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The effects of high-intensity interval training on cardiovascular health and body composition.


Introduction.
The importance of maintaining and improving aerobic fitness has been highlighted time and time again.
Individuals who meet recommended guidelines for physical activity in relation to aerobic fitness may possibly reap a wealth of health benefits such as decreasing the risk of developing coronary heart disease, stroke, type 2 diabetes and certain forms of cancers i.e. cancer of the colon and breast. Furthermore, partaking in regular exercise or physical activity can assist individuals in achieving favourable results in coronary heart disease biomarkers such as lowering blood pressure, improve lipoprotein profiles and C-reactive proteins as well as improving insulin sensitivity and aiding weight management. In elderly populations regular exercise helps to maintain bone mass and can reduce incidence of falling (Garber et al., 2011).
As well as physiological benefits, the participation of exercise or physical activity has shown to improve numerous psychological variables such as self-esteem, self-concept, depressive symptoms, anxiety and stress (Calfas and Taylor, 1994).
Therefore, with so many known health benefits associated with adequate training of the cardiorespiratory system, it comes as no surprise that many organisations recommend including this type of training in a balanced fitness routine.
The American College of Sports Medicine (2010) guidelines for aerobic training state that healthy adults should aim to complete 150 minutes per week of moderate intensity exercise at 46% to 63% of maximal oxygen uptake (Vo2max) for 30 to 60 minutes per session or 75 minutes per week of vigorous-intensity exercise at 64% to 90% of Vo2max for 20 to 60 minutes per session. They also state that individuals should aim to use a combination of these protocols in order to obtain the health benefits associated with this type of training. 
These guidelines have undergone rigorous testing and research over the years and have shown to elicit the potential health benefits associated with aerobic training. However, one of the most commonly reported barriers to exercise is a perceived lack of time (Kimm et al., 2006). Given that individuals often feel they lack the time to partake in regular physical activity, the guidelines set out by The American College of Sports Medicine may not be the most practical option for individuals who feel this way, due to the respective lengthy time one must dedicate in order to meet these guidelines when compared to other forms of aerobic training.
One form of training that may elicit these health benefits whilst minimising the time individuals spend exercising is High-intensity interval training (HIIT).
Billat, (2001, pp.13) defines HIIT as “repeated short to long bouts of rather high intensity exercise (equal or superior to maximal lactate steady-state velocity) interspersed with recovery periods (light exercise or rest)”.
Buchheit and Laursen (2013) state there are up to nine variables which can be manipulated in order to achieve a desired effect with this form of training. Those being the duration and intensity of the working intervals, the duration and intensity of the relief intervals, the modality of the exercise, the number of repetitions, the number of series performed and the duration and intensity in between each series. 
Buchheit and Laursen (2013) also state that in order to maximise the cardiovascular and peripheral adaptations, individuals should aim to complete as much time as possible working at 90% Vo2max or more. 
Kessler, Sisson and Short (2012) argue that HIIT may produce similar or even greater improvements in fitness and cardiovascular health compared to continuous moderate exercise, due to increased cellular stress during the vigorous work periods of HIIT whilst their short duration and subsequent recovery periods allow individuals to work harder than would be possible during continuous steady state aerobic training.  
This review is going to investigate whether HIIT can be a useful tool in prompting positive health adaptations of the cardiovascular system and body composition in comparison to more traditional forms of aerobic training. 
Cardiovascular Health.
It has long been established that regular participation in aerobic exercise can have considerably favourable effects on cardiovascular health. Aerobic exercise has shown to have a positive impact on blood pressure (Blumenthal et al., 1989). However, the evidence of what affect HIIT has on blood pressure is not quite as established. 
A review conducted by Kessler, Sisson and Short (2012) investigated the effects of HIIT on blood pressure. Of the 12 studies that were included in the review, they discovered that programmes with a duration of 2-10 weeks of aerobic interval training did not demonstrate a change in blood pressure. However, interventions with a duration of 12-16 weeks showed a decrease in blood pressure across a variety of populations.
Another study included in the review, which focused on 10 overweight to obese young men who performed 2 weeks of sprint interval training did show a decrease in systolic blood pressure 24 hours after exercising, however the reduction did not persist upon measuring again at 72 hours post-exercise. 
Interestingly, a 16-week study of middle-aged adults with metabolic syndrome and elevated blood pressure compared the effects of HIIT and continuous moderate exercise. Both forms of exercise resulted in a decrease in systolic blood pressure. However, only the participants who conducted HIIT showed a decrease in diastolic blood pressure.
Based on the evidence demonstrated in Kessler, Sisson and Shorts review, it would appear that programme duration plays a key role in HIITs ability to alter blood pressure. It seems that HIIT programmes should be carried out over a minimum of 12 weeks in order to alter blood pressure. However, given that this review only included 12 studies, more research may be needed to see if this trend is consistent. 
Increasing the intensity of the interval training may have short term beneficial effects on blood pressure, as demonstrated in the sprint interval study. Although due to the study only investigating the effects of 2 weeks of this form of training, further research may be warranted to discover the long-term effects of a prolonged sprint interval training routine.
Furthermore, HIIT may prove superior than continuous moderate exercise due to its ability to lower both systolic and diastolic blood pressure, which may have significant implications in prescribing exercise in order to treat hypertension. 
A study conducted by Grace et al., (2018) set out to discover what impact HIIT has on the cardiovascular health of sedentary aging men. The study recruited 22 sedentary men with no previous experience in exercise and 17 masters athletes from a wide range of sports who formed a control group. 
All participants began by having measurements of cardiovascular health taken which included resting blood pressure, resting heart rate, echocardiograph measurement and the calculating of rate-pressure product.
Following this testing phase, the sedentary group underwent a 6-week cardiovascular conditioning programme which followed guidelines set out by The American College of Sports Medicine for older adults (Chodzko-Zajko et al., 2009). These guidelines suggested that the participants should participate in 30-60 minutes of moderate intensity exercise per day and accumulate 150-300 minutes total per week or 20-30 minutes of vigorous intensity exercise per day, totalling in 75-100 minutes per week either by walking, aquatic exercise or stationary bicycle. During this period the control group continued with their usual training routines. The participants were then tested once again following the initial 6 weeks, allowing one week of rest before commencing the next phase. 
During the second phase both groups of participants were asked to perform a HIIT session once every 5 days for a further 6 weeks with a total of 9 sessions during this time. The participants performed 6 x 30 second sprints at 50% of peak power output, intermitted with 3-minute active rest periods with low resistance and a cadence of their choosing on a Wattbike pro stationary bicycle. Upon completion of the second phase, the participants were tested once again. 
The results established that HIIT significantly improved the resting blood pressure, mean arterial blood pressure and rate pressure product in the sedentary group. Both groups also displayed accelerated maximal metabolic capacity without compromising myocardial structure or increasing strain mechanics. 
This would suggest that HIIT may be beneficial in improving cardiovascular health in sedentary aging men. Furthermore, it suggests that even with a reduced training frequency and duration as can be seen by the contrasting exercise protocols, this population can significantly improve cardiovascular health by implementing HIIT without causing detrimental effects to heart health. 
However due to the relative short period between the conditioning phase and the HIIT phase, it may be possible that the improvements made were due to a combination of both training styles.

Body composition.
Being overweight or obese is widely known to have major health consequences. Obesity and being overweight is an important risk factor in diseases such as diabetes, hypertension, coronary heart disease, among many other comorbidities. Research suggests that there is a direct correlation between obesity and the risk of medical complications and mortality rate (Klein et al., 2007).
Aerobic exercise has long been cited as an effective intervention in aiding weight management. Many training programmes aimed at fat loss have typically included 30 minutes of moderate intensity steady state exercise on most days of the week (Shaw et al., 2006). 
However, there is evidence to suggest that HIIT may be more efficient in reducing body fat levels.
A study by Trapp et al., (2008) attempted to investigate this theory by recruiting 45 healthy yet inactive women who were divided into either HIIT, steady state exercise or control groups.
The HIIT group were prescribed 8 second sprint intervals followed by a 12 second recovery period for a maximum of 60 repeats on a Monark cycle ergometer with an initial resistance of 0.5kg. During the conditioning period the participants completed as little as 5 minutes total exercise duration, which would then increase to a maximum of 20 minutes as their conditioning improved. If a participant completed the maximum 20 minutes, the resistance was then increased in 0.5kg increments. The training took place over a 15-week period in which the group would complete 45 sessions.
Over the same 15-week period the steady state exercise group were asked to exercise at 60% Vo2peak on the same modality as the HIIT group. They began with a conditioning period, in which participants would exercise for a duration of 10-20 minutes, which would increase to a maximum of 40 minutes. If participants increased their fitness which was indicated by a decrease in heart rate, resistance was increased in 0.5kg increments. 
The control group was asked to maintain their usual physical activity levels for the 15 weeks.
The results of the study found the HIIT group significantly reduced their total body fat and abdominal fat whilst there were no significant changes in these values for the steady state exercise group. Yet both the HIIT and steady state exercise groups significantly increased their Vo2peak. 
The HIIT group achieved these changes with a much lower time commitment than the Steady state exercise group, with the HIIT group completing 36 minutes of aerobic work per week and the steady state group completing 120 minutes of aerobic work per week. Both groups registered similar energy expenditure during their exercises. 
These results would suggest that HIIT is more effective at improving body composition than steady state exercises. 
Though, conflicting evidence of this can be seen in the Keating et al., (2014) study which investigated the effects of HIIT, continuous moderate intensity exercise and a placebo exercise routine on body composition in inactive and overweight men and women. 
38 participants were selected to undergo a 12-week exercise intervention, with participants completing 3 sessions per week.
Participants assigned to the HIIT group were asked to perform 4 intervals on a cycle ergometer of 30-45 second at a power output designed to elicit 120% of VO2peak which was then followed by a 120-180 second recovery period for the first 4 weeks. This was then increased to 6 intervals of 60 second at 120% VO2peak with 120 seconds of low intensity recovery for the remainder of the study.
Participants in the continuous group were asked to complete 30 minutes on a cycle ergometer at 50% VO2peak for the first 4 weeks, which was then increased to 45 minutes at 65% VO2peak.
The placebo group was assigned a programme which featured elements of stretching, self-massage and fitball exercises. They were also asked to complete a 5-minute cycle on the ergometer at 30 Watt every 2 weeks in order to maintain familiarity with the equipment.
The results concluded that total body mass or lean body mass was not significantly changed in any group. However, the continuous group displayed a significant reduction in body fat percentage, whereas the HITT group showed no significant change. The continuous group also showed a significant reduction in android fat, whereas the HITT group recorded a slight increase.  
This conflicting evidence raises some interesting areas for future research. As the Trapp et al., (2008) study investigated short sprint intervals with short recovery periods and concluded that this led to a reduction of body fat in the participants, perhaps this protocol is more suited to eliciting changes in body composition in comparison to the longer work and rest periods raised in the Keating et al., (2014) study. Nevertheless, further research in these areas may help to clarify the optimal HITT prescription for effective body composition adaptations. 
The review conducted by Kessler, Sisson and Short (2012) also investigated anthropometric outcomes associated with HIIT. They discovered that HIIT training with a duration of at least 12 weeks is needed in order to have significant positive effects on measures such as BMI, body fat percentage, hip and waist measurements and lean body mass percentage.

Conclusion.
This review investigated the effects of HIIT on certain health outcomes in comparison to more traditional forms of aerobic training, specifically cardiovascular health and body composition. 
As people often lead busy lifestyles, physical activity is often an afterthought. This may have significant repercussions in people’s health and wellbeing. HIIT may offer a tangible solution to this issue, as it offers people an alternative to traditional, more time-consuming forms of aerobic exercise.  
HIIT can be considered a safe way to improve cardiovascular health whilst significantly reducing the time spent exercising. HIIT may prove beneficial in improving body composition. However, further clarification on the optimal protocol is needed.
There is evidence to suggest that in order to elicit changes in blood pressure and body composition the duration of the intervention may play a crucial role in the outcome, therefore exercise professionals must consider this when prescribing a HIIT programme.  
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