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A review of the comparative effectiveness of High Intensity Interval Training for fat loss to conventional exercise prescription. 
Abstract
Exercise prescription for weight loss has conventionally focused on moderate intensity, steady state, sub-maximal exercise such as jogging, swimming or walking. Although such exercise can be beneficial in many ways and can lead to weight loss if adhered to long term, it has not been proven to produce significant losses. A possible explanation for this could be because of the length of time required undertaking the exercise at that intensity in order to see significant results. High Intensity Interval Training (Hiit) has steadily grown in popularity over recent years as a time-efficient, alternative method of exercise. Hiit sessions typically don’t last more than 30 minutes and studies are showing they are an effective method of not only developing cardiovascular fitness but also developing the metabolic and musculoskeletal systems also.  This review examines the effectiveness of Hiit on fat loss. It considers the processes involved in Hiit induced fat loss and concludes with implications for using Hiit as one of the weapons in an armoury in the war against obesity.
Introduction
Obesity and being overweight accounts for 5% of mortality on a global level (World Health Organisation, 2010). Current statistics indicate that 26% of the adult population in England (Department for Health, Physical Activity, Health Improvement Protection, 2011) is obese. In Britain, estimated costs to the NHS attributed to obesity or being overweight were £4.2 billion in 2007 and are set to rise to £8.3 billion in 2025 (The House of Commons, 2018). A prolific amount of evidence has concluded that in order to reduce the risk of becoming overweight or obese, adults should participate in regular physical activity (World Health Organisation, 2010). Current recommended guidelines suggest that over the course of a week, alongside resistance exercise and neuromotor exercise, cardiorespiratory exercise of moderate intensity should be undertaken for 30 minutes, 5 times a week, totalling 150 minutes (World Health Organisation, 2010). However, substitution of the 150 moderate intensity minutes for 75 minutes of vigorous intensity results in commensurate benefits (Tremblay, M., Warburton, D., Janssen, I., Paterson, D., Latimer, A., Rhodes, R., Kho, M., Hicks, A., LeBlanc, A., Zehr, L., Murumets, K. and Duggan, M. 2011). It is also possible to undertake a combination of both, where an energy expenditure of anything between 500 and 1000 MET.min.wk is being achieved (Garber, C., Blissmer, B., Deschenes, M., Franklin, B., Lamonte, M., Lee, I., Nieman, D. and Swain, D. 2011). When discussing intensity, it is important to consider what is meant by ‘moderate’ and ‘vigorous’. In order to ensure correct individual exercise prescription, determining relative intensity is a must. Many methods have been proposed to determine differing intensities of exercise: heart rate reserve (HRR), percentage of maximal oxygen uptake (% VO2max), percentage of maximal heart rate (%HRmax), rating of perceived exertion (RPE), maximal oxygen uptake reserve (VO2R), %METmax (Garber et al., 2011). For most, in particular those new to exercise or very overweight, it is probably best to use simple determinants. Moderate intensity exercise can be classed as exercise that elicits an increase in ventilatory response and heart rate but where conversation is still possible.  Vigorous exercise can be classed as exercise that elicits a high heart rate and a high ventilatory response that limits conversation (Department for Health, Physical Activity, Health Improvement Protection (2011).
What must be considered is that whilst the afore mentioned time and intensity figures relate to maintaining or improving fitness, when considering weight loss, the parameters need to increase. Moderate exercise of 150 minutes a week is claimed sufficient to prevent weight gain, up to 250 minutes a week will result in only slight weight loss but in order to see significant weight loss, amounts exceeding 250 minutes a week of moderate intensity exercise would be required (Donnelly,J., Blair, S., Jakicic,J., Manore,M., Rankin,J., Smith,B. 2009). 
For most people, time is the factor they claim prevents them from participating in a regular exercise programme (Rost,S., Owen, N., Bauman, A., Sallis,J., Brown, W., 2002; Booth,M., Bauman,A., and Owen,N., Gore, C. 1997). Undertaking exercise that will be equally (if not more) effective in a shorter time frame would therefore be of great benefit not only to the individual’s own health but to society as a whole as a means of halting the obesity epidemic. Hiit could be the answer.
High Intensity Interval Training
Hiit has become a popular, go-to, time saving method of exercise for cardiovascular health in recent years (Knowles, A., Herbert, P., Easton, C., Sculthorpe, N., Grace, F. 2014).  Hiit has however, been used as a training modality for decades. Early pioneers such as Hannes Kolehmainen and Pavoo Nurmi were already using Hiit as a form of training long before Emil Zatopek – the Olympic Champion of 1952 – extolled Hiit’s virtues publicly (Billat, L. 2001). Hiit consists of repeated intervals that can be short (<45seconds) or long (2-4minutes), interrupted by periods of recovery that can be either active or passive (Bucheit, M., Laursen, B. 2013) An extensive review (Bucheit, M., and Laursen, B. 2013) identified six differing acute responses to Hiit along with nine variables of Hiit that can be tailored to an individual’s exercise goals. The six acute responses consist of metabolic responses of differing kinds along with neuromuscular responses. The nine variables centre around the intensity and duration of the work and rest intervals with the number of ‘individual work’ intervals, the overall number of ‘work/rest’ intervals and in-between ‘work/rest’ intervals leading to the overall total amount of work completed. Each of these variables can be manipulated to prescribe a Hiit session specifically tailored to an individual’s needs.  
In many studies, Hiit sessions have been conducted on a cycle ergometer where the ‘work’ interval was typically conducted at an intensity in excess of 90% of VO2max or within an individual’s ‘red zone’ (Midgley, A., McNaughton, L., and Wilkinson, M. 2006; Billat, L., 2001; Laursen, P., and Jenkins, D. 2002). It is possible, however, to conduct Hiit sessions on other cardiovascular apparatus or even outdoors on track or field. In truth, Hiit sessions can take place in any environment as long as the work/rest intervals are monitored to ensure time spent above the desired % VO2max is adhered to. This flexibility can facilitate the creation of Hiit sessions that are tailored to the individuals’ exercise preference (cycling, running, rowing, indoor exercise, outdoor exercise) and/or ensuring that the sessions are sport specific. As previously mentioned, Hiit sessions also stress the neuromuscular and metabolic systems to differing degrees depending on the training content (Vuorimaa. T., Vasankari. T., Rusko. H. 2000). 
These two considerations are especially pertinent for individuals seeking weight loss as their goal as opposed to an increase in VO2max. Firstly, by manipulating the session to target the aerobic system, fat metabolism can be encouraged, and weight loss should occur.  Secondly, those who are seeking to lose weight are generally those who have struggled to adhere to an exercise programme in the past. If the mode of exercise is flexible enough to allow for individual preference, they are more likely to adhere to the programme. 
Hiit for fat loss.
Most studies investigating the effects of Hiit have focused primarily on improvements in cardiorespiratory fitness, however there are a growing number of studies that are investigating the benefits of Hiit as a method for losing weight. In one study comparing continuous training to Hiit (Hottenrot. K., Ludyga. S., Schulze. S., 2012) recreational endurance runners who participated in Hiit sessions over a 12-week period saw not only a decrease in total body mass but also significant reduction in visceral fat (16.5%) compared to the continuous training group (6.5%). A systematic review examining how Hiit affects cardiometabolic health in adults found that there was a reduction in body fat %, waist circumference and body mass index following Hiit sessions undertaken for  (Batacan. R., Fennig. A., Duncan. M., Dalbo. V., 2015). In a comparison of Hiit with steady-state exercise it was found that there was a significant decrease in fat mass, trunk fat and total body mass after Hiit training but no significant effect after steady state (Tjønna, A., Stølen, T., Bye, A., Volden, M., Slørdahl, S., Ødegård, R., Skogvoll, E. and Wisløff, U. 2009). A study where Hiit was performed over a 24-week period saw participants lose more subcutaneous fat in comparison to the MICT group (Tremblay, A., Simoneau. J., and Bouchard. C. 1994). A shorter study – conducted over 12 weeks- also saw a reduction of 2.6Kg of subcutaneous fat in participants when undertaking Hiit sessions (Dunn, S. 2009) and even a two-week study saw Hiit significantly decrease waist circumference of participants (Whyte, L.J., Gill, J.M.R., and Cathcart, A.J. 2010).
Metabolic adaptations and Excess post-exercise oxygen consumption
Lipid oxidation is responsible for producing energy when the body is at rest. During exercise of moderate intensity both glucose and lipid are utilized by the muscles (Kenny, W., Wilmore, J. and Costill, D. 2018). At higher intensities the major energy source is carbohydrate. The skeletal muscles are completely dependent on blood glucose and muscle glycogen when intensity is increased to the necessary level to be considered high intensity (De Feo, P. 2013). It is the restoration of the muscle glycogen in the 24 hours after a Hiit session that leads to a higher oxidation of lipid rate compared with moderate intensity exercise (Batacan, R., Duncan, M., Dalbo, V., Tucker, P. and Fenning, A. 2016). Effectively, after a Hiit session, where your body has been subjected to bouts of intense exercise, the elevated oxygen consumption required to return your metabolic system back to its resting state aids in the continuation of fat burning. This process is known as excess post exercise oxygen consumption (EPOC).  
Studies have also found that Hiit elicits a rise in hormone secretion: cortisol, growth hormone and catecholamine (epinepherine and norepenepherine) levels are all elevated post Hiit sessions (Zouhal, H., Moussa, E., Catheline, M., Bentu-Ferrer, D., Gratas-Delamarche, A., Vincent, S. and Berthon, P. 2004; Christmass, M., Dawson, B. and Arthur, P. 1999; Trapp, E., Chisholm, D. and Boutcher, S. 2007). These hormones all significantly increase fat oxidation – epinephrine in particular. It is possible that together with the glycogen depletion discussed previously, the increase in catecholamines could result in a greater EPOC than in steady state exercise. Some studies have found that owing to adipose tissue containing an abundant amount of epinepherine receptors, the increase in epinepherine during and post Hiit specifically contributes to the break-down of abdominal fat (Søgaard, D., Lund, M., Scheuer, C., Dehlbaek, M., Dideriksen, S., Abildskov, C., Christensen, K., Dohlmann, T., Larsen, S., Vigelsø, A., Dela, F. and Helge, J. (2017). Comparatively, in sub maximal exercise the same hormonal increases are small (Zouhal, H., Jacob, C., Delamarche, P. and Gratas-Delamarche, A. 2008). Research has shown that in as little as six weeks, Hiit can increase fat oxidation and decrease carbohydrate oxidation (Perry. C., Heigenhauser. G., Bonen. A., Spriet. L. 2008). Some studies have even reported similar changes after merely two weeks of training (Talanian, J., Galloway, S., Heigenhauser, G., Bonen, A. and Spriet, L. (2007). 

Conclusion
Research has shown that both moderate intensity continuous training (MICT) and Hiit can have an impact on weight loss, evidence does suggest that the impact may be greater in Hiit than MICT however more research needs to be conducted to investigate long term impact. 
With sedentary, overweight or obese individuals in mind, what may be a consideration is the the social learning theory proposed by Bandura (1977) which claims that self-esteem and consciousness are the major determining factors that persuade a person to behave in a new way. Obese individuals who haven’t exercised in years or even slightly overweight individuals who lack confidence in their abilities need persuasion to realise that the results that can be gained are worthy of a change in behaviour (Piana, N., Battistini, D., Urbani, L., Romani, G., Fatone, C., Pazzagli, C., Laghezza, L., Mazzeschi, C. and De Feo, P. 2013). Knowing that there are significant gains to be made in exchange for short periods of sacrifice in time and effort should be enough to convince them to try Hiit. Having said this, it must also be considered that exercising at a higher intensity isn’t for everyone and the overweight and obese may find the discomfort too much. In that instance, MICT would be more beneficial to begin with, even if the result may take more time. Hiit could always be introduced later when initial weight loss and fitness has increased from baseline. 
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