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Title: High intensity interval training (HIIT) versus moderate intensity continuous training (MICT) on improving body composition and weight control in a population of overweight adults: A systematic literature review. 

Abstract

Background: Traditionally, endurance training methods for weight control have focused on long duration activity at a moderate intensity level which is performed continuously without rest periods. More recently, high intensity interval training (HIIT) which refers to alternating short bursts of high intensity exercise and recover periods has gained popularity mainly because it is time efficient - lack of time being a common cited barrier to exercise participation. As its popularity has increased, there has been growing evidence to suggest that HIIT may have superior benefits than the traditional moderate intensity continuous training (MICT).
Objective: The objective of this literature review is to attempt to present the best practice-based evidence for HIIT and MICT on improving body composition and weight control in an obese adult population. 
Methods: Google scholar, PubMed and the Cochrane Library databases were searched using key terms such as 'high intensity intermittent' 'sprint interval' to bring forward literature published between 2010 and 2020 in the English language. Articles were limited to full text randomised, controlled studies or cohort papers. Combined there were 6 articles that were included in this review. The quality of the selected studies was evaluated using a PEDro scale (Physiotherapy Evidence Database). The risk of bias was assessed by using the Cochrane Risk of Bias Tool (RoB 2.0).

Results: Overall, HIIT programs were shown to be significant in the reduction of body composition amongst other health factors. MICT had similar effects but took longer to come into effect and scored low on the physical activity enjoyment scale.
Conclusion: It would not be unreasonable or unsafe to suggest that through the process of this review HIIT is more effective at reducing body composition in an obese adult population. This review can hopefully pave way for future reviews, looking at higher male populations to compare results in a larger population. 
Key words: Obesity, body composition, HIIT, MICT, systematic review

Introduction

The accumulation of excess fat otherwise known as 'obesity' has become a significant and rapidly increasing global health issue (Schoenfeld and Dawes, 2009; Keating et al., 2014). in 2014 more than 39% of adults were considered as overweight (Body mass index > 30kg m2) and the prevalence of obesity has doubled in global terms since the start of 1980 (Bassami et al., 2007). Obesity is now widely known as a serious hazard to an individual’s health, it is a major risk factor for cardiovascular and metabolic disorders (Muscella et al., 2020; Dias et al., 2018). Type II diabetes, metabolic syndrome and atherosclerosis are all disorders induced from obesity and all increase levels of mortality (Astorino et al., 2017; Tan et al., 2016). A particular problem would be central adiposity, this is adipose tissue which is deposited around the torso area (Nunes et al., 2019). This includes visceral fat around the central organs which can lead to a range of negative adaptations in the cardiovascular structure and functions (Semprini et al., 2020; Lasowski, 2018). This will therefore magnify the risk of chronic illness for those who are obese (Batrakoulis et al., 2018; Relijic et al., 2021). Physical activity is a well-documented modality for weight control, reducing central adiposity (Keating et al., 2014; Shehata and Mahmoud, 2018).
Traditionally, endurance training methods for weight control have focused on long duration activity at a moderate intensity level which is performed continuously without rest periods (Wen et al., 2019; Sanudo et al., 2018). More recently, high intensity interval training (HIIT) which refers to alternating short bursts of high intensity exercise and recover periods has gained popularity mainly because it is time efficient - lack of time being a common cited barrier to exercise participation (Astorino et al., 2017; Kelly et al., 2017). As its popularity has increased, there has been growing evidence to suggest that HIIT may have superior benefits than the traditional moderate intensity continuous training (MICT) (De Cruz Fernandes et al., 2018; Nunes et al., 2019). This evidence has suggested to have benefits across a range of health markers in both healthy and in chronic illness populations (Buckinx et al., 2019). A recent meta-analysis under a similar topic reported that HIIT had induced a greater improvement in cardiorespiratory fitness levels than MICT in healthy young adults (Muscella et al., 2020). This had also been seen in a study with patients with coronary artery disease disorders (Dias et al., 2018). HIIT also appeared to be superior to MICT in a separate meta analyses specifically looking into interval sprint training which involved repeated intervals of very high intensity exercise with a maximum duration of 30 seconds (Bassami et al., 2007). Here, HIIT was found to be effective for improving glucose levels and reducing the blood pressure in overweight patients. 
Despite evidence to suggest the positive adaptations by following a HIIT program, HIIT compared to MICT in aerobic fitness and vascular function ability, remains unclear as to which training modality is superior for controlling weight, overall fat loss or central adiposity. The main aim for this review paper is to compare the effectiveness of the two interventions of HIIT and MICT on body weight and composition outcomes in a population of healthy but overweight and obese adults.

Methodology

Primary outcomes

The primary outcomes were the direct measures of body composition, including the whole-body fat level or regional fat measures such as torso (mass or area). By doing so, it will become comparable to the other studies and in doing so finding the superior type of training for improving overall body composition in an obese adult population.

Identification of relevant studies

A systematic review has been chosen to be completed to gather eligible evidence as to whether HIIT training or MICT is superior at improving body composition in a population of overweight adults. The literature included in this study has been found following a search strategy where key terms were searched in relation to the subject. The search key terms included the following: 'high intensity intermittent' 'sprint interval' to identify the relevant trails.

Search database

Online web databases were searched using the key terms. One benefit from completing an online database search is that it is possible to refine the searches to suit the inclusion criteria. Including selecting the year of publication, allowing the author to choose the age of the papers searched. For this review no paper will be more than yen years old (published in 2010). The three database engines that will be used in this review include:

1. Google Scholar 

2. PubMed

3. Cochrane Library

Inclusion and exclusion criteria 

Three databases were chosen to be searched as they all contain large amounts of peer reviewed articles. There will be a large amount of search results by following the search strategy. However, from there it will be possible to use the key terms to start defining which articles are most relevant to this review. The next step from there will be to read through abstracts from the selected articles and methodologies to figure out whether they are eligible for the review. Articles selected must be in full text, English language, and randomised controlled trails.

Type of study

The search for studies included those that chose to include controlled trials written in English language were a full, finished copy. Papers which were uncontrolled, used foreign language or animal studies were excluded from this review.

Population

The review covered studies which had included overweight or obese individuals both male and female with a mean age between 18 and 45 years old. Overweight was described as a Body mass index (BMI) greater than 25 and obese was described as greater than 30 BMI. Studies were excluded if they reported upon a youthful population, (under 18 years of age) elderly population (50 years and older) and in healthy, non-overweight or obese population. Papers were also excluded if the participants included were diagnosed with any other medical conditions such as coronary artery disease or diabetes.

Type of intervention

Training programs were a minimum of three weeks in duration. Participants had to be allocated to a 'HIIT group', the programs interval durations of to 4 minutes with the intensity of the program to be 85% or greater of the maximum heart rate (HRmax) or in a physiological index, 80% of aerobic capacity. MICT programs had to include continuous aerobic exercise with at least 60-75% of HRmax or 50-65% aerobic capacity. Studies were excluded if the training programs were combined with other forms of training e.g., resistance training. 
Table 1. Displays a PICO table to summarise the methodology of this review.
	Population
	The identified population are individuals over the age of 18 who are healthy (no medical conditions) but obese or overweight (BMI 25>).

	Intervention
	The intervention will be HIIT and/or MICT programs 4 weeks or longer.

	Comparison
	The comparison will be between he effects or HIIT/MICT vs control groups.

	Outcome measures
	Changes to body composition, visceral fat mass, whole body fat measures, BMI, and waist circumference. 





Figure 1. Flow diagram of the search strategy

[image: ]
Figure 1. Displays the PRISMA flow diagram which was used in the review process by Moher et al., (2009) to demonstrate the steps taken to retrieve the relevant studies before commencing data synthesis.

 By following the search strategy, eight final papers were recorded to have met the specific criteria set by the author. All eight studies were randomised controlled trials containing 70 males and 320 female participants. All eight studies were randomised controlled trials and all the papers were relevant to the specific inclusion criteria set by the author. Table 2 provides an overview of the studies which made this review.

Table 2. An overview of details from the studies selected from the search strategy.
	Author and year of publishment
	No. of subjects
	Mean BMI value
	Mean age 
	Intervention

	Berge et al., (2021)
	153
	41.9
	43
	24 weeks HIIT and MICT

	Oliveira et al., (2020)
	25
	37.8
	26.3
	8 weeks HIIT and MICT

	Zhang et al., (2017)
	52
	32.4
	21.5
	12 weeks HIIT and MICT

	Fisher et al., (2015)
	28
	29.5
	20
	6 weeks of HIIT and MICT

	Kong et al., (2016)
	31
	25.8
	21.5
	5 weeks either group HIIT or MICT group

	Blue et al., (2018)
	44
	30.9
	35.4
	4 weeks of HIIT

	Tong et al., (2018)
	54
	30.1
	21.3
	12 weeks HIIT and sprint training

	Khammassi et al., (2018)
	20
	29.0
	20.5
	12 weeks HIIT




Search Results

To assess the quality of the papers selected for review, each paper will be independently reviewed for its critical appraisal. An 11-point scoring scale known as the PEDro scale (Physiotherapy Evidence Database) is used. The scale allows for an overview of the quality within each paper. For a scoring system, each paper will either score a 'YES' (present) or a 'NO' (absent). Each paper was scored on:

(1) Eligibility criteria is specified 
(2) Subjects are randomly selected into groups
(3) Allocation was concealed
(4) Groups were similar in baseline regarding the important prognostic indicators
(5) Blinding of all subjects
(6) Blinding of all therapists administering the treatment
(7) Blinding Of all assessors measuring at least a single outcome
(8) Measures of at least a single key outcome were obtained from more than 85% of subjects from the selected groups
(9) All the subjects whose outcome measures were available received the treatment as allocated for. If this was not the case, then data for at least one key outcome was analysed for 'intention to treat'.
(10) Results of between group statistical comparisons were reported for at least a single key outcome. 
(11) Study provides both point measures and the variability for at least one key outcome experienced.

The studies which were considered poor quality scored up to 3 points. Studies that were considered fair with a considerable weight of quality obtained scored 4-5.

Table 3. Presenting the quality analysis results from the selected studies for screening from the use of a PEDro scale by Verhagen et al., (1998).
                        
Authors



     Berge et al.,             Oliveira et al.,       Zhang et al.,          Fisher et al.,             Kong et al.,        Blue et al.,   Tong et al.,      Khammassi et al., 
                                            
         (2021)                      (2020)                   (2017)                     (2015)                   (2016)                                                                                                    (2018)              (2018)                  (2018)
                               
                             
1.   Y                    Y                    Y                     Y                    Y                 Y               Y                 Y
2.   Y                    Y                    Y                     Y                    Y                 Y               Y                 Y
3.   Y                    Y                    Y                     Y                    Y                 Y               Y                 YQuality Criteria

4.   Y                    Y                    Y                     Y                    Y                 Y               Y                 Y
5.   Y                    Y                    Y                     Y                    Y                 Y               Y                 Y
6.   N                    N                    N                     N                    N                 N               N                 N
7.   N                    N                    N                     N                    N                 N               N                 N
8.   N                    Y                    Y                     N                    Y                 N               Y                 Y
9.   Y                    Y                    Y                     Y                    Y                 Y               Y                 Y
10.   Y                    Y                    Y                     Y                    Y                 Y               Y                 Y
11.   Y                    Y                    Y                     Y                    Y                 Y               Y                 Y
          8                      9                     9                     8                     9                  8                9                 9Score /11


 


Table 4. Results of individual studies in summary.

	Study type
	Methodology and outcome measures
	Results

	Berge et al., (2021)
Randomised Controlled trial 
	A single centred randomised controlled trial of patients with severe obesity allocated to a 24-week MICT program or combined MICT and HIIT program. The primary outcome was energy expenditure during exercise (EEDE). Secondary outcomes included resting metabolic rate, cardiorespiratory fitness, and body composition
	82 females were screened, and 71 patients were allocated to either HIIT/MICT or MICT programs. in the 8–16-week analysis the HIIT/MICT group and a significantly higher increase in energy expenditure with the MICT group. There was also a significant weight loss of 5kg and 2kg, respectively.

	Oliveria et   al., (2020) Randomised Controlled Trial
	25 young obese women with no history of chronic disease or continuous medication use were randomly assigned to HIIT or MICT programs. Exercise was performed on a running track and standardised to maintain similar energy expenditure. Blood pressure, carotid - femoral pulse wave velocity was measured using a SphygmoCor pre- and post-8 weeks.
	Significant reductions in Brachial systolic blood pressure and central systolic blood pressure were observed post HIIT. Significant reductions in Brachial diastolic blood pressure and central diastolic blood pressure were found with MICT.

	Zhang et al., (2017) Randomised Controlled Trial
	43 participants received either HIIT or MICT or no training for a period of 12 weeks. The abdominal visceral fat area (AVFA) and abdominal subcutaneous fat area (ASFA) of the participants were measured via a computed tomography scan at pre- and post-intervention. Total fat mass of the glenoid, and trunk regions were assessed through a dual energy x ray.
	Following the HIIT and MICT programs, reductions in the AVFA, and ASFA were observed. Reductions in fat mass, and fat percentage did not differ between HIIT and MICT groups.


	Fisher et al., (2015) Randomised Controlled Trial 
	28 overweight or obese men participated in a 6-week exercise intervention. Participants were randomly assigned to HIIT or MICT programs, evaluated post training for a baseline measure. A DXA measure was used to assess body composition and a graded treadmill exercise test was used to measure CF.
	A greater VO2 peak was observed in MICT compared to HIIT. Both groups associated in body fat percentage reductions. But no other significant changes were observed in the 6-week program.

	 Kong et al., (2016) Randomised Controlled Trial
	31 obese females were randomly assigned into either HIIT or MICT groups for a five-week program. Both interventions trained 4 days a week. Participants of HIIT performed 20-minute repeated 8s cycling with 12s rest intervals. Those of MICT cycled continuously for 40 mins at 60-80% peak oxygen consumption.
	VO2 peak had increased significantly in both training groups. Although the MICT group and observed a significant reduction in total body weight. Both groups, exercise had led to a decline in resting testosterone levels but had no significant effects on blood lipid levels.

	Blue et al., (2018) Randomised Controlled Trial
	44 overweight and obese men and women participated in the study. During the baseline measurement body composition was measured using dual energy X-ray absorptiometry. A panoramic scan of the vastus lateralis was obtained by B-mode ultrasonography. Participants were randomised into either a 1:1 work to rest ratio HIIT group, work to rest ratio HIIT group or a control group. HIIT participants performed five 2 min bouts or 10 1-min bouts at 85-100% VO2 peak for 9 sessions over 4 weeks.
	The analysis demonstrated a significant increase in muscle cross sectional area in a one-to-one work to rest ratio.

	Tong et al., (2018) Randomised controlled Trial
	46 obese young women received either HIIT or sprint interval training (SIT) or no training on average 3-4 sessions a week for 12 weeks. the abdominal visceral fat area (AVFA) and abdominal subcutaneous fat area (ASFA) of the participants were measure through a computed tomography scan both pre- and post-intervention. The total fat mass and fat mass of the gyniod, trunk and android regions were assessed through a dual energy X-ray absorptiometry.
	Following intervention, AVFA and ASFA were significantly reduced. The reduction in AVFA was not different between SIT and HIT but he reduction of ASFA in SIT was less than that of HIIT. Less reduction in the fat mass of the trunk region was also noted in the SIT group, while reductions in fat percentage, total fat mass of the android and gynoid regions did not differ between the two programs. Increases in VO2 peak was significantly higher in the SIT group and in HIIT.

	Khammassi et al., (2018) Randomised Controlled Trial
	20 healthy but obese young men were randomly selected into 2 groups: a HIIT group and a control group. HIIT consisted of 3 sessions a week - 30 seconds of work at 100% maximal aerobic velocity interspersed by 30 seconds of active recovery at 50% maximum aerobic velocity. Aerobic capacity, body composition, BMI, waist circumference and fat mass percentage were recorded pre- and post-intervention.
	Following the 12-week program, BMI, waist circumference and fat mass percentage had all significantly decreased. Maximum aerobic velocity and VO2 max were significantly improved in the HIIT group.




Results 

Following the 24-week intervention period in Berge et al., (2021)’s study, EEDE increased by 10% in the HIIT/MICT group (95% CI: 3%-17%). In the MICT only group there was a 7.5% increase in EEDE (95% CI: 4%-10%). However, by the 8-16 week per protocol analysis the HIIT/MICT group had a significant increase in energy expenditure during exercise (EEDE) (P= 0.001) compared to the MICT group. Both groups were associated with significant weight loss with an average of 5kg and kg, respectively. The HIIT/MICT group experiencing a 3kg larger weight loss than the MICT group. It was concluded that a HIIT/MICT was responsible for weight loss with HIIT having a slightly better result.  

In the results of Oliveria et al., (2020)’s study, neither HIIT nor MICT had significant involvement with the measure of arterial stiffness. However, both training methods did manage to have a significant reduction in augmentation pressure (P=0.033). They also significantly reduced carotid–femoral pulse wave velocity (cfPWV) (p < 0.001). Further statistical reductions were noted in brachial systolic blood pressure (p = 0.033). These significances were observed in HIIT training. Brachial diastolic blood pressure (p = 0.018) and central diastolic blood pressure (p = 0.026) were observed after MICT. This study concluded that HIIT was able to reduce the central and brachial arterial pressure in an obese population.

Zhang et al., (2017)’s study found that age and statue of the participants did not significantly affect the results among the three groups. (HIIT = 21.5 ± 1.7 y, 162.6 ± 4.6 cm; MICT = 20.9 ± 1.4 y, 162.8 ± 4.6 cm; CON = 20.8 ± 1.1 y, 160.0 ± 7.0 cm, 𝑝 > 0.05). After the 12-week study, a significant reduction in body mass and body fat percentage was observed within both intervention groups. The control group did not observe such changes. However, the changes witnessed between HIIT and MICT groups did not differ significantly. This paper concluded, that MICT had no quantitative advantage compared the results of HIIT in abdominal visceral fat reduction.

An improvement in VO2 peak was observed in the MICT group of Fisher et al., (2015)’s study (P = 0.0185).  Observed in this study was the significant difference in the body fat percentage t (p = 0.0087) after the 6 weeks of intervention. Overall, through the six- week intervention, it was concluded that both HIIT and MICT may improve cardiometabolic risk factors, with no clear advantage between either method.

Kong et al., (2016)’s study witnessed VO2 peak increase significantly in both training methods (9.1% in HIIT and 10.3 % in MICT). The MICT group saw a significant reduction total body weight (p = 0.016), fat mass (p = 0.002), and body fat percentage (0.016). The HIIT training had recorded a higher score on the physical activity enjoyment scale when compared to MICT. Kong et al (2016) concluded that both methods were effective in improving cardiorespiratory fitness. HIIT was more enjoyable by the participants and scored more significance in reduction of weight and fat loss.

After the 4-week intervention period in Blue et al., (2017)’s study, they had observed no significant difference between pre and post total bodyweight (p= 0.850). However, this study did observe a significant increase in muscle cross sectional area for sprint interval training (p = 0.038) compared to the control group. It was concluded that HIIT would be an effective modality for an influence of muscle size in an overweight and obese population with a longer duration of intervention. 

Following Tong et al., (2018)’s study, the 12-week intervention resulted in abdominal visceral and subcutaneous visceral fat being significantly reduced (p < 0.05). There was no significant reduction between the two training methods. However, the reduction in abdominal visceral fat area in the sprint training group was less than the HIIT group (p < 0.05). Reductions in fat mass of the trunk, fat percentage, and total fat mass did not differ between the training methods (p > 0.05). The vo2 max had significantly increased following the SIT than in the HIIT group (p < 0.01). Whereas there was no variable change witnessed in the control group. It was concluded that a SIT program could optimise the time efficiency of a traditional HIIT program whilst facilitating abdominal visceral fat reduction in an obese female population. 

Khammassi et al., (2018) found that after the 12 weeks of HIIT, waist circumference, BMI (P< 0.01), and fat percentage (P< 0.05) had significantly decreased. VO2max had also seen to be significantly improved in the HIIT training group (P< 0.05). It was concluded that HIIT may be particularly useful in improving bodyweight, aerobic fitness, and lipid profile within an obese population.

Risk of Bias in studies screened.

The Cochrane Risk of Bias Tool by Higgins et al., (2011) was utilised to create table 5. The table produces a valid measure of the highest standard to detect the risk of bias between the studies selected for review. The scores from the papers were based upon the following five domains:
· (1) Bias arising from the randomisation process
· (2) Bias due to deviations from intended intervention
· (3) Bias due to any missing outcome data
· (4) Bias in the measurement of the outcome
· (5) Bias within the selection of the reported results.

Table 5. Displays the results from the Cochrane Risk of bias Tool by Higgins et al (2011) assessment through the selected studies.
________________________________________________________________

Study           Domain 1        Domain 2       Domain 3        Domain 4       Domain 5                      Results
Berge et al.,              LOW                      SOME                        LOW                        LOW                    LOW                                            LOW
 (2021)

Oliveira et al.,          LOW                       LOW                        SOME                       SOME                 SOME                                         SOME
 (2020) 
  
Zhang et al.,            LOW                       LOW                         SOME                    SOME                        SOME                                      SOME
(2017)

Fisher et al.,         LOW                       SOME                       LOW                          LOW                           LOW                                         LOW
(2015)

Kong et al.,          LOW                       LOW                        SOME                       SOME                          SOME                                      SOME
(2016)

Blue et al.,           LOW                       SOME                      LOW                         SOME                          SOME                                      SOME
(2018)

Tong et al.,         LOW                        LOW                       LOW                         SOME                          SOME                                         LOW
(2018)

Khammassi        LOW                        SOME                       LOW                        SOME                          SOME                                       SOME          
et al., (2018)




Discussion

This systematic review was set out with the aim to identify which training method from HIIT and MICT is more effective at reducing body composition and for controlling bodyweight in an obese adult population. The results from the studies selected for review have all, bar one used electronical devices to record measures and outcomes. The exception being Khammassi et al., (2018) who chose to record using skinfold and tape measurements. This has been highlighted from the other studies as this method has a higher risk of human error. By looking at table 5 with the Cochrane Risk of bias, it has again been highlighted with a risk of bias, coming from its method of recording data. These results could be misinterpreted by the therapists conducting the study. 
When using table 2, it is clear to see that all studies bar Berge et al., (2021) used small sample sizes. This does not necessarily increase of decrease the risk of bias but by using a smaller sample size, it becomes difficult to gather a range of outcomes. Patterns are more easily detected within a larger participation group. Studies with a smaller group such as Khammassi et al., (2018) (20 participants) would have struggled to gain a larger spectrum of results, this may have resulted in a misinterpretation in their findings. Table 2 also shows the duration of the interventions. Likewise, a shorter duration may not produce results which may have been present if they had continued the study. For example, it was possible to see significant findings from Berge et al., (2021) in their 24-week program, but Blue et al., (2017) concluded that a longer duration intervention was needed to gather a significant difference of results between HIIT and SIT. Had this study furthered in duration perhaps there would have been a significant determination of results between the two training methods chosen. 
A noticeable factor between all studies selected was the difference in the female population to the male population. Although the search criteria did not aim towards one or the other the final studies selected a large range between female and male participants (337 females, 70 males). Although this review has possibly indicted a conclusive finding, further reviews would need to include a higher male participation. This allows for an investigation as to whether the results differ in a larger male population. There may be patterns which have not been detected in this review which could possibly be indicated in a future study. A meta-analysis could be performed in the future if smaller sample sizes used the same intervention to gain a further understanding as to which training method is more effective and reducing body composition and controlling body weight in a larger obese adult population.

Conclusion

To bring this review into a conclusion, it would not be unreasonable or unsafe to suggest that through the process of this review HIIT is more effective at reducing body composition in an obese adult population. This training method is short in duration compared to MICT and in the physical activity enjoyment scale has scored higher. For an adult obese population trying to reduce body composition and control bodyweight. This review can hopefully pave way for future reviews, looking at higher male populations to compare results in a larger population.
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