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Abstract
Background  The aim of the present study was to examine the effects of cold water immersion on the amount and quality of 
sleep obtained by elite cyclists during a simulated hill climbing tour.
Methods  Ten male professional cyclists (age 21.1 ± 1.7 years) from the Australian Institute of Sport were monitored for 
eight consecutive nights during a simulated hill climbing tour. The experiment employed a randomised cross over design. 
Cyclists followed a simulated hill climbing tour consisting of two 3-day sessions (140–190 km per day) separated by 2 days 
where ~ 60 km recovery rides were performed. During the first 3 days of simulated competition, five participants underwent 
a hydrotherapy recovery session (cold water immersion; 11–12 °C for 10 min), while the remaining five participants com-
pleted a placebo (ultrasound turned off; 10 min) recovery session. Recovery sessions were completed within 30 min of the 
conclusion of each competitive session (hh:mm; 13:00–14:00). After 2 days of recovery, participants reversed conditions.
Results  Paired samples t tests revealed no differences in the amount and quality of sleep obtained by elite cyclists between 
conditions. Sleep latency was shorter in the cold water immersion condition compared to the placebo condition (p = 0.03). 
With the exception of sleep latency, sleep/wake behaviours were similar between the cold water immersion and placebo 
conditions (p > 0.05).
Conclusion  Cold water immersion did not affect the sleep of elite athletes within this sample. If coaching staff are using 
cold water immersion as a post-exercise recovery strategy, they may continue to utilise this form of recovery without any 
impact on their athlete sleep.
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Introduction

Elite cyclists are frequently exposed to high training loads 
with minimal time for recovery [1]. Establishing the bal-
ance between training and adequate recovery is considered 
a critical factor for achieving optimal performance [2]. The 
importance of recovery towards performance is evident in 
the number of recovery strategies employed within ath-
letic settings, some of which include cold water immersion 
[3], compression garments [4], massage [5], low-intensity 

exercise, and stretching [6]. Despite the introduction of 
numerous recovery strategies, cold water immersion is one 
of the most widely used and seems to benefit subsequent 
athletic performance [7, 8].

Studies examining the physiological effects of cold water 
immersion in competitive cyclists have shown significant 
decreases in core body temperature [3, 7]. In healthy adults, 
the rapid decline in core body temperature helps sleep onset 
and promotes deep sleep [9, 10]. This is relevant for the 
recovery of athletes as the body releases growth hormones 
that stimulate the protein synthesis necessary for muscle 
repair during deep sleep [11–13]. Unfortunately, only a few 
studies have examined the affects cold water immersion on 
the sleep of elite athletes [14, 15]. Available studies have 
found no clinically significant changes in sleep quality and 
quantity [14, 15]. This is in contrast to the anecdotal reports 
of athletes experiencing enhanced sleep quality and quantity 
following cold water immersion. The underlying mechanism 
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behind enhanced sleep following cold water immersion is 
related to the association between core body temperature and 
melatonin secretion [16]. The circadian rhythm of melatonin 
secretion is inversely proportional to the normal core body 
temperature; therefore, the decline of core body temperature 
is strongly related to sleep propensity and sleep onset [17].

An alternative explanation that may lend support to the 
notion that cold water immersion leads to a better sleep qual-
ity and quantity is related to proprioceptive reduction of 
muscle soreness that occurs following cold water immersion 
[18, 19]. For example, feelings of heaviness, muscle fatigue, 
and discomfort have been frequently reported to have a nega-
tive effect on sleep quality, and thus, the reduction of such 
perceptive feelings as shown following cold water immer-
sion may improve sleep quality and quantity [20, 21].

Given the widespread use of cold water immersion in 
athletic settings [22, 23], it is important to investigate if cold 
water immersion positively or negatively affects sleep fol-
lowing intensified training. Therefore, the aim of this study 
was to examine the effects of cold water immersion on the 
sleep of elite cyclists during a simulated hill climbing tour.

Materials and methods

Participants

Ten male professional cyclists (age 21.1 ± 1.7 years; body 
mass 67.5 ± 5.6 kg; VO2 peak 68 ± 26 ml/kg/min) volun-
teered to participate in the study. All participants were com-
petitive at a national level. Cyclists did not report any sleep 
disorders prior to participation in the study and none were 
detected during the study. The study was approved by the 
human research ethics committee of the Australian Institute 
of Sport Human Research Ethics Committee (20100802). 
All participants provided written informed consent.

Design

The experiment employed a randomised cross over design 
and was part of a larger study. Athletes followed a simu-
lated hill climbing tour consisting of two 3-day sessions 

(mean ± SD; 173.6 km ± 14.5 km per day) separated by 
2 days where ~ 60 km light recovery rides were performed. 
Before each session, participants completed a 30-min 
cycling warm up at 08:00 h. All rides involved riding out-
side on variable terrain (e.g., climbing and flats) and were 
performed in a simulated competition format to accurately 
represent competition. The duration and distance covered 
were recorded using a Garmin Cycling Computer [15]. All 
rides were supervised by a follow vehicle and a coach to 
ensure compliance. Participants used their own bicycles for 
the duration of the study. During the first 3 days of simulated 
competition, five participants underwent a hydrotherapy 
recovery session (cold water immersion), while the remain-
ing five participants completed a placebo (ultrasound turned 
off) recovery session. After 2 days of recovery, participants 
reversed conditions (Fig.  1). The average (mean ± SD) 
weather temperature recorded throughout the data collec-
tion was 26 °C ± 1 °C, min 18 °C ± 2 °C, and max 33 ± 2 °C.

Each supervised cold water immersion recovery session 
required participants to submerge their body in a plunge 
pool (excluding head and neck) set at 11–12 °C for 10 min. 
This was completed within 30 min of the conclusion of each 
competitive session. Each placebo condition required par-
ticipants to receive a sham ultrasound treatment on their legs 
(ultrasound machine not turned on) by a qualified physi-
otherapist for 10 min within 30 min after each competitive 
session. All recovery sessions were completed within 30 min 
of the conclusion of each competitive session (hh:mm: 
13:00–14:00).

Sleep/wake assessment

Sleep/wake behaviour was monitored using self-report sleep 
diaries and wrist activity monitors (Philips Respironics, 
Bend, OR, USA). Participants were asked to record their 
bedtime and pre-sleep fatigue prior to a night-time sleep 
period and their get-up time, and sleep quality as soon as 
practicable after waking. Each participant slept in a private 
bedroom, but shared bathroom and living-room facilities. 
The participants were instructed not to remove their activ-
ity monitor except when showering, swimming, or submer-
sion. Data derived from the sleep diaries and wrist activity 

Fig. 1   Study protocol illus-
trating the cross over design 
between the cold water immer-
sion and placebo ultrasound 
conditions
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monitors were used to determine participants’ amount and 
quality of sleep [24]. All time was scored as wake unless: 
(1) the sleep diary indicated that the participant was lying 
down attempting to sleep and (2) the activity counts derived 
from the activity monitor were sufficiently low to indicate 
that the participant was immobile. Once these conditions 
were met simultaneously, time was scored as sleep. This 
scoring process was conducted using Phillips Respironics’ 
Actiwatch algorithm with sensitivity at ‘medium’ [25, 26]. 
This algorithm has recently been used to quantify the sleep/
wake behaviour in elite athletes [27–30]. The following 
sleep variables were derived from the activity monitor and 
sleep diary data:

•	 Bedtime (hh:mm) the self-reported time at which a par-
ticipant went to bed to attempt to sleep.

•	 Get-up time (hh:mm) the self-reported time at which 
a participant got out of bed and stopped attempting to 
sleep.

•	 Sleep latency (min) the period of time between bedtime 
and sleep onset time.

•	 Time in bed (h) the amount of time spent in bed attempt-
ing to sleep between bedtime and get-up time.

•	 Total sleep time (h) the total amount of sleep obtained 
during a sleep period.

•	 Sleep efficiency (%) the percentage of time in bed that 
was spent asleep.

•	 Subjective sleep quality the participants’ self-rating 
of sleep quality on a five-point Likert scale of 1 (very 
poor)–5 (very good).

Data analysis

Paired samples t  tests were conducted to determine the 
impact of recovery strategy (cold water immersion versus 
placebo ultrasound) on the amount and quality of sleep 
obtained by elite cyclists during a simulated hill climbing 
tour. The dependent variables were sleep onset time, sleep 
offset time, sleep latency, time in bed, total sleep time, sleep 
efficiency, and subjective sleep quality. Mean differences and 
effect sizes with 95% confidence limits (CL) were calculated 
to quantify the magnitude of difference in all pairwise com-
parisons and were interpreted using Cohen’s d values: trivial 
(0–0.19), small (≤ 0.20–0.49), medium (≤ 0.50–0.79), and 
large (≥ 0.80) [31]. To make inferences about the true value 
of an effect, the uncertainty in the effect was expressed as 
95% confidence limits. The effect was deemed unclear if 
its confidence interval overlapped the thresholds of small 
positive or negative effects [32]. The Shapiro–Wilk test for 
equality supported the normality for all outcome variables. 
Data were analysed using SPSS (v23.0) statistical software. 
The statistical significance was set at p < 0.05.

Results

On average, cyclists went to bed at 22:03 ± 00:03, woke 
up at 05:50 ± 00:08, spent 7.6 ± 0.5 h in bed, and obtained 
6.3 ± 0.5 h of sleep. Paired samples t tests revealed a sig-
nificant difference in sleep latency between the cold water 
immersion compared to the placebo ultrasound condition 
(Table 1). Paired samples t tests revealed no differences 
for any other sleep variables (i.e., bedtime, get-up time, 
time in bed, total sleep time, sleep efficiency, and subjec-
tive sleep quality) between the cold water immersion and 
placebo ultrasound conditions (Table 1).

Discussion

The main finding of this study was that cold water immer-
sion did not influence the amount or quality of sleep 
obtained by professional cyclists during a simulated hill 
climbing tour. It was revealed that sleep latency was 
shorter on the first night of the cold water immersion con-
dition compared to the first night of placebo ultrasound 
condition. However, no differences were observed on the 
second and third night between conditions. It is plausible 
that the first day of cold water immersion may have been 
influenced by the initial proprioceptive reduction of mus-
cle soreness, resulting in reduced muscle discomfort [15]. 
Irrespective of the condition employed, cyclists’ obtained 
less than 6.5 h (i.e., 6.2–6.3 h) of sleep per night. When 
compared to other studies examining the sleep/wake 
behaviour of cyclists, the duration of sleep was similar. 
For example, Sargent et al. [29] and Lastella et al. [27] 
reported sleep durations in cyclists of 6.5 h and 6.7 h, 
respectively. Together, these data indicate that cyclists’ 
obtain well below the general target of 8 h of sleep per 
night for adults [33]. Although a single night of sleep loss 
is unlikely to negatively affect psychological well-being 
and physiological performance negatively, the cumulative 
effect of losing 1.5–2 h per night may have a detrimental 
effect on psychological and physiological state, particu-
larly during intensive training programmes and longer 
endurance competitions [34].

The simulated competition schedule employed in this 
study required cyclists to complete 140–190 km per day 
(i.e., 5–6.5 h of cycling) starting at 08:00 h. This type 
of schedule reduced the variability of bedtime (range 
24–29 min) and get-up times (range 6–23 min) across 
cyclists. While it appears that cyclists’ bed and wake up 
times were standardised, this was likely to be a result of 
the simulated competition schedule. This is reflective 
of athlete’s schedules which are often dictated by their 
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training and competition. The influence that training and 
competition schedule on the sleep/wake behaviour of elite 
athletes is well documented [28, 35, 36]. Sargent et al. [28] 
reported that on nights that preceding early morning train-
ing, athletes’ bed and wake up times were significantly 
earlier when compared to nights that preceded rest days. 
Data from Sargent et al. [28, 29] suggest that modifying 
sleep/wake behaviours and potentially the timing of train-
ing may enable athletes to obtain more sleep.

While cold water immersion has been reported to be an 
effective for perceptual muscle recovery [15], the recent 
developments indicate that extending the amount of sleep 
athletes obtain can also improve psychological well-being 
and performance [37]. Mah et al. [37] found that, after 
extending sleep by 1.8 h from a baseline of 6.7 h of sleep 
per night over a 7-week period, basketball players showed 
significant decreases in fatigue and sleepiness. In addition, 
athletes showed significant improvements in performance 
assessments such as sprint times and free-throw shoot-
ing accuracy. These data support the notion that sleep is 
critical for the post-exercise recovery process and athletic 
performance [38–40].

It is important to acknowledge the limitations of this 
study when interpreting the results. The timing of cold water 
immersion was set within 30 min of the conclusion of each 
competitive session which may have had minimal influence 
of the reduction in core body temperature in relation to sleep 
onset. Indeed, this limitation may lend support to the percep-
tual benefits of cold water immersion toward muscle recov-
ery and relaxation [15]. Furthermore, the lack of control over 
cyclists’ diet and room temperature may have resulted in 
individual differences. Future studies should ensure that diet, 
sleeping environments, and room temperature are controlled 
to appropriately control the effect of cold water immersion 
which has on sleep.

Conclusion

The findings from the present study are similar to the pre-
vious research, indicating that cold water immersion does 
not influence the sleep of elite athletes [14, 15]. However, 
future investigations should examine core body tempera-
ture constantly throughout the sleep period to determine 
whether any differences lead up to sleep onset and during 
the night occurs. A consideration should also be given to 
the timing of training and cold water immersion as this 
may influence the rate core body temperature decline fol-
lowing immersion [14]. At present, there is no evidence to 
indicate that cold water immersion causes any disruption 
to the sleep of elite athletes. To this end, if coaching staff 
are using cold water immersion as a post-exercise recovery 

strategy, they may continue to utilise this form of recovery 
without any impact on their athlete sleep.
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