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The Effectiveness of High-Intensity Interval Training on Fat Loss in Adults

Introduction
Exercise physiologists have previously recommended one of three exercise regimes to improve aerobic power: continuous training, low intensity exercise or interval training. However, more recently, growing research shows that high-intensity interval training is a time-efficient way to induce the adaptions associated with endurance training (Kenney et al, 2015).
The ACSM (2018) state in their guidelines that adults should participate in 150-300 minutes of moderate-intensity, or 75-150 minutes of vigorous activity a week. On top of this it is recommended that adults also do muscle-strengthening activities involving major muscle groups, at a moderate or greater intensity on 2 or more days a week. People however believe that this amount of time is too much and cannot find the time to fit exercise in. With HIIT training this could provide a solution to enable to same benefits as the guidelines but within a much less time.  
Keating et al (2014) state that most of the adult population fail to meet the recommended physical activity guidelines, with the main reason for this being a perceived lack of time. Therefore, recent research has been investigating ways in which people can achieve the same benefits of exercise within a shorter time period. 
Obesity has become a global health issue with statistics increasing worldwide in the past 50 years. Obesity is defined as a BMI ≥ 30kg/m2, with this population having increased risk of metabolic disease, cardiovascular disease and some types of cancers. It is thought that the fundamental cause of obesity is an energy imbalance between calories consumed and calories expended (Blüher, 2019). Therefore, by increasing the calories expended this should allow for weight loss and a reduction in obesity. Athletes may also want to reduce their body fat percentage, Huovinen et al (2015) state that reductions in body weight, particularly fat, improves power to weight ratio, this benefiting athletes in weight bearing efforts such as jumping and running. 
This review aims to focus on the effectiveness of high intensity interval training and continuous endurance training on improving fat loss in adults. 

Continuous Training
Continuous training involves constant work activity without rest intervals, involving either long, slow distance (LSD) or high-intensity endurance training. It is structured to affect the oxidative and glycolytic energy systems (Kenney et al, 2015). LSD training involves relatively low intensities with the aim being distance rather than speed, individuals work between 60-80% of HRmax (50-75% VO2max). Whereas, high-intensity continuous training is performed between 85-95% HRmax. The Karvonen Method can be used to calculate an estimated age-predicted maximal heart rate (APMHR) if laboratory testing is unavailable to individuals. The Karvonen Method states that APMHR can be calculated using the formula: 220 – age. E.g. A 30-year-old male would use: 220 – 30 = 190bpm (Haff and Triplett, 2016, p. 564). 
Continuous training (CT) involves sustained, submaximal, steady-rate aerobic exercise, this means that this exercise lasts for a considerable time in relative comfort. Continuous training usually involves a threshold around 70% HRmax (McArdle et al, 2006). Continuous training does not need to be performed at a constant pace during a given session, varying the pace allows for specificity for team game athletes where athletes may run continuously but at different speeds throughout the game Abernethy et al (2005, p.154). 
Kenney et al (2015) state that continuous training is the most popular and safest way of training aerobically for non-athletes who wish to get into and stay in shape. It is also a beneficial way of training for athletes to maintain their aerobic endurance during the off season. Continuous training induces adaptions in the aerobic system, enhances removal of lactic acid production Abernethy et al (2005, p.155).

HIIT
Growing research suggests that HIIT is a time saving and efficient method to improve cardiorespiratory and metabolic health (Gillen and Gibala, 2013). 
HIIT involves repeated short (≤45s) to long (2-4min) bouts of high intensity exercises followed by a recovery period. It is believed that to achieve a stimulus to elicit both maximal cardiovascular and peripheral adaptions, athletes must stay within their ‘red zone’ for several minutes per session (Buchheit and Laursen, 2013). The ‘red zone’ is defined by (Schoenmakers and Reed, 2019) as the intensity close to maximal oxygen uptake and heart rate (usually ≥90% VO2max and HRmax). Exercise at this intensity means oxygen delivery and utilisation systems are maximally stressed, possibly providing a more effective stimulus to enhance VO2max (Schoenmakers and Reed, 2019). High-intensity exercise is usually associated with negative affective responses in comparison to low and moderate intensity exercise. Exercise above the ventilatory threshold is usually accompanied by a sudden increase of negative affect, however, after exercising these recovers to baseline or beyond (Saanijoki et al, 2015).

HIIT Recovery periods
Recovery periods during HIIT sessions are usually based on fixed work: recovery ratios or on the return of HR to a fixed percentage of HRmax (Schoenmakers and Reed, 2019).  Planning appropriate recovery periods during a session is essential to allow an individual to have the best potential from their workout, e.g. if there is not enough recovery time this can lead to fatigue, resulting in reduced number of intervals completed and/or a reduction in intensity. Whereas, longer recovery periods may lead to lower VO2 and HR at the start of an interval and therefore, result in less time spent within the ‘red zone’ (Schoenmakers and Reed, 2019).

HIIT Physiological effects
HIIT is an effective exercise which produces cardiopulmonary, metabolic and neuromuscular adaptions (Haff and Triplett, 2016). Kenney et al (2015) state that performing six or so HIIT sessions over two weeks can dramatically improve aerobic capacity, even in those who were previously untrained. In comparison to continuous training, HIIT burns more calories and increases post exercise fat oxidation and energy expenditure, this could prove to be very beneficial for those who are trying to lose weight (Shiraev and Barclay, 2012).   

HIIT for Fat Loss
Moderate intensity aerobic activity causes resting metabolic rate to return to normal after around 90 minutes, however, HIIT take 24 to 72 hours for the body to return to it normal resting metabolic rate. This means that a greater number of calories (primarily from fat) are burned during this time (Hoeger et al, 2017). HIIT has been shown to significantly reduce subcutaneous fat as well as total body mass and has also shown improvements in VO2max (Shiraev and Barclay, 2012).

Adaptations to Aerobic Training
Lactate formation exceeds its rate of removal causing blood lactate to accumulate when exercise intensity goes beyond the maximal stead-state level. As intensity increases, lactate levels increase rapidly causing the subject to become exhausted. Active aerobic exercise during recovery accelerates the removal of lactate. As an individual becomes more physically fit, they can cope with higher intensities and aerobic demands meaning they are able to exercise at a higher intensity before lactate increases, this also helps to increase the rate of lactate removal (McArdle et al, 2006).
One of the most important adaptions to aerobic training is the increase in the number of capillaries surrounding each muscle, increases of more than 15% may be seen with long periods of aerobic training (Kenney et al, 2015). Capillary supply is so important as the greater number of capillaries allows for a greater exchange of gases, heat and metabolic by-products between blood and contracting muscles. Diffusion of oxygen from the capillaries to the mitochondria is a major limiting factor of maximal rate of oxygen consumption by muscles, therefore, by increasing capillary density, diffusion is enabled and helps maintain an environment which is well suited to energy production and repeated muscle contractions (Kenney et al, 2015).
A fundamental response to aerobic training is the increase in aerobic capacity of the trained musculature, allowing the athlete to perform the given intensity with greater ease (Haff and Triplett, 2016, pg. 122).In response to aerobic training type I fibres become larger, developing a larger cross-sectional area of up to 25%. Whereas, type II fibres have not been reported to increase in cross-sectional area during aerobic training due to their lack of recruitment. Type IIx have a low-oxidative capacity, meaning they were recruited less often than type IIa fibres during aerobic training. Type IIx fibres, however, may be recruited during long duration exercise to resemble type IIa fibres as they have similar properties, this causing some type IIx fibres to take on the characteristics of type IIa fibres (Haff and Triplett, 2016, p.272-273). They also state that not only do type IIx transition into type IIa fibres but there can also be a transition from type II into type I fibres, although this transition is usually small. 




Critical Analysis
It is known that aerobic capacity and reduction in weight can be induced by continuous or interval training. However, over recent years, researchers have been questioning the superiority of one training type (Airin et al, 2014).
A study was carried out into the effects of a 15-week HIIT programme on subcutaneous and trunk fat in young women. 45 women with a BMI of 23.2 ± 2.0 were randomly assigned to one of three groups; HIIT, steady-state exercise (SSE) or a control. The HIIT sessions involved 8s sprints with 12s of slow cycle, this was repeated up to 60 times. Subjected performed HIIT training 3 times per week for 15 weeks. The SSE session consisted of a 10-20-minute cycle at 60% VO2max, this was gradually increase to 40 minutes throughout the 15-weeks. The control group maintained their current physical activity levels. Trapp et al (2008) found that the HIIT group demonstrated a significant decrease in total body mass in comparison to the control group, there were no significant changes for the SSE or control groups. The HIIT group had a significant fat mass loss (2.5 ± 0.83 kg), whereas, the SSE (0.44 ± 0.88 kg) and control (0.33 ± 0.47 kg) groups increased their fat mass. In contrast, a similar study conducted by Kong et al (2016) led a 5-week HIIT and continuous training programme to investigate the effects between the two interventions regarding body composition. 31 obese young women who were non-smokers were involved in the study in which they were split into two groups; HIIT, 8s sprint and 12s passive rest, for 60 reps on an ergometer. Resistance was increase by 0.5kg increments when the subject was able to perform 2 consecutive sessions at a given intensity and a continuous training group which involved subjects to cycle for 40 minutes at 60% VO2max peak with a rhythm at 60 ± 5 rpm. The study found that there was a statistically significant decrease in weight, BMI and BF% in the continuous training group after the intervention, however, the HIIT group showed to have no significant changes in body composition measures (P > 0.05). HIIT required half the amount of time weekly than the continuous training group (66 ± 4 mins in HIIT vs 148 ± 12 mins in CONT). With the 15-week programme showing significant effects of HIIT on fat loss and the 5-week study showing no significant effect on fat loss, this may suggest that HIIT is more beneficial if being used for longer periods. 
However, another similar study but over a 6-week period was carried out by Airin et al (2014) in which 32 overweight females (20.5 ± 1.9 years), participants may have previously accustomed to exercise however, they had no previous training within a sport. Participants were randomised into two groups: high-intensity interval training (HIIT, n = 16) and continuous training (CONT, n – 16). The interventions involved 3 weekly sessions for a period of six weeks. HIIT involved 8s sprint with 12s recovery for approximately 20 minutes at 85-95% HRmax. The CONT group performed 30minutes continuously at 60-70% HRmax. Measurements of weight, BMI, body fat percentage (BF%) were measures before and after the interventions. The results of the study found that although there was no difference in BMI between the groups, both had a significant decrease in weight, (HIIT, 1.2kg and CONT, 1.3kg). The HIIT group presented a significantly higher decrease in BF% (2.2% vs 0.2%) in comparison to the continuous training group. With this study showing that a short period of six weeks can significantly decrease body fat percentage this leaves research to be contradicting with some showing significant effects and others showing none. 
A systematic review carried out by Wewege et al (2017) investigated the effects of HIIT and moderate-intensity continuous training (MICT) regarding body composition in overweight and obese adults. 13 studies were reviewed, with interventions averaging 3 sessions per week for 10 weeks. The results found that both HIIT and MICT brought about significant reductions in whole-body fat mass (-0.82 and -0.85, respectively) and waist circumference, however, there was no significant difference between the two interventions. HIIT was found to have 40% less training time required in comparison to MICT, meaning that the same effects could be achieved in a much shorter time period for those who struggle with finding time to perform continuous training. 

Conclusion
Both continuous and HIIT show to have individual beneficial effects on fat loss in adults. Research into the benefits of HIIT has shown to be contradicting with some studies showing significant fat loss in comparison to continuous training and some showing equal significance. However, HIIT sessions have shown to take up significantly less time than continuous training therefore, for those who struggle to find the time to exercise HIIT training would be more beneficial for them as a form of fat loss. Those who are overweight or obese however, may find HIIT difficult due to the high intensities therefore, it may be advised that these populations start with continuous training and then progress to HIIT when they get comfortable with moderate intensity exercise. 
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