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Abstract

High-Intensity interval training (HIIT) is considered the most effective means for physical activity and performance, due to the vast number of benefits this training method has to an athlete and the general population. HIIT was previously known as Lactate Dynamics Training up to 1994 and then became the New Interval Training in 1995 (Thompson, 2010). HIIT became popular for training athletes during the early 1950s when Emil Zátopek, an Olympic champion long-distance runner, won the 1952 Helsinki Olympic 10,000 m race after utilizing HIIT (Ross, Porter and Durstine, 2016). As the knowledge of HIIT increases, scientists demonstrated that this method of exercise benefits performance for athletes and improves the health of recreational exercisers, but it may also be a suitable alternative to endurance training, or continuous aerobic exercise (Zuhl and Kravitz, 2017).
There is debate over which exercise methods is more effective between HIIT and Continuous training. 
This study assesses the relevance of continuous training and if HIIT training is best for improving an athlete’s performance. This study also discusses the effectiveness of HIIT training compared to continuous training methods for improving an athlete’s performance. 
The method of doing this is through a literature review of research material.
Research suggests that HIIT is an effective method of exercise both for athletes and the general population and HIIT is shown to improve peak Oxygen uptake more than continuous training.
However, the overall conclusion from this study showed that there was no exact answer to the question of what the best method is.

Introduction to High-Intensity Interval Training

It is important to know the different training intensities when selecting a training regimen for a specific sport or for improving fitness in the general community (Helgerud et al., 2007). High-intensity interval training (HIIT), in a variety of forms, is today one of the most effective means of improving cardiorespiratory and metabolic function and physical performance (Buchheit and Laursen, 2013).
HIIT is an increasingly popular cardio-respiratory training technique that involves repeated bouts of high intensity exercise alternated with short periods of rest (Stenman et al., 2017).
According to Tabata and colleagues, HIIT significantly improves both anaerobic and aerobic capacity in physically active individuals (Tabata et all., DATE JESS  ). Reindell and Roskamm (1959) described the ability of HIIT to enhance both anaerobic and aerobic fitness to higher levels. HIIT alternates periods of high-intensity exercise, greater than 75% maximal oxygen consumption VO2max, with accompanying low-to-moderate-intensity recovery periods performed at 40%–50% of a person’s VO2max (Reindell, 1959).

Buchheit and Laursen (2013) suggest that, there are four different HIIT formats. These formats include; long intervals (>45s), short intervals (<45sec), repeated sprint training <10s all out sprints inter-spread with recovery periods, sprint interval training (20-30s) all out sprints interspersed with recovery periods (Buchheit and Laursen, 2013). 
The HIIT formats generated are important training components for including in the periodization of training programmes, for the development of middle to long-term physiological adaptation, and to maximize performance (Buchheit and Laursen, 2013).
An example of a HIIT session can involves repeatedly exercising at a high intensity for 30 seconds to several minutes, separated by 1-5 minutes of recovery (Wisløff, Ellingsen and Kemi, 2009). The study will look at the barriers to each training method, how each training method works, and which method best suits athletes. Following this, from looking at studies from both training methods, a conclusion to what benefits athletes more will be made.


Discussion
Barriers to HIIT

There are many health benefits of endurance training although people fail to train regularly mainly due to a lack of time (Booth et al., 1997). Therefore, it is necessary to provide them with training programs, which promote aerobic fitness and health as well as performance (Hottenrott, et al., 2012) although perceived lack of time, which is one of the most frequently, cited barriers to exercise (Goldin et al., 1994). Studies suggest that there is a solution to exercise with the benefits and efficacy of low-volume HIIT (Gaesser and Angadi, 2011). This may help to overcome that barrier of ‘lack of time’ (Gaesser and Angadi, 2011). 
Recent supporting evidence has demonstrated that a single HIT exercise session, performed once per week, can improve VO2max in adults (Matsuo et al., 2014). Studies suggest that as little as 30 min of vigorous exercise per week, with a total exercise time commitment of 75 min/wk, improved glucose control and markers of skeletal muscle metabolism in patients with type 2 diabetes (Little et al., no date). 
However, while HIIT can help with time barriers, it is a strenuous training method, this makes HIIT a physically demanding exercise for those who are not physically fit thus, making the risk of injury high when performing HIIT (Club Red, 2014). 

Positional changes can lead to dizziness or blood pooling in the lower extremities. In addition, doing too much too soon can cause muscle soreness and in extreme cases rhabdomyolysis (Club Red, 2014).
Those considering HIT should have; general strength, core strength and mobility, body-awareness and knowledge of their own physical limitations (Red Club, 2014). Before engaging in HIIT advice from fitness, consultants should be taken and health care provider (Gillen, 2012)

Low volume HIIT
HIIT is suggested to be a viable alternative to the traditional approach to enhancing aerobic fitness, namely continuous endurance training (Zuhl, 2012). HIIT exercise sessions can be suited for both healthy and at risk populations (Wisløff, Ellingsen and Kemi, 2009).
Aerobic exercise has numerous benefits for high-risk populations of cardiovascular disease and such benefits, especially weight loss, are improved with HIIT (Wisløff, Ellingsen and Kemi, 2009). Knowles, (2015) Studies suggest, that low volume HIIT is emerging as a credible, well tolerated and effective approach to improving aerobic fitness in ageing population, irrespective of initial fitness levels and improves health-related quality of life (Knowles, 2015).

The Benefits of HIIT for Athletes

Anaerobic fitness recruits more fast twitch muscle fibres and improves insulin sensitivity while it also decreases blood pressure, cholesterol, and body weight (Estes, 2017). Unlike endurance aerobic training, which in large amounts can decrease muscle mass, HIIT training does not decrease muscle mass (Estes, 2017). Athletes in sports that involve short high bursts of speed and strength work in the anaerobic zones benefit from HIIT (Estes, 2017). 

Stöggl and Sperlich, (2014) suggest that athletes that participate in endurance sports use four conditioning concepts when organising a training programme; prolonged high-volume low-intensity exercise, training at or near the lactate threshold,  low-volume high-intensity interval training (HIIT) and polarized training. There is a debate as to which of these training concepts may be superior in maximizing adaptations and performance (Stöggl and Sperlich, 2014).

HIIT and Heart Rate Training Zones

High-intensity interval training is a strategy for improving health, building lean muscle, burning fat and increasing endurance (Precor.com, 2017). Monitoring heart rate is the best way to optimize exercise and customize HIIT sessions to individual fitness levels (Precor.com, 2017). Heart rates can monitor which intensities are being used such as aerobic and anaerobic intensities (Gilman, 1996).  The safest way of measuring maximum heart rate is 220-age, which may result in true maximum heart rate being 10 to 20 beats per minute higher or lower than the age predicted number (Bobalik, 2016).  Another method to determine maximum heart rate is 207-(0.7-age) which may result in a more accurate measure of heart rate (Roberts, 2014). Other methods of Maximum heart rate fitness testing is a Stress Test, this test can be completed on a running track, the aim is to run 800m quickly, the first 400 meter must be completed at current 90% maximum heart rate then maximum efforts must be made the last 400 meters (Mackenzie, 2017).  Athletes with high levels of fitness may have to repeat this test as true maximum heart rate may not have been achieved the first attempt (Mackenzie, 2017).  To achieve predictions of maximal heart rate fitness testing may cause issues as there is large risk factors involved when completing there test (Mackenzie, 2017).
Another method of measuring performance during high-intensity interval training is with RPE (rate of perceived exertion) scale, with HIIT RPE should reach 18-19 at certain intervals before decreasing (Club Red, 2014). Although there are, some risks to using RPE, such as a person may associate pain instead of measuring exertion (Cdc.gov, 2016).

The most efficient way would be to compare heart rate to heart rater zones (Krahn, 2014). There are five different heart rate zones these include; zone 1 very light  50-60% maximum heart rate, zone 2 light 60-70%, zone 3 moderate 70-80%, zone 4 hard 80-90%, zone 5 maximum 90-100% max heart rate (Fitbit, 2017). In order to work in heart rate zones maximum heart rate must be determined in order to efficiently measure intensity used (Precor.com, 2017). These four methods can be used to be able to customize HIIT sessions to best suit an individual of any fitness levels.
As an example of this would be a high-performance athlete such as a sprinter who competes in a sport, that is very demanding on the anaerobic energy system, might have a tendency to spend more time in zone 4 or zone 5 (Krahn, 2014). While a seasoned athlete may work up to the 90 percent range, the average exerciser should keep below the 85 percent range (Precor.com, 2017). Therefore using this information to customise a HIIT training programme would be beneficial.

Continuous Training 
The most common exercise strategies are HIIT and continuous exercise training (Ross, Porter and Durstine, 2016). Continuous training is a steady state 20 to 60 minutes activity with no rest at a steady pace, normally between 50 to 70% of a person’s maximal aerobic capacity 65% to 80% maximum heart rate (Fred, L. 2016).
Gillen et al (2016) found that interval and continuous training resulted in similar increases in peak oxygen uptake, insulin sensitivity index and mitochondrial content of skeletal muscle in sedentary men. Ross, Porter and Durstine, (2016) suggest that interval training was credited for improving VO2max and insulin sensitivity,  reducing fat and for inducing positive changes in blood lipids of physically inactive adults.  Cardiovascular fitness improvements were also reported with HIIT, and these improvements are similar to moderate continuous training performed by healthy adults (Ross, Porter and Durstine, 2016).

Using both HIIT and traditional continuous training together has been shown to improve several health and fitness measures (Gibala, 2006). It is clear that continuous training and HIIT both increase aerobic fitness (Hottenrott et all 2012). Some of these improvements include, larger stroke volume (Helgerud J, 2007), increased oxidative enzyme levels (Burgomaster, et al. 2008), greater glucose control and decreased body mass index (Robinson et al., 2015). This can then help prevent cardiovascular health problems, fitness and all-cause mortality (Oja P et all, 2010).  While both types of training methods individually can effectively improve cardiac and skeletal muscle metabolic function, both training methods are important aspects of an athlete’s programme (Buchheit and Laursen, 2013).

Barriers to Continuous Training

Continuous training can have negative effects on the body such as; injuries to all joints, catabolic state and loss of muscle mass, metabolism negative effects, loss of body shape such as curves in women, and muscle mass in men from this aerobic exercise (Leung, 2011). 
Other cons to continuous training evolve muscle pain from rigorous and regular aerobic training, overexertion-causing issues such as skin rashes, and ligament damage (Kerkar, 2017). Although there are a number of disadvantages to continuous training, aerobic training is beneficial to the body and the benefits of continuous training outweigh the disadvantages (Kerkar, 2017).

Why High-Intensity Interval Training is more beneficial 

HIIT training improves cardiorespiratory endurance, HIIT allows a higher caloric expenditure both during training and afterwards when compared with the continuous training method, from the bouts of intense exercise with recovery patterns (Club Red, 2014).
Midgley et al (2007), reported that the high-intensity components of HIT resulted in greater training improvements in maximal aerobic capacity compared to the improvements elicited by continuous training (Trapp, 2008). HIIT has also been reported to be more effective than continuous training for inducing fat loss in men and women, despite requiring considerably less total energy expenditure during training (Tremblay, 1994). 

Although both training types are effective, several studies have reported greater improvements in cardiorespiratory health and fitness following HIIT compared to traditional continuous exercise. For example, a meta-analysis of 10 studies (Weston, et al. 2014) reported greater improvement in cardiorespiratory fitness following HIT in comparison to continuous training. 

Hottenrott, Ludyga and Schulze, (2012) study indicate that HIIT as well as continuous exercise led to improvements in body composition, resting heart rate and aerobic power with less than 2 h 30 min training weekly. Additionally performing 2 sessions of continuous training with 4 HIT training sessions per week will enhance aerobic fitness and general health (Hottenrott, Ludyga and Schulze, 2012).

Conclusion

From the findings of this present study, HIIT is credited for improving VO2max and insulin sensitivity, reducing fat and for inducing positive changes in blood lipids (Ross, Porter and Durstine, 2016). HIIT has also been shown to not decrease muscle mass in athletes in comparison to continuous training (Estes, 2017). 
Although, cardiovascular fitness improvements were reported with HIIT similar to moderate continuous training performed by healthy adults (Ross, Porter and Durstine, 2016).
Hottenrott, Ludyga and Schulze, (2012) study indicate that HIIT, as well as continuous exercise, led to improvements in body composition, resting heart rate and aerobic power with less than 2 h 30 min training weekly. Additionally, performing two sessions of continuous training with four HIIT training sessions per week will enhance aerobic fitness and general health (Hottenrott, Ludyga and Schulze, 2012).
With studies suggesting that there are benefits to both training methods, there is a debate as to which of these training concepts may be superior in maximizing adaptations and performance (Stöggl and Sperlich, 2014). For athletes, there are many health and performance benefits of continuous training although people fail to train regularly mainly due to a lack of time (Booth et al., 1997). Therefore, it is necessary to provide them with training programs, which promote aerobic fitness and health as well as performance (Hottenrott, et al., 2012).


HIIT was shown to be very effective for athletes facing lack of time but also benefits performance when conducting continuous training. Overall HIIT and continuous training are both relevant training methods, but each method may be used more or less than another dependant on what specific performance the athlete requires.
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