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Steady state training vs. High intensity interval training: a literature review on the effects on Vo2 Max with male and females.

Introduction
This assignment is going to be talking about steady state training and high intensity interval training, with a review of past and current literature supporting which training method is more effective.  Steady state training and high intensity interval training both increase aerobic fitness (Hottenrott, 2012) which relate to benefits when reducing cardiovascular risk factors such as high cholesterol, heart disease and also improving mental health (Oja et al,. 2011). Studies have suggested that high intensity interval training leads to improvements in both aerobic and anaerobic fitness (Whyte, 2009) and improves endurance performance to significant extent than endurance training alone (Laursen, 2002). Recent studies have demonstrated that the cardiovascular adaptations occurring following high intensity interval training are similar, and in some cases superior, to those following endurance training (Kemi, 2009). High intensity interval training has shown to reduce fat, especially abdominal fat (Boutcher, 2011) as well as total body mass (Perry, 2008)

Steady state training and interval training have been compared and it was found high intensity interval training burns more calories and increases post-exercise fat oxidation and energy expenditure more than steady-state exercise (King, 2002) Furthermore, O’Donovan (2005) found that high intensity interval training increased Vo2 max, more than continuous training. High intensity interval training has also been found to increase fat loss significantly after training, as Trapp (2008) found that fat loss did not change in continuous training patients versus controls, and found there was no difference in fat loss between subjects carrying out steady state training and the inactive subjects. 

Established training method
Steady state training is a cardio-respiratory endurance activity, which gives someone the ability to sustain prolonged exercise.  Steady state training requires the use of oxygen to properly meet energy demands during exercise to transfer blood to the muscles that are being worked. This improves the efficiency of the body’s cardiovascular system in transporting and absorbing oxygen. The improvements achieved through multi-system adaptations, which include an improved Vo2max, submaximal endurance capacity for a prolonged period, lower heart rate at the same submaximal exercise intensity, which relates to competitive endurance performance. There is an increase in heart size comes due to the repair and growth assisted by nutrients. A decrease in resting heart rate and cardiac output improves, meaning the heart can beat more effectively, meaning blood flow towards the muscle is more efficient because the arteries are elastic (Willmore, 2015). 

History of steady state training
The historical background of steady state exercise goes back to the 1960's. This training method was first found by Dr. Kenneth H. Cooper, who is an exercise physiologist situated in the San Antonio Air Force Hospital, Texas. In his development, it was intended for those with chronic illnesses. This system was intended for those in the military. Dr. Cooper chose that the overall population would benefit from his exercise, particularly individuals suffering from chronic illnesses. He at that point assembled the greater part of the viewpoints and strategies to his methods and wrote it in his book Aerobics, which was discharged over the United States in 1968. From there, it has expanded worldwide and is deemed to be the cure for frightening diseases, and often Doctors would prescribe exercise to people with mild illnesses such as Stage 1 Hypertension and those with elevated blood sugar levels, etc. (Clark, 2017).

Advanced training method
High intensity interval training is an increasingly popular cardio respiratory training technique that involves repeated bursts of high intensity exercise, alternated with short periods of rest (Stenman et al., 2017). Generally, it can involve repeatedly exercising at a high intensity for 30 seconds to several minutes, separated by 1-5 minutes of recovery (Wisløff, Ellingsen and Kemi, 2009). Buchheit and Laursen (2013) suggests HiiT can also involve long or short repeated sprint sequences or long 20 to 30 sprint interval session all-out sprints, interspersed with recovery periods. These varying, length efforts combine to create training sessions that lasts 5 to 40 minutes including recovery intervals. High-intensity interval training has been proven to be effective than continuous, steady state exercise training for inducing fat loss in men and women, stated Trapp (2008). High-intensity interval training is a time-efficient way to induce many adaptations normally associated with endurance training such as mitochondrial enzyme cytochrome oxidase (Costill, 2015).

There are four different high intensity interval training formats, which are typically thought to be important training components for including in the periodization of training programs – these include >45 second intervals; short intervals <45 seconds; repeated sprint intervals <10 seconds with interperspred recovery; sprint interval training <30 seconds all out with recovery period.  Zuhl (2012) states high intensity interval training is an alternative to steady state training because of its effect on the cardiovascular system after a long time-frame. 

History of high intensity interval training
High intensity interval training was previously known as Lactate Dynamics Training up until the late 90’s and then became ‘New Interval Training’ from 1995 (Thompson, 2010). This became popular for athletes and their training during the early 1950’s. As the knowledge of high intensity interval training increased, researchers demonstrated that this method of exercise benefits performance for athletes and improves the health of those who exercise recreationally, but it is also be a suitable alternative to endurance training, or continuous aerobic exercise (Zuhl and Kravitz, 2012).

Guidelines for steady-state training
The ACSM (2014) guidelines for moderate aerobic physical activities are an hour a day, five times a week or vigorous-intensity, 30 minutes a day, three times a week. To prevent the increase in weight is recommended accumulation of 250 minutes per week of aerobic exercise, moderate intensity, the loss or prevention of weight regain suggest accumulation over 250 minutes of moderate aerobic exercise. The frequency of physical activity is an important contributor to health and fitness. Improvements of cardiovascular risk factors are accumulated with exercise frequencies greater than 3 days a week. The intensity for aerobic exercise intensity, for moderate (40-59% of Heart Rate Reserve) to vigorous (60-89% of Heart Rate Reserve) is the recommendation for adults (Garber et al., 2011).





Guidelines for high intensity interval training
ACSM (2017) state, a ratio of 1:1/3-minute hard work (or high intensity) bout followed by a 3-minute recovery (aerobically) bout. These 1:1 interval workouts often range about 3, 4, or 5 minutes followed by an equal time in recovery. Another training method is the spring interval training method - with this type of program the exerciser does about 30 seconds of ‘sprint or near full-out effort, which is followed by 4 to 4.5 minutes of recovery. This combination of exercise can be repeated 3 to 5 times. These higher intensity work efforts are typically shorter bursts of 30 seconds with sprint interval training. 

Literature with Steady-State training vs. High intensity interval training 
Daussin et al. (2008) conducted a study with eleven subjects with 6 men and 5 women, which were randomly assigned to either of the two 8 week training programs in a cross-over design. Subjects performed three training sessions weekly in the laboratory over an 8 week period, which amounted to 24 sessions in total. The duration of the training session was 20 minutes, increasing by 5 minutes every 2 weeks, achieving 35 minutes during the last 2 weeks of training. The study found that a Vo2 max increase was higher for un-trained men and women who participated in an 8 week, high-intensity interval training programme, improving by 15%. Whereas, un-trained participants undertaking an endurance training programme, found an improvement of 9%, which suggests that participants adapted neuromuscular adaptations with exercise from the interval training due to not being physically active beforehand. 

Helgerud et al., (2007) found that high intensity training performed by the 15/15 and 4x4 minute groups increased absolute Vo2 max (L-min) significantly compared with steady state training. Between the 15/15 and the 4x4 minute groups, no significant difference in training response was observed. Vo2 max increased from pre- to post-training in both the 15/15 (5.5%) and 4x4 minute (7.2%) but no change was apparent in the steady state training group. Recently, however, Gist et al., (2014) reported a moderate effect (0.69) of high intensity interval training, using a sprinting interval protocol at the highest end of the intensity spectrum on Vo2 max. In comparison with no-exercise control groups; yet a trivial effect (0.04) when compared with endurance training controls. However, this meta-analysis by Gist et al., (2014) as well as the recent meta-analyses performed by Weston et al. (2014) only addressed the effect of sprint interval training on Vo2 max. In doing so, these have excluded that high intensity interval training research utilises longer interval durations and shorter recovery periods. 

Tremblay et al. (1994) compared high intensity interval training and steady state aerobic exercise and found that after 24 weeks subjects in the high intensity group lost more subcutaneous fat, as measured by skin folds, compared to a steady state exercise group and Vo2 max increased by 20%, subcutaneous fat loss decreased by 15% and body mass by 12%. More recently, Trapp et al. (2008) conducted a high-intensity interval training program for 15 weeks with three weekly 20 minute sessions in young women. This consisted of an 8 second sprint followed by 12 seconds of low intensity cycling. Another group of women carried out an aerobic cycling protocol that consisted of steady state cycling at 60% Vo2 max for 40 minutes. The results showed that women in the high intensity interval training group lost significantly more subcutaneous fat (2.5 kg) than those in the steady state aerobic exercise program, however Vo2 max increased by 24% respectively. Overall, this suggests interval training was more effective, due to the possibility of post-oxygen consumption. 

O’Donovan (2005) conducted a study on the effect on Vo2 max with two training methods with 64 sedentary men. The moderate-intensity exercise group carried out three 400 kcal sessions per week at 60% of Vo2 max, and the high-intensity exercise group three 400 kcal sessions per week at 80% of Vo2 max. The results following the 24 weeks intervention found Vo2max increased by 0.38 +/- 0.14 l/min in the moderate-intensity group and by 0.55 +/- 0.27 l/min in the high-intensity group. Repeated-measures analysis of variance identified a significant interaction between monthly Vo2 max score and exercise group (F = 3.37, P < 0.05), indicating that Vo2 max responded differently to moderate and high-intensity exercise. Whyte et al,. (2010) carried out a 2 week high intensity interval training intervention and found that previously untrained males increased their anaerobic capacity by 9.5%, with three sessions per week consisting of 4 to 6 Wingate tests with 4 minutes of recovery. This could potentially be to the methodology used by the researcher or that the participants found neuromuscular adaptions. However, Macpherson et al., (2011) used treadmill training and compared the effects of 6 weeks, three sessions per week of interval training of 30 seconds all-out treadmill vs. 30–60 minutes of steady state running at 65% Vo2 max with 12 active men and 8 women. It was found that Macpherson found an increase in Vo2 max of 11.5% whereas Whyte (2010) found an increase of 9.5% as stated previously. The higher increase in Vo2 max suggests that the timing of the study improved this.  

Nybo et al. (2010) conducted a 12 week training study on 36 untrained inactive men. The high-intensity training consisted of a 5 minute warm up with light jogging followed by five intervals of 2 minute of near-maximal running with heart rate above 95% of their heart rate max at the end of the 2 minute period; total exercise time per session was 20 minutes, including a warm up. The steady state training sessions consisted of 1 hour of running at 80% of individual heart rate max approximately 65% of Vo2 max. It was found there were percentage changes in maximal oxygen consumption for the high intense interval training and steady state training during the 12 week intervention period.  

Burgomaster et al. (2008) conducted a study with twenty young healthy men, whom did not exercise for one year, with interval training and steady state training sessions (3 times a week vs. 5 times a week) for 6 weeks, with interval training being ‘all-out’ effort and steady state training being 65% of subjects Vo2peak. Following completion of this study, it found that Vo2 max was improved by 7% after the 6 week period. However, Laia et al., (2009) conducted an endurance control study with 17 trained males with a 4 week time scale, with moderate intensity. The baseline Vo2 max started at 56.10 and found that the intervention increased post-training Vo2 max increased by 0.56%, increasing post-training 56.40mLkg-1 min-1. More recently, Cocks et al., (2012) conducted an endurance control study with 16 sedentary males, with 5 sessions of 40-60 minutes for 6 weeks (65% subjects Vo2 max). Post-training measurements were a baseline of 41.70mLkg-1 min-1. However, after the training intervention, there was an improvement by 13.49% with post-training Vo2 max reaching 48.20mLkg-1 min-1. As there was not a significant increase in percentage from the study by Laia et al., (2009) it could be influenced due to the subjects already being adapted to exercise, whereas the subjects in Cocks et al., (2012) study were sedentary so they are going to see adaptations, particularly as the study was two weeks longer, which also influenced overall results.  


Conclusion
Based on evidence, it is clear high intensity interval training is better than steady state training in terms of improving Vo2 max because you need to work harder doing higher intensity training because it requires better cardiac output. It has been proven to be more effective in previous studies. This is because of the effect it has post-training with the adaptations in the long run. Although high intensity interval training is more beneficial for fat loss, in my opinion, both methods can be investigated further as there is an even opinion as they work different for different people. Also, there are a mix of methodologies, subject groups and time-frames used by researchers, which has an influence on results. Steady state training effect is greater for less fit participants, which is consistent with previous work demonstrating that aerobic training has an adaptive effect on the cardiovascular system, thereby seeing neuromuscular adaptations at a quick rate due to become accustomed to training as well as having chronic changes to the cardiovascular system. On the other hand, high intensity interval training is for those mainly who are adapted to steady state training and have a better stroke volume and cardiac output, respectively, and those who participate in sporting activities that require quick bursts of power and energy combined with anaerobic fitness. 
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