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Abstract

We examined the effect of completing the final interval training session during a taper at either:
i) race pace; or ii) faster than race pace, on 1,500 m running performance and neuromuscular
performance. Ten trained runners (age 21.7 £ 3.0 years, height 182.9 + 7.0 cm, body mass 73.4
+ 6.8 kg, personal best 1,500 m time 4:17.5 + 0:26.9 min) completed two conditions, consisting
of 7-d of regular training and a 7-d taper, separated by three weeks of training. In one condition,
the taper was prescribed using prediction models based on the practices of elite British middle-
distance runners, with the intensity of the final interval session being equal to 1,500 m race
pace (RP). The taper was repeated in the HI condition, except the final interval session was
completed at 115% of 1,500 m race pace. A 1,500 m treadmill time trial, measures of maximum
voluntary isometric strength (MVC) and rate of force development (RFD) were completed
before and after regular training and tapering. Performance was most likely improved after RP
(mean £ 90% confidence limits, 10.1 + 1.6 s), and possibly beneficial after HI (4.2 £ 12.0 s).
Both MVC force (p = 0.002) and RFD (p = 0.02) were improved after tapering, without
differences between conditions. A race-pace taper based on the practices of elite middle-
distance runners is recommended to improve performance in young, sub-elite runners. The
effect of this strategy with an increase in interval intensity is highly variable and should be

implemented with caution.

Key Words: taper, interval training, middle-distance, training load, athlete, running
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Introduction

During heavy phases of training, an accumulation of fatigue may mask physiological
adaptations in elite endurance athletes and supress the ability to perform (Halson and
Jeukendrup 2004). It is therefore common to undertake a period of modified training before
competition, known as tapering. Tapering has been defined as “a progressive nonlinear
reduction of the training load during a variable period of time, in an attempt to reduce the
physiological and psychological stress of daily training and optimise sports performance”
(Mujika and Padilla, 2000). Tapering can be achieved by manipulating the training load
variables of volume, frequency and intensity over a given duration (Houmard 1991). Previous
research has attempted to optimise tapering strategies, with reported performance

improvements of 0.5-6.0% (Mujika and Padilla 2003).

To deliver a successful taper, an approximate two-week reduction in training volume
of 41-60%, with maintenance of training frequency and intensity is recommended (Bosquet et
al. 2007). Whilst a reduction in volume might be necessary to overcome accumulated fatigue,
evidence supports the inclusion of high intensity training during the taper to improve endurance
running performance (Shepley et al. 1992; Houmard et al. 1994; Bosquet et al. 2007; Mujika
2010). When volume is reduced substantially (~85-90%) and all training during the taper is
completed as high intensity intervals (100-500 m), amplified physiological responses including
buffering capacity (Houmard et al. 1994), oxidative enzyme activity, red blood cell volume and
muscle glycogen content (Shepley et al. 1992), are evident. In practice however, the tapering
strategies of elite endurance athletes incorporate both high intensity interval training and lower
intensity continuous running, with volume reduction being to a lesser extent (Stellingwerff
2012; Spilsbury et al. 2015). In elite skiers and biathletes, low intensity and high intensity
training remained at a similar frequency from the pre-peaking phase to the final 14 days before

major competition, however high intensity training progressed toward a more polarised model
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during this period (Tgnnessen et al. 2014). Training data from the world’s most successful
female cross-country skier also confirmed the inclusion of low intensity training during the
taper (Solli et al. 2017). This was accompanied by a progressive increase in the proportion of
high versus moderate intensity training in the final three weeks before major competition and
the inclusion of three high intensity sessions in the final seven days (Solli et al. 2017). In
support of implementing a taper consisting of both high intensity short intervals (100-500 m
repetitions at 105% VO.max) and low intensity continuous running, 10 km performance and
VO,max were improved in trained long distance runners after four weeks, albeit at the expense
of running economy (Munoz et al. 2015). However, there is a paucity of experimental studies
recommending the best practices for high intensity training in the final days of the taper for

optimising performance (Tennessen et al. 2014).

The tapering strategies of elite British endurance runners have been explored in detail,
and algorithms were developed, which predict an individual tapering protocol from the regular
training load (Spilsbury et al. 2015). It was clear from these data that British long-distance and
marathon runners train at intensities higher than average race pace within the final days of the
taper period before competition, but this was not evident in middle-distance runners who train
at race pace. The reason for this is uncertain, although it is possible that middle distance runners
may not exceed race pace due to the volume of the training session, to familiarise themselves
with race pace in preparation for the competition or through fear of increased injury risk
(Spilsbury et al. 2015). However, an interval session completed faster than race pace late in the
taper when the athlete is more fully recovered, might allow greater capacity to respond
effectively to this type of training stimulus (Mujika et al. 2004) and further improve subsequent
performance. In support, theoretical models have shown that a moderate increase in training
load at the end of taper might further improve performance as the athlete can capitalise on

additional adaptation, after initially overcoming accumulated fatigue from previous training
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(Thomas et al. 2009). Despite evidence of this practice in long-distance and marathon runners,

it is not clear whether it would be of benefit to the performance of middle-distance runners.

The physiological mechanisms fundamental to the process of tapering have not yet been
well defined in endurance runners. In swimmers, increased muscle strength and power have
been commonly observed as a result of tapering and such increases have been associated with
improved performance (Cavanaugh and Musch 1989; Costill et al. 1985; Johns et al. 1992;
Raglin et al. 1996). In endurance-trained runners however, the findings relating to
neuromuscular performance are equivocal (Shepley et al. 1992; Houmard et al. 1994; Luden et
al. 2010). This may be due to variances in participant training status, the type of tapering
strategy undertaken and differences in the methodology implemented to measure force. Since
improved neuromuscular performance is known to have a positive impact on the key
determinants of performance in middle-distance events (Berryman et al. 2018; Blagrove et al.
2018), it is necessary to further investigate neuromuscular responses to both current and novel

tapering strategies in middle-distance runners.

The primary aims of the current study were to: 1) investigate the effectiveness of an
algorithm-derived tapering protocol on 1,500 m time trial performance; 2) establish whether
an increase in the intensity of the final interval session (to 115% of race speed) during this
tapering protocol can further enhance 1,500 m time trial performance, compared to the same
session completed at race pace; 3) investigate the extent to which measures of neuromuscular

performance may explain changes in performance in response to the two tapering strategies.
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Materials & methods

Participants

Ten sub-elite trained male middle-distance runners; (mean + SD) age 21.7 £ 3.0 years, height
182.9 + 7.0 cm, body mass 73.4 £ 6.8 kg, volunteered to take part in this study. Participants
were competitive athletes (800 m & 1,500 m), with a training history of at least two years and
had trained consistently (including low intensity continuous training and high intensity interval
training) without interruption for the previous two months. Personal best 1,500 m time was
(mean x SD) 4:17.5 = 0:26.9 min (range; 3:51.3 — 5:16.7 min). Participants provided written
informed consent to take part in the study, which was approved by the Institutional ethics

committee and carried out in accordance with the Declaration of Helsinki.

Experimental design

The study employed a counterbalanced cross over study design (figure 1). Each of the two
conditions involved a 7-d period of regular training (control) and a 7-d period of tapering and
were separated by at least three weeks of regular training. Performance assessments were
carried out on the day before the control period (day 1; baseline), the day after the control
period (day 9; post-control) and on the day after the taper period (day 17; post-taper); totalling

six performance trials. Participants were familiarised to the procedures before the study began.

{Insert Figure 1. here}

Training during the first control period was determined by the participant and recorded
objectively from their own GPS data. Participants were instructed to replicate this training in
the control period of the second condition. Training was categorised into continuous running
(excluding warm up and warm down) or interval running and quantified for frequency, volume
(km) and duration (min). For training intensity, mean speed was calculated from the volume

and duration of each continuous run or interval repetition and expressed as a percentage of
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personal best 1,500 m race speed. During the taper period in both conditions, participants
completed individualised training prescribed by predictive equations that consider control
period training load (Spilsbury et al. 2015). An example of how this data was used to calculate
tapered training load for an individual using the prediction models is shown in table 1, with the
corresponding training program in table 2. After adjusting for the change in load, the general
structure of the training program and specific interval sessions were replicated as closely as
possible during the taper period. Participants were instructed to carry out the same warm and

warm down for interval sessions as in the control period.

{Insert Table 1. here}

{Insert Table 2. here}

In the race-pace condition (RP), the final interval session of the taper was carried out at
an intensity equivalent to average 1,500 m race speed. In the high-intensity condition (HI),
training during the taper period was the same as RP, except the final interval session was
performed at 115% of the speed in RP. This intensity was selected based on the practices of
elite British (Spilsbury et al. 2015) and Kenyan (unpublished data) long distance and marathon
runners. Participants were randomized to receive either the RP condition followed by the HI
condition or the HI condition followed by the RP condition. Training was confirmed
throughout all periods using GPS data. The investigation took place during the indoor and pre-

outdoor competitive seasons (January-April).

Laboratory interval session within taper period

An interval session was completed on a motorised treadmill (Woodway, Germany) on day 14,
three days before the final performance assessment. Participants arrived fasted between 0700
and 0900, having completed only low intensity continuous running the day before. A

standardised warm up was performed, consisting of 10 min running at a speed equivalent to

7
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60% of personal best 1,500 m time, followed by two sets of 10 s at 90% and 20 s at 60% with
1-min rest between (Wiles et al. 1992). Afterwards, a series of 300 m interval repetitions with
90 s recovery was completed. The number of repetitions was individualised, depending upon
interval volume calculated from the prediction equation. Intensity was equivalent to season’s
best 1,500 m race speed in the RP condition and 115% of season’s best 1,500 m race speed in
the HI condition. Heart rate was recorded (RS200, Polar Electro, Kempele, Finland) in the last
5 s of each repetition and rating of perceived exertion (RPE) immediately after each repetition.

A cool down of 10 min running at 60% of 1500 m personal best race speed was performed.

Performance assessments

Participants arrived in a fasted state between 0700 h and 0900 h on days 1, 9 and 17 of each
condition. A rest day was prescribed the day before each performance assessment. Body mass
and height were recorded, before assessments of muscle function. After a 30-min rest period,

a 1,500 m treadmill time trial was completed.

Force measurement

Participants were strapped into an isometric strength rig, in a seated position to measure peak
isometric voluntary knee extension (MVC) force. Knee angle was fixed at 60° flexion and the
ankle brace was 1 cm above the lateral malleolus on the right tibia. Participants placed their
hands across their chest to further isolate the quadriceps contraction measurement and
minimise upper body contribution. Eight sub-maximal contractions at intensities relative to
perceived maximal force were performed to warm-up (3x 25%, 2x 50%, 2x 75% and 1x 90%),
followed by 3-4 maximum contractions of ~3-5 s duration and interspersed with 30 s rest
periods (Tillin et al. 2010). Force was recorded using a calibrated S-beam strain gauge (0—
1,500 N linear range; Force Logic, Swallowfield, UK) strapped to the distal region of the tibia.

Force data were sampled and recorded at 5,000 Hz using an external A/D converter (Micro
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1401, CED, Cambridge, UK) and a PC utilising Spike 2 software (CED, Cambridge, UK) and
the peak force was used in data analysis. Subsequently, explosive isometric voluntary knee
extensor contractions were performed to measure the rate of force development (RFD).
Approximately 10 attempts of ~1 s duration were required. Participants were instructed to
develop force as quickly as possible from rest. Rest (20 s) was taken between attempts. The
three explosive voluntary contractions displaying the highest peak RFD were selected for
further analysis, and the results averaged across these three contractions. Force was measured
at 50, 100 and 150 ms after force onset (Fso, F100 and Fiso, respectively). Onset was defined as
the last peak or trough before force exceeded the limits of the noise during the preceding 500
ms (Tillin et al. 2010). This systematic, manual identification of force onset has been shown to
be both highly accurate (Allison 2003; Tillin et al. 2013) and reliable (Buckthorpe et al. 2012;

Tillin et al. 2013).

1,500 m performance assessment

A 1,500 m treadmill time trial was completed after the standardised warm up on an ‘on-
response’ treadmill (MTC Climb 2000, Runner, Italy). A treadmill time trial was selected to
eliminate the influence of different weather conditions associated with using an outdoor
running track, and for the feasibility of completing the force measurements beforehand.
Treadmill sensors allow the detection of user position on the belt and control belt velocity in
accordance with user position relative to these sensors, allowing an autonomous speed
adjustment. After a rolling start of 30 s at 60% of personal best time, participants completed a
1,500 m time trial, at a 1% gradient (Jones and Doust 1996). Speed and time indicators were
concealed, but distance remained visible. Heart rate was recorded at 30-s intervals (RS200,
Polar Electro, Kempele, Finland). Participants did not receive verbal encouragement or
feedback. Prior to the main investigation, reliability of the 1,500 m performance assessment
was tested. Time trials were performed fasted, on two separate occasions, seven days apart,

9
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after controlling for physical activity, diet and caffeine intake 24 h beforehand. The mean co-
efficient of variation (CV) for time trial completion was 0.9%, similar to the variation reported
for 1,500 m track time trial performance (0.8%) in well-trained runners (Hodges et al. 2006).
The ‘on response’ treadmill time trial was therefore considered appropriate for use in the main

investigation.

Dietary intake and physical activity

Dietary intake and physical activity were monitored throughout both conditions to assess
consistency. Participants were instructed to eat and drink ad libitum during the control and
taper of each condition and to weigh all food and fluid consumed (Salter Arc, Kent, UK). Total
energy and carbohydrate intakes were calculated for each condition (CompEat Pro 5.8.0,

Grantham, UK).

Physical activity was monitored using ActiGraph GT3X+ accelerometers (ActiGraph,
Pensacola, FL) during the control and taper of RP and HI. Sampling frequency was 60 Hz,
analysed in 60 s epochs. A total of six monitors were used and each participant wore the same
accelerometer throughout to minimise inter-device variability. Devices were fitted at the
midline of the right anterior hip and worn daily from waking until sleep, except for water-based
activities. Days with fewer than 600 min of wear time were not included. Non-wear time was
defined as continuous runs of zeros lasting > 60 min, with no allowance for counts greater than
zero. Cut-points to classify sedentary, light and moderate to vigorous physical activity (MVPA)
were 0 - 99, 100 - 1951 and 1952 — 9498 counts per minute, respectively (Freedson et al. 1998).
Average movement intensity was calculated using total average counts per minute. Time spent

in sedentary, light and MVPA was calculated as a percentage of total wear time.

10
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Blood sampling

After the time trials and controlled laboratory interval session, single capillary blood samples
were obtained from the fingertip using an automated lancet at 0 min, 1 min and 2 min post-
completion for peak lactate estimation. An end-to-end capillary tube collected 20 pul of blood
which was transferred immediately into a polypropylene tube prefilled with 1 ml of haemolysis
solution, inverted and analysed using an automated device (Biosen C-Line, EKF Diagnostics,

Barleben, Germany).

Statistical analysis

Data were analysed using SPSS 22.0 (Statistical Package for Social Sciences Inc., Chicago,
IL). These data were tested for distribution and subsequently non-parametric tests were used
where the data were not normally distributed, specifically energy intake in the final three days
of the taper. Body mass and laboratory interval session data were compared using paired
samples t-tests. Performance measures from day 1 and 9 were compared using a paired-samples
t-test to ensure no-learning effect. No significant differences were evident (RP; 296 + 20 s vs.
300 +20s,p=0.26, HI; 295 £ 22 s vs. 298 + 16 s, p = 0.47), so the mean result from day 1
and day 9 were calculated to represent a control performance (no taper) for each participant.
Performance measures data, dietary intake and physical activity data were analysed via a two-
way repeated measures ANOVA, with Bonferroni post-hoc analysis. Accelerometer wear time
was analysed for both conditions using a one-way repeated measures ANOVA. Magnitude-
based inferences about the true (population) effect of the RP taper and HI taper on 1,500 m
running performance were calculated. The uncertainty in the effect was expressed as 90%
confidence limits and as the likelihood that the true value of the effect represents substantial
change; harm or benefit (Batterham and Hopkins 2006). The smallest meaningful change (SMC)

in 1,500 m performance was assumed to be a reduction or increase in running time of 1%.

11
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Changes in performance time were expressed as multiples of the SMC and the magnitude was
considered either small (1x), moderate (3x), large (6x) or very large (10x) (Buchheit 2016).
For other variables, effect size (ES) was calculated and was considered either trivial (0-0.19),
small (0.20-0.49), medium (0.50-0.79) or large (> 0.80) (Cohen 1992). Mean daily physical
activity and carbohydrate intake from the final three days of the taper in both conditions were
compared using paired samples t-tests. Results are presented as mean + SD or £ 90% confidence

interval (Cl), unless stated otherwise. Statistical significance was accepted at p < 0.05.
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Results

Training completed during control and taper periods in both conditions is presented in table 3.

Outcome variables of the laboratory interval session are presented in table 4.

{Insert Table 3. here}

{Insert Table 4. here}

1,500 m performance assessment

The change in performance times after tapering for the RP and HI conditions are shown in
figure 2A. When considered relative to the SMC in performance, qualitative inference suggests
that the RP tapering strategy was most likely to be beneficial to 1,500 m time (SMC =3.0s, Cl
= 8.5to 11.7 s, with chances of a beneficial/trivial/harmful effect being 100%, 0% and 0%),
whereas the HI taper was unclear (SMC = 3.0 s, Cl = -7.8 to 16.2 s, with chances of a
beneficial/trivial/harmful effect being 57%, 29% and 14%; table 5). Individual responses to RP
and HI conditions are shown in figures 2B and 2C, respectively. There was a main effect of
taper (control training vs. taper training, p = 0.001) on peak blood lactate (RP; 7.1 + 3.1
mmol-L* vs. 10.1 + 2.6 mmol-L%, ES = 1.08, HI; 7.7 £ 2.4 mmol-L* vs. 9.3 + 2.5 mmol-L*,
ES = 0.63), with no difference in peak heart rate between strategies (control vs. taper; p = 0.79,
RP; 182 + 7 b.min™ vs. 184 + 9 b.min, ES = 0.20, HI; 184 + 8 b.min vs. 183 + 7 b.min?, ES

= 0.13) or conditions (RP vs. HI; p = 0.43).

{Insert Figure 2. here}

{Insert Table 5. here}
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Force measurement

A main effect of tapering was evident for MVC force (p = 0.002) and for RFD (p = 0.02). There
was a main effect of time on RFD (Fso vs. Fioo Vs. Fiso, p = 0.001). No interaction effect on
MVC force was observed (RP; 722.3 £ 149.9 vs. 663.4 £ 153.1 N, +9%, ES = 0.39, HI; 721.7
+143.3vs. 682.3 £ 130.2 N, +6%, ES = 0.29, p = 0.40), or a condition x time interaction effect
for RFD (RP; ES = 0.54, 0.50, 0.56, HI; ES =0.22, 0.34, 0.22 for Fso, F100, F150, respectively,

p = 0.06).

Dietary intake and physical activity

Mean daily energy intake remained consistent throughout both conditions (RP; 2907 + 419 vs.
2812 £ 506 kcal, ES = 0.21, HI; 2815 £ 366 vs. 2728 + 456 kcal, ES = 0.21, p = 0.16). A main
effect of tapering was evident (p = 0.001) when mean daily carbohydrate consumption was
expressed relative to mean daily running volume (km), suggesting a daily carbohydrate excess
during tapering compared to control, but without differences between conditions (p = 0.94).
There was no change in body mass throughout both conditions (RP; 71.9 £ 7.0 kg vs. 72.0 =

6.9 kg, ES = 0.01, p = 0.70, HI; 73.1 + 6.5 kg vs. 72.9 + 6.8 kg, ES = 0.04, p = 0.25).

Daily physical activity (counts-min™) was lower during tapering compared to the
control period (main effect of tapering; p = 0.04). Time spent in MVPA was lower during
tapering compared to control (main effect of tapering; -1.6%, p = 0.03). There was no
difference in time spent sedentary or in light physical activity between strategies (control vs.

taper; p = 0.71 and p = 0.66, respectively) or conditions (RP vs. HI; p = 0.55 and p = 0.86).

In the last three days of the taper after the laboratory interval session, there were no
differences in physical activity (counts-min, ES = 0.48, p = 0.57) or sedentary time (ES =
0.10, p = 0.25), in light (ES = 0.18, p = 0.09), or in MVPA (ES = 0.25, p = 0.79) between RP

and HI. Mean daily carbohydrate intake was consistent in both conditions (ES = 0.18, p =0.34).
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Discussion

In sub-elite runners, 1,500 m performance was improved by 3.4% after a tapering protocol
where the final interval session was completed at race pace. The small 90% confidence interval
indicated that participants responded similarly to this strategy. The effect of completing the
final interval session at 115% of race pace is possibly beneficial (1.4%), although there was
large variation in individual responses, with some runners improving performance and others

experiencing a worsening in performance.

Performance improvements of between 0.5-6.0% are expected following a successful
taper (Mujika and Padilla 2003). In a meta-analysis of the available literature, Bosquet et al.
(2007) reported a mean performance improvement of 1.96% in competitive runners, swimmers
and cyclists. In runners specifically, improvements in time trial or actual race performance have
been reported in the range of 1.6-3.0% (Houmard et al. 1994; Munoz et al. 2015). The observed
improvement in performance from the RP taper (3.4%) falls within the expected range and was
most likely to have a positive effect on performance. Whilst the effect of the HI taper on
performance at the group level was unclear, performance time after HI was improved in six
out of ten individuals in excess of the SMC in performance (1%). In one individual, there was
a greater in improvement in performance after HI compared to RP and this was also the largest

improvement from baseline (5%) across both conditions.

This was not the case in all individuals and the 90% confidence limits indicate that
negative results were experienced by some athletes implementing the HI taper. The 1%, 6™ and
8" fastest participants experienced a worsening in performance time after this condition, which
also demonstrates that individual responses did not appear to be related to performance
standard (i.e., performance times in the control time trial). Although a greater capacity to

respond effectively to high intensity training during the taper has been suggested (Shepley et
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al. 1992; Houmard et al. 1994; Mujika et al. 2004), the conservative reduction in training
volume resulting from the prediction models may not have allowed sufficient recovery for most
individuals to respond positively to the increased intensity of this session. The ~30% reduction
in overall volume represents a comparatively small adjustment compared to other studies where
volume is reduced by up to ~90% and wholly dedicated to high intensity training (Shepley et
al. 1992; Houmard et al. 1994). The volume reduction and duration of the taper (7 d) was also
less than the 41-60% reduction over two weeks recommended from a meta-analysis on the
effects of tapering on performance (Bosquet et al. 2007). However, existing experimental
research on tapering typically focuses on improving a single performance and does not consider
that elite endurance athletes often need to perform in multiple competitions in the build up to
their major championship. This may explain the reason for not reducing volume substantially
immediately prior to competition, due to a lengthy peaking period and the need to maintain
fitness (Solli et al, 2017; Tgnnessen et al. 2014). Nevertheless, the algorithm-derived taper was
not designed for manipulation of training intensity above race speed, therefore a concomitant
decrease in volume over a longer taper duration might be necessary to optimise performance

using this strategy.

The volume of the final interval session itself was greater than 1,500 m race distance
(2.7 £ 0.7 km), due to tapered training being prescribed relative to regular training, which was
uncontrolled prior to the study. Whilst this was the case for both conditions, a session of this
volume completed faster than race pace may have exacerbated fatigue in some individuals,
with insufficient recovery time before the performance assessment. This may have been
attenuated by increasing the recovery time between 300 m repetitions in the final interval
session in HI, to compensate for the increase in intensity. Alternatively, the increase in intensity
of 15% above race pace may have been too aggressive for some individuals to respond

positively to, given the close proximity of performance assessment.
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In the days after the final interval session, participants did not modify their overall
physical activity or training in HI compared to RP. This suggests they did not spend more time
resting to compensate for the increased training stress. It may be that some athletes require
longer to reach peak performance after the final interval session in HI, perhaps due to the
additional training stress and in light of insufficient recovery. It was not possible however, to
explore the amplitude of the performance rebound between the RP and HI strategies, since

participants completed one performance assessment after each taper condition.

The uncontrolled prior training load may have contributed to the worsening in
performance after HI in some individuals. It has been observed previously that deliberate
overload/overreaching can result in greater performance super-compensation compared to
habitual training, providing that the training stress from overload does not exceed capacity to
recover during the taper (Le Meur et al. 2013; Aubry et al. 2014). Only one week of control
training data was collected to inform the taper prescription and this may not have been
representative of the extent to which athletes were undergoing sub-optimal, habitual or
overloaded training prior to the study. The addition of a higher intensity interval session may
have influenced capacity to recover during the taper in some individuals in HI if they were
overreaching beforehand, particularly given the volume and intensity of this session. A more
thorough method to monitor training load that incorporates internal load prior to, and during

the taper, might have added to understanding of individual responses.

The timing of the non-laboratory interval sessions may also have influenced the ability
to recover in some individuals. For example, participants who were prescribed a frequency of
three interval sessions during the taper may have been programmed to complete non-laboratory
interval sessions on consecutive days, in order to protect the controlled interval session and

allow a rest day before the final time trial.
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Differences in the performance changes from each condition (RP vs. HI) cannot be
explained by the measured physiological indices. However, there were several main effects of
tapering (control vs. taper). Peak blood lactate after the performance trial increased in both
conditions after tapering compared to control. This suggests that a greater contribution to
energy production from glycolysis occurred after tapering and supports the important role of
glycolytic metabolism in middle-distance running performance (Stellingwerff et al. 2011). A
consistently reported physiological response to tapering is an increase in muscle glycogen
concentration (Shepley et al. 1992; Neary et al. 1992), which may facilitate increased glycolytic
energy contribution and maximal performance capability (Houmard et al. 1994; Mujika et al.
2004). Although muscle glycogen was not measured in the current study, carbohydrate
consumption remained consistent despite a reduction in overall physical activity and a lower
proportion of time in MVPA during the taper. This may reflect an increase in muscle glycogen,
as shown previously following a 7-d taper (Shepley et al. 1992). In the present study, there was
no change in carbohydrate consumption in the final three days of HI compared to RP, despite
an increase in intensity of the final interval session. Since glycogen is the main energy source
for high intensity exercise (Hermansen et al. 1967; Romijn et al. 1993; Hargreaves 1997;
Stellingwerff et al. 2011) and there is evidence of muscle glycogen depletion in type Il fibres
after high intensity intermittent exercise (Gollnick et al. 1973), a more direct intervention to
optimise carbohydrate consumption after the intensified interval session in HI might have

influenced the performance outcome.

Both MVC force and RFD were improved after tapering, supporting previous research
in swimmers (Cavanaugh and Musch 1989; Costill et al. 1985; Johns et al. 1992; Raglin et al.
1996). Improvements in peak force and absolute power of the single muscle fibre have also
been observed alongside improvements in performance after tapering in endurance runners

(Luden et al. 2010). These parameters have been shown to respond to the reduced training load
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during the taper, potentially due to attenuation in function during periods of intensive training
rather than an improvement per se. Since there were no differences in the improvement of
MVC force and RFD between conditions, this further supports the notion that improvements
in running performance after tapering are influenced by a multitude physiological factors.
Although not measured in the present study, other physiological mechanisms associated with
tapering may include; improvements in maximal oxygen uptake and running economy, positive
changes in haematology, and a hormonal milieu favourable to anabolic processes (Mujika et

al. 2004).

Limitations

The participants in the present study were sub-elite and heterogeneous for performance level,
which may limit the application of findings to elite athletes. However, performance level did
not appear to explain the individual differences in response to the HI taper. Assessment of the
physiological characteristics of the participants may have facilitated our understanding and
interpretation of the individual responses, although this was not feasible in the present study.
It is likely that between-athlete variability exists in how performance is generated, particularly
in middle-distance running (Sandford et al. 2018). Two athletes with similar 1,500 m
performance times for example, might therefore elicit different responses to a fixed intensity
session at 115% of race pace, owing to potential differences in maximal speed, aerobic and

anaerobic capacities.

Whilst participants were instructed to repeat control training from the first condition in
the control period of the second condition, GPS data revealed slight discrepancies between
control training loads in RP versus HI. However, the taper in both conditions was prescribed
relative to the training completed in the corresponding control periods and therefore slight

differences were accounted for by the prediction models.
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The 1,500 m performance assessments were completed on an ‘on response’ treadmill
to eliminate environmental influences and for the feasibility of carrying out additional
measurements. However, the performance times of all participants in the current study were
considerably slower than their personal bests, likely owing to numerous factors related to the
controlled nature of the performance measure, including; lack of competition/opponent, time
feedback and verbal encouragement, and the responsiveness of the treadmill to autonomous
speed adjustment. The study also took place earlier than the athletes’ typical peaking phase for
the summer track season. Participants were not informed about the precise differences between
the two tapering strategies, but they could not be blinded to manipulation of the training load.
It is therefore unknown whether their preconceptions about the training they completed prior

to the post-taper performance assessments may have influenced the outcome.

Conclusion

A 7-d taper prescribed using prediction models based on the current practices of elite British
middle-distance runners is most likely to improve 1,500 m treadmill time trial performance
(3.4%) in young, sub-elite runners. Performance may possibly be improved (1.4%) by running
15% faster than race pace in the final interval session of this taper, but this strategy should be
attempted with caution, due to highly variable effects on performance. To increase the
likelihood of improving performance after this strategy, a greater reduction in overall training
volume may be required, or adjustments to the prescription of the final interval session in terms
of volume, intensity, or duration of recovery intervals. Further research is required to

investigate this, and in relation to track running performance.
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Tables

Table 1. An example of tapered training load calculated from control training load using

prediction models developed from the tapering strategies in elite British endurance athletes*

Training Variables

Example Data

Continuous Volume
Control (km)
Taper? (% control)
Taper (km)
Interval Volumet
Control (km)
Taper® (% control)
Taper (km)
Continuous Frequency
Control (runs-week™?)
Taper® (% control)
Taper (runs-week™)
Interval Frequency
Control (runs-week™)
Taper? (runs-week™)
Continuous Intensity
Control (% race speed)
Taper® (% race speed)
Interval Intensity
Control (% race speed)

Taper® (% race speed)

65
65
42

10
55

60
57

96
100

*prediction models with control training load variables as predictors (Spilsbury et al. 2015).

3(97.153 + (-0.106*control continuous volume) + (-2.547*control continuous frequency)*0.9), adjusted for

standard error of the estimate.

baverage reported by British middle-distance runners (55% of control interval volume).

€(130.800 + (0.211*control continuous volume) + (1.059*control interval volume) + (-10.016*control continuous

frequency)).

dControl interval frequency maintained. Laboratory interval session was included in this frequency, not additional.
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589
590
591
592

€(-13.443 + (-0.07*control continuous volume) + (0.946*control continuous frequency) + (1.141*control

continuous intensity)).
1(34.356 + (0.684*control interval intensity)).

fwarm up and warm down volume for interval sessions not included.
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593  Table 2. An example of the individualised training completed during the control and taper
594  period

Day Morning Evening

1 1,500 m treadmill time trial —

Control

2 20 km @ 60% 1,500 m speed —

3 4 x 1,000 m (120 s) @ 90% 1,500 m speed —

4 10 km @ 60% 1,500 m speed 5 km @ 60% 1,500 m speed

5 10 km @ 60% 1,500 m speed 5x 600 m (90 s) @ 95% 1,500 m speed

6 10 km @ 60% 1,500 m speed 5 km @ 60% 1,500 m speed

7 5 x 400 m (60s), 5 x 200 m (45 s) @ 100%, —

110% 1,500m speed
8 Rest day —
9 1,500 m treadmill time trial —
Taper

10 15 km @ 57% 1,500 m speed —

11 4x500m (120 s) @ 100% 1,500 m speed —

12 9km @ 57% 1,500 m speed 3x600m, 1 x400m (90 s) @ 100% 1,500 m

speed
13 9 km @ 57% 1,500 m speed —
14 6x300m (90 s) @ 100% (RP) or 115% (HI) —
1,500 m speed

15 9km @ 57% 1,500 m speed —

16 Rest day —

17 1,500 m treadmill time trial —
595 Recovery interval duration shown in brackets; RP, race-pace condition; HI, high-intensity condition.
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596  Table 3. Training completed in the race-pace and high-intensity conditions and percentage

597  change from control to taper periods

RP HI
Training Variables Control  Taper %A  Control  Taper %A

Training volume
Continuous running (km) 45+13 33%x9 -27% 4115 30%x9 -27%
Interval running (km) 104 62 -45% 94 512 -45%
Total running (km) 55+14 38+9 -30% 50+15 35+9 -30%
Training frequency
Continuous running (runs-week®)  4+1 4+0 -15% 4=zx1 4+1 -14%
Interval running (runs-week™?) 20 20 0% 2+1 2+1 0%
Total running (runs-week™?) 71 60 -10% 7+2 61 -10%
Training intensity
Continuous running (% race speed) 61+8 57+9 -7% 62+8 58+9 -6%
Interval running (% race speed) 89+8 95+5 +7% 94+8 99+6 +5%

Laboratory interval session (% race speed) - 100+ 0 - - 115+0 -
598 Data are mean + SD; n = 10; RP, race-pace condition; HI, high-intensity condition; %A, mean percentage change

599  from control to taper periods.
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600 Table 4. Average speed, volume and psychophysiological responses during the controlled

601 laboratory interval session in the race-pace and high intensity conditions

RP HI p value
Speed (m-s™) 58+05 6.6+0.6 0.002
Volume (km) 2.7+0.7 2.7+0.7 N/A
Heart rate (b-min™) 169.0+£9.0 178.0+7.0 0.001
RPE 140+1.0 17.0+1.0 0.001
Peak lactate (mmol-L1) 38+16 99+34 0.001

602 Data are mean + SD; significance determined by paired samples t-test (n = 10); RP, race-pace condition; HI, high-

603 intensity condition.
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605
606
607
608

Table 5. Differences in pre- and post-taper 1,500 m time trial performance

Pre-taper Time Post-taper Mean Improvement (s) and Factor of the Smallest
(s) Time (s) 90% CL Important Effect?
RP 298.8+19.3 288.7 £ 185 10.1;£1.6 3.4xxxx
HI 296.3 + 18.4 292.1+19.1 4.2;£12.0 1.4*

Data are mean + SD unless stated otherwise; n = 10; 2, with reference to a smallest worthwhile change of 1%; The
numbers of asterisks (*) indicate the likelihood for differences to be substantial, with 1 symbol referring to
possible difference, 2 to likely, 3 to very likely, and 4 to most likely; RP, race-pace condition; HI, high-intensity

condition; CL, confidence limits.
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Figures
Condition 1 %
! ! !
Regular training (control) Tapered training
1 2 3 4 5 6 7 8 9 17
Day
Conditions separated by 3 weeks of regular training
Condition 2 %
! ! !
chu]ﬂr 1rai"ing (C(n"r()])
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Day

Figure 1. Study design illustrated by two experimental conditions, separated by at least three

weeks of regular training. Arrows represent performance assessments; asterisk indicates

laboratory interval session.
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Figure 2. Change in performance time (%) after tapering compared to control in RP and HI (A).
Circles represent individual responses, median response shown as horizontal line within the
box. Positive values represent an improvement in performance, negative values represent a
worsening in performance. No change in performance (dotted line), smallest meaningful
change in 1,500 m treadmill time trial performance measure (1%, dashed line). Individual
1,500 m time trial performance responses (dashed lines) and group mean + SD (solid line) in

RP (B) and HI (C).
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