The Effectiveness of High Intensity Sprint Interval Training in 6 Weeks, Does it Improve Someones VO2 Max and Distance in Running?

Introduction
	In this paper there is a 6 week programme focusing on improving VO2 Max by doing high intensity sprint interval training. A healthy, fit male is implementing this programme, whose goals are to get fitter in these 6 weeks and be able to run more distance in one session. To show results, two tests were done (queens college step (QST) test and 12 minute cooper run (CR)) conducted before and after the 6 weeks, the QST consists of stepping up and down a 16 inch step for 3 minutes, analysing heart rate at the end of the 3 minutes for 15 seconds (Nabi, et. al, 2015). This test will allow a comparison of heart rate results (done by apple watch), to see if the participant improved their cardiorespiratory fitness (VO2 Max). Another test will be done which is called the 12 minute cooper run (Weisgerber, et. al, 2009). This will show if their distance has improved. The distance the participant ran is recorded before, and then compared to the distance the participant ran after the programme. The distance can be recorded by an apple watch. The results show that a high intensity sprint interval training for 6 weeks does improve VO2 Max (fitness) and the amount of distance the participant runs is improved as well. Client improved his fitness by being consistent with heart rate in the harder sessions and improved his distance by 1.83m.

Profile
The subject is a 22 year old male, the subject is fit and healthy as regular rugby is played at a semi-professional level. Subject’s weight at the start of the programme was 88KG, and their height is 175.26 centimetres. As training is now off because of COVID-19, the subject was looking forward to seeing if there were results at the end of this programme. Their goal out of this programme was to improve his fitness (VO2) before he goes back to training. 

Rationale
	High intensity interval training (HITT) is when someone works hard for short spurts of time e.g 30 seconds, then get a rest period, then repeat (Zwetsloot, et. al, 2014). It differs from continuous training, such as, long distance running, as energy there is rationed, whereas in HITT energy is used in shorter spurts, over the whole period of the training (Eather, et. al, 2019). The client will work up a sweat fast, by training at a very intense level and then stopping for a slower recovery, followed by another round of high intensity etc (Guadalupe-Grau, et. al, 2017). High intensity sprint interval training (HISIT) is where someone works for >20s at 100% intensity, recovery time is ≤ 2 minutes at passive intensity, 6-10 repetitions is recommended and it demands the O2 system (anaerobic system and neuromuscular system), it’s modality is sport specific (Wood, et. al, 2016). HISIT is where someone's body works anaerobically, this is where their body will demand more energy than their aerobic system can produce (Megonigal, et. al, 2004). This happens because when anaerobic training oxygen is needed for the body to be able to use fat for energy (Bassett, and Howley, 2000). Anaerobic exercise can only operate glucose for fuel, this is because glucose is obtainable in the muscles for short bursts of exercise (HISIT) (Marlin, and Nankueeervis, 2013). When someone starts exercising robustly, there is a short-term shortage of oxygen getting distributed to their working muscles (Hale, 2008). This means that when anaerobically exercising has got to be fueled using glucose through a process which is called glycolysis (Scott, 2005). Glycolysis happens in the muscle cells during high-intensity training (HISIT) without oxygen, which creates energy quickly (LeBrasseur, et. al, 2011). Glycolysis also produces lactic acid, and this is the reason why someone's muscles get so tired after the high-intensity burst of exercise (Phillips, 2015). When doing this programme, their body will be able to tolerate and get rid of lactic acid more efficiently which will mean the client won’t get tired as fast, because of the body getting used to the HISIT (Cairns, 2006). 
	This training method was picked for the subject to do, because their goals were to improve the distance the client could run in a session and to get fitter (Buchheit and Laursen, 2013). Because the client plays rugby, training would normally focus on interval training, and sprints is essential in rugby games (Dobbin, et. al, 2020). So that's why HISIT was picked for the subject to do for the 6 week programme. This programme was also decided to be done because of research, such as Dobbin, et. al (2020) who states that sprint interval training is “effective for improving heart rate recovery”, in this paper, the heart rate recovery was tested on rugby players before and after the 2 week programme (sprint-interval training programme). This shows that someone else's research, which is similar to this research, implies that HISIT makes someone fitter. Another paper suggested that “significantly improved the 3,000-m run” (Koral, et. al, 2018), also doing similar research to what this paper will be about. The paper had healthy subjects to do a 2 week programme of sprint interval training, doing sessions 3 times a week (which is why this programme is 3 times a week as well). A 3000-m time trial was done before and after the 2 week programme. Which shows that if it was done faster at the end of the programme, there could easily be more distance run, showing that HISIT does improve running distance. The main aim of this programme is to improve VO2 Max (anaerobic training). As HISIT improves anaerobic training (Foster et al. 2015) which causes a “high level of difference in terms of aerobic capacity values, and thus increased aerobic capacity” which was stated by Sözen and Akyıldız, 2018, therefore HISIT was picked for the client to do.

Rationale of Programme
	Below is the layout of the 6 week programme and their results. Sessions were on a Tuesday, Thursday and Saturday every week, because Tuesday and Thursday are normally the days the client would rugby train and Saturday would normally be their game day pre Covid-19. So by putting those sessions on those days, it would be better because it will keep them in a routine of training on those days. Below shows what each session consisted of every week:-

Week 1&2
	Days
	Sessions/Rest Days
	Distance Covered (metres)
	Average Heart Rate
	Weight

	Monday Week 1
	REST DAY
	-
	-
	88KG

	Monday Week 2
	REST DAY
	-
	-
	87.5KG

	Tuesday Week 1
	Session- 20 seconds sprint (100%), rest 2 minutes x6
	742
	195
	-

	Tuesday Week 2
	Session- 20 seconds sprint (100%), rest 2 minutes x6
	755
	191
	-

	Wednesday Week 1
	REST DAY
	-
	-
	-

	Wednesday Week 2
	REST DAY
	-
	-
	-

	Thursday Week 1
	Session- 20 seconds sprint (100%), rest 2 minutes x6
	748
	192
	-

	Thursday Week 2
	Session- 20 seconds sprint (100%), rest 2 minutes x6
	752
	193
	-

	Friday Week 1
	REST DAY
	-
	-
	-

	Friday Week 2
	REST DAY
	-
	-
	-

	Saturday Week 1
	Session- 20 seconds sprint (100%), rest 2 minutes x6
	740
	196
	-

	Saturday Week 2
	Session- 20 seconds sprint (100%), rest 2 minutes x6
	760
	190
	-

	Sunday Week 1
	REST DAY
	-
	-
	-

	Sunday Week 2
	REST DAY
	-
	-
	-



Week 3&4
	Days
	Sessions/Rest Days
	Distance Covered (metres)
	Average Heart Rate
	Weight

	Monday Week 3
	REST DAY
	-
	-
	87.5KG

	Monday Week 4
	REST DAY
	-
	-
	87.35KG

	Tuesday Week 3
	Session-20 seconds sprint (100%), rest 2 minutes x8 
	950
	190
	

	Tuesday Week 4
	Session-20 seconds sprint (100%), rest 2 minutes x8 
	1007
	193
	

	Wednesday Week 3
	REST DAY
	-
	-
	-

	Wednesday Week 4
	REST DAY
	-
	-
	-

	Thursday Week 3
	Session-20 seconds sprint (100%), rest 2 minutes x8 
	945
	194
	

	Thursday Week 4
	Session-20 seconds sprint (100%), rest 2 minutes x8 
	993
	193
	

	Friday Week 3
	REST DAY
	-
	-
	-

	Friday Week 4
	REST DAY
	-
	-
	-

	Saturday Week 3
	Session-20 seconds sprint (100%), rest 2 minutes x8 
	960
	192
	

	Saturday Week 4
	Session-20 seconds sprint (100%), rest 2 minutes x8 
	987
	193
	

	Sunday Week 3
	REST DAY
	-
	-
	-

	Sunday Week 4
	REST DAY
	-
	-
	-



Week 5&6
	Days
	Sessions/Rest Days
	Distance Covered (metres)
	Average Heart Rate
	Weight

	Monday Week 5
	REST DAY
	-
	-
	-86KG

	Monday Week 6
	REST DAY
	-
	-
	-84KG

	Tuesday Week 5
	Session-20 seconds sprint (100%), rest 2 minutes x10 
	1195
	194
	

	Tuesday Week 6
	Session-20 seconds sprint (100%), rest 2 minutes x10 
	1222
	193
	

	Wednesday Week 5
	REST DAY
	-
	-
	-

	Wednesday Week 6
	REST DAY
	-
	-
	-

	Thursday Week 5
	Session-20 seconds sprint (100%), rest 2 minutes x10 
	1181
	194
	

	Thursday Week 6
	Session-20 seconds sprint (100%), rest 2 minutes x10 
	1225
	195
	

	Friday Week 5
	REST DAY
	-
	-
	-

	Friday Week 6
	REST DAY
	-
	-
	-

	Saturday Week 5
	Session-20 seconds sprint (100%), rest 2 minutes x10 
	1189
	190
	

	Saturday Week 6
	Session-20 seconds sprint (100%), rest 2 minutes x10 
	1255
	195
	

	Sunday Week 5
	REST DAY
	-
	-
	-

	Sunday Week 6
	REST DAY
	-
	-
	-



	This table does show that he's improved by getting fitter, and being able to cover/run more distance in a short amount of time. Firstly, the client's heart rate more or less stayed the same and average heart rate throughout the 6 weeks was 192.94. Because the heart rate was consistent throughout the programme this means that he did get fitter (Benson and Connolly, 2019), the heart rate was staying more or less the same when he was doing more distance.  For the distance covered, in the first session (123.67m per 1 rep) compared to the last session (125.5m per 1 rep), this shows an improvement of 1.83m.
Gradually every 2 weeks the session got slightly longer, because after 2 weeks of the same sessions the client had got used to them, so to try and improve and achieve their goals, every 2 weeks the session got slightly harder. By increasing the reps it makes it harder, as Hill-Haas et al. 2007 states “volume and load are matched” so in this case rest period stays the same but reps are increased, “results in greater improvements in repeated-sprint ability than the same training with long rest periods”, Hill-Haas et al. 2007. This then got them to cover more distance and work for longer, improving their cardiorespiratory fitness (VO2) and covering more distance. Before every session the client was told to warm-up for 20 minutes and cool-down for 20 minutes after the session. The warm-up that was done was what is normally done in rugby training to warm-up so the client is in the routine of it when training is back, this consisted of dynamic stretching, jogging, running etc. Warm-ups need to be done to prevent any injuries from occurring, by increasing the body's core and muscle temperature (Mascarin, et. al, 2015). This leads to warm muscles which will then increase the rate of energy production which increases reflexes and shortens the time it takes to contract a muscle (Evans, et. al, 2002). The cool-down, also is what is normally done in rugby training to cool-down so the client is in the routine of it when training is back, this will consist of static stretching, jogging, walking etc. Cool-downs need to be done to mainly reduce the heart rate and gradually cool down the body temperature to normal (Van Hooren and Peake, 2018). This helps muscles come back to their optimal length-tension and will avert venous pooling of blood in the lower extremities (Watanabe, et. al, 2001).

Results of Tests

	Test
	Result Before Programme
	Result After Programme
	Improvements

	12 minute cooper run
	2.2km
	3.1km
	0.9km

	Queen’s college step test
	157bpm
	146bpm
	11bpm



This shows that there was an improvement in both tests, first was the 12 minute cooper run, before the programme the client covered 2.2km, then after the programme the client covered 3.1km, so shows that more distance was run in 12 minutes (0.9km improvement). Then the queen’s college step test which measured their heart rate, before the programme the client's heart rate was 157bpm, then after the programme it had improved because he had 149bpm, a difference of 11bpm showing that he has got fitter. 

Summary
In this programme, there was technology used which is similar/the same as the technology used in the tests. So, an apple watch was used to measure distance and heart rate, this is because the client had access to one of these. The accuracy of an apple watch to track heart rate is known to be less than 50% accurate (Falter et al. 2019), but Pasadyn et al. 2019 argued that “Apple Watch was superior among watches” at tracking heart rate. To track distance it is known that “fitness devices are not always as accurate” stated by Kirk, 2016. But in the paper by Kirk 2016, suggested that “Apple Watch was generally the most accurate”, they tested Apple Watch, Fitbit Surge, and Actigraph. Also a timer app on the clients phone was used to measure the 20 seconds and 2 minutes in each session (app called ‘interval timer’). 
Two tests had been conducted before the programme started, the first test was called the queens college step test. The test involves three minutes of stepping up and down on a 16-inch step at a set rate of about 22 steps per minute (Nabi, et. al, 2015). This test is good to test cardiorespiratory fitness (VO2 max) because their heart rate is recorded at the end of the test for 15 seconds (Chatterjee, et. al, 2005). The heart rate was measured by an apple watch that the subject had. Then when the test is conducted again after the 6 weeks, the client can see if any improvements occurred by looking at their heart rate again and comparing it (Narkhede, et. al, 2014). The test is easy to do as it can be done from home (COVID-19 friendly), all that is needed is a step (16 inches high), apple watch, etc (something to navigate heart rate) and a timer, phone, etc (3 minutes) (Bhattacharyya, et. al, 2017). The second test was called the 12 minute cooper run, this is where the subject runs for 12 minutes trying to run as much distance as possible (Weisgerber, et. al, 2009). Distance was measured by an apple watch the subject had. This test is good to measure distance because the client just simply sees how far they can run for 12 minutes (Penry, et. al, 2011). This test is easy to do as it can be done locally (COVID-19 friendly), anywhere outdoors, as long there is something that can track the distance of running. Distance from the first test before the programme and distance from the test after the programme will be compared, to show if there were improvements. 
As mentioned before the programme specifically for this client was made for a couple of reasons. One being that their goals are to improve the distance that is run in a session and to get fitter. Them being a rugby player means that sprints and interval training are what a rugby game consists of (Robineau et al. 2017), showing how this HISIT programme was relevant to this client. Other reasons were that the sessions were on specific days due to his rugby training schedule, the sessions were on the days that would normally be training, so he would still be in the same routine (due to covid-19, training is off now).

Evaluation
This programme has been very effective because it shows clear improvements that have been made, meaning that the client's goals have been met. The client can now run more distance and are now overall fitter, also on top of that there has been a loss of weight. 88kg before the programme, now are 84kg, which means that the programme resulted in them losing 4kg in weight. The client is very happy with this as he mentioned he had put on a bit of extra weight over lockdown so was happy with the loss. 
This shows that HISIT has been effective in order to improve fitness, and also from other research found out the same. For example, Willoughby et al. (2016) demonstrates that a running sprint interval training programme (4 weeks) “is equally effective at improving aerobic and anaerobic fitness in younger and middle-aged adults”. Their programme was done on their clients (28 inactive participants – 14 young 20–30-year-olds (n = 7 males) and 14 middle-aged 40–50-year-olds (n = 5 males)) by 30 seconds 100% sprint followed by a 4 minute rest 4-6 times for 4 weeks, 3 times a week. So very similar to the programme in this paper, and yet came out with the same results, that fitness improved in adults. Another example would be from Denham et al. (2015) states that “short-term sprint interval training significantly improves 5-km run performance”. This shows that if it improves 5km running, then could run for longer potentially, showing that it does improve running distance. 
HISIT highlights some strengths to doing it, for example, one, it helps your heart, this is because it makes someone work anaerobically (builds muscle strength in ways that improve cardiovascular endurance and heart health) (Nytrøen et al. 2012). Another strength would be that there is no equipment needed (maybe a timer but that is it) and also because of that it can be done anywhere (don’t need a gym to do this training) (Nagle et al. 2017). The disadvantages of HISIT are like all exercises, if someone over trains it could cause injuries, overtraining is when someone constantly does intense training but then does not give time to recover (Lehmann et al. 1999). Another disadvantage that could occur, which happens in other physical activity (such as fartlek training etc) is gastrointestinal distress, symptoms of this are bloating, nausea, cramping etc (de Oliveira and Burini, 2011).
	To conclude, this programme was efficient, it met the clients goals, it was quick and easy to do (as in equipment, gyms etc. as are not needed). It clearly shows that it improves distance runned and improves Vo2 Max (cardiovascular fitness) from the programme that was done by the client and from previous research. It is worth doing because there aren't many limitations, and there are alot of benefits to doing it. 

Words- 2606
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	     STUDENT FEEDBACK FORM



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	Generic Assessment Criteria 
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills
.
	25
	

	





	
	

	
	
	

	2. Knowledge and Understanding Skills

	25
	

	





	
	

	
	
	

	3. Cognitive and Intellectual Skills

	20
	

	





	
	

	
	
	

	4. Practical Application Skills

	20
	

	





	
	

	
	
	

	5. Transferable Skills for Life and Professional Practice

	10
	

	



	
	

	
	
	



	Assessment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	%

	
	Up to 1 week late (40% Max)
	
	

	
	Over 1 week late (0%)
	
	




