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High Intensity Interval Training VS Continuous Training on improving cardiovascular function
Introduction
This Review will discuss both High Intensity Interval Training (HIIT) and Continuous Training on Athletes by using the relative literature articles currently available, then using this information both Training methods will be compared and analysed, the benefits and disadvantages will both be discussed in this review as well as test results from other studies and review articles, test results such as Vo2 max, this will allow for an accurate comparison as to which is the most beneficial training method. High intensity interval training has become more popular in recent years for both training and research purposes (Zuhl & Kravitz, 2012) explains that HIIT involves  short or long periods of exercise with rest breaks inbetween’ HIIT is a version of interval training which involves the exercise period being high intensity exercise with rest breaks inbetween. “Continuous aerobic training is defined as exercise (e.g., running, cycling, swimming, etc.) lasting greater than 20 minutes and held at steady intensity during the entire bout.” (Zuhl & Kravitz, 2012).

There has been a large amount of research and studies conducted comparing which training method is superior when looking at improving aerobic fitness. Both HIIT and Continuous Training improve aerobic fitness and vo2 max levels however a study shows that Near Maximal Exercise improves Vo2 max levels by 20.6%, vigorous exercise increases Vo2 max levels by 14.3% and moderate intensity improves Vo2 max levels by 10% (Gormley et al., 2008) so even though both HIIT and Continuous training improve Vo2 max levels, it shows HIIT training develops Vo2 max by at least 4.3%. When compared with no exercise, Endurance Training and HIIT show a large improvement in maximal oxygen uptake, they both have additional benefits for individuals with less pre-training fitness however HIIT training improves maximal oxygen uptake more than Endurance training in healthy, young to middle ages adults. (Milanović, Sporiš and Weston, 2015) 

To evaluate the articles, factors such as the population of the study and the intervention of the study will be discussed. The cardiovascular functions being compared in this review will be functions such as blood pressure, Vo2max, blood flow, Cardiac output, stroke volume, these will be discussed and explained later in the review.

Established Training Method
It has been suggested that longer duration of exercise compensates for the lower intensity of the exercise however a recent study denies this claim stating that due to their results, the intensity of the exercise cannot be compensated by increasing the duration, this study consisted of:

‘Four training interventions were involved, group 1 carried out continuous a continuous run at 70% of max heart rate for 45 minutes. Group 2 carried out a continuous run for 25 minutes at 85% max heart rate, group 3 performed 47 repetitions of 15 second intervals at 90-95% max heart rate with 15 second intervals of rest period, the fourth group performed four, 4 minute intervals at 90-95% max heart rate with 3 minutes of active rest periods at 70-% max heart rate. (Helgerud et al., 2007). The results from this study show a better improvement from the HIIT session, the improvement from the 15/15 and the 4x4 sessions were 5.5% and 7.2% and stroke volume increased by approximately 10% after the interval training.

Macpherson et al. conducted a study on Healthy young recreationally active men (n = 12) and women (n = 8). Age 24.0 ± 3.0 years using both HIIT and Endurance training, the study was 18 weeks long with the endurance training intensity set at 65% Vo2 max, the results show a direct improvement in Body composition, lean mass and mainly Vo2 max levels.
Continuous endurance training will have benefits such as increased size of the heart, increased stroke volume, a lower resting heart rate, increased cardiac output, increased blood flow and blood volume as well as a lowered blood pressure, all of these benefits will show in day to day life as well as in sports performance. (Bradley, 2018)

“it is widely accepted that V̇O2max is limited by the rate at which oxygen can be supplied to the muscles and not by the muscle’s ability to extract oxygen from the blood it receives.” (Saltin and Strange, 1992) this shows a direct benefit from endurance training, the cardiac output increased from the exercise in turn allows for better oxygen delivery and supply which leads to an improvement in overall athletic performance.
“The increased stroke volume resulting from increases in left ventricular size, myocardial contractility and end-diastolic volume with training, along with a decreased sensitivity to catecholamines, leads to a reduced heart rate during submaximal exercise.” (SPINA, 1999). 

During maximal exercise, the greater the cardiac output as well as the increased oxygen use by the working muscles results in a greater Vo2 max. (SPINA, 1999)  “In addition, following endurance training the oxygen carrying capacity is increased owing to an increased blood haemoglobin content as well as an increased red cell 2,3- diphosphoglycerate which offsets the reduced haemoglobin concentration consequent to the relatively larger increase in plasma volume compared to red cellmass” (Jones and Carter, 2000). 

The level of the increased Vo2 max levels depends on a number of factors, the previous fitness levels of the athlete as well as the time and intensity of the exercise being performed. However, the optimal intensity and duration for peak Vo2 max improvements is unknown, “However, there is some evidence from the literature to suggest that a high intensity of training (approximately 80 to 100% of V̇O2max) may be of crucial importance provided that the minimal training volume for a particular event is covered” (Wenger and Bell, 1986). 

Tedium is a problem with continuous training at performers will be usually working for a long period at the same intensity causing boredom for the participant however it can be beneficial when working for aerobic improvements. This can be avoided by creating a training programme using the method S.P.O.R.T which stands for Specificity, Progression, Overload, Reversibility and Tedium so this will change the training programme to add variety and avoid tedium associated with continuous training.

Advanced Training Method
[bookmark: _GoBack](Zuhl & Kravitz, 2012) this study shows improvements in stroke volume and other physiological adaptations using HIIT, it explains that HIIT will still have the same benefits of endurance training such as the stroke volume and cardiac output however the changing factor is the amount that is improves by, Recent work shows that the cardiovascular adaptations to HIIT are similar to and in some cases superior to those of continuous endurance training (Zuhl & Kravitz, 2012).
 
Additional research from the study by (Zuhl & Kravitz, 2012) demonstrated that high intensity aerobic training at 90-95% of maximal oxygen consumption (VO2max) increased left ventricle heart mass by 12% and cardiac contractility by 13%, which is comparable to cardiovascular changes observed in continuous aerobic exercise.
 
A study shows that “VO2max increases were higher with the HIIT program (15%) as compared to the continuous aerobic training (9%)” (Zuhl & Kravitz, 2012). There are however disadvantages to HIIT just like most training methods, a review stated certain disadvantages depending on the participant as well as needing correct equipment and making sure it is set up correctly “with careful selection of exercise equipment, for example cycling instead of walking.
 
A recent study by (Shiraev T, Barclay G, 2012) demonstrated no cardiac or other potentially lethal events across seven HIIT studies in patients with coronary artery disease, suggesting HIIT is very safe when performed in a controlled environment, although prescription of such exercise must be considered on an individual patient basis. A recent study researched the Effect of High-Intensity Interval Training on Cardiovascular Function, Vo2max, and Muscular Force, to test the Vo2 max levels and obtain their results they used the wingate test “participants completed 6 sessions of HIIT consisting of repeated Wingate tests over a 2- to 3-week period.

Subjects completed 4 Wingate tests on days 1 and 2, 5 on days 3 and 4, and 6 on days 5 and 6” (Astorino et al., 2012). 

A benefit of HIIT is that it is time effective, if a participant does not have a lot of time in the week this training method is ideal, there are different types of HIIT, one being the “all out” model such as The Wingate test which includes 30 seconds of all-out effort however this can be dangerous if the performer is not used to exercise as it can be too high intensity. 

It is suggested that HIIT 3 times per week as little as 10 minutes of intense exercise in a 30 minute programme including a warm up, cool down and rest period in-between intervals has been shown to improve aerobic capacity, skeletal muscle oxidative capacity and exercise tolerance which can allow the performer to lead up to the Wingate Test. (Gillen and Gibala, 2014) 

Another benefit of HIIT is the lack of tedium due to the options for variety when performing a HIIT session different equipment can be used, as well as a shorter duration of exercise decreasing the chance of boredome therefore increasing the chance of the performer continuing the programme to the best of their ability.



Conclusion
A study comparing high intensity aerobic training to moderate intensity training states “We conclude that when total work and training frequency are matched, higher aerobic intensity leads to larger improvements in V˙ O2max. In all the training groups CR improved significantly, with no differences between groups” (Helgerud et al., 2007) as well as another review stating “For years continuous aerobic exercise has been the chosen method to achieve these goals. 

However, research shows that HIIT leads to similar and in some cases better improvements in shorter periods of time with some physiological markers.” (Zuhl & Kravitz, 2012). An article states research which shows HIIT training being more beneficial when compared to continuous endurance training by saying “In comparison with CME, HIIT burns more calories and increases post exercise fat oxidation and energy expenditure more than steady-state exercise.32.

 Further, HIIT decreased total cholesterol and LDL-cholesterol, while increasing HDL-cholesterol33 and VO2 max32 more than CME. Interestingly, in a 2008 study, fat loss was significantly increased after HIIT, while fat loss did not change in CME patients versus controls,” so it shows how HIIT is more beneficial in multiple areas.
 
A study compares HIIT with continuous training basing the study on fat and cholesterol levels for health benefits “In comparison with CME(Continuous Moderate Exercise) , HIIT burns more calories and increases post exercise fat oxidation and energy expenditure more than steady-state exercise.32 Further, HIIT decreased total cholesterol and LDL-cholesterol, while increasing HDL-cholesterol33 and VO2 max32 more than CME” (King et al., 2002) 

All studies included in this review have mainly said that both Continuous/Endurance Training and HIIT are both beneficial training methods to use for improving overall athletic performance however HIIT is more beneficial improving Vo2max scores as well as other benefits more than Continuous training.

Another study has been conducted, the population of this study was healthy, untrained, sedentary, recreational and non-athletic men and women aged between 18 and 45 years, who were not suffering from any kind of acute or chronic diseases, for the intervention of this study the training programmes had to last at least a minimum of 2 weeks, with participants allocated to endurance training, HIT or a no-exercise control group. Endurance training intensity was classified as moderate intensity (60–85 % maximum heart rate [HRmax]), with HIT intensity classified as ‘all-out’, ‘supramaximal’, ‘maximal’ or ‘high (90–95 % HRmax)’.
 
The study was to compare the effects of endurance training and HIT on the maximal oxygen consumption (VO2max) of healthy, young to middle-aged adults. The outcome of this study “This study presents a quantitative evaluation of HIT and endurance training models for VO2maximprovements in healthy adults aged 18–45 years.

Our results show that when compared with no-exercise controls, both types of training elicit large improvements in VO2max. In studies where HIT and endurance were directly compared, there was a small beneficial effect for HIT.” (Milanović, Sporiš and Weston, 2015) this study concluded by saying “Our meta-analysis confirms that endurance training and HIT both elicit large improvements in the VO2max of healthy, young to middle-aged adults with the effects being greater for the less fit. Furthermore, when comparing the two modes of training, the gains in VO2max are greater following HIT.

Given the well-established link between aerobic fitness and mortality, further investigations into the manipulations of the HIT dose (e.g. repetition intensity, duration, work:rest ratio etc.) are therefore recommended to enhance our understanding of the beneficial effects of HIT.” This is a detailed and reliable study and it agrees with most study’s previously done by stating both HIIT and continuous training are beneficial for Vo2max scores as well as other health beneficial factors and exercise performance factors, especially for the less fit participants starting off with, however they all state that HIIT has more benefits again when compared to continuous training.

To summarise this review, all studies included in this review agree and have come to the same conclusion that both training methods are beneficial for cardiovascular improvements as well as sporting performance improvements such as V02max however HIIT is the most beneficial training method as it improves each component more.
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