) and pulse rate (PR), may also depend on the intensity at which the exercises is performed, the duration of the exercises performed and the rest intervals (13). For this reason, different protocols that apply higher intensities and shorter durations have been investigated. These are called Sprint Interval Training (SIT) (14, 15) protocols.

In this sense, a maximum or supramaximal intensity with short series should affect the neuromuscular system, while submaximal intensities close to maximum will mainly improve cardiorespiratory and cardiovascular fitness (14). Regarding the effects on cardiorespiratory fitness, a systematic review reported that HIIT and SIT protocols generate similar adaptations in adults (16), although the effects on other variables are different (17), and their effects on adolescents have not been investigated. On the other hand, these systematics reviews with meta-analysis have some limitations, such as the lack of quality of the included studies, and few studies followed a randomized controlled trial design (18). However, there is only one study that compares de effect of SIT vs. HIIT protocols in obese preadolescent boys on vascular function (19).

Research in this regard in the school environment applies different protocols, the most used being the protocols between 60 and 120 s (10, 11, 20). Protocols with durations of 30 s have been widely questioned given their low viability by showing worse adherence rates associated with negative feelings (21) among children and adolescents. On the other hand, to achieve the appropriate intensities (22), it is necessary to use specialized equipment. On the other hand, high values of enjoyment and satisfaction in adolescents have been demonstrated in protocols that apply series durations of 1 min (23). Some recent research has focused on submaximal protocols of one to 2 min of duration (10, 20). In the school environment, there are few investigations that apply 4-min periods, because this requires longer session durations, making it not feasible to be applied in the school environment. In this sense, it is necessary to compare protocols that may be susceptible to use in the school environment.

Thus, the aim of this study was to evaluate the effect of SIT and HIIT carried out during the cool-down period of the physical education classes during school hours on body composition, BP variables and PR, and cardiorespiratory fitness of adolescents who are overweight and obese, and to compare the differences in enjoyment in response to SIT vs. HIIT. Based on the findings of previous studies, it was hypothesised that both SIT and HIIT would have positive effects on body composition, BP, PR, and cardiorespiratory fitness in adolescents with overweight and obese, compared to the control group. However, the absence of previous studies comparing SIT vs. HIIT protocols in these overweight and obese adolescents leads to hypothesise that there will be similar adaptation in terms of cardiorespiratory fitness, without a clear hypothesis on what will happen to body composition and BP variables or PR.



2 Materials and methods


2.1 Study design

The trial design was registered with ClinicalTrial.gov (Code: NCT05544370) and followed the Consolidated Standards of Reporting Trials (CONSORT) guidelines and the Template for Intervention Description and Replication (TIDIER) checklist. All the adolescents and parents/tutors signed an informed consent form. This project was developed with a research grant from the Universidad Católica de Murcia Research Projects Program (PMAFI-11/19) and through a contract/agreement with the Archena City Council (CO/AY/58–20). Ethical approval for this study was obtained from the Universidad Católica de Murcia (CE061914; 09/05/2019) and was implemented according to the guidelines for human research of the Helsinki Declaration.



2.2 Participants

The study participants were recruited form a high school in Murcia (Spain). The inclusion criteria were (a) being in their initial years of Compulsory Secondary Education; (b) being physically active in physical education sessions; (c) having a body mass index (BMI) to be considered overweight or obese according to Cole et al. (24); (d) agree to participate in the study and sign the parent/guardian and adolescents consent form; (e) be present at the time of the assessments; and (f) no changes in out-of-school physical activity during the intervention period. The exclusion criteria were (a) presenting any musculoskeletal, neurological, cardiological, metabolic, or rheumatic pathologies prior to the intervention or at any time during the intervention, and (b) changing schools.

A total of 45 adolescents (12.51 ± 0.75 years old), who met the inclusion criteria, were recruited and randomly placed into three groups. A stratified randomization method (Microsoft Excel 2016) was used for the subject’s distribution in SIT (n = 15), HIIT (n = 15) and control group (CG) (n = 15) according to CRF. Once the pre-test was implemented, the participants were ordered from lowest to highest cardiorespiratory fitness and three quartiles were made according to their levels of cardiorespiratory fitness. Each participant was categorized according to the level of cardiorespiratory fitness obtained and then a randomized sequence was generated for these three groups. The group assignment was blinded to the examiner and the staff who performed the statistical analysis.

The calculations to establish the sample size were performed using Rstudio 3.15.0 software (Posit, PBC, Boston, Massachusetts). The significance level was set at α = 0.05 and the power to 95% (1-β = 0.95). The standard deviation was used, according to the standard deviation for cardiorespiratory fitness in previous studies (25). To detect the minimum clinically-significant change of a total of 4.064 mL/kg/min (26), a total of 30 participants were required. Considering a dropout rate of up to 6%, at least 32 participants were needed. The final study sample consisted of 32 adolescents. This sample provided a power of 95% if values were found between and within a variance of 3.97 mL/kg/min in the test. Figure 1 shows the CONSORT flow diagram. The final sample consists of 9, 11 and 12 participants for SIT, HIIT and CG, respectively (SIT = male: 6, female: 3; HIIT = male: 6, female: 5; CG = male: 6, female: 6) (14).
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FIGURE 1
 Consolidated standards of reporting trials flow diagram. SIT, experimental group 1; HIIT, experimental group 2; CG, control group.




2.3 Assessment


2.3.1 Conditions

The same trained researchers measured the variables. The participants were measured in a single session between 08:00 and 11:00 am. The laboratory temperature was standardised at 24°C. The children were instructed to wear lightweight clothes. No warm-up or stretching were performed before the measurements, and there was a 5-min rest between tests.



2.3.2 Anthropometric and body composition variables

Body mass (TANITA BF-522 W, Tokyo, Japan), and stretch stature (SECA 217 stadiometer, Germany) were measured, and BMI was calculated using these data (24). Total fat mass (FM) (percentage), trunk FM (kg), and lean mass (kg) were measured with a portable digital scale (TANITA BF-522 W, Tokyo, Japan).



2.3.3 Blood variables

SBP, DBP, PR were measured with an automatic device (OMRON, model HEM-7113). Measurements were taken on the left arm twice at 5-min intervals, with the participant in a sitting position. Mean BP was calculated with the following formula: 1/3(SBP − DBP) + DBP. BP is used in clinical practice, evaluation protocols, and in a previous study as a mediation variable; it allows blood pressure to be used as a single variable (27).



2.3.4 Cardiorespiratory fitness

The Course-Navette test (a 20-m Shuttle run test) was used to assess CRF. The protocol published in previous publications was followed (28). The maximum oxygen consumption (VO2max, ml/kg/min) was estimated from the number of laps performed by the test participants using the equation reported by Leger et al. (28) (VO2max = 31.025 + 3.238X − 3.248A + 0.1536AX where X = running speed and A = age).



2.3.5 Physical activity enjoyment

Enjoyment was assessed using the Physical Activity Enjoyment Scale (PACES) questionnaire. This questionnaire consisted of 16 items, which were answered with a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). The Cronbach’s alpha value of the original scale was 0.89 (29). The Cronbach’s alpha value was 0.76 in the present study, indicating a good internal consistency.




2.4 Intervention

In order to develop the protocols, the classification suggested by Bucchet and Laursen (14) was utilized, which considered SIT as an effort of short duration (≤60 s) with a maximum intensity, and HIIT as a longer effort (>60 s up to 5 min) and an intensity close to the maximum. The SIT and HIIT groups trained twice a week for 8 weeks, at school during the Physical Education sessions, after a conventional warm-up. The protocol for SIT and HIIT is presented in Table 1. The work consisted of running. Heart rate (HR) was monitored by means of the Polar TM M430 HR monitor, and participants were encouraged to achieve the prescribed heart rate in each protocol. The CG students attended their regular physical education sessions.



TABLE 1 Exercise training data for the SIT and HIIT groups.
[image: Table1]



2.5 Statistical analysis

The Kolmogorov–Smirnov test and Mauchly’s W-test were used to assess the normality and the sphericity of the data.

The primary analysis performed was an analysis of covariance, which was used to compare the changes from the baseline between groups. This analysis was performed unadjusted and adjusted by sex as in previous research studies (30, 31). A two-way ANOVA with repeated measures in 1 factor x 2 factors (time * group) was used to analyse inter-and intra-group differences. The effect size was calculated using partial eta-squared (η2p) for analysis of variance, and will be defined as small: ES ≥ 0.10; moderate: ES ≥ 0.30, large: ES ≥ 1.2; or very large: ES ≥ 2.0, and an error of p ≤ 0.05 is established (32). All analyses were based on intention-to-treat, with an error of p ≤ 0.05 established. The statistical analysis was performed using the statistical package SPSS 24.0 for Windows (IBM, Armonk, NY). Generalisability allows measuring the reliability of a test by quantifying the importance of each of its sources of variability. In a complementary way, a generalisability analysis was carried out to assume that the estimated results were reliable and generalisable with the SAGT v1.0 software (MenPas, Madríd, España) (33).




3 Results

Table 2 shows the unadjusted results and Table 3 show the result adjusted by sex. After adjusting the analysis for sex, SIT and HIIT showed a significant improvement in FM (%) and trunk FM (kg). In addition, HIIT reported a significance improvement in lean mass (kg), BP (mmHg), SBP (mmHg), DBP (mmHg), PR (bpm), and VO2max (ml/kg/min).



TABLE 2 Differences between groups in the change pre-post intervention and interaction group*time.
[image: Table2]



TABLE 3 Differences between groups in the change pre-post intervention and interaction group*time adjusted by sex.
[image: Table3]

The univariate analysis of the mean differences showed a significant difference between HIIT and CG in the pre-post test change in VO2max (p = 0.047). HIIT not only showed a significant improvement while the CG and SIT showed no change, but this change was significantly different to that shown by the CG as well. The same was observed in relation to BP, where HIIT showed a significant change in BP, while SIT and CG showed no change, with this change being significantly different from that shown by SIT (p = 0.04). Similar results were observed between SIT and HIIT in LDL (p = 0.35) in favour of HIIT (p < 0.05).

The PACES questionnaire score reported an improvement in enjoyment of practicing physical activity with respect to the enjoyment of previous physical education sessions, in the total sample of 0.4 points (p = 0.026). Both groups showed improvement in enjoyment (SIT: diff. Pre-post = 0.41; p = 0.11; HIIT: diff. Pre-post = 0.38; p = 0.12), although it was not significant. Likewise, no significant difference was reported in the pre-posttest change between SIT and HIIT (t = 0.09; p = 0.93). In both cases, above average satisfaction was reported in both experimental groups (Table 4).



TABLE 4 Differences between groups in the change pre-post intervention and group*time interaction for PACES questionnaire adjusted by sex.
[image: Table4]

Finally, the generalizability analysis (Table 5) shows a generalizability coefficient (GC) of 0.97 for the first design. This result shows a very high test–retest reliability. The percentage of variance was high in all tests.



TABLE 5 Absolute generalisability coefficient, relative generalisability coefficient, absolute standard deviation, and relative standard deviation in each of the designs.
[image: Table5]



4 Discussion

The main aim of this study was to evaluate the effect of SIT and HIIT carried out during the cool-down period of the physical education classes during school hours on body composition, BP variables and PR, and cardiorespiratory fitness of adolescents who are overweight and obese, and to compare the differences in enjoyment in response to SIT vs. HIIT. A significant finding of this research was that both intervention groups showed a decrease in total FM and trunk FM. In this sense, a systematic review with meta-analysis in adults also found no differences in the effect of different HIIT protocols in overweight and obese adults (12). However, few studies had analysed this issue in overweight and obese adolescents. Previous studies have found that although HIIT is generally an effective training method for reducing fat mass, in many cases in this type of population, the intensity with which HIIT is performed is not sufficient to induce these changes (12). In line with this previous finding, in the present research, HR was monitored during all sessions to monitor the intensity at which the participants performed the exercises, which could have allowed them to work at the prescribed intensities, maximising the chances of obtaining changes in body composition, in line with previous literature (9, 12, 34).

Few studies have pointed to the ability of HIIT to induce changes in lean mass (34), even when working with self-loading, as was the case in the present research (35). However, these previous studies had not analysed which type of HIIT protocol would be most effective. The novelty of the present study is that the effects on lean mass were found with HIIT but not with SIT. The observed advantages of the HIIT protocol in lean mass may be attributed to the dose–response relationship between muscle hypertrophy and training volume. Higher training volumes can lead to greater gains in muscle mass, with muscle failure promoted through the use of a low-load such as self-loads (36). Based on these findings, HIIT may be a promising approach for optimizing healthy changes with respect to lean mass in overweight and obese adolescents.

A surprising finding of the present research was that males showed a greater improvement than females for fat percentage and visceral fat. Few previous studies have examined sex differences in the effects of HIIT (12, 37). However, to our knowledge, this is the first study to show that the effects on body composition after performing HIIT-based training depends on sex, in adolescents around the age at peak height velocity (APHV). Previous studies have shown that hormonal changes around APHV, related to the maturational process, have significant effects on body composition, with an increase in muscle mass and a decrease in fat mass found in males; and an increase in fat mass in females (38, 39). Thus, this aspect could be modulating the effects of HIIT on body composition, so results of current research must be interpreted with some reservations due to maturation has not been controlled, among other polluting factors. Therefore, considering the results of the present study, HIIT could be an effective training programme for achieving fat mass reduction in overweight and obese adolescents around the APHV, even for females.

Another main finding of this research was about the effect of SIT and HIIT on BP variables and PR. Previous reviews that analysed the effects of HIIT on BP variables and PR in children and adolescents (18), and in overweight and obese children and adolescents (9), found contradictory results. The authors concluded that this could be due to differences between the prescribed HIIT protocol (9, 18). In the present research, it was observed that HIIT significantly improved in BP variables and PR, whereas no changes were observed when the adolescents performed SIT. Only one previous study analysed HIIT vs. SIT in obese pre-adolescent boys. No adaptations were found in the majority of cardiometabolic physiological factors (19). However, this study has some limitations, such as the fact that it compared two training programmes with different training volumes, or training with a cyclometer, and this type of HIIT has been shown to be less effective than that based on running (12), which was the method chosen in the present study.

Another finding of this research was about the effect of SIT and HIIT on cardiorespiratory fitness in adolescents. Several systematic reviews with meta-analyses on the effects of HIIT in children and adolescents (40), and overweight and obese children and adolescents (9) found that most of the studies showed an improvement in aerobic fitness with HIIT, although there were also some studies that found no adaptations, and the divergence between the results found may be due to differences in the intervention programmes applied. To our knowledge, no previous studies have compared the effects of different HIIT protocols on cardiorespiratory fitness in overweight and obese adolescents. The present study showed that a HIIT programme led to a significance improvement in VO2max, whereas SIT appeared to have no effect. The absence of changes in SIT could be attributed to the intervals shorter than 30″ being energetically covered with the muscle cells’ oxygen stored in myoglobin, which helps sustain the exercise intensity without relying heavily on external sources of oxygen (41). In this sense, previous studies have pointed out that with intervals lasting less than 2′ it is difficult to reach VO2max, due to the kinetics of the VO2 response (42), which would minimise the adaptations on this parameter (43).

An important influence on physical activity adherence is the level of perceived exercise enjoyment (18). A noteworthy result of the present research is that an improvement in enjoyment during activity was found in participants who performed both SIT and HIIT. These results are consistent with those found in previous studies that implemented a HIIT programme with overweight adolescents (44). However, in spite of these promising results, insufficient literature confounds our ability to draw conclusions. Thus, there is a broad scope for research to examine if HIIT desirability in other adolescents who are overweight and obese depends on the training protocol.

Based on the above, the initial hypothesis can be partially accepted. On the one hand, most of the body composition variables showed improvements in both the SIT and HIIT groups, compared to the control group. HIIT protocol also showed a significant improvement of BP variables, PR and cardiorespiratory fitness. On the other hand, the SIT protocol had no significant influence on BP variables, PR and cardiorespiratory fitness, which makes it necessary to reject the hypothesis concerning this training protocol. Furthermore, there was no clear hypothesis as to whether the SIT or HIIT protocol would be more effective in generating adaptations on body composition, BP variables, PR and cardiorespiratory fitness and, considering the results of the present investigation, it appears that HIIT may be more effective in this area and in both sexes.



5 Limitations, strengths and practical implications

This research is not without limitations. The first limitation is the size of the sample and the absence of an assessment of maturational status, although this factor could be conditioning body composition, cardiorespiratory fitness and adaptations to exercise (39). The second limitation is the way of classifying the population as overweight/obese. This classification was made according to the BMI criterion, as this is the most commonly used parameter for this issue (24, 45). Another alternative could have been to use bioimpedance values relative to fat mass, but previous research has pointed out that the bioimpedance instrument used (46, 47) and the software and formulas used in them (48) could have a significant influence on the reported result. Therefore, in the present investigation, bioimpedance was discarded as an instrument to classify overweight/obesity. However, future research could contrast the results of this research using other methods to classify overweight/obesity. Finally, the third limitation of this research was that the effect of the covariate sex on the changes obtained with the HIIT and SIT programme was analysed in the present study, but due to the size of the sample, it was not possible to divide it into groups according to sex. Therefore, this is an issue to be addressed in future research.

Despite these limitations, strengths can be marked as this is the first study to analyse the effects of SIT and HIIT protocols in overweight and obese adolescents. Nevertheless, a strength of the present study is the large number of objective variables related to health utilized, for a comprehensive point of view.

Regarding the practical implications of the present research, the implementation of a HIIT programme of 12 min per session, carried out during the cool-down period of physical education classes, two days a week, could be a good resource to achieve an improvement in body composition, cardiorespiratory fitness, BP variables and PR in overweight and obese adolescents. This should be taken into account by educational institutions and physical education teachers, as it could improve the health of this population. However, a SIT protocol may not be as effective in this population.



6 Conclusion

The present study found that a HIIT protocol performed during the cool-down period of the physical education classes generated adaptations such as improvement in body composition, BP variables, PR, and cardiorespiratory fitness, in overweight and obese adolescents. In contrast, the group of overweight and obese adolescents who performed SIT showed limited benefits, with changes in fat mass only. This is the first study to analyse the effects of SIT and HIIT protocols in overweight and obese adolescents. However, given the limitations of the present study and the small sample size, it is necessary to replicate this study in the future to be able to contrast and generalise the results found.
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