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The effects of High Intensity Interval Training hill sprinting (Sprint Interval Training) on distance running time.

Client Profile

The client is a 20 year old male who is a full time university student studying Sport and Exercise Science, he is employed on a full-time basis as a lifeguard with previous experience of distance running.

The Client’s ’s main sporting interests are running and skiing.  He currently caries out a weight training programme during which he completes 3 workouts a week with his running taking place between those workouts. His weekly schedule allocates Wednesday as a rest day. His current exercise routine is dependent on his work and university schedule. He has previously completed 4 half marathons with a best time of 1 hour and 49 minutes.   His training schedule is aimed at enabling him to repeat this achievement. The Client also takes part in other recreational sports including mountain biking every couple of weeks and he also takes part in football and rugby. His main focus however is to improve his running times.

The Client aims to run a weekly average of 30km varying in distance from 5km to 12km on different terrain and under different weather conditions resulting in varying elevation gains. The Client s wishes to improve his overall time in the 5km and 10 km distances aiming to get under 22 minutes and 48 minutes respectively. Prior to any testing, the client’s best 5km and 10 km times were 24.23 minutes and 51.39 minutes. The Client currently suffers from sports induced asthma, but it is well-controlled.  He always carries an inhaler, and his asthma has not affected his performances at these distances. In recent years he has twice suffered a dislocated shoulder, the most recent one a year ago. He has broken his thumb once as well as being concussed on two occasions. Watson et al (2016) suggests that in relation to recovery from a shoulder dislocation “clinical recommendations in this regard are based on individual anecdotal experience instead of clear guidelines” which would indicate that recovery is dependant whether the individual himself feels that he has fully recovered from the dislocation. 

 Before any training commenced the Client completed a few tests to establish his understand the individuals current ability. The client weighs 63.5kg; is 167cm tall with a Body Mass index (BMI) of 22.7. Such BMI is regarded as healthy according to NHS UK. 

The Client also underwent a test to measure his time running 1-mile 5km and 10km. He was asked to complete these tests running at his absolute limit. The three tests were completed 2 days apart to allow for sufficient rest to recover. The times recorded were 7.55 minutes for the 1-mile run; 24.30 minutes for 5km and 50.43 minutes for 10km. These were assessed using the app Strava (2021) alongside a Garmin (2021) GPS wrist-based watch to provide the final times, splits and effort. A Polar Electro (2021) heart rate monitor was worn to record the Client’s heart rate during these runs. 


Rationale

The purpose of this study is to identify the effects of High Intensity Interval sprint training on distance running time. Consistent endurance training helps to improve physical fitness and recovery rate (Haskell et al., 2017) with the American College of Sports medicine (2009) recommending 150 minutes of moderate activity or 75 minutes of vigorous intensity per week for adults aged 18 - 65. 

High Intensity Interval Training (HIIT) is a “type of training which involves repeated bouts of high intensity effort followed by varied recovery times.” (ACSM, 2014) HIIT has been used as a “time-efficient programme to improve physical fitness, physiological functions, and cardiovascular disease risk factors” (Petersen et al., 2016). According to Ito (2019). HIIT has been identified as an alternative and more efficient form of training when compared with moderate-intensity continuous training which is currently the most popular form of exercise. HIIT has been shown to increase VO2 max peak more than that produced by moderate intensity exercise. 

For this study the Client will be doing a Sprint Interval training regime which is a sub-category of High Intensity Interval Training and characterised by Weston et al. (2014) as brief intermittent “all out” intense exercise separated by periods of low-intensity exercise for recovery between sets. Helgerud et al (2007) suggested that VO2 max is one of the most important factors in determining success in aerobic endurance sport. Research by Milanovich suggests that both HIIT and regular endurance activities showed improvements in an individual’s VO2 and also found that the gains in VO2 max were greater following a HIIT training session than from moderate endurance activity. 

Training programmes that consist of long, continuous exercise at a moderate intensity have been shown to improve VO2 max in an individual (Eddy et al., 1977) but further research has shown that repeated short intervals of high intensity exercise can be an effective alternative to improve the VO2 max of an individual (Cocks et al., 2013). Xie et al. (2016) claims that an increase in the peak VO2 can improve “aerobic capacity and promote cardiac rehabilitation.”   Research by Conraads et al. (2016) and Loennechen et al. (2007) found there to be no difference in peak heart rate produced by either   interval training or continuous training.

Sprint Interval training as a form of HIIT has been shown to improve cardiorespiratory fitness, with Gillen et al. (2016) suggesting that following three 20 second “all out” sprints within a 10-minute training session three times a week over a six-week programme there   was an improvement in   cardiorespiratory fitness. It has also been suggested by Gibala et al (2006), that Sprint Interval Training (SIT) can produce greater improvements in aerobic power and metabolic function achieved biregular endurance training. 

Research by Sloth et al. (2013) found that the use of SIT as a form of HIIT could induce increases in VO2 max and an improved maximal aerobic performance. This would therefore be vital for individuals attempting to improve their distance running times as an increased VO2 max can contribute substantially to successful performance in an aerobic endurance event. (University of California, 2019). SIT as stated by Burgomaster et al. (2005) has contributed towards an improvement in both the anaerobic/glycolytic system as well as the aerobic/oxidative system of the individual undertaking exercising. Gibala et al. (2005) found that in Sprint Interval Training in cyclist time trials at   distances of 2 to 40km in cyclist time aerobic performance was improved by 3.5% to 10.1% This would indicate that the use of SIT for a runner should improve their overall times.


Training Programme

The training programme prescribed for the Client followed that which was proposed by Buchheit and Laursen (2020). They suggested that sprint interval training in which the individual performed at maximum intensity (“all-out”) for up to 20s with a passive recovery of up to 2 minutes maximum of recovery between each repetition, with 6-10 repetitions per set would be putting greater stress on the anaerobic system. When prescribing the training programme, the Client’s current training regime was taken into account. The general structure of the HIIT session was Sprint Interval Hill sprints with 10 repetitions of 20s of maximum effort with 40s of passive recovery, walking/slow jog back to the start point, followed by 10 repetitions of 10s of maximum effort with 20s of passive recovery. Following this structure, the training programme prescribed for the Client is as follows, with the training programme being the same over the 6 weeks:

Table 1: Showing the Training programme for the client
	Day
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday
	Saturday
	Sunday

	X6 weeks
	Weight training
	HIIT session: Hill sprints- 10x20s:40s
10x 10s:20s
	Rest day/ 5/10k run
	Weight training
	HIIT session: Hill sprints- 10x20s:40s
10x 10s:20s
	Weight training
	5/10k run



The prescribed programme as seen in Table 1 shows 2 HIIT training sessions per week to fit in with the Client’s current training regime. The HIIT sessions will be Sprint Interval sessions performed at maximum intensity. The training programme was designed to be observed over a 6-week period with progress being monitored, at 3 weeks the individual would be required to undertake a 5km run at the start of the week and a 10km run at the end of the week Overall time, average kilometre splits and average heart rate over the run would be recorded. Before the start of each HIIT session the participant will warm up by running 1km at a slow pace in the aerobic zone and that session will be followed by a 1km cool down at a slow pace. Following the completion of the programme the client will then complete two runs of 5km and 10km distances to establish whether or not there has been any improvement in overall time, heart rate, time spent in heart rate zones and split times.

Technology Used

The technology used during the sessions and testing was the Strava app, a Garmin wrist-based watch with the use of Garmin connect (to analyse runs alongside the Strava app), together w with a polar electro heart rate monitor. Strava (2021) was used to analyse the Client’s data when he was running and for analysing the data, pace, split times and heart rate as seen in figures 1,2 and 3 below. Strava was also used to analyse the heart rate zones alongside the Polar Electro (2021) chest heart rate monitor as seen in figure 4, 5 and 6. The Garmin (2021) wrist-based watch was used by the Client to track the distances covered during his run and to provide immediate and current details on their heart rate, pace and split times.
Figure 1 – showing the data of 10km and 5km runs before HIIT session 
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Figure 2 – showing the data of 10km and 5km runs 3weeks into the HIIT programme  
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Figure 3 – showing the data of 10km and 5km runs following completion of the HIIT programme  
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Figure 4 – Data showing the heart rate zones and heart rate during 10km and 5km runs before HIIT session
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Figure 5 – Data showing the heart rate zones and heart rate during 10km and 5km runs 3 weeks into HIIT training sessions
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Description automatically generated]Figure 6 – Data showing the heart rate zones and heart rate during 10km and 5km runs following the completion of the HIIT training sessions
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Critical Analysis

By looking at figures 1,2 and 3 there is a clear difference in the Client’s 5km run time and 10km run time; with a 10% decrease in overall time in the 10km from 51.34 minutes to 46.09 minutes following the completion of the 6-week Sprint Interval Training (SIT) sessions and a very similar decrease in overall 5km time of 8%; the time decreasing from 24.14 minutes pre-SIT sessions to 22.18 following the 6 weeks of training. 

It is also clear to see that there was change after only 3 weeks of the SIT sessions with a 3.5% decrease in the Client’s 5km time and a 5.5% decrease in his time for 10km. The average split per km also changed drastically following the 6-week training programme. The split time decreased from 5.09/km to 4.36/km in the 10km distance and decreasing from 4.50/km to 4.26/km for the 5km distance. 
This information supports the point made up by Sloth et al. (2013) that the use of SIT as a form of HIIT can induce increases in VO2 max and provide improved maximal aerobic performance which is clear to see in the data produced by the Client upon completion of his 6 weeks SIT training program. The development shown by the Client is quite significant and also quite very surprising considering how little he was required to do during the training programme over a relatively short period of time. The Client did however state that he struggled to maintain the motivation to complete the training programme due to the high intensity of the sessions, stating he “felt awful” after completion and felt like he needed to throw up afterwards. 

This reaction is quite common in individuals doing HIIT, as the high intensity of the session can often put them off continuing with the programme. Research by Foster et al. (2015) showed that the enjoyment of HIIT decreased over an 8-week training period in untrained adults. Little research seems to have been undertaken on the continuation of a HIIT training programme and this could well be a topic to be investigated further.

By looking at figures 1,2 and 3 it is clear to see that the average heart rate of the Client decreases over the period of the training programme. This is not significant in the 10km run, with the average heart going from 181bpm pre HIIT intervention to 172bpm 3 weeks into the training programme and then rising back up to 178bpm after the 6 weeks of training. However, the data from the 5km run showed that the average heart rate fluctuated massively. The average heart rate pre HIIT intervention being at 188bpm and after 3 weeks of training had reduced to 150bpm and then went back up to 172bpm   There is very clearly a difference between the average heart rate of the Client at the start of the sessions in both the 5km and 10km distances and at the successful completion of the training programme. These results contradict the research by Conraads et al. (2016) and Loennechen et al. (2007) where they found that there was no difference in peak heart rate in both interval training and continuous training. This could be due to technological error or it may be due to the limitations of the study due to COVID.   In the present circumstances it is very difficult to retest or produce a comparison. 

An examination of the data from figures 4,5 and 6 shows that there is also a clear difference in the heart rate zones of the Client at the start of the training sessions and at the end.  In the 5km run   the Client spent 90% in zone 4 pre intervention and 68% in heart rate zone 3 at the end of the sessions.  In the 10 km run and there was also a similar difference with the Client spending 74% in zone 4 pre intervention and 79% spent in zone 3 following the training session.

To conclude:   the use of Sprint Interval Training as a form of High Intensity Interval Training appears to have a great effect on the individual’s overall distance times showing a 10% decrease in 10km time and an 8% decrease in 5km time.   There is also a difference in average heart rate and time spent in heart rate zones following a 6 week SIT training programme.  There are however limitations to this study   Due to the current restrictions imposed as a result of COVID-19 it was only possible to analyse one individual’s data. Without such a limitation if there were more participants taking part there could be a greater variety of results. 

It was also found within this study that the Client did not enjoy HIIT and stated that he would not continue the training programme weekly due to the intensity of the sessions but would only do the sessions once every 3 weeks ass there were clear improvements in his times following the completion of the 6-week training programme. 

Finally, it is clear from the results of this research that SIT makes a massive difference to an individual’s times in runs of both 5kmand 10 km. Quite obviously these exercises would be valuable tools to use in an individual’s training programme but due to the lack of enjoyment of the sessions these training methods are unlikely to be generally accepted by individuals and consequently unlikely to be recommended widely and frequently.
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