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Abstract

Background: Time spent near \'/OZmax has been suggested as an optimal stimulus for the promotion of greater \'/Ozmax improve-
ments. Thus, this study aimed to compare time spent above 90% (t90\702max) and 95% of \'/Ozmax (t95VOZmax) during three cycling
interval training protocols with decreasing, increasing, or constant work rate distributions within each exercise interval. Methods:
After an incremental test to determine VOzmax and peak power output (Ppeak), ten physically active male individuals (age 28 * 5 years,
\'/Ozmax 48.4 + 8.1 mL-kgt-min™) performed in a random order three work-matched cycling interval training sessions comprising
8 x 60 s efforts with 60 s passive recovery. The power output was held constant (100%Ppeak; IT.,,), decreasing (from 110 to 90%Ppeak;
IT,.o), or increasing (from 90 to 110%Ppeak; IT,.) throughout each work interval. Time sustained above 90% and 95% of \'/OZmax,
above 90% and 95% of maximal heart rate (t90HRmax; t95HRmax), blood lactate concentrations (BLC), and rating of perceived
exertion (RPE) were measured. Results: There was no difference in t90\'/02max among sessions (T, 152 £ 725, IT . 157 + 81 s,
IT,. 161 + 81s, p = .857), t95VO,max (IT_,, 84 + 65, IT, . 86 £ 875, IT 99 + 73 s, p = .585), t90HRmax (p = .204), t95HRmax
(p = .119), BLC (p = .694), or RPE (p = .482). Conclusions: Short-duration cycling interval training around P ek induces similar time

spent near \'/OZmax, regardless of the work rate distribution.
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Introduction

Endurance training typically involves either continuous
exercise at submaximal work rates and/or interval exercise in
which relatively high-intensity exercise bouts are alternated
with relatively low-intensity recovery periods (Maclnnis
& Gibala, 2017). Although both methods are effective in
improving cardiorespiratory fitness and health-related out-
comes, there appears to be a consensus for the benefit of
interval training not only in athletes, but also in non-ath-
letic, sedentary individuals (M. Weston et al., 2014), and
in the patient population (K. S. Weston et al., 2014). Addi-
tionally, exercise intensity is a key component determining
changes in maximal oxygen uptake (VO,max) in young
healthy individuals (Inglis et al., 2024), and it appears that
interval training elicits improvements in VO, max slightly
greater than is typically reported with continuous training
in healthy, active adults (Bacon et al., 2013).

Interval training is an effective method for improving
cardiorespiratory and metabolic function in both athletic
and non-athletic populations (Buchheit & Laursen, 2013).
There is growing evidence that the more time spent near

VOzmax during interval training, the greater the improve-
ments in VOzmax (Mglmen & Rennestad, 2024; Odden
et al., 2024; Turnes et al., 2016). As a result, time spent
near VO, max has become a key marker for evaluating the
effects of manipulating exercise prescription variables dur-
ing interval training. Consequently, investigating strategies
that maximize time spent near VO, max during training
sessions could provide valuable insights not only for ath-
letes but also in the general population.

Among the myriad of factors that can be manipulated
during interval training sessions, as intensity, duration,
and number of work and recovery intervals performed, the
manipulation of work rate during exercise intervals can be
forgotten. Still, it can impact acute physiological responses
(Zadow et al., 2015). This practice is consistent not only
with the training principle of specificity, since many endur-
ance sports display intensity variations during the event
(Mglmen & Ronnestad, 2024), but is also supported
from a physiological view. Decreasing work rate (i.e., from
intensities above to below maximal intensity achieved dur-
ing an incremental test) prolonged the time spent at high
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percentages of VOzmaX in active (de Aguiar et al., 2013;
Lisbda et al., 2015) and trained individuals (Lisbda et al.,
2019), which could be attributed to accelerated V02 kinet-
ics, resulting in longer time spent near VO, max (Jones et
al., 2008). However, interval training sessions were not
matched in terms of total work accomplished and were
conducted until exhaustion (de Aguiar et al., 2013; Lisboa
etal., 2015, 2019), which could be infeasible in a real prac-
tice setting for a non-athletic population.

In well-trained athletes, Rennestad et al. (2020)
reported that a decreasing work rate from 100% to 85%
of maximal aerobic speed during the first 1.5 min of each
5-min work intervals, interspersed with a 3-min recov-
ery, induced similar time spent above 90% of VO,max
(t90VO,max; 11.95 + 4.08 min) compared to a constant
work rate approach (90% maximal aerobic speed). How-
ever, when the time to decrease work rate was prolonged
for 2 min, there was an increase in t90VOzmax in com-
parison with a constant protocol (Rennestad et al., 2022).
Recently, Wommer et al. (2022) compared a decreasing
or increasing work rate from 10% above or below maxi-
mal acrobic power, respectively, within each of 8x 1-min
intervals interspaced with a 1 min of active recovery, with
a constant work rate protocol in active individuals. Even
though the decreasing and increasing intervals induced
a faster VO, response in comparison with the constant
protocol, the t90VO,max was similar in comparison with
a constant work rate protocol. However, the adoption of
active recovery may have contributed to a lesser reduction
in \702 between intervals despite a faster increase in \702
response, resulting in similar tVO,max. Thus, the utiliza-
tion of passive recovery could be useful to verify the influ-
ence of a decreasing or increasing work rate manipulation
per se on time spent near VO,max during work-matched
protocols not performed until exhaustion.

While it has been speculated that a decreasing work rate
would increase time spent near VO,max due to an accel-
erated VO, kinetics (Jones et al., 2008), the literature is
sparse for the increasing intensity approach. Despite that,
the high intensities per se during increasing work rate strat-
egy might prolong time spent near VOzmax because a faster
VO, increase could be a response to a high intensity per
se. Therefore, the hypothesis of the current study was that
higher intensities associated with interval training applying
decreasing or increasing work rates would induce longer
time spent near VOzmax compared to a constant work rate
approach. Thus, this study aimed to compare time spent
near VO,max during three work-matched cycling interval
training protocols comprising 8 x 60-s exercise efforts with
decreasing (from 110% to 90% of incremental peak power
output; Ppeak), increasing (from 90% to 110% Ppﬂk), or
constant (100% Ppeak) work rate distribution within each
60-s exercise interval, interspaced by a 60-s passive recovery.
Considering the increasing interest in short-duration inter-
val training protocols (Inglis et al., 2024; M. Weston et al.,
2014), the current 8 x 60 s protocol was adopted to induce
a total training session lasting less than 30 min (including
warm-up and cool-down). Furthermore, in addition to con-
tinuous moderate training, this interval training protocol
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can represent a relevant time-saving option for non-athlete
individuals intending to improve VO, max.

Methods

Design and procedures

In this experimental cross-sectional study, physically active
individuals visited the laboratory four times, with at least
72 hr separating each visit, and all tests were completed
within 3 weeks. On the first day, participants performed an
anthropometric assessment and a submaximal step incre-
mental test (four to six stages) to determine their lactate
threshold (LT), followed by (15-min passive recovery) by
a maximal ramp incremental test for the measurement of
VOzmax and P - During their second, third, and fourth
visits, participants performed, in random order, three inter-
val training sessions in which the power output during work
intervals was either held constant throughout (IT_ ) or

CON

controlled to result in either decreasing (IT . ) or increas-
ing (IT .

was chosen for its capacity to provide a highly controlled

DEC
) work rate manipulation. The cycle ergometer

and reproducible external workload, thus enabling precise
manipulation of work rates within protocols that incorpo-
rate such variations. Each participant was always tested at
the same time of day (+2 hr) in a temperature-controlled
laboratory, 18 °C to 22° C. The volunteers were required to
rest the day before the test and to eat their last light meal
2 hr before the test.

Participants

Ten healthy male participants (age 28 * 5 years, body mass
80 + 14 kg, height 179 + 6 c¢m, body fat 12.2 + 6.1%,
body mass index 25.1 + 3.2 kg-m?) volunteered and
gave written informed consent to participate in this study.
Subjects were regarded as recreationally trained (# = 8),
trained (7 = 1), or well-trained cyclists (z = 1) based on
the classification by De Pauw et al. (2013). The study was
approved by the institutional ethics committee for research
on humans (reference number 1.097.372) and performed
in accordance with the Declaration of Helsinki.

Materials

All protocols were performed on an electromagnetically
braked cycle ergometer (Excalibur Sport, Lode BV). The
individually preferred pedal cadence between 70 and 90
rpm was maintained and replicated for all protocols. The
pulmonary gas exchange was measured breath-by-breath
using a previously calibrated automated open-circuit gas
analysis system (Quark CPET, Cosmed). Heart rate (HR)
was monitored (Polar H9, Polar). Capillary blood samples
(25 pl) were obtained from the earlobe of each participant,
and blood lactate concentration (BLC) was measured using
an electrochemical analyzer (YSI 2700 STAT, YSI Inc.). For
anthropometric assessment, body mass was measured to the
nearest 0.05 kg on a digital scale (2096 PP, Toledo do Bra-
zil). Standing height was measured with a stadiometer with
a resolution of 1 mm (Sanny ES2020, Sanny). For skinfold
measurements, a scientific skinfold caliper with a resolution
of 1 mm was utilized (TopTec 2, Cescorf).
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Anthropometric assessment

Body density was first quantified to determine the percent-
age of body fat using the male-specific equation proposed
by Jackson and Pollock (1978). This calculation utilized
seven skinfold measurements: pectoral, midaxillary, triceps,
subscapular, abdominal, suprailiac, and thigh, along with
two circumferences: abdominal and forearm. Subsequently,
body density was used to estimate body fat using the Siri
equation (1961).

Incremental test

Each participant performed a submaximal step incremen-
tal test to determine the LT. The test started at 60 W and
was increased by 20 W every 3 min for 4 to 6 stages. At the
end of each stage, capillary blood samples were collected.
The power output before the intensity at which the blood
lactate begins to rise above baseline levels was defined as
LT (Yoshida et al., 1987). Fifteen minutes after the test,
the participants performed a maximal ramp incremental
test for the measurement of VO,max and P__ . The test
started at 90% LT during the first 4 min and was thereafter
continuously increased by a rate of 25 W-min™ until voli-
tional exhaustion.

Breath-by-breath VO, and HR data were reduced to
15- and 5-s averages, respectively. The VO,max was taken
as the highest 15-s mean value achieved (Robergs et al.,
2010), and maximal heart rate (HRmax) as the highest 5-s
mean value attained. The highest power output attained for
3 s in the ramp incremental test was considered Ppe . (Ian-
netta et al., 2020).

Interval training sessions

Over the next three visits, participants performed three

cycling interval training protocols. One session was per-

formed per day in a randomized order. Prior to each ses-
sion, participants performed a standardized 5-min warm-
up (100% LT) followed by a 5-min rest. Following a 3-min
cycling baseline at 20 W, the session started. The three
work-matched sessions were designed with a work-to-rest

ratio of 1:1 and were performed as follows (Figure 1):

1. IT.: Interval training with constant intensity com-
prising 8x60 s in which the power output was held
constant at 100% P_ .

2. 1T, Interval training with decreasing intensity com-
prising 8x60 s in which the power output decreased
from 110% t0 90% P, throughout each work interval.
The power output decreased individually and linearly
during each bout. For example, the P_, of participant
1 was 300 W. Thus, the initial power output of each
effort was 330 W (110% Ppcak) and decreased linearly
until reaching 270 W (90% Ppeak) at 60 s.

3. 1T Interval training with increasing intensity com-
prising 8x60 s in which the power output increased
from 90% t0 110% P, throughout each work interval.
The power output increased individually and linearly
during each bout. For example, the P_, of participant 1
was 300 W. Thus, the initial power output was 270 W
(90% Ppcak) and increased linearly until reaching 330 W

(110% Ppeak) at 60 s.
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The rate at which the power output decreased/increased
linearly was individual and depended on the participant’s
P .- In the example of participant 1 (P, =300 W), the
work rate was decreased/increased by 1 W per second. For
all three protocols, each work interval was interspersed with
60 s of passive recovery. The VO, and HR were recorded
throughout the training sessions. The blood samples for
BLC analyses were collected before the protocol and after
the fifth and final repetitions. Rating of perceived effort
(RPE) was measured at the end of each repetition using

Borg’s 0 to 10 scale (Borg, 1982).

Data analyses

Breath-by-breath \702 data during interval training sessions
were first filtered manually to remove any outlying breaths
(3 SD from the adjacent 5 breaths) and then reduced to
a 5-s stationary mean (Thevenet et al., 2007). The times
sustained above 90% (= 90% VOzmax, t9OVOzmax) and
95% of VO, max (> 95% VO, max, t95VO,max) and above
90% (> 90% HRmax, t90HRmax) and 95% of HRmax
(2 95% HRmax, t95HRmax) during exercise and passive
recovery intervals were quantified. The peak \702 and HR
for the entire session (including all work and rest intervals)
were determined. The peak and nadir (i.e., the lowest value)
V02 and HR (5-s period) during work and rest intervals of
each protocol were recorded.

Statistical analysis

Descriptive data are presented as mean + standard devia-
tion. One-way and two-way analysis of variance (ANOVA)
with repeated measures completed with the post-hoc Tukey
test were used to compare variables between protocols or
within protocols, respectively. Normality of the ANOVA
residuals was assessed using the Shapiro-Wilk test. When
the assumption of sphericity was violated, the Greenhouse-
Geisser correction was applied. Eta squared (n?) effect sizes
were calculated for ANOVA and interpreted as: .01 to .06
small, .06 to .14 medium, and > .14 large (Cohen, 2013).
Multiple comparisons were presented as mean differences
with 95% confidence intervals (CI). All analyses were car-
ried out using the software GraphPad Prism (Version 8.1.2;
GraphPad Software). The level of significance was set at
p < .05.

Due to our limited sample size of only 10 participants,
we performed a sensitivity analysis using G*Power software
(Version 3.1.9.7; hteps://www.psychologie.hhu.de/arbeits-
gruppen/allgemeine-psychologie-und-arbeitspsychologie/
gpower) with the following parameters for a one-way
ANOVA on the t90VOzmax (the main study variable):
number of groups = 1, number of measurements = 3,
statistical power = 80%, o = .05, sample size = 10, corre-
lation among repeated measures = .90, and nonsphericity
correction = 1. A critical = 3.55 was required to achieve
adequate statistical power.

Results

During the incremental test, participants achieved a P

of 327 + 39 W and presented a VO,max of 3.83 + 0.53
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Figure 1 Schematic illustration of training protocols with constant (IT

(IT,,c) work rate
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L-min™' (48.4 + 8.1 mL-kg”-min™"). The power at LT was
110 + 30 Wand represented 33 + 6% of P_,. The HRmax
and peak BLC for all the participants were 186 + 10 bpm
and 10.0 + 2.2 mmol-L, respectively.

The peak VO,, as well as t90VO,max and t95VO, max,
presented small effect sizes and were not significantly dif-
ferent (p = .585) between sessions (Table 1). Large to mod-
erate effects, but no significant differences were observed
in peak HR, t90HRmax, and t95HRmax (p > .119). The
RPE and blood lactate concentrations during rest and exer-
cise did not differ significantly between sessions (p > .143).
The ANOVA main effect did not reach the critical value
of F = 3.55; nevertheless, these values were not significant.

During exercise bouts, there were no significant effects
for V02 among sessions (F(2, 18) = 0.497; p = .617;
1? = .05, small effect) or interaction between interval train-
ing and the work interval (F(14, 126) = 1.071; p = .390;
n*= .11, medium effect). Figure 2 presents mean V02
values during work and recovery intervals of the training
sessions. A large main effect was observed within the work
interval (F(7, 63) = 82.53, p < .001, n*=.90), revealing
that VOZ during the first and second bouts differed signifi-
cantly from all the others, with no differences from the fifth
to the last bout within each session

Regarding V02 response during recovery intervals, large
and significant main effects were observed for both the IT
session type (F(2, 18) = 3.771, p = .043, n? = .30) and the
rest interval number (F(6, 54) = 20.12,p < .001,1*= .69).

However, the interaction between IT session and recovery
interval was considered large. Still, it did not reach statisti-
cal significance (F(12, 108) = 1.659, p = .086,n*= .106).
Post-hoc comparisons revealed that VO, decreased signifi-
cantly during the first two intervals, followed by a stabiliza-
tion from the fifth to the seventh intervals (Figure 2). The
mean VO, during recovery intervals was higher during the
IT . compared to the IT . (mean difference [95% CI]
108.3 [7.0,209.5] mL-min™, p = .035). No significant dif-
ferences were found between IT . and either IT . (-64.9
[-166.2, 36.4] mL-min™', p = .257) or IT . (43.3 [-57.9,
144.6] mL-min™, p = .531), see Figure 2.

Discussion

The present study hypothesized that work-matched cycling
interval training sessions with decreasing or increasing work
rate distribution would increase tVOzmax in comparison
with a constant intensity session. However, this hypothesis
was rejected because tVO,max was not different irrespec-
tive of work rate manipulation. These findings support
others in well-trained athletes (Rennestad et al., 2020)
and active individuals (Wommer et al., 2022), indicating
that varying exercise intensity during short-duration work-
matched interval training near P, and not performed until
exhaustion did not impact tVO,max in active individuals.
Thus, during short-duration interval training, the work rate
manipulation within each exercise effort did not impact
time spent near VO, max in healthy male participants.
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Figure 2 Individual values (and the means — bars) of the average \'/O2 of each session during
work (a) and recovery interval (c) during training sessions (i.e., main effect of IT session),
and the (mean [circle/square/triangle] with SD [whiskers]) \'/Oz of each work (b) and recov-
ery (d) interval (i.e., bouts (W1-8) and rest (R1-7) time comparisons)

b
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Rest

Note. \'/OZ = oxygen uptake; IT = interval training. IT_ = IT with constant intensity (8 x 60 s at 100% peak power
output); IT . = IT with decreasing intensity (8 x 60 s with power output decreasing linearly from 110% to 90% peak
power output); IT = IT with increasing intensity (8 x 60 s with power output increasing linearly from 90% to 110%
peak power output). *Significantly different from IT_ (p < .05). As there was no analysis of variance interaction
between time and IT session, in panels b and d, different letters indicate significant differences between the means
of the three IT sessions at each bout and rest intervals (p < .05). Different letters indicate significant differences in
\'/O2 between bouts (p < .05). For example, in panel b, \’/O2 at W1 and W2 are labeled with the letters “a” and “b”,
respectively, indicating that they were significantly different. Similarly, in panel d, VO2 at R3, R4, and R5 were not

significantly different, as they all share the letter “b”.

can help to explain such divergences. Studies in which
training session was performed until voluntary exhaustion
have reported longer tVO,max during interval training
with decreasing work rate in comparison with a constant
intensity (de Aguiar et al., 2013; Lisboa et al., 2015, 2019).
These investigations reinforce the benefits of such manipu-
lation to prolong total exercise time, which could conse-
quently result in longer tVO, max. Thus, when comparing
sessions matched in terms of total work per bout not per-
formed until exhaustion, exercise duration exposed to work
rate manipulation seems to be an important parameter to
optimize tVOzmax.

When a decreasing strategy maintaining exercise
intensity at or 'above P . lasting for 0.5, 1.0 or 1.5 min
was applied, tVO,max remained unchanged during 8x 1
min:1 min in active individuals (5.2 + 1.7 vs 4.6 + 2.2
min; Wommer et al., 2022), 3x4 min:3 min in trained
cyclists (3.0 + 1.1 vs 3.1 £ 1.4 min; Miller et al., 2023)
or 5x5 min:3 min in well-trained cross-country skiers
(12.0 + 4.1 vs 10.8 + 5.7 min; Rennestad et al., 2020)
respectively. However, prolonging the same decreasing
work rate strategy from 1.5 min (Rennestad et al., 2020)
to 2 min during a 5x5 min:3 min, increased significantly
tVOzmax (14.6 + 4.2 min) in comparison with a constant

(13.2 £ 4.1 min) interval training session in elite cross-
country skiers (Rennestad et al., 2022). Thus, the 0.5 min
sustained above P, during each exercise interval was prob-
ably too short to increase tVO,max in comparison with the
constant work rate manipulation applied in the current
study. Taken collectively, these results suggest that prolong-
ing the decreasing work rate manipulation is relevant to
induce a larger VO, response when the fast start lasts more
than 2 min, in comparison with a constant intensity. These
likely differences can be attributed to a quicker rise in VO,
and, consequently, optimizing tVO,max. This aspect is
particularly relevant for active individuals, such as those in
the present study, who possess slower VO, kinetics com-
pared to well-trained athletes (Caputo & Denadai, 2004).
Buchheit and Laursen (2013) suggested that 10 min
of tVO,max per session is reasonable to maximize cardio-
pulmonary adaptations in trained individuals. In order to
improve tVO,max, in addition to decreasing work rate
duration, another relevant parameter to be considered
is the mode of recovery intensity. As mentioned above,
tVO,max increased approximately from ~10-12 min
(Rennestad et al., 2020) to ~13—15 min (Rennestad et al.,
2022) during 5x 5 min:3 min not only by prolonging fast
start, but it is likely that increasing the duration of active



T. Turnes et al.

recovery from 1.0 min to 1.5 min may have impacted
in the increase from 43-48% to ~53-58% of tVO,max
relative to the total exercise period. In the current study,
t90VO,max was substantially lower than this value, lasting
less than 2.5 min, or ~1.5 min above 95% of VO, max.
Considering that the duration of exercise effort was ~10
min, and “lack of time” is an important barrier of regu-
lar participation in exercise (Gillen & Gibala, 2014), this
could represent a relevant stimulus to improve VOzmax
of active individuals, as increasing time spent above 95%
of VO,max from ~1.0 min to ~2.0 min per session was
accompanied by superior benefits in VO, max after 4 weeks
of training in recreationally-trained individuals (Turnes et
al., 2016). Thus, the utilization of some strategies during
interval training, such as prolonging the duration of work
rate manipulation, increasing the number of intervals, and
adjusting the intensity of recovery intervals, could be use-
ful to maximize tVOzmaX. These findings provide valuable
additional information for training prescriptions in active
individuals. This information, when combined with tradi-
tional continuous moderate training, allows individuals to
implement diverse interval training protocols to maximize
cardiorespiratory improvements.

During interval training comprising 1-min efforts near
P .o the HR lag at exercise onset, with a much slower
response of HR compared with VO,, and the HR inertia
at exercise cessation could overestimate the actual physio-
logical strain of the training session (Midgley et al., 2007).
Accordingly, the time sustained above 90% HRmax was
similar among protocols, which supports previous findings
with similar tVOzmax in well-trained skiers (Rgnnestad
et al., 2020), active individuals (Wommer et al., 2022),
or even reporting a similar t90HRmax despite different
tVOZmaX (Reonnestad et al., 2022). The current find-
ings reinforce this interpretation, as a large effect size was
observed for time spent above 90% and 95% of HRmax
across the different protocols. These results suggest that
while time spent near VO, max remained virtually identi-
cal among protocols, the duration spent at specific high
percentages of maximal heart rate might still differ. Besides
HR, considering that the relationship of VO, with other
physiological variables, such as BLC, is not linear, manipu-
lation of work rate did not impact BLC. This has been
previously reported when decreasing (Lisboa et al., 2019;
Ronnestad et al., 2020, 2022) or variable (Billat et al.,
2013) intensity protocols were applied, irrespective of the
time spent near VO, max. Finally, the similarities in acute
physiological responses were accompanied by similar RPE
among the protocols, which could be a result of the equal-
ization of work and the similar physiological responses
reported among training sessions.

The small sample size of the current study represents
a limitation because of the risk of type II error. In addi-
tion, the current study included only young adult males
and could not be generalized to other populations, such as
females or highly trained athletes. Besides, the similarities
in tVO,max irrespective of work rate manipulation could
also be explained by the individual variability in tVO,max
(Coyle et al., 1988) or in fractional utilization of VO, max
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at the lactate threshold (Billat & Koralsztein, 1996). In
addition, the limited number of 8 repetitions lasting 60-s
efforts, along with the training level of individuals, when
compared with previous findings in athletes using lon-
ger intervals with 3 min (Zadow et al., 2015) or 5 min
(Ronnestad et al., 2020), would result in a lower margin
for accelerated VO, kinetics and improve tVO,max in
the entire session. Thus, for active individuals, work rate
manipulation does not appear to be a critical factor for
maximizing time spent above 90% and 95% of VOzmax
during interval training with 1-min bouts. Future studies
aiming to increase time near VOZmaX could investigate the
influence of longer exposure to work rate manipulation
during longer work intervals (> 60 s) and with a higher total
exercise volume. Additionally, it would be relevant to inves-
tigate whether these findings hold for protocols combining
a decreasing work rate with shorter recovery intervals or
a greater number of repetitions. The applicability of these
results to individuals with different training levels should
also be explored.

From a practical point of view, the P is an easy-to-use
and accessible index integrating VO,max and the energetic
cost of movement (Billat & Koralsztein, 1996), useful for
interval training planning (Buchheit & Laursen, 2013)
which elicit tVOzmax and elevated metabolic demand in
active individuals during a short-duration interval training
session with a limited number of repetitions, which approx-
imates a real practice scenario. However, it is important to
note that Pp%k is protocol dependent, and potential differ-
ences should be considered in accordance with its deter-
mination. Finally, an increasing work rate manipulation is
sometimes required in some sports events, but has received
less attention (Sandford et al., 2019). This strategy elicited
a higher mean VO, during recovery periods, which could
be insightful to designing interval training sessions combin-
ing this “delayed” VO, response during the recovery period
with work rate manipulations, which would maintain an
elevated VO, and consequently improve tVO,max.

Conclusions

In conclusion, decreasing intensity from 110 to 90%

P . or increasing intensity from 90 to 110% P dur-
peal peal

ing work-matched cycling interval training with passive

recovery did not impact time sustained above 90% of

VO,max and maximal heart rate, blood lactate concentra-

tions, and rating of perceived exertion in comparison with

a constant work rate at 100% P in active individuals.

cak
These findings indicate that coaches have flexibility when
designing interval training protocols for active individuals
aiming to optimize cardiorespiratory fitness. Specifically,

varying work rates around P ~can be implemented to

K
elicit similar physiological adaptations and potentially
enhance training adherence and motivation. Future
research should investigate the influence of prolonging
the duration of these intervals in both active and trained

populations to further explore these findings.
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