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Abstract:

The aims of this study were to: 1) compare the effects of speed-based versus heart-rate-based high-intensity
interval training (HIIT) on changes in high-intensity intermittent running performance, and 2) examine the
between-group differences in heart rate (HR) and rating of perceived exertion (RPE) responses during the
training sessions. Sixteen female students were divided into the HR-based (n=8, M+SD, age 17.3+0.2 years,
body mass, 59.24+5.7 kg, and body height, 167.8+2.2 cm) and speed-based (n=8, age 17.2+0.3 years, body
mass, 57.7£6.4 kg, and body height, 171.0+5.1 cm) groups before commencing the HIIT intervention. After
completing five weeks of HIIT, both the HR-based and speed-based groups showed most likely moderate
enhancement in high-intensity intermittent running performance (+9%, 90% confidence limits [CL] [6.4;
11.7]; standardized change [ES] +1.04 [0.75; 1.33]) and (+9.2%, [6.0; 12.5]; +1.09 [0.73; 1.46]), respectively.
However, the difference between the experimental groups with regard to changes in high-intensity running
performance was trivial. Between-group differences of weekly average HR and RPE responses showed
trivial to moderate (ES range; -0.95; 0.15) and moderate to very large (ES: -0.63; -2.88) values, respectively.
Although it seems that both the speed-based and HR-based HIIT approaches have some limitations when
implementing for HIIT individualization, using the speed reached at the end of the 30-15 Intermittent Fitness
test (V1) seems to elicit the same performance enhancement, but with lower psychophysiological responses
during short-term interventions.
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Introduction

High-intensity interval training (HIIT) encom-
passes high-intensity bursts of intense exercises
ranging from short to long work durations inter-
spersed with recovery periods (Billat, 2001; Laursen
& Jenkins, 2002). Due to the short time course of
athletes’ preparation and limited time available for
conditioning in each training session, both sports
scientists and practitioners try to implement more
efficient methods to improve athletic performance
(Buchheit & Laursen, 2013a, 2013b). Subsequently,
HIIT has been receiving a growing interest as a
time-efficient training method for improving high-
intensity intermittent running performance (Buch-
heit & Laursen, 2013a; Buchheit & Rabbani, 2014;
Buchheit, Rabbani, & Beigi, 2014; Rabbani &
Buchheit, 2015).

Although designing appropriate HIIT programs
requires consideration of multiple variables (e.g.,
work and relief duration, intensity and ratio, series

duration, etc.), work intensity plays a major role
when monitoring adaptations of cardiopulmonary
and metabolic functions (Buchheit & Laursen,
2013a). There are two common ways for individ-
ualizing the intensity of HIIT: the HR-based and
speed-based approaches, which use percentages of
maximal heart rate (HR,,,,) (Buchheit & Rabbani,
2014; Impellizzeri, et al., 2006) and the maximal
test’s final speed (Buchheit & Laursen, 2013a;
Rabbani & Buchbheit, 2015), respectively, as refer-
ences.

Heart-rate feedback, as a well-known index
of physiological response during exercise, is still
broadly used by practitioners to adjust training
intensity (Achten & Jeukendrup, 2003; Buchheit,
2014). However, there seems to be some inherent
limitations when using HR,, to individualize
HIIT. One such limitation is the difficulty practi-
tioners have in controlling running intensity during
training. Another limitation is the possible disso-
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ciation between HR and actual metabolic demands,
particularly during short time intervals (Buchheit
& Laursen, 2013a).

Furthermore, the velocity associated with
the maximal oxygen uptake (VO2,,,), known as
maximal aerobic speed (MAS), is mainly targeted
in HR-based HIIT using percentages of HR,,, to
individualize interventions (Buchheit & Laursen,
2013a). However, athletes with similar MASs may
have different anaerobic, inter-effort recovery, or
change of direction (COD) profiles, leading to fewer
standard individualizations at supramaximal inten-
sities (i.e., intensities > MAS threshold) (Buchheit,
2012).

When individualizing interval training using a
running speed, the maximum speed reached in the
30-15 Intermittent Fitness Test (30-15;z7, Vipr) is @
well-respected reference value, particularly in short
and supramaximal bouts of exercises involving
changes in direction (Buchheit, 2008). V .y is 2-5
kmh! faster than MAS (15-25%), and the anaerobic
contribution to the 30-15,.;is greater than during
a continuous straight-line running test aiming to
measure VO2,_, (Buchheit & Laursen, 2013a).
Due to the nature of 30-15,.;, which demands that
athletes run faster than MAS in the final stages,
V ¢r not only represents aerobic power, but is also
associated with anaerobic speed reserve, inter-effort
recovery capacity, acceleration, deceleration, and
COD abilities (Buchheit, 2008, 2012). Therefore,
Vercan be used as a valid reference to individu-
alize speed-based HIIT, especially for supramax-
imal formats (Buchheit, 2008, 2012; Rabbani &
Buchheit, 2015).

Whereas different aspects of HIIT, in terms of
cardiopulmonary and metabolic functions as well as
performance improvement, have been extensively
studied (Buchheit & Laursen, 2013a, 2013b), only
one study has investigated the performance effects
of speed-based versus HR-based HIIT approaches
in young male athletes (Rabbani & Buchheit, 2015).
However, there were some limitations in this study
including different time frames for training of the
experimental groups (i.e., different pre-season prep-
aration periods) and a lack of recording acute HR
responses throughout the entire intervention for the
speed-based group.

Investigating the performance outcomes of
different HIIT individualization methods provides
important information for practitioners aiming to
improve athletes’ high-intensity intermittent fitness
with a better approach. Therefore, it has not yet
been determined whether different performance
gains exist between methods in a strictly controlled
experiment (i.e., an experiment in which acute HR
and rating of perceived exertion [RPE] responses
are monitored during training sessions). Comparing
the differences in HR and RPE responses between
groups during interventions would also provide
important practical information and help coaches

to highly standardize their periodization of speed-
based methods. However, differences between
HR and RPE responses during speed-based and
HR-based approaches to HIIT sessions have not
been investigated yet. Accordingly, the aims of this
study were to: 1) compare the effects of speed-based
versus HR-based high-intensity interval training
(HIIT) on changes of high-intensity intermittent
running performance, and 2) examine the between-
group differences in HR and RPE responses during
a training intervention in young female athletes.

Methods

Participants

Before commencing the training interventions,
subjects were deliberately allocated into two homog-
enous groups of HR-based HIIT (n=8, M*SD,
Ve 13.7£1.0 km-h™!, age 17.3+0.2 years, body mass
59.2+5.7 kg, and body height 167.8£2.2 cm) and
speed-based (n=8, Vp; 13.6+0.9 km-h!, age 17.2+.3
years, body mass 57.7+6.4 kg, and body height,
171.04£5.1 cm) according to the baseline V z; and
their anthropometric characteristics. Before the
study, all subjects had a background of two months
of regular physical activity (three sessions per week)
in their school. During the intervention, however,
the participants were instructed to refrain from
taking part in any extra training outside of school
to diminish any possible interfering influence on
the experimental training-induced outcome. All
participants became familiarized with the testing
and training protocols before the experimental
phase. The familiarization period (three sessions)
was designed to conduct a pilot study to ensure
both groups would receive the same physiological
load in terms of HR response during the training
sessions. In fact, the experiment was aimed to be
conducted on an indoor track in 20-metre shuttle
runs. However, there was not any exact information
available in the literature regarding the percentage
of V. eliciting the 85-90% of HR,,, in 20-metre
shuttle runs. Therefore, in the pilot study, several
trials were conducted to monitor the HR responses
of speed-based group running with different
percentages of V.r; the 90% of V., was observed
to elicit the 85-90% of HR,,,, for the 15”-15” HIIT
formats.

Female athletes and their parents were informed
of the experimental risks and signed an informed
consent document before commencing the investi-
gation. A local research ethics committee approved
the protocol and the study conformed to the Decla-
ration of Helsinki.

max

Data collection
Testing

All participants performed 30-15,.; (Buchheit,
2008) before and after the training intervention.
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Pre- and post-tests were separated from the HIIT
sessions by periods of 72 hours. 30-15,zr was used
as a field-based incremental high-intensity running
performance test to examine the maximal perfor-
mance, providing a reference value (i.e., Vi) to
individualize speed-based HIIT (Buchheit, 2012).
Both pre- and post-tests were performed on the
indoor track at the same time of the day (starting at
10:00 a.m.) with similar temperature and humidity
ranges of 26-28°C and 10-15%, respectively.

Training

The experimental period lasted five weeks
(14 training sessions in total) (Table 1). Training
sessions were conducted in the morning between
10:00 a.m. and 12:00 a.m. Before commencing the
study, all participants were familiarized with the
methods that would be used for controlling and
adjusting running speeds according to a signal (HR
on the smartphone application for the HR-based
group and beeps for the V -based group). During
the five weeks of the experiment, eleven HIIT
sessions were completed. In the remaining three
sessions, only a warm-up workout was performed
by all athletes; this was due to the average wors-
ened self-reported wellness measures collected
before training sessions (Table 1). Training sessions
were preceded by a standardized warm-up which
included two sets of four-minute running intervals
— the first at 75% of HR,,, and the second at 85%
of HR,,,, interspersed with two minutes of recovery
time. During training sessions, all R-R intervals,
which were sent from Bluetooth HR sensors (Polar
H7, Finland) (Giles, Draper, & Neil, 2016) to a
smartphone heart rate application (Elite HRV™),

Table 1. Five weeks of HIIT protocol

were recorded and then analyzed by Kubios HRV
software in order to calculate accurate average HR
responses for each individual (Tarvainen, Niskanen,
Lipponen, Ranta-Aho, & Karjalainen, 2014).

HR-based HIT

The intensity in the HR-based group was indi-
vidualized according to the athletes’ HR , derived
from the pre-test (i.e., 30-15,;;); the intensity was
similar to the predicted value, which followed the
formula of Tanaka, Monahan, and Seals (2001).
All participants were instructed to check their
smartphone HR monitors on a regular basis while
they were running to ensure that they were exer-
cising within the prescribed zone. Athletes were
running back and forth on an indoor track, at a self-
controlled pace adjusted to HR responses, between
two cones which were 20 meters apart from one
another. Subjects in the HR-based group checked
their HR on their smartphones after finishing each
15” trial to adjust, if needed, for the upcoming
running velocity. Two investigators were also
responsible for randomly checking athletes’” smart-
phone monitors to ensure the athletes were running
within the planned HR zones.

V":T-based HIT

The number of training sessions for the V-
based group was similar to the number of training
sessions for the HR-based group, and all athletes
trained during the same time of the day on the
same indoor track. Also, time series, their dura-
tion and the work/rest ratio were similar in both
experimental groups (Tablel). The only difference
between the HR-based and the V,;-based training

Work/rest duration

Week number Session HIIT sets/reps (seconds) HR-based % of HR ., Speed-based % of V;
1 3/6 15/15 85-90% 90%
One 2 3/6 15/15 85-90% 90%
3 3/6 15/15 85-90% 90%
Two 4 2/6 - 1/8 15/15 85-90% 90%
5 1/6 —2/8 15/15 85-90% 90%
6 3/6 —1/2 15/15 90-95% 92.5%
Three 7 0 (15 min jogging)
8 3/6 —1/4 15/15 90-95% 92.5%
9 3/6 15/15 90-95% 95%
Four 10 0 (15 min jogging)
1 3/6 15/15 90-95% 95%
12 3/6 15/15 90-95% 95%
Five 13 3/6 15/15 90-95% 95%
14 0 (15 min jogging)

Note. In all HIIT sessions, work periods were interspersed with three minutes of passive recovery; HIIT: high-intensity interval training.
HR,..: maximal heart rate, V-r: maximal speed reached during the last stage of 30-15 Intermittent Fitness Test.
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protocols was the way of prescribing and control-
ling the intensity. Running pace, according to
90 to 95% of V1, was individualized for every
athlete. All the V -based athletes were guided
to set their running pace according to an audio
signal. For the athletes in the V ;-based group,
the distances between the front and back cones
were adjusted to the individualized running pace
detailed previously (Rabbani & Buchheit, 2015).

Statistical analyses

Data in the text and figures are presented as
means with standard deviations (SD), or 90%
confidence limits (CL) in the case of standardized
change/differences when needed. All data were
first log-transformed to reduce bias arising from
non-uniformity error. Within-group changes and
between-groups differences of V., changes
were analyzed. The between-group differences
in weekly HR and RPE responses during HIIT
sessions were also calculated. All results were
expressed as percentage changes and as stand-
ardized differences or effect sizes (ES) with
90% CL (Hopkins, Marshall, Batterham, &
Hanin, 2009). The Hopkins scale was used for
standardized differences interpretation: <0.2:
trivial; 0.2-0.6: small; 0.6-1.2: moderate; >1.2:
large. A magnitude-based inference approach was
used to analyze the chance that the true changes
were clear or trivial (Batterham & Hopkins, 2006).
The comparison of the changes was adjusted for the
baseline V. values. Probabilities were also calcu-
lated to establish whether the true changes/differ-
ences were lower than, similar to, or higher than
the smallest worthwhile changes/differences (SWC,
0.2 x between-subjects SD) (Hopkins, et al., 2009).

Results

Vier Was changed from 13.75 (1.04) to 15.00
(1.22) and from 13.63 (0.99) to 14.88 (1.03) in
HR-based and speed-based HIIT groups, respec-
tively. Within-group analyses in both the HR-based
and speed-based HIIT groups showed most likely
moderate improvement in high-intensity intermit-
tent running performance (+9%, 90% CL [6.4; 11.7];
standardized change: +1.04 [0.75; 1.33]) and (+9.2%,
[6.0; 12.5]; +1.09 [0.73; 1.46]), respectively (Figure
1/A). However, there was an unclear trivial differ-
ence between the experimental groups in changes of
high-intensity running performance (+0.1%, [-3.4;
3.8]; .0 [-0.43; -0.47]) (Figure 1/B).

The between-group differences of weekly
average HR and RPE responses were trivial to
moderate (ES range; -0.95 to 0.16) and moderate
to very large (ES; -0.63 to -2.88) values, respec-
tively (Figure 2 and Table 2).
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Note. The shaded area represents trivial change/differences; V-1
maximal speed reached in the final stage of 30-15 Intermittent
Fitness Test, HR: heart rate, ES: effect size.

Figure 1. Within-group changes (A) and between-group differences
of changes (B) (90% confidence intervals) in the performance of
30-15 Intermittent Fitness Test (30-15,;).
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Figure 2. Weekly average acute HR and RPE responses in
speed- and HR-based HIIT.
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Table 2. Weekly differences between the groups in HR and RPE responses

Week . % difference Sta.ndardized . % -
number Variable (90% CI) difference Interpretation greater/similar/ Values
(90% ClI) lower

One HR 0.5 (-2; 3.1) 0.15 (-0.56; 0.85) Trivial 45/35/20 Unclear
RPE -7.2 (-14.9; 1.2) -0.63 (-1.35; 0.10) Moderate 3/13/84 Likely

Two HR 0.5(-1.9; 3.0) 0.16 (-0.60; 0.92) Trivial 47/33/21 Unclear
RPE -9.7 (-18.9; 0.6) -0.67 (-1.37; 0.04) Moderate 1/11/87 Likely

Three HR -2.8 (-5.1;-0.5) -0.95 (-1.7; -0.16) Moderate 1/5/94 Likely
RPE -19.3 (-27.2; -10.5) -1.40 (-2.08; -0.73) Large 0/0/100 Most likely

Four HR -1.1 (-3.6; 1.6) -0.34 (-1.10; -0.49) Small 14/25/61 Unclear
RPE -17.8 (-24.4; -10.7) -1.75 (-2.49; -1.01) Large 0/0/100 Most likely

Five HR -1.6 (-4.4;1.2) -0.44 (-1.20; -0.33) Small 8/21/70 Unclear
RPE -16.3 (-22.8; -9.3) -2.88 (-4.18; -1.58) Very large 0/0/100 Most likely

Note. Values are mean * CI; Cl: confidence interval, %: percentage, HR: heart rate, RPE: rating of perceived exertion.

Discussion and conclusions

The aims of this study were to: 1) compare
the effects of speed- vs. HR-based high-inten-
sity interval training (HIIT) on changes of high-
intensity intermittent running performance, and
2) examine the between-group differences in HR
and RPE responses during the training interven-
tion. The main findings of the present study were
that: 1) almost the same level of improvement
(most likely moderate) was seen in V., following
the HIIT intervention using either the speed-based
or HR-based approach, and 2) trivial to very large
differences were observed between both HIIT inter-
ventions in weekly HR and RPE responses. The
trivial difference observed between the groups
in changes of V.. showed that the speed-based
approach can be implemented as a practical way
of conducting supramaximal training within a short
time span. Trivial to very large differences were
observed between both methods, suggesting that
overloading a V p-based approach needs careful
consideration.

In the analyses of the within-group changes, the
results showed 9.0 and 9.2% performance enhance-
ments in the HR-based and Vg-based groups,
respectively. In the present study, both groups
experienced a moderate change after the training
intervention (Figure 1/A). It has been previously
reported that low-fit athletes may experience larger
improvements in their maximal performance than
their fitter counterparts following training inter-
ventions (Mann, Lamberts, & Lambert, 2014).
However, moderate changes observed in the present
study for both groups with a lower fitness profile
were not in agreement with the large improvement
in the recent study of the speed-based HIIT inter-
vention (Rabbani & Buchheit, 2015). A higher total
training load, which was tolerated by the team sport
athletes in the recent study, could be, at least in

part, responsible for this disagreement. The results
of our study, however, support previous evidence
of similar HIIT-induced adaptations for both males
and females (Astorino, et al., 2011). The difference
between groups in terms of V. changes was trivial
in our study (Figure 1/B) and could not confirm the
superiority of the V,zr-based approach which had
been reported in the study by Rabbani and Buchheit
(2015). It seems that some limitations in the afore-
mentioned study — namely, the differing time sched-
ules for training of the experimental groups and
the lack of HR monitoring during V -based HIIT
sessions —might be responsible, to some extent, for
this disagreement.

Analyses of the between-group differences
in weekly HR responses showed trivial effects in
the first two weeks (Table 2 and Figure 2), demon-
strating the similar physiological load of 90% of
Ve and 85-90% of HR . (Table 1). There was,
however, a moderate reduction in HR responses in
the speed-based group in the third week (Table 2
and Figure 2). This reduction was observed when
the intensity increased further to 92.5 and 90-95%
for the speed- and HR-based HIIT groups, respec-
tively. This HR response difference, however, atten-
uated in the fourth and fifth weeks with a small
effect (Table 2 and Figure 2) when the intensity
was increased even further to 95% of V. for the
speed-based group (Table 1). Likewise, the differ-
ences between groups in RPE response during the
training weeks ranged from moderate to very large
effects (Table 2 and Figure 2), which suggested that
less psychological strain was experienced among
the athletes when using V,-based approach. The
change from a moderate to a large effect from the
first and second weeks to the third week is likely
associated with the implementation of the first
overload approach in the third week (90 to 92.5%,
Table 2). A very large difference observed in RPE
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responses in the fifth week (Table 2) might be asso-
ciated with the speed-based HIIT limitation when
increasing intensity according to the baseline values
of Vipr.

Although in the HR-based approach HR
responses changes according to athletes’ adapta-
tion throughout the intervention period (Gibala &
McGee, 2008), there would not be an exact esti-
mation of athletes’ physiological progress in the
speed-based HIIT approach if HR responses are
not monitored. Nevertheless, there seems to be
the same physiological load at least in the first two
weeks, when using both HIIT approaches. Reduced
HR responses and the difference in RPE with a
higher magnitude in the third week, which was
observed in the speed-based group, are consistent
with previous evidence of increased skeletal muscle
oxidative capacity and improved endurance perfor-
mance following only two weeks of HIIT interven-
tion (Gibala & McGee, 2008). The results seem to
illustrate that, while the intensity was increased in
the third week from 90 to 92.5% in the V-based
group, such a level might not overload the athletes
enough parallel to their adaptation. The higher
average RPE reported by the HR-based group
during the entire experiment in the present study
can only be speculated. In the HR-based group, the
possible higher cognitive involvement due to the
regular checking of HR monitors during training —
and, likely, its subsequently higher mental fatigue
(Boksem & Tops, 2008) — have probably played
an important role. Self-obligated controlling of
running pace in the HR-based group probably
increased the rating of perceived exertion (Borg,
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