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Introduction and participant profile 

	The purpose of this evaluation was to investigate the potential physiological benefits to an endurance athlete with the focus on increasing maximal oxygen uptake (VO2max), reducing body fat and increasing time to exhaustion during a cycle ergometer incremental step test. The participant used in this study (male, 38yrs, 99.8kg, 186cm, VO2max 47 mL.min-1.kg-1 ) partakes in regular endurance training to compete in such events as Ironman triathlons, Marathons and Sportive cycle events as well as shorter sprint triathlons. The participant is an intrinsically motivated athlete who gives priority to training and aims to achieve the best he can in any given session. His current training does not follow a specific goal orientated plan therefore quite sporadic and unstructured. He has never been a coached athlete preferring to train as he saw fit and enjoys the training journey rather than a regimented training regime. His past training has been fitted around his full-time job which involves shift work and young family commitments. His goal this season is to complete the Ironman UK Course in Bolton in July followed by completing Wales Ironman triathlon in a personal best time. A secondary goal is to improve his shorter distance running to be more competitive in his running club handicap races. 
	The participant has access to an indoor treadmill, Concept 2 indoor rower and Wattbike cycle ergometer for when weather is too bad to train outdoors. Having spoken about his passion for events, a long-term plan was to be devised to prevent sporadic training and to provide more structure and focus over the racing season. During the training period, the participant had pre-booked events so to track his fatigue to ensure he was in good form for the races he downloaded an app to measure his heart rate variability (HRV4Training). This was done 4 days prior to the program starting to ensure he had the required baseline data. Before the intervention began the participant took part in an incremental cycle ergometer (Wattbike, Nottingham UK) test using a portable Cortex Metamax 3B breath by breath gas analysis system and Polar T31 heart rate monitor chest strap to determine his VO2max, heart rate (HR) at aerobic threshold (At), HR at respiratory compensation point (RCP), Time to At, Time to RCP and time to exhaustion (TTE) (Table 1), to prescribe accurate training zones. 
	Parameter
	AT
	RCP
	VO2max ml kg-1 min-1
	TTE

	Time 
	11:42
	13:50
	-
	16:00

	HR
	158
	174
	172
	-

	V’O2
	4.0
	45
	47
	-


The participant has access to an indoor treadmill, Concept 2 indoor rower and Wattbike cycle 

Table 1. Details of recorded parameters after cycle ergometer incremental test. AT = Anaerobic threshold; RCP = Respiratory compensation point; VO2max = Maximal oxygen consumption.
ergometer for when weather is too bad to train outdoors along with his bicycle and outdoor running kit. Having spoken about his passion for events and the atmosphere of the day, a long-term goal was to be devised to prevent sporadic training and to provide more structure and focus over the racing season. The participant is an A motivated athlete who gives priority to training and aims to achieve the best he can in any given session. During the training period, the participant had pre-booked events so to track his fatigue to ensure he was in good form for the races he downloaded an app to measure his heart rate variability (HRV4Training). This was done 4 days prior to the program starting to ensure he had the required baseline data. 

What is Endurance training and which method is best?
	When it comes to Endurance training there are two of schools of thought to which method of training is best, High intensity interval training (HIT) and Long slow distance (LSD) training. Both methods of training can result in some very important physiological adaptions to improve an athletes’ endurance performance, however, one method without the other may be less effective Milanović, Sporiš and Weston, (2015). This can be see when looking at a Milanović, Sporiš and Weston, (2015) systematic review and Meta-analysis which concludes that both low intensity exercise and HIT training both elicit improved VO2max. As the client wants to improve 2 different types of exercise goals, endurance and shorter distance high intensity running, therefor the method chosen for this intervention was Polorized (POL) training based on an intervention by Stöggl and Sperlich, (2014). When training for endurance such elements of training like intensity, frequency, and duration need to be facilitated throughout the duration of the plan from start to event. Seiler (2010) suggests that training should include variations in intensity covering long slow distance, lactate threshold and HIT to stimulate all energy systems. However, training only one system may result in detrimental effects, e.g. training high intensity for 6 months leading up to an endurance event may cause fatigue and over training (Taebeom Seo et al., 2014) and training only long slow low intensity may not build the strength and power required to sustain sufficient energy to finish a endurance event (Kubukeli, Noakes and Dennis, 2002). Seilers method of polarised training utilises both methods of training and intensities although they are unequally distributed. The distribution of training time (hours) was spread between 80% LSD, 15% HIT and 5% Lactate Threshold (LTH) benefiting mostly from the physiological benefits of the submaximal endurance exercise such as increases capillary and mitochondria density, thus reducing pyruvate production and lactic acid build up at the muscle. Neal et al (2013) carried out a 6-week polarised intervention vs LTH in well trained cyclist distributing training time between 80% LSD, 0% and 20% and 57% low intensity, 43% moderate intensity, 0% high intensity respectively. The HIT sessions in the POL intervention consisted of six intervals of 4-min duration with 2-min rest periods. They aimed to achieved 5-10% increase in power compared to the LTH group high a higher HR than the LTH group also. Their main finding after retesting the initial 40kmTT test, where that the POL group significantly improved (p<0.05) Lactate Threshold (LT), Lactate Turn Point, and Peak Power Output. There was also a significant increase observed at LT power. These observations were not significant in the LTH group p>0.05. In a collection of studies of runners by Muñoz et al., (2014); Stöggl and Sperlich, (2014) and Hottenrot et al, 2017) all had significant (p<0.05) positive results in reduced body fat and resting HR, increased VO2max, and improvements in their post intervention tests.

A summary of the training programme 
	The prescribed programme was based upon a 6-week training intervention study by (Stöggl and Sperlich, 2014) where by the training method included the traditional high volume (HVT) training method and the High Intensity Interval Training (HIIT) method. Prior to the training plan, the client attended the testing labs at the SHOE, University of Wales Trinity St David, to complete a VO2max test to work out his new training zones which were categorised as Zone1 <155bpm which was measured as his aerobic threshold (ATvent), Zone2 158-165bpm, this was classed as the moderate zone where only small percentages (<10%) of work was to take place and finally Zone3 166bpm. This zone was used for the High intensity sessions to work the cardiovascular system at ≥90% VO2max. Once the pre-test and zones had been completed the training program was then designed over 6 weeks which consisted of two, three week blocks of which 2 where training weeks and 1 was a recovery week. This followed the design by Stöggl and Sperlich, (2014) although they had based their plan on highly trained national level athletes so the volume was reduced on the low intensity days from 120 and 240 minutes to 90 and 120 minutes. The 3-week section of the plan can be seen in (Figure 1) where the intensities are marked with red for high and green for low with a spotted section indicating rest days. The first week of training was used to figure out what methods were best for hitting the maximal zones used in this programme so the client did a running HIIT session and Wattbike HIIT session (Table 2). The running elicited a higher average heart rate (HR) 
Table 2. Details of retest results after 5-week intervention. AT = Anaerobic threshold; RCP = Respiratory compensation point; VO2max = Maximal oxygen uptake.
compared to the Wattbike so for the first 2 weeks we used a combination to help the body adapt to frequent HIIT. 
	Parameter
	AT
	RCP
	VO2max ml/kg/min
	TTE (mins)

	Time (mins)
	6:35
	7:20
	No met
	13

	HR (1 min-1)
	130
	135
	170
	-

	V’O2 (l min
	3.3
	45
	44
	-


	As the client had a variety of equipment available to do low intensity exercise, I gave him the choice of which method he did so long as it was within his HR zones and the time allocated time. Apart from the indoor exercise active encouragement was used to ensure exercise was also done outside. As a member of a local running club, the client can adapt his training and run with a slower pace group than normal on his low intensity days. During the training program, there were some pre-planned events that where factored in so on a few occasions some days were swapped around but the volumes kept the same. For all the sessions, my client used his Garmin multisport GPS watch to record his activities so I could keep a log of his activities and data related to each session such as Distance (miles), Avg Speed (mph), Avg HR (bpm).Figure 1. A 3-week block of training, red indicates high intensity sessions, Green indicates Low intensity high volume and spots indicate rest days. This was duplicated for a second block
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      Table 3.  Over view of final Five-week training plan after making changes as required.
	
	Sessions
	Hours
	Percentage

	Total hours
	
	40
	

	number of sessions
	27
	
	

	HiiT Zone 3 >165bpm
	7
	7
	

	120  Zone 1 <155bpm
	8
	16
	

	90 Zone 1 <155bpm
	10
	15
	

	Threshold 155-165bpm
	2
	2
	

	Low volume total
	18
	31
	

	Percent LHV
	
	
	77%

	Percent HIIT
	
	
	20%

	Threshold
	
	
	3%

	Table 4. Time distribution between training Zones


 Table 4 shows the distribution of duration work in the 3 training zones throughout the training plan.
	W 1
	Run session. 10 mins Z1 with 20 second bursts in last 3 mins. 3mins @ 7min/mi, 4 mins rec x5. Finish run Zone 1
	90 min Wattbike session easy riding Z1 
	Tregaron Half Marathon. Focus on running in Z1. (finished race with even splits rather than dropping off)
	HIIT changed to 60 min Z1 recovery run after Half marathon.
Advised by HRV to reduce intensity 
	Z1 Low intensity Wattbike <155bpm

	Rest
	90 min Z1 Low intensity, Road cycle <155 bpm


	W 2
	60 min HIIT session 10x 30on 30 off x3

	Z1 Low intensity run <155bpm

	Z1 Low intensity Watt bike <155bpm

	60 min treadmill HIIT session 10x 30on 30 off x3

	90 min Z1 Low intensity 90 min Z1 Low intensity ride <155bpm
	120 min Z1 Low intensity 120 min run <155bpm
	Rest day

Swam easy session

	W 3
Recovery
	Rest day

	Z1 Low intensity run <155bpm

	50 mile Sportive
	Rest day
	Rest day
	Club Handicap 5k tt run with easy run pre and post race
	Rest day

	W 4
	Treadmill 4x4 
	Z1 Low intensity treadmill run <155bpm

	3hr Outdoor ride <155bpm
	Treadmill 4x4
	90 min Z1 Indoor rowing <155bpm
	120 min Z1 indoor cycle
	Rest day

	W 5
	Treadmill 4x4 Adapted to shorter
	90 min Z1 Low intensity ride <155bpm
	Rest day due to family commitment
	Treadmill 5x3 mins
	120min Z1 Low intensity ride <155bpm
	Rest day
	Retest day






Details of any technology used within the programme 

Having increased my clients training volume and frequency it was an important factor to monitor his fatigue levels to ensure he was coping both mentally and physiologically with the increased training load as he would likely push on regardless to get the sessions done. To monitor fatigue levels, his heart rate variability was measured daily using an app called HRV4training (HRV4Training, 2018). Using a smart phones camera and flash, it is possible to measure the time between each beat of the heart (RR) which can provide an estimation of the athletes’ physiological state and autonomic nervous system on a day by day basis (Buchheit, 2014; Plews et al., 2012). As this method was new and very little data had been collected there was no baseline data to compare to. The benefits of this method became apparent the day following a half marathon when a HIT session was planned. His morning reading suggested the training intensity be reduced that day so the plan was adjusted to a 60-min recovery run. His physiological data the following day was back to normal and training commenced as planned.
	To collect and record training data the participant used his Garmin (Garmin, Southampton, UK) multisport gps watch and the Garmin Connect platform to save and send me his training data each day after each session.

A critical evaluation of the intervention

The main finding from this intervention a) the client lost a total of 2.5kg body mass steadily throughout the training plan and b) during retesting the client failed to reach his VO2max or maximum heart rate that was reached during testing prior to the start of the intervention thus resulting in no significant improvement. As this intervention was based on work by (Stöggl and Sperlich, 2014) which used high level athletes from various disciplines (cross-country skiing, cycling, triathlon, middle or long-distance running) from national level teams. The high volume of low intensity exercise used in the study was adjusted as it seemed to have been too high for the participant to fit in around his shift work pattern which was constantly changing along with his family commitments. Due to his sporadic training methods and lack of structured recovery it took a while for him to understand the need for recovery days. An increase in training load also requires an increase in recovery time (Bishop, Jones and Woods, 2008) to help recover and continue successfully with the training plan. On reflection, had this intervention started earlier it could have followed the pre-and post testing protocol of (Stöggl and Sperlich, 2014) more closely taking blood lactate measurements to accurately determine the ventilatorary threshold (Vtth) turn point and the Respiratory compensation point (RCP) quantified by (Seiler and Kjerland, 2006). By using blood lactate along with the Douglas bag method for collecting expired air, which has been validated as the gold standard due to it constant meticulous upgrades (Shephard, 2017), during the cycle test, measures of VO2max, VO2peak, Velocity and Power at VO2 (V/PVO2max) would have given more relevant data for post intervention data to compare. Stöggl and Sperlich also carried out an incremental running test on a second session but due to the geographical location of the participant and his work pattern this was not feasible although a run test could have been used on one of his regular run routes. Although it is anecdotal evidence, the participant has since confirmed he has improved speed and time over two regular courses run at his run club (Table 5). He is impressed with his improvements and suggests that is more than luck as he ran a considerably quicker time since running the route prior to testing. 
	Run
	Finish time
	Avg pace (min/mi)
	Avg hr (bpm)

	1 Pre-intervention
	46:37
	9:09
	167

	2 During
	38:05
	7:29
	158

	3 Post
	38:04
	7:27
	148

	Table 5 Improvements over last 3 runs in same conditions


This could be down to his reduced body mass as there was inconclusive evidence that could suggest improved VO2max. The reduced body mass was contradictory to results of Neal et al (2013) who saw no change in body mass in his running cohort. This may be due to their already low body mass of 76.8 (±6.6) kg. The inconclusive results could be due to several reasons but the two most apparent to the researcher are, a) accumulated fatigue and not enough recovery before retesting and b) a slight change to the retest protocol. On arrival to post testing the participant mentioned he felt a bit sluggish and not as up for it as pre-testing which came after a club run night although he was asked to rest. In their review on Recovery, Bishop, Jones and Woods, (2008) talk about the 3 types of recovery. The first is immediate, which is described as the recovery phase of the leg swing in a runner’s gait, Short term recovery, described as the rest period between sets or intervals and the more apparent to this scenario is Training recovery being the amount of recovery between work outs and competition. Fatigue is a very broad topic and is too big to discuss in this evaluation, however, seeing as the participant did not reach his maximal parameters reached in the pre-test (VO2max values of 47 and 44 mL.min-1.kg-1) although validation from the previously mentioned research would suggest this method to have positive physiological adaptions. This may suggest that having come off the back of 6 days of training (6hrs LSD and 2 hrs HIIT) with just 1 day’s recovery he was not recovered fully to give a maximal effort. 
	The second potential cause for the participant to under achieve is a change to the testing protocol. Due to time restraints of the researcher during the post-test session a slight but potentially significant change was made to the starting resistance of the test. The pre-test followed a one-step increment starting at level 1 (L1) on the air resistance lever on the Wattbike and a cadence of 80rpm. Each minute the resistance increased until L10 when the resistance was reduced to L8 and the cadence increased to 85rpm and then 90rpm when L10 was met again followed by volitional termination due to exhaustion. Post testing started on L1 and 85rpm. This meant the participant reached Lath 6 minutes quicker with a HR 28 1/min-1 lower indicating his heart rate had not increased even after a 10-minute warm up period prior to the test commencing. 

The participant has been invited back for a retest where the Douglas bag and blood lactate methods will be used to get a better insight to the participants potential when recovered fully now the intervention has ceased. 
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