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HITT vs Continuous

 Adaptations and areas of physiological demand resulting from aerobic exercise can be divided into four individual groups, these groups work synergistically to allow a person to undertake exercise for extended periods of time. These four groups are categorised as Cardiovascular, Respiratory, Muscular and Metabolic, each of which have their own part to play as well as unique limitations (Kenny, Wilmore and Costill, 2014). Oxygen uptake is a strong indicator of aerobic fitness and is limited by multiple of these factors including the pulmonary system, maximum cardiac output, oxygen carrying capacity of the blood, and skeletal muscle limitations such as peripheral diffusion gradients, mitochondrial enzyme levels and capillary density (Bassett and Howley, 2000). This review article aims to focus on the effectiveness of continuous endurance training (continuous) and high intensity interval training (HIIT) on improving VO2max, including practical and programming implications. Continuous training is training via one given means of exercise for longer periods at a set intensity without rest intervals, it has been defined in literature as “exercise at a steady intensity for more than 20 minutes” (Zuhl and Kravitz; 2012). It has long been accepted as a means to improving aerobic fitness and endurance performance. The potential of extended periods of continuous exercise to improve oxygen uptake has been well documented by the 60’s (Ekblom, 1969; Karlsson, Astrand and Ekblom, 1967). High intensity interval training (HIIT) takes on a different approach, and involves periods of ‘high intensity’ exercise interspersed with periods of passive or active rest (Billat, 2001). Although records exist of athletes using HIIT as early as the 1920s (Billat, 2001), HIIT has experienced a recent boom across a variety of settings, with the ACSM naming it the top fitness trend of 2018 (ACSM, 2018). Part of the reason for its growing popularity is the practicality involved with shorter sessions and the wide variety of programming possibilities involving different exercises and work to rest patterns and ratios.
The ACSM (Garber et al., 2011) has suggested that adults should engage in moderate intensity cardiorespiratory exercise for thirty minutes per day five days a week, or vigorous intensity exercise for twenty minutes on three days a week to improve or maintain moderate levels of cardiorespiratory fitness. The report also suggests that achieving the thirty minutes through three ten-minute exercise sessions may be favourable in seriously deconditioned individuals, and that increasing this prescription is beneficial once a training or fitness goals have been achieved through the current prescription. When a person undertakes a cardiorespiratory exercise training routine the body undergoes multiple physiological adaptations, including; increased heart size, stroke volume, cardiac output, blood volume, blood flow, and lowered blood pressure and resting and submaximal heart rate (Kenny, Wilmore and Costill). Many of these adaptations occur through a response to increases in muscle cell energy demands (Coyle, 2000), and contribute to a positive increase in the efficiency of the oxygen transport chain, VO2max values and endurance performance (Jones and Carter, 2000). Hickson et al (1981) documented these changes and found that changes are generally present in the first 3 weeks of a new submaximal training intervention before experiencing a plateau, and that increases in VO2max values will not continue unless the training stimulus is increased. 
Literature has described HIIT as “repeated bouts of short to moderate duration exercise completed at an intensity greater than anaerobic threshold” (Laursen and Jenkins, 2002). When humans undertake a bout of near maximal exercise a mix of the aerobic and anaerobic systems work together to provide the energy requirements for movement. As exercise continues there comes a point where a crossover occurs, and the aerobic system contributes more to the bodies energy requirements than the anaerobic system (Gastin, 2001). Studies have suggested that this crossover occurs at around seventy-five seconds into near maximal exercise (Gastin, 2001) or at around 600m of near maximal running effort in well trained male runners (Duffield, Dawson and Goodman, 2005a/b). This suggests that exercise bouts of over two to minutes are primarily using aerobic energy system, and energy bouts of around seventy-five seconds and less are using primarily the anaerobic energy systems. However it should not be assumed that HIIT, which often involves work intervals of  less than seventy-five seconds only stresses the anaerobic system, creating little or no stress upon the oxidative system and VO2max. Studies have suggested that there is aerobic contribution during repeated short, intense bouts of exercise, but that the aerobic system is slower to respond to the energy requirements (Gastin, 2001). One study by Bogdanis et al (1996) found that aerobic contribution increases sub sequentially during repeated exercise bouts of 30 seconds. This could be explained through the findings of Linossier et al (1993) who suggested that aerobic metabolism plays an important role in the resynthesis of phosphocreatine and oxidation of lactic acid for recovery between bouts of high intensity exercise. These aerobic stressors resulting from repeated interval sprint training have been shown to increase aerobic energy production resulting in improvements in the bodies capacity for aerobic metabolism (Harmer et al., 2000). It is through this that we as trainers and coaches can use short bouts of exercise interspersed with periods of rest to create HIIT sessions that result in improved VO2max.
Many studies have compared HIIT with continuous training. One study compared two HIIT interventions with one continuous training intervention (Esfarjani and Laursen, 2007) and found that both HIIT  interventions improved VO2max (9.2% and 6.3%) more than continuous (+2.1%), but that HIIT with longer reps at a much lower %VO2 elicited larger improvements (+9.2%) than shorter reps at a larger %VO2 (+6.2%), suggesting a benefit from less intense sessions with longer intervals. Another study compared three similar interventions; short HIIT (15s on 15s off 30-40 times), long HIIT (4min on 2min off 4-6 times) and continuous (26 minutes), with different results. All groups trained three times a week with the same average intensity of sixty-five percent max heart rate. Findings showed that long HIIT and continuous both improved VO2max significantly more than short HIIT (Franch et al., 1998). One more study from O’Donovon et al (2005) found that HIIT programmed at 80% of VO2max improved VO2max less (+15.7%) than continuous training at 60% VO2max (+22.5%). The contradictory findings of these three studies outline some of the difficulty faced when programming HIIT or continuous exercise, showing that different lengths and intensities could have a large impact on the effectiveness of training programmes. One study sheds a little clarity, comparing two groups who both cycled for the same amount of time (1hr) at the same average workload (157W), but one group cycled continuously at 50% VO2max whilst the other cycled for 15s at 100% VO2max then rested for 15s (Essén, Hagenfeldt and Kaijser, 1977). The results showed that the intermittent group utilised more lipids whereas the continuous group used more glycogen, suggesting that intermittent exercise of the same mean intensity stressed the oxidative system more than continuous. This study also found that lactate release was seen in the intermittent group but not the continuous group, a point that may require consideration when programming for populations that could react negatively to difficult or painful workouts. Further, a meta-analysis by Milanovic, Sporis and Weston (2015) covered HIIT vs continuous for the population of ‘healthy, young to middle aged adults’ in some depth, comparing twenty-eight studies with a total of 723 participants. Across the studies, continuous endurance interventions improved Vo2max by 4.9ml.kg.min and HIIT improved by 5.5ml.kg.min when compared to no-exercise controls. Comparison between HIIT and continuous shows that HIIT elicited a small beneficial effect over continuous training. The study went on to report small additional improvements from HIIT in participants of a lower baseline fitness, in longer training interventions and when longer exercise repetitions were programmed. Looking at the research available we can see that, in lesser trained populations, HIIT can be used as an important tool for improving VO2max. It would appear that the effects of HIIT are greater when programmes are longer in duration, and work intervals are longer. Programmes should consider participants age and training history.

When considering training athletes and highly trained populations, exercise prescription in both HIIT and continuous should vary greatly, with literature suggesting that those with higher levels of cardiovascular fitness should be aiming to work at higher intensities (Midgley, McNaughton and Wilkinson, 2006) and that highly trained athletes will not benefit from levels of exercise recommended to general populations. This is seen in one meta-analysis by Londeree (1997), which shows that sedentary individuals improved significantly, whilst conditioned subjects only made non-significant gains when training at or near ventilator threshold. The analysis concluded that to elicit changes in higher trained populations exercise at higher intensities is required. This may be because endurance trained athletes regularly train at submaximal levels, and are therefore conditioned to such exercise (Kubukeli, Noakes and Dennis, 2002). There is also a body of literature suggesting that for optimal stimulus for improving VO2max from HIIT training, several minutes should be spent at an intensity above 90% of VO2max (Midgley, McNaughton and Wilkinson, 2006; Laursen and Jenkins, 2002). To achieve this it is suggested that work and rest intervals should last between 15-30s, and that work intervals should be between 90-105% of VO2max, whilst rest periods should be around 50% VO2max (Midgley, McNaughton, 2006). However, there are studies that suggest that HIIT training does not improve VO2max at all in already trained individuals. A study by Poulos et al (2018) took a three groups of previously trained football players, two completed HIIT interventions whilst a third was prescribed continuous training. HIIT group one completed 15s sprints interspersed with 15s rest at 120% VO2 max for a total of 8 minutes, whilst HIIT group two took part in small sided four minute games with two minutes rest four times per session and continuous completed 40 minutes of continuous exercise. None of the groups saw a significant increase in VO2max or any of the other parameters measured. These points show the importance of programming correctly when prescribing exercise to improve HIIT in advanced populations to ensure the greatest amount of time possible is spent at or above VO2max, and that continuous training is programmed to an appropriate intensity to elicit adaptations. Despite there being no clearly defined benefit of HIIT over continuous in advanced populations, one advantage could simply be reducing the required amount time or distance athletes must cover during training without impairing muscular performance (García-Pinillos et al., 2016), allowing for athletes to spend more time on other aspects such as skills work or strength training.
When programming continuous sessions we must consider two major variables; time or distance, and intensity. Looking at the literature continuous training must be incremental to avoid performance plateaus (Hickson et al, 1981) and must be sufficiently more difficult when programming for advanced populations (Midgley, McNaughton and Wilkinson, 2006). HIIT on the other hand has many interchangeable variables including; exercise modality (running, cycling, resistance etc.), length of work and rest intervals, work to rest ratios, intensity of work and rest intervals and number of work and rest intervals (Buchheit and Laursen, 2013). Other considerations to programming HIIT can include safety questions raised with taking sedentary individuals to potentially dangerously high heart rates, however studies into HIIT with those with chronic stroke has suggested that HIIT is safe as long as it is programmed with consideration (Carl et al., 2017).
Conclusion
 Both Continuous training and HIIT have their own apparent and individual benefits. Both continuous and HIIT elicit benefits in untrained individuals when compared to controls, with HIIT appearing to elicit greater general adaptations. However the complexity involved when programming HIIT makes it difficult to be certain that benefits will occur. Given the increased stress involved with HIIT it may be beneficial to programme continuous training to sedentary individuals until a base of fitness is established. In more advanced populations the benefits from training both HIIT and continuous are harder to discern when looking only at VO2max, however both training modalities have been suggested to improve other performance indicators regardless of VO2max (Buchheit and Laursen, 2013).
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