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Is Heart Rate Variability-Guided Training Better than Pre-Planned Training for Aerobic Training in Field Sports Players?


Introduction

In the UK, football, rugby and hockey are the most popular field sports. Their stop and start nature as well as the unpredictability of the occurrence of intense efforts, the speed at which they are required to be performed or the unexpected changes in direction are all reflected in the necessity of players to be able to utilise all 3 energy systems (ATP-PC, Glycolitic/Lactic acid and Aerobic) to perform at high levels (Baker, 2011). In particular, aerobic fitness and power have been established as main determinants of success for team sports players (Buchheit, 2008).  
Currently, strength and conditioning coach for field sports teams have been implementing aerobic conditioning strategies based on HIIT following findings that it was the time spent at or above MAS that determined positive adaptations in VO2max (Tabata et al., 1996). Consequently, 3 specific training methods were created, namely the Aerobic grids method, Eurofit method and Tabata method, the first one being a submaximal strategy whereas the other two are performed at supramaximal intensities. The effectiveness of those methods in developing VO2max has been assessed and recognised in various sports teams ( Buchheit, Chivot and Parouty, 2010).
In more recent years, Heart Rate Variability-guided training has been increasingly implemented by professional sports teams trainers in parallel to HIIT as a means to determine the recovery status of athletes and therefore their daily trainability (Pinna et al., 2007). However, although HRV-guided training has proved superior to pre-planned training for the improvement of aerobic power and endurance, some methodological and practical issues have to be considered and will be detailed in this paper.


Literature Review

Current methods of VO2max development
 The stop-start nature of field sports such as football, rugby and hockey requires players to be efficient at performing intense and short bouts of running at unpredictable times, while having to often change direction and facing the prospect of forthcoming collision (Baker, 2011). These intense spells of energy production rely heavily on the anaerobic (ATP-PC and Glycolitic/Lactic acid), however aerobic power and endurance are the main determinants of energy production and therefore performance in terms of recovery between intense spells, enabling players to be more alert and make favourable strategic decisions as well as being physically prepared for upcoming efforts (Buchheit, 2008, Bangsbo, 1994) is dependent on individuals’ measures of VO2max (Esco, Flatt and Nakamura, 2015).
Currently, the gold standard of VO2max improvement is largely based on research that established that the time spent at Maximal Aerobic Speed (MAS) or beyond is the main determinant of VO2max development (Berthon et al., 1997, Berthoin et al., 1992, Dupont, Akakpo and Berthoin, 2004, Tabata et al., 1996). Therefore, it was determined that High Intensity Interval Training (HIIT) was a more effective strategy than Long Low Intensity Training (LLIT) to increase VO2max (Tabata et al., 1996). In terms of intensity, efforts produced at 120% of MAS or above have been associated with increases in MAS as well as better short-term recovery, while training at 100% of MAS resulted in a better capacity to maintain near maximal efforts (Billat and Koralsztein, 1996, Wong et al., 2010, Dupont et al., 2002). From these findings, HIIT training strategies were devised and 3 of them appear to be the favoured methods of VO2max development for field sports players (Baker, 2011) and are presented here in order of increasing intensity.
The Maximal Aerobic Grids (MAG) method was based and developed from research conducted in France (Berthoin et al., 1995, Berthoin et al., 1992) and consists of performing short sprinting intervals at 100% MAS for up to 30 seconds, alternated with active recovery bouts at 70% MAS of the same duration, for a total time of 5 to 10 minutes (Baker, 2011). Training takes place in the form of a rectangular grid of which the long sides represent maximal sprints whereas the short sides are walked/jogged for active recovery. Depending on players’ individually calculated MAS, the distance they have to cover in a given amount of time (interval) is determined and forms the basis of the long side of their training rectangle. This method is deemed valid and practical in a large group setting as concentric rectangles can be marked on a field with the use of cones, representing groups of different MAS abilities, and upon MAS retesting after 3 or 4 weeks of training, improvers can be moved up the rectangles grid as they progress to allow for intensity progression.
The Eurofit Method (EM) is applied at a higher intensity (120% MAS) during both the in- and pre-season for field sports players with large improvements in VO2max (Dupont, Akakpo and Berthoin, 2004, Wong et al., 2010). Similarly to the MAG, individual MAS is derived from testing, from which 120% MAS is then calculated as well as the sprinting distance required to be travelled in 15 seconds to work at that intensity. Athletes are therefore asked to perform supramaximal intensity sprints between markers for 15 seconds, interspersed by 15 seconds of rest, for a duration of 5 to 10 minutes (Baker, 2011). Progression can happen on 2 levels: the distance between the markers can be recalculated after MAS retesting, or intensity can be increased up to 130% MAS between performance tests. 
The third and most intense HIIT training strategy is the Tabata Method (TM) (Tabata et al., 1996). It has been modified and applied by field sports strength and conditioning coaches as sprints performed at 120-140% of MAS for durations of 5 to 8 minutes that best reflect the demands of the sport (Baker, 2011). The main difference between TM and EM is that the rest period in this method is shorter, with a work to rest ratio of 2:1, equivalent to 20 seconds:10seconds. Similarly to the previous 2 training methods, the distance to be achieved is derived from MAS testing and calculated to reflect a supramaximal sprinting effort of 120-140% MAS. This decreased rest time is reflected in increased fatigue and therefore overall training intensity. As the length of maximal efforts required during a game is unpredictable, a variation of this training method is to implement a colour-coded cones system with various distances to be travelled and resulting in sprinting efforts and rest periods of 6, 8, 10 seconds … and so on. Athletes are only informed 2 seconds after they start sprinting of the cone colour they have to travel to and back, resulting in efforts that resemble real-game scenarios more closely.
[bookmark: _Hlk501715318]Although HIIT for aerobic power and endurance has been established as an effective method of training, it was also observed that VO2max improvements were highly variable amongst a group, with values that differed from baseline testing between a 5% decrease and a 40% increase in periods longer than 12 weeks (Hautala, Kiviniemi and Tulppo, 2009, Buchheit, Chivot and Parouty, 2010). For that reason, determinants of training response in order to tailor exercise programs to individuals have been the focus of some recent research, particularly regarding daily Heart Rate Variability (HRV) measures and their use as a predictor of Autonomic Nervous System (ANS) function and therefore response to training and recovery status (Hautala, et al., 2003).

HRV- guided training
Simply put, HRV is a measure of the extent of the difference in times between heartbeats, known as the R-R interval. Originally measured for health-monitoring purposes, it was traditionally derived from electrocardiogram (ECG) readings, but more recently mobile phones apps were created to be used in association with heart rate straps or finger pulse sensors and were found to be reliable to determine HRV (Flatt and Esco, 2013, Heathers, 2013). In an athletic training capacity, the most commonly calculated value is the ‘root-mean square difference of successive normal R-R intervals’ (RMSSD) (Aubert, Seps and Beckers, 2003).
Its main use in physical training is in estimating an athlete’s daily recovery status and therefore trainability (Pinna et al., 2007), whereby a decrease in HRV has been established to be a reflector of stress and insufficient recovery, whereas a gain in HRV is typically representative of beneficial adaptation and adequate recovery (Freelap USA, 2016). However, this observation appears to only be valid within a range of HRV values, which led Plews et al. (2012) and Kiviniemi et al. (2007) to propose establishing a baseline individual HRV profile by calculating the Smallest Worthwhile Change (SWC), calculated as the mean of daily RMSSD values over a 4-week period, + or – 0.5 SD. Daily HRV measurement then defines the trainability of an individual on the day, whereby a value falling outside of the SWC reflects insufficient recovery status and therefore the athlete should only train at low intensity or rest. Return to moderate or high intensity training is signalled by a return of HRV to the mean of SWC.

In practice, HRV-guided training appears to be superior to pre-planned training in improving MAS (Kiviniemi et al., 2007, Kiviniemi et al., 2010) and therefore VO2max as previously explained. However, to be noted are Kiviniemi et al.’s (2010) findings that this seemed to apply exclusively to male athletes, although they observed that females in the HRV-guided training group presented with similar levels of increases in performance compared to the pre-planned group although they had performed less HIT sessions. 
Additionally, Kiviniemi et al. (2010) established a significant relationship between elevated HRV values and VO2max improvements, whereas decreased HRV values were associated with decreased performance in VO2max. These findings are in accordance with Esco, Flatt and Nakamura’s (2015) observations: in a female group of soccer players, positive VO2max adaptations was linked to early changes in weekly RMSSD. Therefore, it appears that HRV measures and changes at an early stage of a training phase is a strong predictor of an athlete’s response to training. More precisely, it was the difference between weeks 1 and 3 of an 11-week program that was the most closely related to the change in VO2max at the end of the program. 
To be noted though is the fact that despite previous claims that resting HRV could be used as a marker of overreaching, a systematic review by Bosquet et al. (2008) came to the conclusion that this wasn’t necessarily true. As a result, HRV monitoring cannot be used to evaluate whether the training stimulus is sufficient to improve VO2max, but only to determine whether the recovery is sufficient.
Another issue in implementing HRV-guided training is to ensure HRV values are accurate. Research has consistently found that there are several factors affecting resting HRV other than training recovery status: the ingestion of alcohol and other stimulants will lower HRV (Sagawa et al., 2011), as well as mental stressors such as lack of sleep, illness and stress (Dong, 2016). For these reason, Dong (2016) suggests that a lifestyle diary be implemented in addition to daily HRV readings in order to establish any potential influences on HRV other than training.
Additionally, the actual protocol in which to implement HRV-guided training and in particular the calculation of SWC is a strong determinant of reliability of the measurements: a 1-minute recording of HRV using a heart rate monitor and associated mobile phone application was shown to be as valid as a much lengthier, laboratory-based ECG recording, which makes HRV-guided training easily accessible and less time-consuming (Esco, Flatt and Nakamura, 2015). Although breathing rate was originally thought to affect HRV, Stanley, Peake and Buchheit (2013) found that RMSSD was consistent in paced and non-paced breathing resting HRV readings, which allows individuals to breath normally in a supine position at rest, first thing in the morning. 
The calculation of RMSSD itself is an important factor as well: it appears to be more reliable than other components of HRV in training prescription (Haddad et al., 2011), but Plews et al. (2013) further developed that idea and established that a 7-day rolling average of RMSSD proved more sensitive to training changes adaptations than a single-day value.
On a separate note, although HRV monitoring is nowadays easily accessible and fairly straightforward to implement due to recent developments in mobile phone technology, it is to be mentioned that implementing HRV-guided training in a large group such as a field sport team requires great flexibility and organisational skills in managing this highly individualised training method. In fact, rather than having set days and session in place, coaches and trainers as well as the players themselves would have to be available to train on any day of the week if their daily HRV reading had identified an ideal recovery status for intense training. Not all individuals would be trainable on the same days and therefore HIIT days, lower intensity days and rest days would greatly vary on a daily basis and across the whole team.




Conclusion

Currently, the gold standard of aerobic power development for field sports players is the use of methods such as the Aerobic grids, Eurofit or Tabata on average 3 days a week and in a pre-planned manner. Although HIIT has been proved superior to long low intensity training, research shows that there is a range of non-responders and that a 12-week program designed to increase VO2max resulted in increases of up to 40% from baseline with the worst cases presenting a decrease of 5%. HRV-guided training seems to allow trainers to identify individual training responses and therefore devise more individualised training strategies based on athletes’ daily recovery status. Overall, HRV-guided training appears to be a promising training method with extensive research to support its validity and reliability in athletic aerobic conditioning, but it is important to implement it in the most relevant methodological ways. Additionally, the practicality of applying it to large groups such as sports teams has to be considered.
Furthermore, there are certain areas of research on HRV and athletic populations that still require further studies, such as the use of HRV to determine the risk of injury to an athlete, any gender specific differences or in strength training.
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