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Introduction 

Over the years many new styles and ways of training have come into trend and back out of trend. Many trends and fads come and go and one summer one training method is the craze the next something has taken over.  Open surveys have been held worldwide annually to see the most popular trends in fitness, trending for 2014, (Thompson, 2013) survey showed (Figure 1) high intensity interval training (HIIT) was the number one trending with Body weight training been in second, where the same study conducted a year later showed trending for 2015, (Thompson, 2013) survey showed (Figure 2) the number one trending was Body weight training and HIIT came in second. The surveys show that most fitness trends do stay the same, but every year preference changes.

 Online post and articles published address that every fitness trend often exaggerates their claim to be a superior training method than those already established, these trends tend to come around every 12 to 18 months. However, they all follow the same basic methods of overload, (Lipowski, 2013). Referring to that fitness is an ever-evolving industry with new and unique ways of training been developed and published or posted. However, these new trends are useless if they don’t stick to the basics of fundamental training stimulus and progressive overload, (McNicol et al, 2009).

Fundamental training is broken down into two types. Health related fitness and skill related fitness.  Health been cardiorespiratory endurance, muscular fitness (strength & endurance), muscular flexibility and body composition. Where skilled related fitness was noted as coordination, speed, power, reaction time, balance and agility. Skill related fitness contributes to health related, where health related fitness should be the focus in training, (Hoeger and Hoeger, 2015). Physical components can be broken down into ten fitness domains, (Claudino et al, 2018). These ten fitness domains are, cardiovascular endurance, stamina, strength, flexibility, power, speed, coordination, agility, balance, and accuracy. These domains can be broken down further into aspects you train, aspects you practise or aspects that fall under both. Endurance, stamina, strength and flexibility are improved through training.  Coordination, agility, balance and accuracy come through practice. Finally, power and speed are adaptations of both practice and training, (Claudino et al, 2018). With aspects broken down into more specific groups testing and training can be aimed specify to target those domains with the correct stimulus and method. 

Training Methodology 

Current methodology for aerobic conditioning in wide and varied but the oldest traditional method to develop the oxidative energy system is continues aerobic training, should that be running, bike, swimming or other aerobic exercises that elevate heart rate. Cardio response to aerobic training is to deliver oxygen and nutrients to the working muscles and to remove waste products. As the intensity of the exercise increases so does the demand on the body requiring an increase in heart rate due to more oxygen and nutrients been required, (Haff and Triplett, 2016). Progressive overload training is an important factor when programming for maximizing endurance adaptations, (McNicol et al, 2009), (McArdle, Katch and Katch, 2007, pg 470). However, they identify the limited studies to back up their evidence. Vo2 and Max H/R where unchanged in a 6-week training block, when compared to a steady state at a set intensity, lactate threshold did increase significantly in their findings, allowing athletes to push past their physical wall. With longer training periods and more exposure to continuous (LSD) training Vo2 max and max H/R will increase over time. 

Current literature on aerobic physical activity standardizes improvements in cardiovascular fitness is to increase the volume of exercise. Increasing the volume of exercise is increasing the duration or distance of the aerobic exercise, i.e. longer runs or more time on an aerobic machine, (Zuhl and Kravitz, 2012). Many of these methods to help improve cardiovascular endurance require athletes or individuals to work of Vo2 max or max heart rate. These are training zones and each zone requires a certain intensity to maintain that zone, (Wattbike Ltd, 2016), (figure 3). Vo2 max testing requires a lab and team of sports scientists who have the correct equipment to perform the testing. 

Vo2max has a linear relationship between the intensity of the aerobic exercise and the intake of oxygen consumption during the exercise. Oxygen uptake is collected for the last 30 second periods of 2/3 minutes to allow the athlete to reach steady state. This continuous and the highest Vo2 was determined to be the athlete Vo2max, (Tabat et al, 1996). Other methods such as maximal heart rate training (figure 4), (Polar Ltd, 2019), are commonly used as a heart rate monitor is easy to acquire. As well as you can use age predicted HR to work out your training zones without doing any form of testing, HR max was strongly related to age (r = −0.90), using the equation of 208 − 0.7 × age, (Tanka et al, 2001).

Vo2 Max predictions can be maximal and submaximal each with issues to why they are accurate or other teams or individuals pointing out invalid points such as populations or sex and age and other information to make each one an accurate method as to actually complete a Vo2 max test. However, submaximal test was completed via a self-selected speed starting off at a gradient 2.5% increase every 2 minutes, the test was called when the participant could no longer continue despite verbal encouragement. Expired gases where collected and analysed. The results showed positives results and recorded it was reliable as a submaximal vo2 prediction test, (Kline et al, 1987). 

Continuous training is also known as long slow distance (LSD). It requires the same tempo/pace with steady rate of aerobic capacity and oxygen uptake. The aerobic LSD is at a pace that is maintainable for a long period of time without an athlete becoming uncomfortable, using the oxidative energy system using carbohydrates and fats as fuel, (McArdle, Katch and Katch, 2006, pg 456). Such sporting events such as marathon, triathlons and other long-distance aerobic events often adopt an LSD style pace often 70% of max heart rate (HR) but can be sustained and effective up to 85-90% HR in top athletes, (McArdle, Katch and Katch, 2006, pg 456), (Kenney, Wilmore and Costill, 2015, pg 236), Haff and Triplett, 2016, pg 568). 

Improvements in cardiovascular endurance enhances skeletal muscle, increased mitochondrial biogenesis and capillary density increasing oxygen transportation around the body and the ability to generate energy delaying the onset of fatigue and muscle soreness, (Hughes, Ellefsen and Baar, 2017). Within in a few weeks of training mitochondrial can increase up to 50% from untrained individuals from aerobic exercise, (McArdle, Katch and Katch, 2007, pg 478).

Continuous training uses the oxidative energy system, due to its slower pace and slower muscle contractions muscle recruitment comes from type 1, slow twitch muscle fibres. With high resistance to fatigue, a low force capacity. Allow endurance athletes to maintain and continue at a continuous speed, (McArdle, Katch and Katch, 2007, pg 383). Aerobic training recruits more type 1 fibres, their oxidative capacity is greater than that of type 2 fibres, however if an athlete reaches an 800m pace then type 2 fibres will be recruited and glycolytic energy system, will be used, (Haff and Triplett, 2016, pg 122).   

High Intensity Interval Training (HIIT)

High intensity interval training (HIIT) is a time effect aerobic training exercise compared to other aerobic exercises like fartlek and LSD training. It is seen as one of the most effective training methods for improving cardiorespiratory and metabolic function and physical performance of athletes, (Buchheit and Laursen, 2013). This is down to HIIT using varied work to rest repeated intervals, (Engel et al, 2018). Resting periods however long in duration for HIIT can be active or passive depending on the aims of the training session, (Ramos et al, 2015). 

High intensity interval training is a modern aerobic training method used for many types of sports, current literature indicates that HIIT can increase, speed, power and Vo2 aerobic capacity in athletes. Literature shows significant increases in shower distance sprints in multiple sports and similar results where found in time trial and distance events for running, rowing and cycling, HIIT had other effects on sporting events but where not always the most effective training method, (Girard, Feng and Chapman, 2018).

Multiple field sports use high intensity sprints with explosive power often over short bursts often with a change in direction with recovery time after. Recent literature, (Baker, 2011) doesn’t speculate improvements on Vo2max, improvements over short duration of aerobic capacity where seen compared to LSD style of training. However, HIIT intensity had to be 100% or supra-maximal to achieve their desired effects, (Funch et al, 2017). 

HIIT often uses high intensity bursts with brief passive or active recovery repeated in-between sets. HIIT is supramaximal training with specific aims at overloading an energy system. HIIT uses ATP and glycolytic energy systems primarily, with a likely increase blood lactate level. However, HIIT can be tailored to any energy system with the appropriate work to rest ratio and percentage intensity level. Four factors help interval training planning, intensity of exercise, duration of exercise, duration of recovery and repetitions of exercise recovery, (McArdle, Katch and Katch, 2006, pg 457).  Other literature states HIIT has up to 9 factors than can influence training sessions, these 9 influences are, interval intensity and duration, relief interval intensity and duration, exercise modality, number of repetitions, number of series, as well as the between-series recovery duration and intensity, (Buchheit and Laursen, 2013). 

Interval intensity and duration, HIIT training is often refereed to as been in the ‘red zone’ this due to the work rate needed to complete HIIT sessions. Intensity of 90%+ of max heart rate is needed to place high stress on the aerobic system. Relief interval intensity and duration, is important as if the recovery is to long or short the athlete will fall to far our of the red zone and wont be bale to maintain the power output needed, likewise if to short the athlete will be to fatigued and unable to reach the peak power output. Exercise modality is important when conducting HIIT training as peak heart rate and peak watts will vary depending on equipment used. Number of repetitions and number of series is based on specifics of that athletes needs or of the specifics needs of their sport, (Buchheit and Laursen, 2013). Other current literature states that’s the duration of HIIT needs to last for 30-90 seconds with a work to rest ration of 1:5< with work effort been over 100% Vo2max, (Haff and Triplett, 2016, pg 567-568).  

Literature

Current literature shows that high intensity interval training has major health benefits to sedentary and active individuals. HIIT compared to a sedentary lifestyle athletes show improvements, (5.5 ml/kg-1min-1; ±1.2 ml/kg-1, min-1) in Vo2 max, even when compared to continuous training programme over the same duration improvements in Vo2max, (1.2 ml/kg-1, min-1; ±0.9 ml/kg-1, min-1) where found, (Milanović, Sporiš and Weston, 2015). Both have a positive improvement physically and mentally, however, HIIT shows a greater increase over a short duration athletically. 

12 weeks of HIIT on elite judo athletes to improve aerobic capacity where used as an intervention compared to LSD training. Pre and Post-tests where conducted on physical and characteristics and performance-based testing. No significant difference was observed in body mass, BMI and fat mass over 12 weeks. Post testing shows Vo2max did not change in those elite athletes. However, maximal peak power output significantly increased. Heart rate (17.3%) and Vo2 recovery time (22.0%) was decreased significantly from HIIT, (Bonato et al, 2015). 

LSD compared to HIIT in elite rowers (N=19), all participants conducted 3 pre and post-tests with an 8-week intervention. Tests: 1, 2000m timed trail. 2, seven stage step tests to determine vo2max, power output and peak power. 3, seven-stroke power output, determine maximal power output and force. Athletes where split into HIIT and LSD and conducted 10 training sessions a week. Improvements in 2000m timed trial was seen 0.25%, HIIT showed significant improvements in Vo2max (effect size, 0.95) and lactate threshold (effect size, 1.15), these improvements show performance and aerobic characteristics in short term HIIT in elite athlete, (Ní Chéilleachair et al, 2017).

Short sprint triathletes (elite) conducted a 5-week intervention, half participants conducted regular training for cycling, swimming and running. Experimental group conducted swimming and cycling as usual, running was replaced with HIIT. Improvements in running and swimming times where recorded during post testing sprint triathletes, as well as improvements in athletic performances and improvements in jumping performances, (García-Pinillos et al, 2017).  No results for cycling where noted during the study, however other literature highlights the improvement in power, peak and average from HIIT, some differences would be expected in the cycling time of the triathlon. 

To conclude both continuous (LSD) and high intensity interval training has benefits and a place in elite athletes training. Duration on the training stimulus is varied with one needing a prolonged period of time at a steady state and moderate intensity and the other been short duration and maximal or supra maximal intensity. In elite athletes competing at a high level of sports/competitions HIIT training has literature to support improvements on athletes Vo2 max and aerobic capacity, improvements vary on athletes current conditioning. Major improvements on recovery time from fatigue and exhaustion where recorded in post testing on multiple sports and regardless of sex. HIIT can be used for aerobic and anaerobic based sports due to the physical and athletic improvements in peak power and average power output after multiple weeks of HIIT intervention. 
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Figure & Table List

Figure 1.
Worldwide survey top 20 fittest trends going into 2014.
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Figure 2.
Worldwide survey top 20 fittest trends going into 2015.

[image: ]







Figure 3. 
Watt Bike training zones based off HR %.

	Training Zone
	Purpose
	Physiological adaptions
	How this helps
	Average Power
	Average HR

	Zone 1
	Active Recovery
	Increase blood flow to muscles to flush out waste products and provide nutrients
	Promotes recovery and therefore training response
	< 55%
	< 68%

	Zone 2
	Endurance
	Improves fat metabolism and ability to use oxygen, produce power and increases efficiency. Increases economy
	More efficient use of energy. Able to produce more power with the same level of effort, works on technique/skill
	56-75%
	69-83%

	Zone 3
	Tempo
	Improves carbohydrate metabolism, gives fast twitch muscle slow-twitch muscle characteristics
	Improved sustainable power, good for all cycling events
	76-90%
	84-94%

	Zone 4
	Lactate Threshold
	Improves carbohydrate metabolism, develops lactate threshold, changes some fast twitch muscle to slow-twitch
	Improved sustainable race pace, useful during tapering or pre-competition periods: too much time in this zone can cause staleness
	91-105%
	95-105%

	Zone 5
	V02max
	Develops cardiovascular system and VO2max, improves anaerobic energy production and speeds turnover of waste products
	Improved time trialling ability and resistance to short-term fatigue
	106-120%
	>106%

	Zone 6
	Anaerobic Capacity
	Increases maximum muscle power, develops cardiovascular system and VO2max, increases threshold
	Sprint speed, ability to accelerate away from a group and tolerate lots of hard work, such as mountain climbing
	121-150%
	N/A


 



Figure 4. 
Polar heart rate training zones. 

Maximum heart rate
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