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Abstract: The aim of this study was to investigate the effect of ingestion of ice slurry before bedtime
on the sleep quality of rugby union players in the summer season. Thirteen healthy male university
rugby union players volunteered for this study. The participants ingested either ice slurry or a room-
temperature beverage (control) 30 min before bedtime. A wearable activity-based sleep monitor was
used to analyze objective sleep parameters, and the subjective sleep scores were assessed using the
Oguri–Shirakawa–Azumi Sleep Inventory, middle-aged and aged version (OSA-MA). No differences
in the amount or efficiency of sleep were observed between the ice slurry/control beverage conditions.
Significant shortening of the sleep latency was observed in the ice slurry condition as compared
with the control beverage condition. Moreover, significant improvement of the subjective sleep score
for “feeling refreshed” on the OSA-MA was observed in the ice slurry condition. There were no
significant differences in the other subjective sleep scores between the two conditions. The results
suggest that ice slurry ingestion before bedtime may improve the latency of sleep onset, accelerate
recovery from fatigue, and be useful as a sleep improvement strategy in rugby union players engaging
in exercises during the summer season.
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1. Introduction

In order to alleviate the fatigue caused by match-playing and high training loads in
athletes, a variety of recovery strategies have been attempted [1]. A number of studies have
investigated the effects of various strategies for accelerating the rate of recovery, including
sleep [2,3], stretching, active rest, compression garments, and massage [4]. Among these,
sleep is considered as being one of the most important post-exercise recovery strategies, but
it is known to be influenced by irregular training and environmental factors. For example,
it is known that hot environments increase wakefulness and decrease slow-wave and rapid
eye movement sleep [5], while early-morning training and late-night matches decrease the
sleep quality [6].

Sleep quality (e.g., sleep latency, wake time after sleep onset, and sleep efficiency) is
known to be influenced by the circadian rhythm and is reported to be closely correlated
with the body temperature [7,8]. Sleep is typically initiated at a time when the body
temperature declines rapidly [9]. The core body temperature is higher in the daytime and
lower at night, and disturbances in this temperature rhythm are known to worsen the sleep
quality [10]. Factors that affect the body temperature rhythm in athletes include nighttime

Physiologia 2022, 2, 46–54. https://doi.org/10.3390/physiologia2030005 https://www.mdpi.com/journal/physiologia

https://doi.org/10.3390/physiologia2030005
https://doi.org/10.3390/physiologia2030005
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/physiologia
https://www.mdpi.com
https://orcid.org/0000-0002-8515-1064
https://orcid.org/0000-0002-7299-170X
https://orcid.org/0000-0003-1892-5696
https://orcid.org/0000-0003-4076-5836
https://doi.org/10.3390/physiologia2030005
https://www.mdpi.com/journal/physiologia
https://www.mdpi.com/article/10.3390/physiologia2030005?type=check_update&version=1


Physiologia 2022, 2 47

training and games, especially during the summer season. Skein et al. [11] reported that
5 days of training in the heat is associated with a decrease in the sleep quality (sleep latency
and wake after sleep onset) in athletes. This result underscores the importance of lowering
the core body temperature before sleep to improve the quality of sleep (and obtain good
recovery) in athletes. In studies aimed at improving sleep in athletes, immersion in cold
water after training has been reported to shorten the sleep latency [12], but not improve
the sleep quality [13,14]; therefore, the effects of external cooling on sleep are not clear. On
the other hand, internal cooling, e.g., by ingestion of ice slurry, is attracting attention as a
method for lowering the core body temperature. Ingestion of ice slurry, which is a mixture
of ice and a liquid carrier, has recently attracted attention as a cooling strategy for athletes.
Changing the physical state of water from the solid state to the liquid state requires a large
transfer of heat energy. Accordingly, ice slurry provides a greater cooling effect than liquid
water alone [15,16]. It has been reported that ingestion of 2 to 7.5 g/kg body mass of ice
slurry attenuated the rise in the core body temperature during exercise [17–19]. However,
until date, no studies have examined the effects of ingestion of ice slurry at bedtime on the
sleep quality.

As described above, ensuring an adequate duration of sleep is necessary to achieve
high performance in athletes [20]. However, in practice, it is difficult to ensure adequate
sleep duration due to the heat in the summer and demanding training and game schedules;
therefore, recovery strategies, such as improving the sleep quality, are important [21]. In
particular, tackle- and collision-based activities, which occur during match play and rugby
union training, have a high energy cost and can lead to excessive increase in the core body
temperature in hot environments [22,23]. Furthermore, Swinbourne et al. [24] reported
that professional rugby players are at risk of poor sleep during preseason training due to
physical stress. We investigated the effect of ice slurry ingestion at bedtime on the sleep
quality in the summer season in rugby union players, to verify the hypothesis that internal
cooling would shorten the sleep latency.

2. Materials and Methods
2.1. Participants

Thirteen healthy male university rugby union players (mean age 19.1 ± 0.9 years; age
range, 18–21 years; body mass 84.5 ± 8.4 kg; height 1.71 ± 0.05 m; VO2 max
61.7 ± 4.8 mL/kg/min) belonging to the same team participated in this study. Partici-
pants had at least 3 years of rugby union training experience. The average self-reported
sleep duration in the previous week was 7.8 ± 0.7 h; the participants had no disorders of
sleep or circadian rhythm, and no history of use of medications that could affect sleep or
circadian rhythm. The participants were provided a thorough explanation about the risks
and benefits of participating in the study, and written informed consent was obtained from
each of them prior to the commencement of this study. The participants were randomized
by their body mass and allocated to one of two sequences. This study was conducted with
the approval of the Ethics Committee of Keio University Graduate School of System Design
(approval number: SDM-2020-E017), in accordance with the principles laid down in the
latest version of the Declaration of Helsinki.

2.2. Study Design

This study had an open-label, randomized, crossover design, and consisted of
two crossover 1 day intervention periods separated by a 14 day washout period (Figure 1).
Throughout the study period, the participants were asked to maintain their normal
lifestyles, including their physical activity and nutritional habits. For the 16 day study
period, the participants were enrolled in a regular fitness conditioning program and field-
based rugby union-specific training (total 10 h per week) at their training facility (Kanagawa,
Japan); no cup matches or competitions were held during the study period. The participants
did not take part in any other structured recovery methods during this period. On the test
day and the day before the test day, they were instructed to avoid consuming alcohol, caf-
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feine, nonsteroidal anti-inflammatory drugs, and nutritional supplements. This study was
conducted from August to September 2020 (Kanagawa, Japan). The highest temperatures
and average relative humidity (RH) on each test day were 34.3 ◦C and 73% RH and 33.0 ◦C
and 86% RH, respectively. The average highest temperature and RH during the study
period were 33.0 ± 2.2 ◦C and 77.3% ± 4.5%, respectively. The participants underwent
field-based rugby union-specific training for 60 min during the daytime on the test day.
During the study period, the participants consumed three meals per day (providing a total
of approximately 5000 kcal). On the test day, the participants had a typical dinner 5 h
before bedtime with a macronutrient composition of approximately 1900 kcal (235.2 g of
carbohydrates, 63.1 g of fat, and 77.2 g of protein).
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2.3. Intervention

The participants ingested 2 g/kg body mass of −2 ◦C ice slurry (ice slurry) or room-
temperature beverage (control) 30 min before bedtime. The compositions of the ice slurry
and control beverage were the same: 56 kcal/100 g carbohydrate, 94.0 mg/100 g Na,
and 20.3 mg/100 g K. The participants ingested the ice slurry or control beverage from
aluminum foil-based pouches; for the ice slurry, the pouch was rubbed thoroughly until soft.

2.4. Rating of Perceived Exertion and Total Physical Activity Count

The rating of perceived exertion (RPE) was measured before and after the 60 min field-
based rugby union-specific training (exercise). The RPE was measured using a 6–20-point
Borg Scale [25]. The total physical activity during exercise was measured using an actigra-
phy device (MTN-220, Acos Co., Ltd., Nagano, Japan) [26,27]. The MTN-220 is a small and
lightweight coin-shaped device (external dimensions: 27 mm in diameter and 10 mm in
depth; weight 9 g) that records the amount of physical activity using an internal three-axis
accelerometer. The participants fixed the MTN-220 to the front side of their bodies during
exercise, by clipping it to the edge of their pants.

2.5. Measurements and Analysis of Objective Sleep Parameters

The sleep measurements were conducted in the participants’ own rooms at the univer-
sity dormitory with the temperature set to approximately 25 ◦C from 30 min before bedtime
to wake time, using the actigraphy device (MTN-220) [26,27]. The reported agreement
rate between the results of sleep/wake states calculated with the MTN-220 and those
calculated with polysomnography was 85% [28]. The participants were required to fix the
MTN-220 to the front side of their bodies by clipping it to the edge of their pants 30 min
before bedtime. Data were collected overnight, extracted from the MTN-220 through an
NFC interface (RC-S380, Sony Corporation, Tokyo, Japan) using the SleepSignAct ver. 2.0
software (Kissei Comtec, Nagano, Japan), and analyzed using the algorithm described in a
previous study [28]. The objective sleep parameters obtained from the software were the
bedtime, wake time, time in bed, total sleep time, sleep latency, wake time after sleep onset,
and sleep efficiency. The time in bed was defined as the total time spent lying in bed during
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the night, total sleep time was defined as the total time classified as sleep during the time in
bed, sleep latency was defined as the length of time a participant took to fall asleep, wake
time after sleep onset was defined as the total time during which the participant was awake
during time in bed, and sleep efficiency was defined as the total sleep time in relation to
the time in bed [29].

2.6. Assessment of Subjective Sleep Parameters

Subjective sleep scores were assessed using the Oguri–Shirakawa–Azumi Sleep Inven-
tory, middle-aged and aged version (OSA-MA), at wake up time [30,31]. The OSA-MA is a
self-reported questionnaire composed of 16 items, with the response to each of the items
graded on a four-point scale. The items are consolidated into five factors: sleepiness on
rising, initiation and maintenance of sleep, frequent dreaming, “feeling refreshed (recovery
from fatigue)”, and sleep length. The OSA-MA scores were calculated as the corrected (Zc)
scores, using a Microsoft Excel sheet provided by the creators of the inventory. The Zc score
was created by replacing the mean of the standard score of the population at the time of the
intervention with 50 points, with higher scores indicating a better quality of sleep.

2.7. Statistical Analysis

Descriptive data are presented as means ± standard deviation (SD), unless stated
otherwise. All statistical analyses were performed using the SAS software package version
9.4 (SAS Institute Japan Ltd., Tokyo, Japan). All data were assessed for normal distribution
using the Shapiro–Wilk test. A paired t-test was performed to compare the mean values
of the objective and subjective sleep parameters (control vs. ice slurry conditions). Data
that were not normally distributed were analyzed by the Wilcoxon signed-rank test. The
significance level was set at p < 0.05. Cohen’s d was used to measure the effect size for
paired samples [32]. Cohen’s d values between 0.2 and 0.5 were considered as small, values
between 0.5 and 0.8 were considered as intermediate, and values greater than 0.8 were
considered as high. The sample size was calculated using the software G*Power 3.1 [33],
considering the sleep latency in a previous study [8]. To calculate the sample size, the effect
size (0.90), two tails, α error probability (0.05), and power (0.8) were considered, and the
appropriate sample size was determined to be 12.

3. Results
3.1. Training Status of the Test Day

The RPE and total physical activity during exercise are shown in Table 1. No significant
differences between the two conditions were found in the RPE before and after 60 min
exercise. Moreover, the total physical activity during exercise was not different between
the two conditions.

Table 1. Rating of perceived exertion and total physical activity during exercise.

Variables Control Ice Slurry p-Value Cohen’s d

RPE
Before exercise for

60 min 10.7 ± 1.3 10.6 ± 1.6 0.705 0.19

After exercise
for 60 min 18.1 ± 1.6 18.0 ± 1.7 0.828 0.17

Total physical activity count 1487.8 ± 121.3 1444.3 ± 122.6 0.348 1.29
Values presented are the means ± standard deviation. RPE: rating of perceived exertion.

3.2. Objective Sleep Parameters

Table 2 shows the values of the activity-based sleep parameters obtained from the
MTN-220 data. No significant differences between the two conditions were found in the
bedtime, wake time, time in bed, total sleep time, wake time after sleep onset, or sleep
efficiency. The sleep latency was significantly shortened in the ice slurry condition as
compared with the control condition.
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Table 2. Objective sleep parameters obtained from the MTN-220 data.

Sleep Parameters Control Ice Slurry p-Value Cohen’s d

Bedtime (hh:mm) 23:28 ± 00:43 23:49 ± 01:14 0.451 0.35
Wake time (hh:mm) 07:09 ± 00:59 07:04 ± 00:33 0.755 0.11
Time in bed (min) 461.2 ± 65.5 434.8 ± 69.8 0.351 0.39

Total sleep time (min) 259.5 ± 60.1 255.4 ± 64.5 0.867 0.07
Sleep latency (min) 72.3 ± 60.2 34.3 ± 23.6 * 0.026 0.83

Wake time after
sleep onset (min) 117.2 ± 54.0 133.8 ± 45.2 0.290 0.33

Sleep efficiency (%) 56.4 ± 11.4 58.8 ± 11.7 0.535 0.21
Values presented are the means ± standard deviation. * p < 0.05, ice slurry vs. control condition (n = 13).

3.3. Subjective Sleep Parameters

The mean OSA-MA scores are shown in Table 3. There were no differences between
the conditions in the scores for the following factors: “sleepiness upon rising”, “initiation
and maintenance of sleep”, “frequent dreaming”, and “sleep length”. The score for “feeling
refreshed (recovery from fatigue)” was significantly higher under the ice slurry condition
than under the control condition.

Table 3. Subjective sleep parameters assessed by the OSA-MA.

Sleep Parameters Control Ice Slurry p-Value Cohen’s d

Factor I
Sleepiness upon rising 42.9 ± 6.0 46.2 ± 7.7 0.165 0.48

Factor II
Initiation and maintenance of sleep 38.6 ± 9.7 41.8 ± 9.4 0.350 0.34

Factor III
Frequent dreaming 50.1 ± 10.0 50.7 ± 8.2 0.875 0.07

Factor IV
Feeling refreshed (recovery from fatigue) 40.1 ± 6.9 46.8 ± 6.5 * 0.030 1.00

Factor V
Sleep length 45.5 ± 9.1 46.2 ± 8.3 0.781 0.08

Values presented are the means ± standard deviation. OSA-MA: Oguri–Shirakawa–Azumi Sleep Inventory,
middle-aged and aged version. * p < 0.05, ice slurry vs. control condition (n = 13).

3.4. Adverse Events

No adverse events associated with ice slurry ingestion were observed during the
study period.

4. Discussion

This study is the first to evaluate the effect of ingestion of ice slurry at bedtime on
the nighttime sleep quality during the summer season in university rugby union players.
Although ingestion of ice slurry 30 min before bedtime did not affect the wake time after
sleep onset or sleep efficiency, ice slurry ingestion shortened the sleep latency and improved
the subjective OSA-MA score for “feeling refreshed (recovery from fatigue)”. Significant
seasonal variations are known to exist in sleep quality parameters such as the sleep latency,
sleep efficiency, and wake time after sleep onset, and the sleep quality is known to be often
worse in the summer season than in other seasons [34]. One of the reported causes of
poor sleep quality in the summer season is the change in body and skin temperature in
hot environments [35–37]. The time in bed, total sleep time, sleep latency, and wake time
after sleep onset, measured as the objective sleep parameters using the MTN-220, were
461.2 ± 65.5 min, 259.5 ± 60.1 min, 72.3 ± 60.2 min, and 117.2 ± 54.0 min, respectively,
under the control condition. The sleep efficiency was 56.4% ± 11.4%, indicating that the
sleep quality was also poor in the participants of this study; a widely accepted normal
range for sleep efficiency is >85% [38]. In addition, the low scores (<50) on OSA-MA, a
subjective assessment scale for the sleep quality, other than the score for frequent dreaming,
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also suggested that the sleep quality was still poor [30]. As compared with other studies
examining the sleep measures of rugby union players, in the present study, the total sleep
time and sleep efficiency were lower [24,39]. The major plausible reason for the poor sleep
quality and quantity is that the participants in this study underwent field-based rugby
union-specific training in hot environments. As shown in Table 1, the total physical activity
and RPE after exercise did not differ between the two study conditions, suggesting that
the intensity of exercise on the day of the experiment was not different between the two
conditions. In addition to the exercise intensity, the timing of the exercise and exercise
duration are thought to be important parameters that could have acute effects on sleep. In
the present study, the participants performed exercise for 60 min at least 6 h before bedtime.
In a previous study, no reliable effects of exercise on sleep were seen when the duration of
exercise was 60 min [40]. Another previous study showed the absence of any differences
in the rectal temperature at bedtime or throughout the sleep period following exercise for
1 h at 60% VO2 max performed 5–6 h before bedtime, as compared with the non-exercise
control condition [40]. Therefore, the sleep quality decrement observed in this study is
likely to be due to the hot environment.

As reported from previous studies on the effects of external cooling, no differences
were observed between the study conditions in sleep measures such as bedtime, wake time,
time in bed, total sleep time, wake time after sleep onset, or sleep efficiency [12,13]. In
these latter studies, the effect of cold-water immersion after exercise to shorten the sleep
latency could be explained in part by the reduced muscle discomfort. However, since ice
slurry ingestion has been shown to have no direct effect on the muscle temperature, it is
possible that a different mechanism could exist to explain the beneficial effects of ice slurry
ingestion on the sleep latency and subjective fatigue in this study. One such example is
the brain cooling effect via conductive cooling. It was recently reported using magnetic
resonance spectroscopy that ingestion of ice slurry lowers the temperature of the frontal
lobe [41]. The effect of ice slurry ingestion in the present study on the brain temperature
could explain its effects on the sleep latency and subjective fatigue.

In particular, the sleep latency has been reported to be associated with the core body
temperature [8]. The core body temperature of the participants may have been affected by
the ambient temperature, but ingestion of ice slurry may have caused a rapid decrease in
the core body temperature, contributing to the improved sleep latency [42]. In a previous
study, ingestion of 2 g/kg body mass of ice slurry 30 min prior to exercise reduced the
core body temperature [17]. Therefore, in this study, the participants ingested 2 g/kg body
mass of ice slurry 30 min before bedtime. Because the room temperature was controlled
at 25 ◦C, and not higher, the amount of ice slurry ingested was sufficient to improve the
sleep quality.

No adverse events associated with the ingestion of ice slurry were observed during the
study period, indicating the safety of ice slurry ingestion. Ice slurry ingestion at bedtime
could be a useful alternative for improving the sleep quality in hot environments, with no
side-effects such as habituation or dependence on hypnotics.

This study had some limitations. Firstly, in this study, we used an actigraphy device,
MTN-220, which can be attached to the waist to monitor the sleep quality, because all
participants were not familiar with portable polysomnography. Actigraphy underestimates
the sleep latency and total wake time, and consequently overestimates the total sleep time
and sleep efficiency [43]. Although the abovementioned systematic differences between
polysomnography and actigraphy exist, actigraphy is thought to be able to detect treatment
effects of sleep parameters [43]. Furthermore, since the MTN-220 cannot measure sleep
stages, further studies using portable polysomnography are needed to clarify the effect
of ingestion of ice slurry on the sleep stages. Secondly, the sample size for this study was
small and the sleep quality measurement period was only 1 day. There is a well-known
phenomenon called the “first night effect”, which is characterized by a decrease in sleep
quality on the first night of testing [44]. Therefore, in order to clarify the effects of ingestion
of ice slurry at bedtime on the sleep quality, a larger, randomized controlled trial with a
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longer period of measurement of the sleep quality is warranted. Thirdly, ingestion of ice
slurry did not improve variables of sleep quality in hot environments other than the sleep
latency as an objective sleep parameter and “feeling refreshed (recovery from fatigue)”
as a subjective parameter. Further research on the sleep quality is, therefore, required
among rugby union players, involving comprehensive indices of sleep quality, recovery
from fatigue, and exercise performance over longer periods of time. Lastly, in this study,
we were not able to monitor the brain and core body temperature during sleep. Because
these measurements interfere with the sleep quality of the participants, a noncontact and
continuous method of measurement is necessary to clarify the detailed mechanism of the
effect of ingestion of ice slurry at bedtime on the sleep quality. Moreover, we did not
measure thermal sensation or thermal comfort at the time of ingestion. The cold sensations
experienced by the participants in the ice slurry condition might have affected the sleep
parameters. To clarify the potential biases arising from the differences in subjective comfort,
future studies should examine the effect of cold sensation on the sleep parameters.

5. Conclusions

The results showed that ice slurry ingestion at bedtime did not affect the sleep duration,
but suggested the possibility that it improved the latency of sleep onset and accelerated
recovery from subjective fatigue. Ice slurry ingestion at bedtime might be useful as a sleep
improvement strategy in rugby union players engaging in exercises during the summer
season. Further research is, therefore, required on the comprehensive sleep architecture
and objective recovery status of rugby union players.
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