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ABSTRACT

Background Objective: We investigated the effects of a 3-day consecutive CO,-rich cold (20 °C) water
immersion (CCWI) following a high-intensity intermittent test (HIIT) on subjects’ sublingual temperature
(Tsub), blood lactate ([La]b), and heart rate (HR) compared to cold (20 °C) tap-water immersion (CWI) or
passive recovery (PAS).
Methods: Thirty-two subjects were randomly allocated into three groups (CCWI, CWI, and PAS), each of
which completed 4 consecutive days of cycling experiments. HR, Tsyb, and [La]b were recorded on each
day of exercise testing (immersion from Day 1 to Day 3 and Day 4). HIIT consisted of 8 sets of 20-sec
maximum exercise at an intensity of 120% of VO,max with 10-sec passive rest. The mean and peak
power, and peak pedal repetitions (PPR) within HIIT were averaged and the decline in PPR (APPR) from
Day 1 to Day 4 was measured.
Results: In CCWI and CWI, HR declined significantly following each immersion, with CCWI showing the
larger reduction (p < 0.001). At Day 2, CCWI showed a significantly lower [La]b compared to PAS
(p < 0.01). The changes in mean and peak power from Day 1 to Day 4 did not differ among the groups
(p = 0.302). APPR of HIIT was significantly correlated with the HR and [La]b values after immersions
(APPR-HR: r? = 0.938, p < 0.001, APPR-[La]b: 12 = 0.999, p < 0.001).
Conclusions: These findings indicate that CCWI is a promising intervention for maintaining peak per-
formance in high-intensity intermittent exercise, which is associated with a reduction in [La]b and HR.
© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

performance.'® Moreover, it has been reported that consecutive use
of CWI provides a better maintenance of sprint performance during

Cold-water immersion (CWI) is a well-known post-exercise re-
covery method that is widely utilized among athletes who seek to
minimize fatigue and accelerate recovery processes. CWI may
benefit recovery by reducing core and tissue temperatures,’ ®
alleviating acute inflammation and perceived pain,’ and
increasing parasympathetic activity.! CWI may also contribute to
maintain physical performance in successive matches as reducing
the perception of general fatigue and leg soreness,® improve peak
and average power output during cycling exercise,’ and provide
small and moderate performance gains in basketball
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consecutive days of training.!! Besides CWI's beneficial effects on
recovery and performance, it also has the disadvantage of inducing
vasoconstriction in arterial and venous capillaries, which causes a
reduction of peripheral blood flow.!

However, since carbon dioxide (CO,) provokes both cutaneous
and muscle vasodilation while being absorbed through the skin
layers into the subcutaneous tissues, this disadvantage of cold
exposure can be solved by dissolving CO, into the water,'?> which is
attributed to effects of body heat removal and vasodilation, rather
than vasoconstriction. Our group recently tested the acute effect of
CO;y-rich cold-water immersion (CCWI) following intense exercise
and concluded that CCWI is an effective intervention for main-
taining repeated cycling work efficiency compared to CWI or pas-
sive recovery. This performance benefit is associated with

1728-869X/© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:yfukuoka@mail.doshisha.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jesf.2022.02.004&domain=pdf
www.sciencedirect.com/science/journal/1728869X
http://www.elsevier.com/locate/jesf
https://doi.org/10.1016/j.jesf.2022.02.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jesf.2022.02.004
https://doi.org/10.1016/j.jesf.2022.02.004

M. Fujita, M. Yoshimura, M. Nakamura et al.

reduction in blood lactate concentration ([La]b) and heart rate (HR),
which may contribute to both cutaneous and muscle vasodilation
by CO,, and consequent improvement of the central circulation and
delivery of blood to working muscles. On the other hand, water
immersion with CO, may not benefit anaerobic performance,
possibly due to the reduction in muscle temperature.” In addition,
long-term recovery strategy of CWI following training seemed to
improve the day-to-day training performance!' and para-
sympathetic reactivation, as assessed by HR variability indices.'*
Our previous inconsistent findings and two limited reports led us
to consider the consecutive use of CCWI. As with single interven-
tion, we considered that CCWI would promote heat dissipation,
lactate removal, and parasympathetic dominance due to heart rate
attenuation,”® and that the repeated CCWI would be more
conductive to post-exercise CCWI recovery and maintain aerobic
and possibly anaerobic performance.

We thus conducted the present study to compare the effec-
tiveness of two post-exercise interventions (CCWI, and CWI), and
passive recovery (PAS) on 4-day consecutive high-intensity inter-
mittent cycling performance, blood lactate concentration, heart
rate, and core temperature.

2. Methods
2.1. Participants

A total of 32 trained male athletes (mean + SE: age, 20.3 + 0.2
years; body mass, 68.4 + 1.4 kg; height, 172.7 + 1.1 cm, and VO;max
53.8 + 1.0 ml kg~ Temin~!) volunteered to participate in the study.
All subjects were members of college athletics teams and had been
training for track and field short-distance events, rugby, soccer, or
baseball for >2 years. The physical training status of subjects
depended on their individual sports activities. They were all
consistently training in their sports 4—5 days a week, and usually
had matches or a day off on the weekend. Before their participation,
all subjects were informed of the potential risks and requirements
of the study, and each subject provided informed written consent.
The study was approved by the human research ethics committee
of Doshisha University (No. 15085).

2.2. Experimental design

Before participation, each subject completed a maximal cycling
test on a cycling ergometer (75XLIII, AEROBIKE, Konami, Tokyo,
Japan), which commenced at 30 W and increased by 30 W every
1 min at 60 rpm until exhaustion. The criteria for exhaustion were
as follows: (1) a score of 19 on the rating of perceived exertion
(RPE); and (2) failure to maintain 60 revolutions/min despite strong
verbal encouragement.'” The test was terminated when either two
criterion was met. Each subject's peak power output and maximal

oxygen uptake (VOymax) were determined with the use of a meta-
bolic chart (AE-310s; Minato Medical, Osaka, Japan).

Fig. 1 presents an overview of the experimental design. Before
each exercise testing session, subjects performed a 10-min warm-
up exercise with resistance at 50% of the individual subject's
maximal oxygen uptake. On Day 1, 8 sets of high-intensity inter-
mittent test (HIT),'®!” consisting of 20 s of all-out cycling at
maximum speed against a given resistance at 120% of the individual
subject’'s maximal oxygen uptake and 10 s of passive rest, were
conducted. After the 8 sets, the subject completed a 20 min re-
covery period with CCWI, CWI, or PAS, depending on the group to
which he had been assigned. On Days 2 and 3, each subject carried
out 8 sets of HIIT, then performed the same intervention according
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to the same protocol as on Day 1. The last experimental testing
session on Day 4 was completed with HIIT, and no recovery in-
terventions were conducted.

All tests were completed in a temperature-controlled laboratory
(25 + 0.1 °C, relative humidity 50 + 0.8%). All subjects were required
to maintain a food diary for 24 h before testing to ensure that their
food intake was consistent for 4 consecutive days. In addition, the
subjects were required to refrain from alcohol (48 h), caffeine
(24 h), and strenuous exercise (24 h) before testing.'®

2.3. CWI, CCWI, and PAS interventions

Each subject performed either passive sitting on the seat of a
cycling ergometer (PAS) for 20 min or a whole-body (excluding
head and neck) CWI or CCWI recovery on Day 1 to Day 3, after
completion of HIIT. The subject was vertically immersed in a 140 L,
20 °C water bath for 20 min. CO;-rich (>1,000 ppm) water was
prepared by dissolving CO, in 20 °C tap water using a dual-
chamber/dual-vortex high-speed rotation system (type 1S; Tai-
kougiken, Kumamoto, Japan).!>!3

Each subject completed experiments designed for 4 consecutive
days and performed one experimental testing session on each day
for a total of four sessions over 4 days. Every session except the one
on Day 4 was followed by either of two interventions (CCWI or
CWI), or PAS. The Excel RAND function was used to randomly assign
subjects to one of the conditions. The physical characteristics of the
three groups are summarized in Table 1. In the PAS condition, the
subject was seated and resting. The subjects would not have been
able to tell the difference between CCWI and CWI even after im-
mersion, as CO, microbubbles are invisible to the human eye.
However, the skin becomes red after 10 min in CCWI, and it is thus
possible that the subjects could tell that the water that reddened
their skin was CCWI at that point.

2.4. Outcome measures
(1) Performance

We determined the effectiveness of each intervention in main-
taining anaerobic performance by comparing the subjects' HIIT on
Day 1 and Day 4. The peak and mean power (watts) and the peak
pedal repetition (rpm) in the HIIT were determined when the
subject performed a set-time of 20-sec pedaling at maximum speed
against a given resistance at 120% of the individual subject's
VO,;max (Power MaxVII; Konami, Tokyo, Japan). The peak power
refers to the highest 20-sec pedaling power during 8 sets of HIIT.
The mean power refers to the average of all 8 sets of HIIT. The peak
pedal repetition (PPR) refers to the highest 20-sec pedaling revo-
lution during 8 sets of HIIT.

(2) Sublingual temperature

Each subject’s core temperature, measured as the sublingual
temperature (Tsyp), was recorded (MC-652LC; Omron, Kyoto, Japan)
at baseline, throughout the exercise bout (end HIIT), and after the
20-min recovery period (WI20; end of CCWI, CWI, or PAS)."®
Because Tsyp is influenced even by breathing, the subjects were
instructed to breathe through the nose with their mouths closed.
Even though the measurements at baseline and WI20 were unlikely
to be affected by mouth breathing, HIIT measurements were taken
for 30-sec after the completion of the exercise, so that the subjects’
hyperventilation had subsided, and they were able to breathe
through the nose easily with a closed mouth.
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Fig. 1. Overview of the experimental design. Note: The high-intensity intermittent test (HIIT) consists of 20-sec all-out cycling at maximum speed against a given resistance at 120%
of the individual subject's maximal oxygen uptake and 10 s of passive rest. Each participant completed experiments designed for 4 consecutive days and performed one exper-
imental testing session on each day for a total of four sessions over 4 days. Every session except the one on Day 4 was followed by either of two interventions (CCWI or CWI), or PAS.

CCWI: cold-water immersion with CO,, CWI: cold-water immersion, PAS: passive recovery.

Table 1
Physical Characteristics and maximal oxygen uptake in all groups.

Groups N  Age (year) Height (cm) Weight (kg) VOzmax (ml-kg~'-min~1)
PAS 11 205+03 1742+19 683 +29 520+ 1.5
CCWI 10 203 +04 1747 +20 686+1.6 564 + 1.7
CWI 11 202+03 1694+15 685+26 533+1.6

Data are shown as means + SE.

(3) Lactate

The subjects’ blood lactate concentrations ([La]b) were
measured using an earlobe sample and analyzed with a portable
analyzer (Lactate-Pro2; KDK Corp., Shiga, Japan). Since lactate
accumulation following HIIT correlates with the RPE, the [La]b was
recorded at baseline, throughout the exercise (end HIIT), and after
the 20-min recovery period (end of CCWI, CWI, or PAS). To avoid the
influence of lactate concentration at baseline, all subjects were
required to maintain a food diary for 24 h before testing to ensure
that their food intake was consistent.'®

(4) Heart rate

Heart rate (HR) was monitored using a heart rate monitor (Polar
Electro, RS800CX; Kempele, Finland) fitted to the subject before
testing. HR was recorded at baseline and every 15-sec throughout
the testing sessions. We focused on several periods at Baseline, the
end of the HIIT, and after the 20-min recovery period (WI20).

2.5. Statistical analysis

We performed a two-way repeated measures analysis of vari-
ance (ANOVA) on all data to evaluate the effects of the two in-
terventions (CCWI and CWI), and PAS as well as the interactions
between days and these three interventions. Where there was a
significant main effect or interaction, we identified differences by
using the Bonferroni test. The averaged HR from Day 1 to Day 3 at
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WI20 and the decrements in PPR from Day 1 to Day 4 (APPR) were
examined by a one-way ANOVA, and a post hoc-comparison was
performed with Tukey's test.

The effect size (ES) was calculated as Cohen's d between the
trials' percentage change from Day 1 to Day 4 to elucidate the
practical significance of the CCWI. The criteria to interpret the
magnitude were as follows: 0—0.2 = trial, 0.2—0.6 = small,
0.6—1.2 = moderate, 1.2—2.0 = large and >2 = very large."® We
assessed the strength of the associations between variables by
determining the Pearson's correlation coefficient between the
average of the 4 consecutive days of decline in PPR and the mean
values of the [La]b or HR after interventions or PAS. Significance
was set at p < 0.05. The data are presented as mean + standard
error (SE). The SE, which represents a within-participant devia-
tion,??! is also presented for the HR, [La] b, and Ty values as in-
dicators of the range of the “true” mean value.

3. Results
3.1. Heart rate

Fig. 2a shows the mean HR values in the PAS, CWI, and CCWI
groups. In the first 3 days, HR decreased rapidly during the recovery
period, but no significant differences were found among the three
groups. However, HR at WI20 decreased significantly over the 3
consecutive days (intervention effect: F(2,29) = 13.404, p < 0.001,
day effect: F(1,29) = 17.041, p < 0.001) (Fig. 2a), and the averaged
HR from Day 1 to Day 3 at WI20 was significantly lower in CCWI
than in PAS (F(2,8) = 14.441, p < 0.01) or in CWI (F(2,8) = 14.44]1,
p < 0.05).

3.2. Sublingual temperature

There were no differences in the Ty, values among the three
groups over 4 days (day effect: F(1,29) = 3.596, p = 0.068). How-
ever, the Tsyp values after WI20 decreased from Day 1 to Day 4 in
each group, and this reduction was smallest in CWI compared to
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Fig. 2. Mean values of heart rate (HR) (a) and blood lactate concentration ([La]b) (b) in the three recovery groups (PAS, CCWI, CWI) over 4 consecutive days of experiments. HR and
[La]b were measured at baseline (BL), end of HIIT, and after the 20-min recovery period (WI20, end of CCWI, CWI, or PAS). During the recovery periods, the mean values of HR and

[La]b was lower for CCWI than for CWI or PAS. Values are means + standard error (SE).

Table 2
Changes in sublingual temperature (Tsu,) at WI20 from Day 1 to Day 4.

Table 3
Changes in the peak and mean power of HIIT from Day 1 to Day 4.

Two-way analysis of variance

Two-way analysis of variance

Day 1 Day 4 Intervention  Day Interaction
Tsub (DC)
PAS 36.7+02 36.5+0.1
CCWI 365+01 362+02 p=0472 p=0.068 p=0.650
CWI 36.5+01 36.5+0.1

Data are shown as means + SE.

PAS with a small ES (ES = 0.35), or in CCWI with a small ES
(ES = 0.38) (Table 2).

3.3. Lactate

The [La]b values decreased during the recovery period (Fig. 1b),
and the CCWI maintained the lower [La]b value at WI20, whereas
no significant interaction effect between WI and day was observed.
Note that a significant difference in [La]b at WI20 on Day 2 was
observed between PAS and CCWI (Intervention effect:
F(2,29) = 6.67, p < 0.01) and between PAS and CWI (Intervention
effect: F(2,29) = 6.67, p = 0.019). (Fig. 2b).

3.4. Performance

The peak power of HIIT from Day 1 to Day 4 did not significantly
differ among the three groups (Interaction effect: F(2,20) = 1.271,
p = 0.302). Similarly, the mean power did not significantly differ
among the groups (Interaction effect: F(2,21) = 1.717, p = 0.204)
(Table 3).

On the other hand, PPR declined within 8 consecutive sets of
HIIT in each group. The decrements in PPR from Day 1 to Day 4
(APPR) was likely smaller for CCWI (—1.5 + 3.4 rpm) than for PAS
(—8.8 + 3.3 rpm) or CWI (—4.1 + 5.3 rpm), whereas no significant
differences were found among the three groups (F(2,20) = 0.761,
p = 0.48). In addition, the APPR of HIIT was significantly correlated
with the mean values of HR after both interventions and the PAS at
Day 1, Day 2, and Day 3 (Fig. 3a, 1* = 0.938, p < 0.001). Similarly, the
APPR was also significantly correlated with the mean values of [La]
b after interventions (Fig. 3b, r* = 0.999, p < 0.001).
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Day 1 Day 4 Intervention  Day Interaction

Peak power

(watts-kg™")
PAS 697 +1.15 7.01+124 p=0.779 p=0.112 p=0302
CCWI  6.69 +1.07 647 +1.13
CWI 758 +3.71 7.07 +2.92
Mean power

(watts-kg ")
PAS 631+1.00 637+101 p=0.192 p=0.704 p=0.204
CCWI 635 +0.68 6.21 + 0.81
CWI 552+0.84 567 +094

Data are shown as means + SE.

4. Discussion

We focused on the 3-day consecutive use of CO,-rich cold-water
on the physiological parameters of Tgyp, HR, [La]b, and anaerobic
performance. The 3-day consecutive CCWI led to some significant
reductions in HR and [La]b compared to CWI or PAS. With the
repeated use of CCWI, the reduction in the peak pedal repetitions
within 8 consecutive sets of HIIT was lower in CCWI relative to PAS
or CWIL

Our present findings demonstrated that, compared to PAS, the
administration of CCWI and that of CWI were both effective for
reducing the subjects’ HR during the recovery period. Even at WI20
of Day 1, HR in CCWI was significantly reduced and continued to
decrease until Day 3 compared to PAS or CWI. CWI also gradually
reduced HR at WI20, inducing a significant reduction in HR at Day
3. A previous study found that cold-water immersion reduces blood
flow to the skin through cutaneous vasoconstriction and redirects
blood back into the central circulation, leading to bradycardia.' It
should be noted that the increases in hydrostatic pressure and
vasoconstriction following CCWI increase central blood volume and
venous return, thereby improving cardiac efficiency, the delivery of
blood to the working muscles, and muscle performance during
subsequent exercise.”” The greater reduction in HR after WI20 of
CCWI may be at consequence of a more rapid rise in para-
sympathetic activity, which may or may not be independent of
blood redistribution.>®
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Fig. 3. Mean values of HR at WI20 (a) and [La]b at WI20 (b) in PAS, CCWI, and CWI. Over

**p < 0.01 compared to CCWI.

At WI20 the [La]b in CCWI was constantly lower, and significant
differences at WI20 on Day 2 were observed between PAS and both
CCWI and CWI. Our findings regarding both CWI and CCWI suggest
the possibility that cold treatment accelerates recovery by stimu-
lating blood circulation as mentioned above, releasing metabolic
waste,”* stimulating the central nervous system, and reducing the
thermal and cardiovascular loads."?® Therefore it seems reasonable
to use cold treatment as a mechanism for enhancing the removal of
metabolites.”® Our present results indicate that combining cold
water and CO,, i.e. CCWI, accelerated the clearance of [La]b after
this intervention (Fig. 2b) and resulted in a remarkable depression
of HR kinetics compared to CWI and PAS (Fig. 2a). The physiological
mechanism by which CCWI influences recovery is not entirely
clear,?’ but in our previous study,'? the local oxygenation/deoxy-
genation (which reflects the blood flow) at two leg-muscle sites in
subjects at rest were measured, and the cutaneous and muscular
blood flows were significantly increased during CCWI compared to
CWL. In addition, during the recovery period after CCWI, a signifi-
cantly lower skin temperature continued until the end of the re-
covery period compared with CWI, which may be attributed to
vasodilation by CO,. These findings and the mechanism (which
may be related to vasodilation by CO,, the augmented heat transfer
from the body, and hydrostatic pressure effects) may explain our
present observation of a great reduction in HR and [La]b in CCWI,
indicating that CCWI is more practical intervention than CWI.

The peak and mean power of HIIT from Day 1 to Day 4 did not
differ among the three groups, and the decrements of peak and
mean power in anaerobic cycling performance in both water im-
mersions were very small and thus cannot be taken as significant
alterations (Table 2). These findings were similar with those of
previous studies, which reported that CWI decreased sprint
swimming or cycling performance.”®?° By contrast, our present
results demonstrated that the APPR from Day 1 to Day 4 was likely
small in CCWIL. Interestingly, there was a negative correlation be-
tween [La]b after the recovery trials and the APPR of HIIT
(r> = 0.999 p < 0.001). There was also a negative correlation be-
tween the depression of HR values following CCWI and the
reduction in the APPR (r? = 0.938, p < 0.001)(Fig. 4). These results
demonstrated that significantly lower [Lalb and HR values
following CCWI would be associated with the maintenance of
anaerobic performance after consecutive days of bouts of high-
intensity intermittent exercise. Note that any learning effect was
minimized by the warm-up exercise conducted before each HIIT
sessions.

[La]b at WI20 (mmol-L-1)
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3 consecutive days, HR and [La]b during the recovery periods stayed lowest in CCWI.

Previous investigators have reported that oxygen consumption
during cycling exercise increases linearly or curvilinearly with the
increase in pedaling rate.>°~>? Similarly, heart rate could be curvi-
linearly related to pedaling rate.>">* Moreover, it was previously
reported that cycling at a cadence higher than 95 rpm induces a
significant increase in oxygen consumption, ventilation, and lactate
concentration after 30 min of exercise in triathletes.>> These pre-
vious results suggest that the metabolic demands could be high
when the pedaling rate is high. In our present study, a higher
pedaling rate (91.5 + 0.54 rpm; average of 3 groups over 4 days)
with maximal power output was performed by subjects during
HIIT, suggesting that subjects were required to endure a high
metabolic demand to maintain their pedaling rate. We observed a
smaller reduction in PPR (APPR) after CCWI compared to CWI or
PAS. This can be explained by the fact that the efficacy of CCWI,
which stimulates blood circulation and the release of metabolic
waste, compensates for the higher oxygen consumption or increase
in heart rate during higher pedaling rate, and minimizes muscle
fatigue, thus enabling subjects to maintain their pedaling rate over
consecutive days of exercise.

However, a careful consideration is necessary, because our
present study regarding the peak and mean power in HIIT resulted
that there was no significant difference among the three groups,
whereas several studies demonstrated that the implementation of
CWI improves repeated cycling performance®** and may have a
positive effect on sprint cycling performance compared to passive
recovery.'! This conflicting result remains a debate whether the
cold-water immersion provide the beneficial effects on sprint
performance. However, our current observation, that a small
reduction in PPR (APPR) following CCWI is associated with great
reductions in HR and clearance of [La]b, indicated that combining
cold water and CO, may be useful intervention for maintaining high
intensity cycling performance. Several studies demonstrated that
the immersion in CO,-enriched water increases both cutaneous
blood flow and oxygen partial pressure,>>—>’ causing changes in
oxygen dissociation and increased oxygen utilization, which
attributed to effect of vasodilation resulting from CO, application.
These previous studies may help to provide an explanation for the
results in our present study, that the maintained PPR following
CCWI, suggesting that combining cold water and CO, accelerates
even more the blood circulation and the release of metabolic waste,
thus enabling subjects to maintain their consecutive days of high
intensity cycling performance.
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Fig. 4. Relationship between the decrease in the peak pedal repetitions (APPR) within 8 consecutive sets of HIIT from Day 1 to Day 4 and the mean values of HR (a) and [La]b (b)
after the recovery interventions or PAS. APPR was associated with both the reduction of HR and the clearance of [La]b after recovery.

4.1. Study limitation

The assessors were unable to conduct the experiments without
knowing the intervention assignment (i.e., which subjects were
assigned to which intervention) because they prepared the CO,-
rich cold water and cold tap water interventions. This may be a
possible limitation of the present study, as the assessors’ bias may
potentially have influenced the results. However, the subjects were
not informed whether the water was CWI or CCWI to ensure a
single-blind design. The assessors were aware of the risk of their
conscious and unconscious bias, and made an effort to reduce the
risk by carefully monitoring their behavior when addressing par-
ticipants during experiments.

4.2. Perspective

It would be interesting to know whether there exists an optimal
cooling threshold.'? Future research should test the effects of dif-
ferences in water temperature on sprint performance, with a view
towards establishing individualized cooling strategies that could
even consider different sports activities. The relatively high cooling
temperature of 20 °C and 3 consecutive days of CO,-rich water
immersion water can provide a positive effect that may lead to a
redistribution of blood flow (as evidenced by the reductions in [La]
b and HR) and a small deterioration in peak pedal repetitions. Our
findings also indicate that CO,-rich cold-water immersion for 3
consecutive days may be useful when the maintenance of anaer-
obic high intensity performance is desired.

5. Conclusion

Compared with traditional recovery techniques such as passive re-
covery and cold tap water immersion, the 3-day consecutive use of CO,-
rich cold-water immersion may be effective for maintaining high in-
tensity performance for peak pedal repetition, which is associated with
a reduction in heart rate and enhanced clearance of blood lactate con-
centration. Combined with our previous findings that repeated use of
CO,-rich cold-water immersion is beneficial for cycling work effi-
ciency,”® the present findings suggest that CO,-rich cold-water im-
mersion is a promising intervention for aerobic (and possibly anaerobic)
performance and can be adapted to different sports activities.
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