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Decrescent intensity training concurrently improves
maximal anaerobic power, maximal accumulated
oxygen deﬁcit, and maximal oxygen uptake
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This study aimed to investigate the effects of a gradually decreasing intensity training from that corresponding to
maximal anaerobic power (MAnP) to that of near maximal oxygen uptake (V̇O2max) (decrescent intensity training) on
MAnP, maximal accumulated oxygen deﬁcit (MAOD), and V̇O2max in untrained young men. Seventeen untrained
young men were randomly divided into either a training (TR; n = 9) group or a control (CON; n = 8) group. The TR
group performed the decrescent intensity training, whereas the CON group did not perform any exercises. The mean
training time per session throughout the training period was 275 ± 135 s. There was a Group × Time interaction for
both absolute and relative (p < 0.01) values of V̇O2max, MAOD, and MAnP. The TR group had signiﬁcantly
increased values for all variables after the 8-week training program, and the relative values of all variables were
signiﬁcantly higher in the TR group than in the CON group. Muscle thicknesses in the anterior and posterior aspects
of the thigh and maximal isokinetic knee extension and ﬂexion strengths improved only in the TR group (p < 0.05).
A single-exercise training with gradually decreasing intensity from that corresponding to the MAnP to that of
approximately 100% V̇O2max improves MAnP, MAOD, and V̇O2max concurrently, despite the short training time per
session.
Keywords: maximal oxygen uptake, anaerobic capacity, anaerobic power, training, adaptation

Introduction
Adenosine triphosphate (ATP) is resynthesized from anaerobic and aerobic metabolic energy
sources during short-duration, high-intensity exercise (2, 9). These sources have speciﬁc
capacity and rate limitations, which may limit performance in many sports (6, 9, 13). The
maximum rate of oxygen consumption (aerobic metabolic system) is conventionally evaluated by maximal oxygen uptake (V̇O2max) (15); however, it is proposed that the maximal
amount of ATP resynthesized via the anaerobic metabolism (maximal anaerobic capacity) is
evaluated by maximal accumulated oxygen deﬁcit (MAOD) (12). For example, the energy
required during repeated sprint observed in many sports, such as soccer and handball, is
supplied from both aerobic and anaerobic metabolic systems, and high V̇O2max and MAOD
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help maintain sprint performance (6). The maximal anaerobic power (MAnP) assessed by the
short all-out sprint is assumed to be the expression of the maximal rate of anaerobic ATP
synthesis (3). Almost all of the energy required during the initial several seconds of maximal
effort exercise are supplied from anaerobic metabolism system. The rate of energy release is
critical to the success of athletic movements, such as sprint, that require the development and
short-term maintenance of high power outputs (5). Thus, developing a training method for
effectively improving these abilities (V̇O2max, MAOD, and MAnP) is important for enhancing sport performance. For stimulating aerobic and/or anaerobic metabolism systems,
continuous or high-intensity interval training is extensively used (7, 10, 20), but no previous
studies have demonstrated concurrent improvements in all three abilities by a training
intervention with only a single exercise (20).
Based on one’s speciﬁc adaptation to imposed demands, if a single exercise
includes intensive stimuli for the rate of oxygen consumption and anaerobic ATP
synthesis, as well as anaerobic capacity, it can enhance all three abilities concurrently.
Recently, we demonstrated that a single high-load [80% of one repetition maximum
(1RM)] set with additional drop sets descending to a low load (30% 1RM), that is, the
simultaneous execution of both high and low loads, without recovery intervals, can
simultaneously increase muscle strength (1RM) and endurance (maximum repetitions at
30% 1RM) in untrained young men (14). Training with high and low loads produces
strong results in the test under high- and low-load conditions, respectively (17):
Adaptations in muscle strength and endurance are consistent with the principle of
speciﬁcity. From a viewpoint of the metabolic demands of training, MAnP required the
highest and V̇O2max required the lowest exercise intensity for improvements. Thus, we
hypothesized that, based on the method of drop sets training, the decrescent intensity
training from an exercise intensity that corresponds to MAnP to that of near V̇O2max
improves the rate of oxygen consumption and anaerobic ATP synthesis as well as
anaerobic capacity.
The aims of this study were to clarify whether a gradually decreasing exercise intensity
training (decrescent intensity training) from that which corresponds to MAnP to that of near
V̇O2max concurrently improves MAnP, MAOD, and V̇O2max in untrained young men.
Because it is difﬁcult to differentiate the effect of this training program from those of other
exercise trainings in studies employing athletes, we enrolled untrained subjects.

Methods
Subjects
Seventeen untrained young men volunteered to participate in the study. Subjects were
recruited through printed advertisements and by word-of-mouth. No subjects had
participated in any regular endurance and resistance training for 1 year prior to enrollment
in the study. Past or present smokers and anyone taking any medications and/or
supplements were excluded. All subjects were informed of the methods, procedures,
and risks, and they signed an informed consent document before participating in the study.
This study was conducted according to the principles of the Declaration of Helsinki and
was approved by the Ethics Committee for Human Experiments of Juntendo University,
Japan.
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Study design
Each subject visited the laboratory ﬁve separate times for measurements before the start of the
training period (PRE). On the ﬁrst day, the muscle thickness (MT) of their thighs was
measured, and they underwent maximal exercise testing on an electromagnetically braked
cycle ergometer (Powermax V2, Combi, Tokyo, Japan) to determine V̇O2max. On the second
and third days, they participated in submaximal exercise tests to determine a linear
relationship between the submaximal intensity of cycling (watts) and the steady-state oxygen
uptake (L/min). On the fourth day, the subjects were familiarized with the maximal isometric
and isokinetic strength tests using a System 3 dynamometer (Biodex, Shirley, NY, USA),
which were taken on the ﬁfth day, and they participated in a supramaximal exercise test on a
cycle ergometer that exhausted subjects within 2–3 min to calculate MAOD. V̇O2 was
measured using an automated metabolic cart (Aeromonitor AE-300S, Minato Medical
Science, Tokyo, Japan) during the maximal and submaximal exercise tests. In the supramaximal exercise test, the Douglas bag method was used for the accurate calculation of
MAOD. Gas volume was measured by a gasometer (Shinagawa Seisakusho, Tokyo, Japan),
and fractions of oxygen and carbon dioxide in the expired air were measured by the metabolic
cart. On the ﬁfth day, they underwent maximal strength test and then maximal effort sprint
tests at three different loads to determine MAnP (11). The familiarization session of the
training protocol was performed 2–3 days before the training period. After 4 weeks of
training, MAnP and V̇O2max were evaluated in a single day (MID). The V̇O2max test was
performed more than 30 min after the end of the MAnP test. After the training periods, the
subjects completed all measurements within 12 days (POST).
Training program
Subjects were randomly divided into either a training (TR; n = 9) group or a control (CON;
n = 8) group. The TR group performed the decrescent intensity training on an ergometer,
whereas the CON group did not perform any exercises. Subjects were instructed to avoid
other physical activities and not change their dietary patterns throughout the course of the
study. Before the start of each training session, subjects performed 10 min of continuous
cycling at an intensity of 50% V̇O2max including three bouts of 5 s near maximal pedaling in
the latter half as a warm-up.
The decrescent intensity training was composed of ﬁve consecutive parts without rest
intervals between parts, and the exercise intensity gradually decreased by modulating the
pedaling rate and load (Fig. 1). Subjects ﬁrst pedaled with maximal effort for 5 s at a pedaling
load, which corresponds to MAnP (Part I) and then underwent ﬁve bouts of 5 s pedaling
(Part II). The pedaling rate decreased by 5 rpm (85, 80, 75, 70, and 65 rpm) using the load in
the supramaximal exercise (MAOD) test in Part II. Immediately thereafter, subjects performed pedaling at 60 rpm at an exercise intensity used in the supramaximal exercise test for
30–60 s (Part III) and then at 105% V̇O2max until the pedaling rate was under 57 rpm over 3 s
(Part IV). Finally, subjects pedaled at 55 rpm at 90% V̇O2max until the pedaling rate was under
52 rpm over 3 s (Part V). The exercise duration in Part III was initially set at 30 s. If subjects
maintained the pedaling rate (60 rpm) during the prescribed duration, the exercise duration
was extended by 10 s in the next session. Furthermore, when the pedaling rate was
maintained for 60 s in Part III, in the next session, the exercise intensity increased by
5% V̇O2max in Parts III–V, and the exercise duration was set at 30 s in Part III again. After the
MID test, the pedaling load in Parts I and II, the relative exercise intensity in Parts III–V was
set again based on the results of the MID test, the exercise duration in Part III was reset to
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Fig. 1. A typical example of decrescent intensity training. The decrescent intensity training was composed of ﬁve
consecutive parts without rest intervals between parts, and the exercise intensity gradually decreased by modulating
the pedaling rate and load. Subjects ﬁrst pedaled with maximal effort for 5 s at a pedaling load, which corresponds to
maximal anaerobic power (Part I) and then underwent ﬁve bouts of 5 s pedaling (Part II). The pedaling rate decreased
by 5 rpm (85, 80, 75, 70, and 65 rpm) using the load in the supramaximal exercise test in Part II. Immediately
thereafter, subjects performed pedaling at 60 rpm at an exercise intensity used in the supramaximal exercise test for
30–60 s (Part III) and then at 105% V̇O2max until the pedaling rate was under 57 rpm over 3 s (Part IV). Finally,
subjects pedaled at 55 rpm at 90% V̇O2max until the pedaling rate was under 52 rpm over 3 s (Part V). V̇O2max,
maximal oxygen uptake

30 s, and these variables were then modulated in a similar manner throughout the latter half of
the training period. The TR group trained 2 days/week for the ﬁrst 2 weeks and 3 days/week
in the ﬁnal 6 weeks except on the ﬁfth and eighth weeks. The number of training sessions per
week was decreased, so that the subjects can perform the MID tests on the ﬁrst session of the
ﬁfth week and can minimize the effect of fatigue on the POST test.
Maximal exercise test
The subjects performed a graded maximal exercise test on a cycle ergometer to determine
V̇O2max. The pedaling rate was maintained constant at 60 rpm, and the load was initially set at
1.0 kp preceded by rest in a seated position for 2 min and increased by 0.3 kp every minute
until exhaustion. Each subject’s electrocardiograph was monitored throughout and used to
measure heart rate (HR) at 1-min intervals. The criteria for V̇O2max used in this study were as
follows: (1) no increase in V̇O2 despite increased pedaling load, (2) HR >90% of agepredicted maximum HR (220–age), (3) respiratory exchange ratio greater than 1.10, (4) blood
lactate greater than 10 mmol/L, and (5) ratings of perceived exertion greater than 18. Of these
criteria, at least three had to be met to be considered a valid V̇O2max, and all subjects met this
requirement.
Submaximal exercise test
The subjects performed submaximal exercise tests on a cycle ergometer to determine a linear
relationship between the submaximal intensity of cycling (watts) and the steady-state oxygen
uptake (L/min). Ten different 4-min bouts were performed at a constant power (60 rpm)
between 30% and 90% V̇O2max based on a previous research (12). Subjects performed ﬁve
bouts per day for 2 days.
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Supramaximal exercise test
Subjects participated in a supramaximal exercise test that exhausted them within 2–3 min, by
which MAOD can be calculated. The pedaling rate was maintained constant at 60 rpm. The
oxygen demands during this test were estimated by extrapolating the established relationship
between power and steady-state oxygen uptake described above. The accumulated oxygen
demand was taken as the product of the estimated oxygen demand and the exercise duration,
whereas the accumulated oxygen was taken as the measured oxygen uptake integrated over
the exercise duration. The accumulated oxygen deﬁcit (AOD) was calculated as the
difference between these two entities, which was reported as MAOD.
Maximal effort sprint tests
Subjects were instructed to pedal as rapidly as possible in a seated position for 8 s at three
different loads to determine MAnP. The loads (kp) corresponded to 5%, 10%, and 15% of
their body mass (kg). Tests were performed in a load-increasing order with rest intervals of
more than 5 min. From three different loads and cadences in each subject, the relationship
between load and cadence was represented by linear regression equation for each subject
(Y = −aX + b, a > 0, b > 0). Power output in each load was calculated using the following
formula:
Power output ðWÞ = Load ðkpÞ × Cadence ðrpmÞ × 0.98:
After calculating the power output in each load, MAnP was determined for each subject
based on the linear regression equation for three pairs of loads and cadences described by
Nakamura et al. (11).
Muscle thickness (MT)
MT was measured using a B-mode ultrasound using a 5- to 18-MHz scanning head (Noblus;
Aloka, Tokyo, Japan) in six locations: anterior and posterior aspects of the right thigh (AT
and PT, respectively) at 40%, 50%, and 60% of the thigh’s length between the lateral condyle
of the femur and the greater trochanter. Before all scans, the subjects rested in the supine
position for at least 30 min. To avoid the inﬂuence of ﬂuid shifts within the muscle, the
measurements were performed at about the same time. All measurements were performed by
the same operator, with participants in the supine/prone position. The subcutaneous adipose
tissue–muscle interface and muscle–bone interface were identiﬁed on ultrasound images, and
the distance between the two interfaces was recorded as the MT. The mean of the MT of the
three anterior and posterior sites was used in the data analysis.
Maximum isometric and isokinetic strengths
Maximum voluntary isometric and isokinetic contractions of the knee extensors (KE) and
ﬂexors (KF) were determined using a System 3 dynamometer following the manufacturer’s
recommended guidelines for positioning. During the test, the subject was seated on a chair
with the hip joint angle positioned at 85° of ﬂexion (full hip extension: 0°). Subjects were
secured by straps to minimize extraneous and compensatory movements. The knee joint
center of rotation was visually aligned with the axis of the dynamometer’s lever arm. A knee
joint angle of 0° corresponded to full knee extension. Several warm-up contractions (4–5
submaximal contractions and 2–3 near-maximal contractions at 270°/s) were performed
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before testing. Subjects were then instructed to perform maximal isokinetic knee extension
and ﬂexion from 10° to 100° at 90°/s, 180°/s, and 270°/s. Then, they performed
maximal isometric knee extension and ﬂexion (0°/s) for about 5 s at a ﬁxed knee joint
angle of 60° and 15°, respectively. Two maximal efforts were performed. The highest value
was used for data analysis.
Statistical analyses
Statistical tests were performed using SPSS version 23.0 software (SPSS Inc., Chicago, IL,
USA). The results are expressed as means and standard deviations. Changes in scores are
represented by means and 95% conﬁdence intervals. For V̇O2max and MAnP, we used
repeated measures analysis of variance (ANOVA) on time with a between-subject factor of
group. If there was a signiﬁcant interaction, Bonferroni adjusted post-hoc tests were used
across time within each group and a t-test was used across groups within each time point. For
MAOD, repeated measures ANOVA on time with a between-subject factor of group was
used. If there was a signiﬁcant interaction, post-hoc tests were performed by a t-test.
Statistical signiﬁcance was set at p < 0.05.

Results
All subjects completed the study, and the overall adherence was good, with a participation
rate of 100% in the TR group. No signiﬁcant differences between conditions were evident in
any baseline values (Table I). The mean training time per session throughout the training
period was 275 ± 135 s. Those from 1st to 10th sessions and from 11th to 20th sessions were
375 ± 264 s and 175 ± 53 s, respectively.
V̇O2max
There was a Group × Time interaction for both absolute (p < 0.001) and relative (p = 0.001)
values of V̇O2max (Fig. 2A, B). For the absolute value, there were no signiﬁcant differences
between groups at PRE (p = 0.986) and MID (p = 0.235), but the value in the TR group was
signiﬁcantly higher at POST (p = 0.042) than that in CON. Across time, the TR condition
signiﬁcantly increased from PRE to MID [256.9 (81.4, 432.4) ml/min, p = 0.004] and from
MID to POST [214.8 (48.5, 381.0) ml/min, p = 0.010]. For the relative value, there were no
signiﬁcant differences between the groups at PRE (p = 0.331), but the value in the TR group
was signiﬁcantly higher at MID (p = 0.048) and POST (p = 0.005) than that in the CON
group. Across time, the TR condition signiﬁcantly increased from PRE to MID [3.5 (0.9, 6.1)
ml · min−1 · kg−1, p = 0.008] and from MID to POST [3.1 (0.6, 5.6) ml · min−1 · kg−1,
p = 0.012].
There was a Group × Time interaction for the exercise time in the maximal exercise test
(p = 0.001). There were no signiﬁcant differences between groups at PRE (p = 0.537), MID
(p = 0.062), and POST (p = 0.060). Across time, the TR condition signiﬁcantly increased
from PRE to POST [99.1 (53.7, 144.5) s, p < 0.001] and PRE to MID [75.0 (37.4, 112.6) s,
p < 0.001] but not MID to POST [24.1 (−23.6, 71.8) s, p = 0.580].
MAOD
There was a Group × Time interaction for both absolute (p = 0.024) and relative (p = 0.044)
values of MAOD (Fig. 3A, B). For both values, there were no signiﬁcant differences between
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59.1 (5.3)

Posterior aspect of thigh (mm)

23.3 (2.5)

70.4 (8.9)

MID

60.0 (5.2)

42.9 (7.7)

23.4 (2.4)

70.5 (8.5)

POST

58.3 (5.6)

40.9 (3.2)

22.4 (1.6)

67.5 (7.1)

1.74 (0.06)

23 (2)

PRE

22.6 (1.5)

68.2 (7.8)

MID

TR

60.6 (5.9)

††

44.7 (5.0)††

22.6 (1.7)

68.4 (8.3)

POST

0.963

0.874

0.413

0.531

Group

<0.01

<0.01

0.864

0.804

Time

p value

<0.05

<0.05

0.276

0.248

Interaction

††

Data are presented as means (SD). CON: control group; MID: after 4 weeks of training; POST: after 8 weeks of training; PRE: before training; TR: training group.
p < 0.01 vs. PRE

41.9 (8.0)

23.5 (2.8)

Anterior aspect of thigh (mm)

Muscle thickness

Body mass index (kg/m )

70.9 (9.5)

Body mass (kg)

2

1.74 (0.03)

23 (2)

Standing height (m)

Age (years)

Anthropometric variables

PRE

CON

Table I. Changes in anthropometric variables and muscle thickness of the thigh
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Fig. 2. Changes in V̇O2max. Data are presented as means ± SD. (A) Absolute value. There were no signiﬁcant
differences between groups at PRE and MID, but the value in the TR group was signiﬁcantly higher at POST than
that in CON. Across time, the TR condition signiﬁcantly increased from PRE to MID and from MID to POST.
(B) Relative value. There were no signiﬁcant differences between the groups at PRE, but the value in the TR group
was signiﬁcantly higher at MID and POST than that in the CON group. Across time, the TR condition signiﬁcantly
increased from PRE to MID and from MID to POST. CON: control group; MID: after 4 weeks of training; POST:
after 8 weeks of training; PRE: before training; TR: training group; V̇O2max: maximal oxygen uptake. ††p < 0.01 vs.
PRE or MID. †p < 0.05 vs. MID. *p < 0.05 vs. CON. **p < 0.01 vs. CON

Fig. 3. Changes in MAOD. Data are presented as means ± SD. (A) Absolute value. (B) Relative value. For both
values, there were no signiﬁcant differences between groups at PRE, but the value in the TR group was signiﬁcantly
higher at POST than that in the CON group. Across time, the TR condition signiﬁcantly increased from PRE to
POST. CON: control group; MAOD: maximal accumulated oxygen deﬁcit; POST: after 8 weeks of training; PRE:
before training; TR: training group. ††p < 0.01 vs. PRE. *p < 0.05 vs. CON. **p < 0.01 vs. CON

groups at PRE (absolute value: p = 0.573, relative value: p = 0.192), but the value in the TR
group was signiﬁcantly higher at POST (absolute value: p = 0.017, relative value: p = 0.004)
than that in the CON group. Across time, the TR condition signiﬁcantly increased from PRE
to POST [absolute value: 578.3 (216.6, 895.1) ml, p = 0.001; relative value: 8.2 (3.4, 13.0)
ml/kg, p = 0.003].
There was a Group × Time interaction for the exercise load in the supramaximal exercise
test (p < 0.001). There were no signiﬁcant differences between groups at PRE (p = 0.928) and
POST (p = 0.140). Across time, the TR condition signiﬁcantly increased from PRE to POST
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[0.54 (0.40, 0.70) kp, p < 0.001]. The main effects of group (p = 0.251) and time (p = 0.755)
and Group × Time interaction (p = 0.520) were not signiﬁcant for the exercise time in the
supramaximal exercise test.
MAnP
There was a Group × Time interaction for both absolute (p = 0.003) and relative (p = 0.006)
values of MAnP (Fig. 4A, B). For the absolute value, there were no signiﬁcant differences
between groups at PRE (p = 0.820), MID (p = 0.804), and POST (p = 0.439). For the relative
value, there were no signiﬁcant differences between groups at PRE (p = 0.753) and MID
(p = 0.060), but the value in the TR group was signiﬁcantly higher at POST (p = 0.014) than
that in the CON group. Across time, the TR condition signiﬁcantly increased from PRE to
POST [absolute value: 64.1 (34.2, 94.0) W, p < 0.001, relative value: 0.9 (0.4, 1.3) W/kg,
p < 0.001].
There was a Group × Time interaction for the peak cadence in both 5% (p < 0.001) and
10% (p = 0.030) loads. For the 5% load, there were no signiﬁcant differences between groups
at PRE (p = 0.581), MID (p = 0.966), and POST (p = 0.125). Across time, the TR condition
signiﬁcantly increased from PRE to POST [11.8 (8.1, 15.5) rpm, p < 0.001] and PRE to MID
[8.6 (5.4, 11.9) rpm, p < 0.001] but not MID to POST [3.1 (−1.1, 7.3) rpm, p = 0.195]. For
the 10% load, there were no signiﬁcant differences between groups at PRE (p = 0.888) and
MID (p = 0.243), but the value in the TR group was signiﬁcantly higher at POST (p = 0.044)
than that in the CON group. Across time, the TR condition signiﬁcantly increased from PRE
to POST [6.9 (1.1, 12.7) rpm, p = 0.018] but not PRE to MID [5.6 (−0.8, 11.9) rpm,
p = 0.098] and MID to POST [1.3 (−2.4, 5.1) rpm, p = 1.000]. The main effects of group
(p = 0.103) and time (p = 0.165) and Group × Time interaction (p = 0.089) were not signiﬁcant for the peak cadence in 15% load.

Fig. 4. Changes in MAnP. Data are presented as means ± SD. (A) Absolute value. There were no signiﬁcant
differences between groups at PRE, MID, and POST. Across time, the TR condition signiﬁcantly increased from PRE
to POST. (B) Relative value. There were no signiﬁcant differences between groups at PRE and MID, but the value in
the TR group was signiﬁcantly higher at POST than that in the CON group. Across time, the TR condition
signiﬁcantly increased from PRE to POST. CON: control group; MAnP: maximal anaerobic power; MID:
after 4 weeks of training; POST: after 8 weeks of training; PRE: before training; TR: training group. ††p < 0.01 vs.
PRE. *p < 0.05 vs. CON
Physiology International (Acta Physiologica Hungarica) 106, 2019

Unauthenticated | Downloaded 04/23/20 09:45 AM UTC

364

Ozaki et al.
Table II. Changes in knee extension and ﬂexion strength
CON
PRE

p value

TR
POST

PRE

POST

Group

Time

Interaction

Knee extension (Nm)
0°/s

245.5 (45.1)

239.6 (45.2)

268.6 (53.5)

266.0 (57.5)

0.329

0.199

0.612

90°/s

194.5 (44.5)

185.2 (38.5)

201.4 (38.3)

198.5 (39.6)

0.607

0.119

0.397

180°/s

156.6 (32.6)

155.3 (32.7)

157.2 (29.8)

163.0 (28.4)

0.781

0.208

0.052

0.786

0.132

<0.01

270°/s

130.5 (25.0)

128.5 (23.4)

129.4 (24.6)

††

136.0 (23.2)

Knee ﬂexion (Nm)
0°/s

133.7 (33.5)

135.4 (33.7)

129.4 (25.2)

128.8 (34.3)

0.724

0.884

0.728

90°/s

95.7 (23.1)

97.0 (19.8)

89.7 (24.4)

95.3 (25.5)

0.737

0.204

0.424

180°/s

84.5 (18.8)

84.5 (20.4)

78.2 (19.0)

81.8 (20.4)

0.640

0.232

0.223

0.618

0.151

<0.05

270°/s

73.3 (16.7)

72.3 (14.9)

65.9 (17.4)

†

71.4 (18.8)

Data are presented as means (SD). CON: control group; PRE: before training; POST: after 8 weeks of training; TR:
training group.
††
p < 0.01 vs. PRE, †p < 0.05 vs. PRE

Muscle thickness (MT)
There was a Group × Time interaction for MT in AT (p = 0.048) and PT (p = 0.047) as shown
in Table I. For both sites, there were no signiﬁcant differences between groups at PRE
(AT: p = 0.752; PT: p = 0.765) and POST (AT: p = 0.556; PT: p = 0.842). Across time, the
TR condition signiﬁcantly increased from PRE to POST [AT: 3.8 (1.9, 5.7) mm, p = 0.001,
PT: 2.3 (1.4, 3.2) mm, p < 0.001].
Muscle strength
There was a Group × Time interaction for maximal isokinetic strengths of knee extension
(p = 0.009) and ﬂexion (p = 0.042) at 270°/s (Table II). For both sites, there were no signiﬁcant
differences between groups at PRE (KE: p = 0.930; KF: p = 0.385) and POST (KE: p = 0.518;
KF: p = 0.917). Across time, the TR condition signiﬁcantly increased from PRE to POST [KE:
6.6 (2.4, 10.8) Nm, p = 0.004; KF: 5.5 (1.2, 9.8) Nm, p = 0.016]. The main effects of group
(p = 0.329–0.884) and time (p = 0.119–0.737) as well as Group × Time interaction (p = 0.052–
0.728) were not signiﬁcant for the isokinetic and isometric strength of KE and KF.

Discussion
The major ﬁnding of this study was that MAnP, MAOD, and V̇O2max were improved
concurrently by 8 weeks of a single-exercise training using the decrescent intensity training
method from that which corresponds to MAnP to that of near 100% V̇O2max in untrained
young men. Furthermore, these training effects were achieved with short training time per
session: the mean value was about 4.5 min. The mean training time in the latter half of the
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training period (from 11th to 20th sessions) was about 3 min, because the training intensity
increased gradually throughout the training period.
Given the speciﬁc adaptation to imposed demands, the intensive stimuli imposed on
aerobic and anaerobic energy supplying systems appear important for the improvements in
V̇O2max and MAOD. Wenger and Bell (21) demonstrated the greatest improvements in
V̇O2max when intensity is from 90% to 100% V̇O2max. Although the information on the
training method for improving MAOD is limited, Tabata et al. (20) demonstrated that the
exhaustive intermittent training that consisted of 7–8 sets of 20-s exercise at an intensity of
about 170% V̇O2max with a 10-s rest between each bout increased V̇O2max and MAOD after
the 6-week training period. Furthermore, Kouzaki and Tabata (8) showed that intermittent
training that consisted of 6–7 sets of 20-s exercise at 160%–200% V̇O2max with a 10-s rest
between each bout increased them after the 8-week training period. These studies also
showed that the AOD during exercise was not signiﬁcantly different from MAOD, and the
peak V̇O2 during exercise was not signiﬁcantly less than the V̇O2max (8, 19). In the last session
of this study, V̇O2 was above 90% V̇O2max at about 1 min from the start of the training and
then kept at the level of near V̇O2max during the rest of the training duration (data not shown).
In addition, because subjects pedaled at an exercise intensity slightly above V̇O2max until
exhaustion in Part IV, the AOD from Parts I to IV was roughly comparable to the MAOD. In
fact, the mean AOD was about 90% of MAOD (data not shown), although the variation of
energy demand by acceleration and deceleration of pedaling was not made considering its
calculation. Thus, imposing intensive stimuli on two energy supplying systems would result
in improvements in V̇O2max and MAOD in this study. Meanwhile, with regard to training
frequency, Fox et al. (4) demonstrated no difference in the magnitude of the improvement in
V̇O2max after high-intensity interval training between 2 and 4 days per week. Thus, the
training frequency (2–3 days per week) in this study was sufﬁcient for at least the
improvement in V̇O2max. Furthermore, given that the aerobic and anaerobic energy production during intense exercise is related to the muscle mass involved (1, 16), muscle
hypertrophy observed in the TR group would contribute at least partly to the improvements
in V̇O2max and MAOD.
MAnP also increased in addition to V̇O2max and MAOD by the decrescent intensity
training in this study. To the best of our knowledge, no study has investigated the effect of a
cycling training with a cycle ergometer on MAnP, because the Wingate anaerobic test, in
which its load is not necessarily equal to that corresponding to MAnP, has been popularized
for the evaluation of the anaerobic-type power output (3, 11). However, based on the speciﬁc
adaptation to imposed demands, it is plausible to assume that even only a 5-s maximal effort
of pedaling at the load corresponding to MAnP (Part I) contributes to improvement in MAnP
in untrained subjects. In addition, the improvement in MAnP resulted from improving the
peak cadence in the loads of 5% and 10% of the body weight in this study. The mean pedaling
loads of Part I in the TR group were 7–8 kp throughout the training period, which
corresponded to 10%–11% of their body weight. This means that the peak cadence improved
in the load conditions, which corresponded to and under the mean pedaling loads in the
training sessions. Furthermore, maximal knee extension and ﬂexion strengths signiﬁcantly
improved only at the fastest condition (270°/s). This may be because this study used the
higher intensity (speed) training, given that knee extension strengths at the lower test speeds
(30°, 60°, and 120°/s) increased signiﬁcantly in the previous study using the lower intensity
(speed) training (18). These improvements would contribute at least partly to the increments
for the peak cadence in this study.
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In conclusion, this is the ﬁrst study to show that 8 weeks of a single-exercise training
using the decrescent intensity training method from that which corresponds to MAnP to that
of near 100% V̇O2max improves concurrently MAnP, MAOD, and V̇O2max, despite the short
training time per session. Our training protocol may also afford potential adaptation beneﬁts
for athletes and/or enthusiasts with limited exercise time, although this warrants further
investigation. Further work is required to deﬁne the training protocols necessary to maximize
these training effects.
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