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ABSTRACT

The present study determined metabolic and performance
responses to repeated sprint exercise under hypoxia among
female team-sport athletes. Fifteen female athletes (age,
20.7 £ 0.2 years; height, 159.6 £ 1.7 cm; body weight,
55.3 % 1.4kg) performed two exercise trials under either a hy-
poxic [HYPO; fraction of inspired oxygen (F;0,), 14.5 %] or nor-
moxic (NOR; F;05, 20.9 %) condition. The exercise consisted of
two sets of 8 x 6-s maximal sprint (pedaling). The average
power output was not significantly different between trials for
set 1 (P=0.89), but tended to be higherin the NOR trial for set
2 (P=0.05). The post-exercise blood lactate concentrations
were significantly higherin the HYPO trial than thatin the NOR
trial (P<0.05). Exercise significantly increased serum growth
hormone (GH) and cortisol concentrations (P<0.01 for both
hormones), with no difference between the trials. In conclu-
sion, repeated short-duration sprints interspaced with 30-s
recovery periods in moderate hypoxia caused furtherincrease
in blood lactate compared with the same exercise under nor-
moxic conditions among female team-sport athletes. How-
ever, exercise-induced GH and cortisol elevations or power
output during exercise were not markedly different regardless
of the different levels of inspired oxygen.

Introduction

Growing attention has been paid to the efficacy of maximal sprint
training under hypoxia among athletes [4,6,9-14,16,19, 20, 24-
26]. Among them, several studies have revealed that repeated
sprint training in hypoxia (RSH) causes furtherimprovement in re-
peated sprint ability (RSA) in various types of male athletes (e.g.,
team-sport athletes, cyclists, cross country skiers) [4,6,9, 11-
13,16, 20, 24]. Thus, the beneficial effect of RSH is fully evident
among male athletes.

Somewhat surprisingly, although most female athletes fre-
quently perform RSH during intense training sessions, little is

known about the effect of RSH in female athletes. Furthermore,
previous studies indicated that power output [1] and aerobic en-
ergy contribution during sprint exercise [23] were different be-
tween male and female. However, both male and female subjects
were mixed in a previous study [11], and the gender difference re-
garding the efficacy of RSH was not a focus. Only one previous study
[24] determined the effect of RSH [two successive sets of 10% 7-s
sprints with 30-s rest periods between sprints; fraction of inspired
oxygen (F,0,), 14.5 %] over 4 weeks among female team-sport ath-
letes. Consequently, RSH caused a three-fold increase in maximal
power output during a repeated sprint test (10 x 7-s sprints, 30-s
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rest period between sprints) compared with the same training
under normoxia. However, no information was provided about the
acute physiological response during RSH among female athletes
alone, although two previous studies reported the physiological
and performance responses to repeated sprint exercise under var-
ying severities of hypoxia in male athletes [3, 18]. As a consequence,
power output during the latter part of the sets (three successive
sets of 9x4-s sprints, 40-s rest period between sprints) was signif-
icantly lower under moderate hypoxia (F0,, 14.5 %) with a further
increase in blood lactate concentration compared with the same
exercise under normoxia [18]. A single 30-s maximal sprint in se-
vere hypoxia augmented oxygen deficit and blood lactate concen-
tration more than the same exercise in normoxia [31]. In addition,
oxygen delivery in working muscle was impaired during the 30-s
maximal sprint under severe hypoxia [8], suggesting that local hy-
poxia (insufficient oxygen delivery) in working muscle occurred in
hypoxia. Furthermore, augmented metabolite accumulations (e.g.,
H*, HCO5™, Pi, lactate) during repeated sprint exercise under hy-
poxia may stimulate growth hormone (GH) and cortisol secretions,
leading to increased fat metabolism during the post-exercise pe-
riod [36]. Kon et al. [29] revealed that repeated bouts of maximal
sprint (four sets of 30-s sprints) under hypoxia (F,0,, 13.6 %) cause
afurtherincrease in GH among male subjects. However, it remains
unclear whether the performance decrement and the increases
in exercise-induced lactate, GH, and cortisol are augmented during
repeated sprint exercise under moderate hypoxia in female
athletes.

Therefore, the purpose of the present study was to determine
the metabolic and performance responses to repeated sprint exer-
cise under moderate hypoxia in female team-sport athletes. As pre-
viously shown in male athletes, we hypothesized that repeated
sprint exercise under hypoxia would decrease exercise performance
and would increase exercise-induced lactate, GH and cortisol ele-
vations compared with the same exercise under normoxia.

Methods

Subjects

Fifteen female college athletes participated in the present study.
Their physical characteristics [mean + standard error (SE)] were age,
20.7 0.2 years; height, 159.6 £ 1.7 cm; body weight (BW),
55.3%1.4kg; and body mass index (BMI), 21.7 £ 0.4 kg/m?. All ath-
letes were born at and were currently living at sea level. They had
not been at altitude for more than a year prior to participating in
the present study. They belonged to the lacrosse club at the same
university and participated in lacrosse-specific training for 5 days/
week (4 h/day). The present study was conducted during the basic
training phase in a periodized training program.

The menstrual cycles of all subjects were monitored prior to the
experiment. The experiment consisted of two exercise trials on dif-
ferent days, and the menstrual cycle phase (follicular or luteal phase)
was matched between the two trials. However, 3 of the 15 subjects
were excluded from the analysis because two trials appeared to be
conducted during a different menstrual cycle, based on serum es-
tradiol and progesterone concentrations. Consequently, 12 subjects

were included in the final analysis (mean £ SE: age, 20.8 £ 0.2 years;
height, 158.7 1.9 cm; BW, 54.8 £ 1.3 kg; BMI, 21.8 £0.4 kg/m?2).
All subjects were informed of the risks and benefits of the present
study and provided written informed consent. The present study
conformed to the principles in the ethical standards of Internation-
al Journal of Sports Medicine [21]. The present study was approved
by the Ethics Committee for Human Experiments at Ritsumeikan
University.

Overview of experimental design

All subjects visited the laboratory three times during the experi-
ment. A familiarization session for the exercise tests was performed
during the first visit. Approximately 1 week following the familiar-
ization session, the subjects visited the laboratory twice (main ex-
periments) on different days. Each trial was separated by at least 1
week. During the main experiment, the subjects conducted two
exercise trials under either hypoxic (HYPO; F,0,, 14.5 %, equivalent
to a simulated altitude of 3,000 m) or normoxic (NOR; F;0,, 20.9 %)
conditions in a randomized order. The oxygen level of hypoxia was
consistent with previous studies [24-26]. The study was complet-
ed with a single-blind, placebo-control design, and subjects were
not given any information about the selected condition. Both trials
were completed in an environmentally controlled, whole-room
type (14.8 m2) hypoxic chamber, and hypoxia was induced by in-
sufflating nitrogen as reported previously [24, 34]. Temperature
and humidity in the chamber were maintained at 23 °Cand 50 %,
respectively. Oxygen and carbon dioxide concentrations within the
chamber were monitored continuously.

Power output during exercise, and exercise-induced metabolic
and endocrine responses were compared between the two trials
for the main experiments.

Repeated sprint exercise

The subjects visited the laboratory in the morning (08:00) follow-
ing an overnight fast of at least 10 h. Each trial was started follow-
ing a 10-min rest period in the chamber. Subjects performed a
standardized warm-up consisting of 5min of pedaling at 80 W, fol-
lowed by 2 x 3-s maximal sprints in which load was equivalent to
5.0% of BW. Five minutes after the warm-up, they started the re-
peated sprint exercise (8 x 6-s maximal sprint with 30-s rest period
between sprints) using an electromagnetically braked cycle ergom-
eter (Power Max VIII; Konami Corp., Tokyo, Japan). The applied load
was equivalent to 6.0 % of BW. The exercise was repeated twice,
separated by a 10-min rest period between sets. The subjects re-
mained in the chamber for 30 min after completing the final sprint
to evaluate metabolites and endocrine responses during the post-
exercise period. They also stayed within the chamber for rest peri-
ods between sets under prescribed oxygen concentrations. There-
fore, the total duration of exposure to hypoxia or normoxia was ap-
proximately 60 min (including 10-min rest before warm-up, during
warm-up exercise, during maximal sprint exercise and rest periods
between sprints and sets, 30 min of post-exercise period). Power
output was recorded during each sprint. In addition, the power out-
put decrement during repeated sprint exercise was calculated
[(sprint 1 - sprint 8)/sprint 1]% 100 [17].
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Arterial oxygen saturation (Sp0O,), heart rate (HR),
and subjective variable scores

SpO, was monitored using a finger pulse oximeter placed on the
tip of the right forefinger (Smart Pulse, Fukuda Denshi Co., Ltd.,
Tokyo, Japan) at baseline under normoxia, immediately before and
immediately after each set of exercise, and 30 min after exercise.
HR was measured continuously (every 5 s) during exercise sessions
using a wireless HR monitor (RS400, Polar Electro, Tokyo, Japan).
The fatigue score was evaluated using a 100-mm visual analog scale
[37] before exercise, immediately after each set of exercises, and
15 and 30 min after completing the exercise.

Metabolites and endocrine responses

Venous blood samples were collected from an antecubital vein be-
fore exercise, immediately after exercise, and 30 min after exercise.
These blood samples were taken while the subjects were sitting on
a chair. Capillary blood samples were also taken from the fingertip
after set 1 and before set 2. Serum and plasma tubes (containing
EDTA) were centrifuged for 10 min at 4 °C (3,000 revolutions per
min) to obtain serum and plasma samples, and the samples were
stored at — 80 °C until analysis. From obtained blood samples,
blood glucose and lactate, and serum GH and cortisol concentra-
tions were measured. Blood glucose and lactate concentrations
were measured immediately after blood collection using a glucose
analyzer (Free style; Nipro Co., Osaka, Japan) and a lactate analyz-
er (Lactate Pro; Arkray Co., Kyoto, Japan), respectively. Blood glu-
cose concentrations were measured in duplicate, and average val-
ues were used for the analysis. The intraclass correlation coefficient
between measurements for the blood glucose analysis was 0.98.
Serum GH and cortisol concentrations were measured using radi-
oimmunoassay at a clinical laboratory (SRL Inc., Tokyo, Japan). The
intra-assay coefficient of variation was 1.9 % for serum GHand 3.0%
for cortisol, respectively.

Metabolic responses

Respiratory variables were evaluated during set 1 and during 10 min
of the post-exercise period after set 1 cessation. Respiratory sam-
ples were collected using the breath-by-breath method and an au-
tomatic gas analyzer (AE300S; Minato Medical Science Co., Ltd.,
Tokyo, Japan). Oxygen uptake (VO,), carbon dioxide production
(VCO,), ventilation (VE), end-tidal partial pressures (PET) O, and
PET CO, were measured. The data during set 1 (including 6 s of
sprints and 305 of rest between sprints) were averaged every 65s.
The respiratory data were averaged every 30's during 10 min of the
post-exercise period.

Statistical analysis

All data are expressed as means + SE. Two-way repeated-measures
analysis of variance (ANOVA) was applied to assess the main effects
(FiO, and time) and the interaction (F;0, % time). When the ANOVA
revealed a significant interaction or main effect, the Tukey-Kram-
er test was performed to identify differences. Average SpO,, HR
values, maximal pedaling frequency, peak and average power out-
put, and the power output decrement were compared between
the two trials using the paired t-test. A P-value<0.05 was consid-
ered significant for all measurements. Effect sizes (ES) were calcu-
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»Fig. 1 Arterial oxygen saturation (SpO,). Shaded box indicates
exercise duration. Values are means £ standard error (SE). tP<0.05
vs. hypoxic (HYPO) trial.

lated by partial eta squared (n2) for the two-way repeated-meas-
ures ANOVA and Cohen’s d for the paired t-test, respectively.

Results

SpO0,, HR, and subjective variable scores

»Fig. 1 presents the time-course changes in the SpO, values dur-
ing the repeated sprint exercise (two sets of 8 x 6-s sprints with a
30-s rest period between sprints, and a 10-min rest period between
sets). Asignificant interaction was detected between F;0, and time
(P<0.01,ES=0.76), and significant main effects for F,0, (P<0.01,
ES=0.97) and time (P<0.01, ES=0.70) were observed. The SpO,
values remained significantly lowerin the HYPO trial compared with
those in the NOR trial (P<0.05), except at baseline. The average
SpO, values were significantly lower in the HYPO trial (89.6 £ 0.5 %)
compared with the NOR trial (97.8+0.2 %, P<0.01, ES=0.98).

The average HR throughout the exercise session (during the ex-
ercise session and 30 min of post-exercise) was not significantly dif-
ferent between the two trials (HYPO trial, 118 £ 2 bpm; NOR trial,
117+3bpm, P=0.71,ES=0.12).

Exercise significantly increased the fatigue score (main effect
for time, P<0.01, ES=0.60). However, no significant interaction
(P=0.77,ES=0.03) or main effect for F,0, (P=0.07, ES=0.26) was
observed.

Exercise performance during repeated sprint
exercise

Maximal pedaling frequency and peak power output did not differ
significantly between the two F,0, values in either set (maximal
pedaling frequency; set 1, P=0.66, ES=0.01; set 2, P=0.78,
ES=0.17, peak power; set 1, P=0.70, ES=0.12; set 2, P=0.86,
ES=0.05, » Table 1). » Fig. 2 shows the time-course changes in
mean power output during repeated sprint exercise. Although
mean power output decreased markedly as the exercise progressed
(main effect for sprint, P<0.01, ES=0.76), no significant interac-
tion between F;0, and sprint (P=0.81, ES=0.04) or main effect for
FiO, (P=0.14, ES=0.18) was detected. The average power output

Kasai N et al. Metabolic and Performance Responses... Sports Medicine International Open 2018; 2: E71-E78 E73

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



& Thieme

»Table 1 Performance variables during repeated sprint exercise.

| HYPO NOR | Pvalues[ES]
Set 1
Maximal pedaling 1594 157+3 P=0.66[0.01]
frequency (rpm)
Peak power 9.28+0.19 9.24+0.17 P=0.70[0.12]
output (W/kg)
Average power 7.01+0.14 7.03+0.14 P=0.89[0.08]
output (W/kg)
Power output 13.3£1.1 13.0£1.6 P=0.87 [0.05]
decrement (%)
Set 2
Maximal pedaling 157+4 1574 P=0.78[0.17]
frequency (rpm)
Peak power 9.23+0.19 9.23+0.22 P=0.86[0.05]
output (W/kg)
Average power 6.80+0.14 6.92+0.13 P=0.05[0.55]
output (W/kg)
Power output 16.6%1.6 14.2£2.8 P=0.47 [0.22]
decrement (%)
Values are means £ SE. ES = effect size
8.5 1
8.0
9 @ HYPO
= NOR
2 75 | ©
5
&
3 7.0 -
9]
2
o
2 6.5
c
3
=
6.0 1 Interaction: P=0.81
1 Main effect for FiO,: P=0.14
0 T Main effect for time: P=0.01

123 456 7 8123 456 7 8 (sprint)
1 1L 1
Set 1 Set 2

»Fig.2 Changes in mean power output during repeated sprint
exercise. Values are means + SE.

over eight sprints was not significantly different between the F,0,
forset 1 (P=0.89, ES=0.08), but tended to be different for set 2
(P=0.05, ES=0.55). Furthermore, the power output decrement
over eight sprints did not differ significantly between the two F,0,
values for either set (set 1, P=0.87, ES=0.05; set 2, P=0.47,
ES=0.22).

Metabolites and endocrine responses

Seven of twelve subjects completed the HYPO and NOR trials dur-
ing the follicular phase (follicular phase group), whereas the re-
maining five subjects completed the two trials during the luteal
phase (luteal phase group). Serum estradiol concentrations were
not significantly different between the two F;0, values in either
menstrual phase [follicular phase group (n=7); 57+ 15pg/mLin
the HYPO trial, 105+ 36 pg/mLin the NOR trial, P=0.23,ES=0.66,
luteal phase group (n=5); 112+ 26 pg/mL in the HYPO trial,

152+34pg/mLinthe NOR trial, P=0.43, ES=0.60]. Serum proges-
terone concentrations were similar between the two F,0, valuesin
the follicular phase group (0.70+0.08 ng/mL in the HYPO trial;
0.73+£0.10ng/mL in the NOR trial, P=0.67, ES=0.09) and the lu-
teal phase group (9.74 +5.34 ng/mL in the HYPO trial;
8.06£3.43ng/mLin the NOR trial, P=0.83,ES=0.17).

» Table 2 shows blood lactate and glucose concentrations. Sig-
nificant main effects for time (P<0.01,ES=0.92) and F,0, (P=0.01,
ES=0.52) were observed for blood lactate concentration, and the
exercise-induced increase in blood lactate after exercise was sig-
nificantly higherin the HYPO trial than that in the NOR trial (imme-
diately after set 2, P<0.05, ES=0.61; 30 min after exercise, P<0.05,
ES=0.56). In contrast, blood glucose concentrations did not differ
between the two F,0, values (interaction, P=0.49, ES=0.07; main
effect for F,0,, P=0.06, ES=0.28).

» Fig. 3 shows the changes in serum GH and cortisol concentra-
tions. Exercise significantly increased serum GH concentration
(P<0.01, ES=0.58), but no interaction between F,0, and time
(P=0.44,ES=0.06) or main effect for F,0, (P=0.75,ES=0.01) was
observed. For serum cortisol, significant interaction between F,0,
and time (P=0.01, ES=0.36) and main effect for time (P<0.01,
ES=0.76) were observed. Serum cortisol concentration tended to
be higher in the HYPO trial than that in the NOR trial 30 min after
completing the exercise (main effect for F,0,, P=0.07, ES=0.28).

Metabolic responses

» Fig. 4 presents changes in VO,, VCO,, and VE during the exercise
period. No significant interaction was observed between F,0, and
time for VO, (P=0.06, ES=0.21). However, significant main effects
for F;0, (P<0.01, ES=0.83) and time (P<0.01, ES=0.83) were
observed. No significant interaction between F;O, and time was
detected for VCO, (P=0.09, ES=0.19). However, significant main
effects for F;0, (P=0.05, ES=0.34) and time (P<0.01, ES=0.84)
were observed. The accumulated VO, and VCO, throughout the
exercise sessions were significantly lower in the HYPO trial than
those in the NOR trial (VO,; P<0.01, ES=0.85, VCO,; P=0.03,
ES=0.60, » Table 3).

No significant differences were detected for accumulated VO,
(P=0.27,ES=0.33) or accumulated VCO, during the 10-min post-
exercise period (P=0.24, ES=0.35) between the two F,0, values.
However, average VE remained significantly higher in the HYPO
trial than in the NOR trial during the 10-min post-exercise period
(P=0.01,ES=0.69).

The average values of PET O, during the exercise and the 10-min
post-exercise period were significantly lower in the HYPO trial com-
pared with those in the NOR trial (during exercise: P<0.01,
ES=11.67; during 10 min post-exercise: P<0.01, ES=14.0). The PET
CO, showed significantly lower values in the HYPO trial compared
with those in the NOR trial (during exercise: P<0.01, ES=1.38; dur-
ing 10 min post-exercise: P<0.01,ES=0.75, » Fig. 5).

Discussion

The present study was designed to determine exercise performance
and metabolic and endocrine responses to repeated sprint exercise
under moderate hypoxia in female team-sport athletes. A novel
finding from this study was that repeated sprint exercise under hy-
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»>Table 2 Blood lactate and glucose concentrations.

»Fig.3 Changes in serum growth hormone and cortisol concentrations. Values are means +SE.
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Pre After set 1 Before set 2 After set 2 30 min after Interaction [ES]
exercise Main effects for
Trial and Time [ES]
Lactate (mmol/L) HYPO 1.4+0.1 18.0+1.7 16.5+1.3 19.6+1.1% 11.3+£1.1% P=0.37[0.08],
NOR 1.1£0.1 15.5+1.3 15.4+1.0 17.4+1.0 9.6+0.8 P=0.01[0.52],
P<0.01[0.92]
Glucose (mg/dL) HYPO 86+ 103+7 119+5 1247 1147 P=0.49 [0.07],
NOR 85+3 98+3 11145 1176 1078 P=0.06 [0.28],
P<0.01[0.82]
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»Fig.4 Changes in oxygen uptake (VO,) a, carbon dioxide production (VCO,) b, and ventilation (VE) c. Respiratory variables were averaged every
65 during the 6-s sprints and 30-s rest periods between sprints. Shaded box indicates exercise duration. R=rest periods between sprints. Values are

means £ SE.
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»Table 3 Respiratory variables during exercise and 10 min of post-exercise.

HYPO NOR P values [ES]

Accumulated VO, (L) Exercise session 20.2+0.61 23.3+0.8 P<0.01[0.85]

Post-exercise (10 min) 8.9+0.3 8.7£0.3 P=0.27 [0.33]
Accumulated VCO,(L) Exercise session 25.6+1.3t 27.3%£0.8 P=0.03[0.60]

Post-exercise (10 min) 12.0£0.5 11.8+0.5 P=0.24[0.35]
Average VE (L/min) Exercise session 71.1+3.1¢% 64.9+3.4 P=0.04[0.57]

Post-exercise (10 min) 29.5+1.61 26.7+1.6 P=0.011[0.69]
Values are means+SE.  P<0.05 vs. NOR trial. Accumulated (summed) VO, and VCO, were calculated separately between the exercise session
(including 6 s of sprints and 30 s of rest between sprints) and 10 min of post-exercise period. Average VE was also calculated separately between
exercise session and 10 min of post-exercise period. ES =effect size

a During exercise

t

140 -

120 A

60 4
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40 -
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60 4
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40 - 1
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»Fig.5 Average values of end-tidal partial pressures (PET) O, during the exercise a and 10 min of post-exercise period b, and PET CO, during the
exercise ¢ and 10 min of post-exercise period d. Values are means +SE. tP<0.05 between trials.

poxia did not cause a significant decrement of power output than
the same exercise under normoxia, but power output during the
latter sets of the exercise under hypoxia tended to be lower. More-
over, the exercise-induced elevation in blood lactate concentration
under hypoxia was significantly greater than that during the same
exercise under normoxia. Serum GH and cortisol concentrations
were significantly elevated after the exercise but not significantly
different between trials.

In the present study, peak or mean power output during repeat-
ed sprint exercise did not differ significantly between the two tri-
als. However, average power output during set 2 under hypoxia
tended to be lower in the HYPO trial (P=0.05, ES=0.55). Previous
studies in male subjects indicated that power output during the
latter sets of repeated sprint exercise was significantly lower under
the hypoxic condition [3, 5, 18]. It is also known that RSA is influ-

enced by aerobic metabolism associated with PCr resynthesis be-
tween sprints [2, 15, 38]. Due to lower inspired levels of O, during
exercise and recovery under hypoxia, power output was thought
to markedly decrease during the latter sets of the hypoxic condi-
tion. Moreover, the impaired power output during exercise under
hypoxia may be more profound among female subjects than male
subjects due to the lower anaerobic contribution (i. e., higher aer-
obic contribution) of women [23]. However, in the present study,
marked reduction of power output during exercise under hypoxia
was not observed. These inconsistent findings for RSA between hy-
poxic and normoxic conditions among relevant studies may be at-
tributed to different exercise protocols. In fact, the studies show-
ing a marked reduction in sprint performance under hypoxia using
an exercise protocol with a greater number of sprints (3 sets of
9x4-s maximal sprint) [18] or shorter rest periods between sprints

E76 Kasai N et al. Metabolic and Performance Responses... Sports Medicine International Open 2018; 2: E71-E78

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



(3 sets of 5% 10-s maximal sprint with 20 s rest between sprints)
[14]. Therefore, power output may be lower under the hypoxic con-
dition when an exercise protocol with an increased number of
sprints and limited rest periods between sprints is applied. In ad-
dition, the VO, during repeated sprint exercise was significantly
lower in the HYPO trial than in the NOR trial, despite similar power
output between the two trials. Thus, impaired aerobic metabolism
during exercise in the HYPO trial should have been compensated
by increased anaerobic energy supply. As shown in a previous study
[8], oxygen delivery in working muscle is thought to be impaired.
Ogawa et al. [35] indicated that the contribution of anaerobic en-
ergy supplied during the maximal anaerobic running test (MART)
was greater under hypoxia (a simulated altitude of 2,500 m) com-
pared with that under normoxia. Moreover, intensive exercise
under hypoxia causes a further increase in anaerobic glycolytic ac-
tivity, with augmented lactate concentrations [7, 18, 30]. In fact,
the increase in exercise-induced blood lactate concentration was
greater in the HYPO trial, suggesting that glycolytic metabolism
was augmented under hypoxia [31]. In contrast, because accumu-
lated blood lactate is not a crucial factor for limiting performance
during sprint exercise [31,32], the reduction in performance was
relatively small in the present study. Although blood glucose con-
centration did not reveal a significant main effect for F,0,, the post-
exercise blood glucose concentration tended to be higherin the
HYPO trial than in the NOR trial (P=0.06, ES=0.28). Therefore, it
is plausible that glucose supply from liver was augmented [39]. Ex-
ercise-induced catecholamine and glucagon elevations are thought
to be stimuli for augmented blood glucose concentration [27]. In
the present study, blood glucose concentration after set 1 was sim-
ilar to that in the previous study using sprint exercise under severe
hypoxia [a single bout of 30-s maximal sprint (F;0,, 10.4 %)] [33].

We hypothesized that the increase in blood lactate concentra-
tion in the HYPO trial would augment exercise-induced increases
in serum GH and cortisol, based on the findings from a previous
study [28]. However, this hypothesis was not confirmed, because
similarincreases in serum GH and cortisol concentrations were ob-
served. Kon et al. [29] revealed that a 30-s repeated maximal sprint
under hypoxia (F;0,, 13.6 %) causes a further increase in serum GH
concentration compared with the same exercise under normoxia.
There is no previous study that clarified the cortisol response to re-
peated sprint exercise under hypoxia. Moreover, the magnitude of
exercise-induced GH elevation in both trials was relatively small
compared with the previous study [29]. However, caution is nec-
essary forinterpreting the GH elevation, because GH secretion has
a pulsatile profile within a day [22]. In the present study, similar GH
and cortisol responses between the trials may be explained by the
different exercise protocols and the severity of hypoxia. Therefore,
the exercise protocol for repeated sprint exercise under moderate
hypoxia was insufficient to cause further increases in serum GH and
cortisol concentrations.

Although the reduction of SpO, during the exercise session (ap-
proximately 93 % at rest and 85 % at the end of each set) and aug-
mented exercise-induced blood lactate elevation during repeated
sprint exercise under hypoxia were evident, the power output dec-
rement was also comparable to those in male subjects [18]. How-
ever, as suggested in a recent review by Girard et al. [16], further
investigation to clarify gender differences in performance and phys-

iological variables (e. g., reduced SpO,, metabolites, and endocrine
responses) during repeated sprint exercise under hypoxia is still
necessary.

Several limitations of the present study should be carefully con-
sidered. First, the menstrual cycle was not completely matched
among all subjects. However, two trials were conducted during the
same menstrual phase in each subject. Therefore, inconsistencies
of the menstrual cycle would not have an impact on the results.
Second, the performance and metabolic responses were not di-
rectly compared between the male and female athletes. Therefore,
we are not able to conclude whether gender difference for perfor-
mance and metabolic responses under hypoxia exists. Third, res-
piratory variables were assessed only during the first set and not
during the second set. Finally, more research is necessary to clarify
exercise-induced changes in other variables such as blood pH,
HCO5, K*.

From a practical viewpoint, the use of repeated sprint exercise
under hypoxia is highly available among athletes in order to increase
accumulation of metabolites compared with the same exercise
under normoxia. The augmented metabolic stimulus is expected
to improve buffering capacity and acid-base balance after a train-
ing period of several weeks [2]. Therefore, repeated sprint training
in hypoxia would be beneficial among various types of athletes
(e.g., team-sport athletes, sprinters, middle-distance runners and
swimmers). However, caution is still required when the different
types of exercise protocols (e. g., different number of sprints and
sets, and F;0,) are applied, because sprint performance during the
later sprints may be markedly impaired under the hypoxic condi-
tion with different exercise protocols.

Conclusion

Repeated short-duration sprints interspaced with 30-s recovery pe-
riods in moderate hypoxia caused furtherincreases in blood lactate
concentrations and lower O, compared with the same exercise
under normoxia in female team-sport athletes. However, exposure
to hypoxia did not markedly affect power output or the exercise-
induced GH and cortisol responses.
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