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Abstract

Sleep is essential for optimal performance and recovery in athletes. Post-exercise cold exposure, including cold water immersion
and cryotherapy, is typically used to enhance recovery, but its effects on sleep remain unclear. Emerging evidence also suggests
that post-exercise heat exposure, including sauna and hot water immersion before sleep may improve both objective and subjec-
tive sleep outcomes. However, the effectiveness of post-exercise thermal interventions for improving nocturnal sleep in athletes
specifically has not yet been comprehensively evaluated. This narrative review synthesizes the current evidence and discusses the
potential physiological mechanisms by which post-exercise thermal interventions may influence nocturnal sleep in athletes. Despite
methodological heterogeneity, existing research indicates that post-exercise thermal interventions may influence the subsequent noc-
turnal sleep of athletes through multiple and varying interacting mechanisms. For example, cold exposure close to bedtime (<2 h)
may disrupt sleep by reducing the distal-to-proximal skin temperature gradient (DPG), thereby increasing sleep onset latency and
shortening sleep duration. In contrast, when applied more than 2 h before bedtime, cold exposure may improve sleep by augmenting
parasympathetic tone and/or reducing muscle soreness and associated nocturnal movement. Although it remains unclear whether
post-exercise heat exposure improves sleep via autonomic modulation or reduced muscle soreness, existing evidence indicates that
sleep may be facilitated by an increased DPG. Moderating factors such as sex, time of day, environmental temperature, bedding
microclimate, acclimatization status, and training load may influence the effects of post-exercise thermal interventions on sleep and
should be investigated in future studies.

1 Introduction

Sleep is considered foundational for optimal performance
and recovery in athletes. It has been recommended that ath-
letes obtain 9-10 h of sleep each night [1, 2] and require
~9 h of nighttime sleep to feel rested [3]. However, several
studies have shown that athletes frequently obtain insuffi-
cient sleep quality and quantity [4, 5], particularly following
strenuous physical exertion [6]. Contributing factors may
include muscle soreness [7], sympathetic nervous system
hyperactivity [8, 9], and sustained increases in core body
temperature (CBT) post-exercise [10].

Sleep initiation and maintenance are closely linked with
the endogenously-regulated circadian decline in CBT,
which typically occurs between 21:00-23:00 and is facili-
tated by increased heat dissipation from distal skin regions
[11]. This thermoregulatory process involves an increase
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in acral (peripheral) skin temperature accompanied by a
decrease in CBT (i.e., the temperature of deep tissues and
internal organs, distinct from peripheral skin temperature)
and is temporally aligned with the evening rise in melatonin
secretion, a hormone that promotes sleep [12, 13]. Modest
(between 38.5 °C and 39.5 °C) or severe (> 39.5 °C) eleva-
tions in CBT have been consistently observed after exercise
in several sports, regardless of the ambient temperature/ther-
mal conditions [14]. Athletes frequently complete their train-
ing sessions or participate in competitions late in the even-
ing, a time when CBT would typically begin to decline. It
has been suggested that evening exercise-induced increases
in CBT may delay this nocturnal decline [15, 16] and there-
fore disrupt subsequent sleep [17]. Indeed, high strain even-
ing exercise is characterized by sustained increases in CBT
and impaired parasympathetic reactivation associated with
delayed sleep onset, reduced sleep duration, and poorer
sleep quality in a dose-dependent manner [18]. In contrast,
lowering CBT before sleep has been proposed to shorten
individuals’ sleep onset latency, while thermal interventions
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Post-exercise thermal interventions influence sleep, but
their effects depend critically on both timing and modal-
ity (cooling versus heating)

The distal-to-proximal skin-temperature gradient (DPG)
is a key physiological mechanism: manipulating skin
temperature (via cooling or heating) alters the DPG,
which in turn helps to regulate sleep onset

Individual and contextual factors, such as sex, time of
day, environmental temperature, bedding microclimate,
acclimatization status, and training load, should be con-
sidered when designing post-exercise thermal interven-
tions to optimize sleep in athletes

to reduce CBT during sleep may improve sleep architecture
and subjective sleep quality [19, 20].

These thermal interventions include cold exposure (e.g.,
cold water immersion, whole- or partial-body cryotherapy),
heat-exposure (e.g., hot water immersion, sauna, spa, show-
ers), and contrast water immersion [21]. Innovative thermal
interventions during sleep (e.g., cooling mattresses) have
also been recently explored in athlete populations [22, 23].

Although most studies have reported significant reduc-
tions in CBT following post-exercise thermal interventions
[24, 25], findings regarding athletes’ nighttime sleep are
inconsistent. Some studies have shown that alongside CBT
reduction, thermal interventions—whether cold or hot—that
are applied before or during sleep can improve specific sleep
parameters [22, 26, 27]. Conversely, other studies failed to
replicate these sleep improvements, suggesting that the
decline of CBT alone is likely insufficient to improve sleep
[28-30]. These divergent findings suggest that although a
reduction in CBT may be necessary for sleep initiation, it is
unlikely to be sufficient on its own to meaningfully improve
sleep outcomes. The inconsistency in findings across studies
may be attributable to several factors, including the potential
direct effects of each of the aforementioned thermal inter-
ventions on confounding factors that have been shown to
influence sleep duration and quality, such as sympathetic
hyperactivity, melatonin secretion, muscle soreness, and/or
overall perception of recovery [26, 31-33].

Identifying post-exercise thermal interventions that assist
in recovery following training and competition while also
promoting sleep would significantly benefit elite athletes [2,
34]. However, the influence of post-exercise thermal inter-
ventions on both objective (e.g., total sleep time [TST], sleep
onset latency [SOL], sleep efficiency [SE], wake after sleep

onset [WASOJ]; sleep architecture: non-rapid eye movement
[NREM] sleep, including stages N1, N2, and N3, and rapid-
eye movement [REM] sleep) and subjective sleep metrics in
athletes has not yet been described in the literature. As such,
the physiological mechanisms underpinning the impact of
post-exercise thermal interventions on sleep have also not
been elucidated. Therefore, the purpose of the current nar-
rative review is to summarize the existing evidence on the
effects of post-exercise thermal interventions on subsequent
sleep in athletes (as defined in the methods section) and to
outline potential underlying physiological mechanisms.

2 Methods

This article is a narrative review informed by a structured
literature search designed to identify relevant evidence on
post-exercise thermal interventions and sleep in athletes.
The review was not conducted as a systematic review, and
therefore no formal study quality appraisal or risk-of-bias
assessment was performed.

The literature search was conducted using the following
major databases: PubMed, Web of Science Core Selection,
and Scopus. Databases were searched from inception until
9 June 2025 using the following Boolean expression of
keywords: (athlete OR athletes OR well-trained individu-
als OR recreationally trained individuals) AND (sleep)
AND (heat OR warm OR hot OR cold OR shower OR
bath OR water immersion OR cryotherapy OR cooling OR
hydrotherapy). The literature search was limited to sources
published in English. Grey literature was excluded, while
conference abstracts were included only when formally
published as supplementary material to conference pro-
ceedings [35]. In this review, the term cryotherapy refers
broadly to cold-air exposure interventions and includes
both whole-body cryotherapy (WBC) and partial-body
cryotherapy (PBC).

The results were extracted from each database and then
imported to EndNote software (version X8.2) for further
inspection of duplicates and relevance to the study. To
identify supplementary studies, the search was also con-
ducted manually by cross-matching reference lists of
included original articles and reviews, performing key
author searches, personal communications, and citation
tracking of all retrieved papers. The literature search was
limited to studies involving athletes, well-trained or rec-
reationally trained individuals, and post-exercise thermal
interventions that employed varying ambient or water tem-
peratures or used different bedding microclimates. For the
purposes of this review, the term ‘athlete’ primarily refers
to elite and highly trained individuals who engage in struc-
tured training in sports with the aim of improving perfor-
mance or competitive results and who actively participate
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in organized sporting competitions [36]. However, the lit-
erature in this field includes heterogeneous populations,
such as elite, well-trained, and recreationally trained ath-
letes. Furthermore, to elucidate the underlying physiolog-
ical mechanisms of post-exercise thermal interventions,
selected studies involving recreationally active individuals
and nonathlete populations were included when they pro-
vided relevant mechanistic insights. Figure 1 illustrates the
structured literature identification and selection process
used for the present narrative review. Thus, the flow chart
is included solely to provide a transparent overview of the
literature search and study selection process.

3 Results

3.1 Effects of Post-Exercise Cold Interventions
on Sleep

Cold water immersion (typically 11 °C to 15 °C for
10-15 min) and whole body cryotherapy (WBC) or par-
tial body cryotherapy (PBC)—typically —180 °C to —60 °C
for 3 min—are increasingly used as post-exercise recovery
strategies [37—40]. These methods may positively influence
factors associated with improved sleep, including reductions
in CBT [15], enhanced parasympathetic tone [31, 41], and
attenuated muscle soreness [7, 38, 42].

To date, 24 studies have investigated the effects of post-
exercise cold interventions on sleep: 13 examining cold
water immersion [27, 30, 31, 42-51], and 13 examining
WBC or PBC [22, 26, 28, 35, 47, 51-58]. Two studies
applied both interventions and are therefore counted in both
groups [47, 51].

Seven of the aboventioned studies examined sleep over
multiple nights [42, 44, 50, 54-57]. Overall, 12 of the 24
studies (50%) reported improvements in either objective [22,
27,45, 52, 53, 58, 59] or subjective [31, 35, 43, 47] sleep
measures. In contrast, nine studies (37.5%) found no signifi-
cant effects on objective [22, 28, 30, 48, 57] or subjective
[46, 50, 51, 56] sleep measures. One study [44] reported a
negative effect on sleep (Table 1).

3.1.1 Cold Water Immersion

One study examined the effects of cold water immersion
(30 min post-exercise: 13:00-14:00) in professional cyclists
who completed a demanding simulated hill climbing tour,
consisting of two 3-day sessions (173.6 + 14.5 km per day;
starting time, 08:00), separated by 2 days of light train-
ing. Following each session, athletes underwent cold water
immersion (11-12 °C for 10 min) or a sham condition (ultra-
sound device turned off). Cold water immersion resulted in
a 48% reduction in SOL compared with the sham condition

[45]. However, other sleep indices such as TST, SE, and sub-
jective sleep quality were negligibly affected. These findings
should be interpreted with caution given the relatively small
sample size and the possibility that placebo effects may have
influenced outcomes despite the sham (inactive-ultrasound)
comparison.

Similarly, Chauvineau and colleagues [27] examined
the influence of the depth of cold water immersion (13.3
+ 0.2 °C for 10 min) after high-intensity intermittent run-
ning exercise in the evening (18:00) on sleep in well-trained
endurance runners across three different experimental con-
ditions: (a) whole-body cold water immersion (including
head), (b) partial-body cold water immersion up to iliac crest
level, and (c) a control condition. Whole-body immersion
reduced the time spent in stage 1 sleep by 20% and resulted
in fewer nighttime arousals and limb movements (— 74%
and —45%, respectively) compared with the control. Addi-
tionally, compared with both partial cold water immersion
and the control condition, whole-body cold water immersion
resulted in a paradoxically greater reduction in parasympa-
thetic activity (root mean square of successive differences
[RMSSD]: —65%) and a greater decline in CBT from the
20th to the 40th min of sleep.

In contrast, other studies involving highly-trained indi-
viduals [31] and elite team sport athletes [43] and using
subjective sleep measures have not corroborated these find-
ings. Specifically, highly trained swimmers who engaged in
daily cold water immersion (15 °C for 5 min) following the
last training session of each day increased parasympathetic
modulation (7-24%) from the 2nd to the 5th day [31]. Addi-
tionally, subjective sleep quality was increased (30-38%)
from the 2nd to the 4th day compared with a control con-
dition (seated recovery). Similarly, cold water immersion
to the sternum (10 °C for 11 min) after fatiguing football
(soccer) training during the mid-competitive season reduced
mean skin temperature, ameliorated fatigue and stress, and
resulted in increased subjective sleep quality in elite players
compared with those who underwent passive recovery [43].

However, the positive effects of post-exercise cold water
immersion on subsequent sleep were not observed in other
studies. In one study [30], 11 male cyclists underwent either
no exercise, exercise only (15 min at 75% of peak power
and then a 15-min maximal time trial), or exercise followed
by cold water immersion (14 °C for 15 min) in the even-
ing (~20:00). Cold water immersion decreased CBT dur-
ing the first 180 min of subsequent sleep by approximately
0.1-0.4 °C compared with exercise only or control condi-
tions. Moreover, mean skin temperature was 0.4-0.7 °C
lower at bedtime and for the first 60 min of sleep. Despite
the lower proportion of REM sleep (~4%) during the initial
period of sleep observed following cold water immersion
compared with controls, no differences were observed in
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Fig. 1 Flow chart of the narrative review process

TST, SE, WASO, and SOL across conditions either during
the initial sleep time or throughout the whole night. Addi-
tionally, melatonin and perceived recovery levels remained
unchanged.

Previous research findings indicating unchanged night-
time sleep following cold water immersion or cryotherapy
are in accordance with observations from earlier [48] and
more recent studies [42]. Robey and colleagues [48] evalu-
ated the effect of early-evening (i.e., 16:30-18:30) high-
intensity interval training—consisting of vertical jumps
and repeated sprints—followed by cold water immersion
(14 °C for 15 min) on the sleep of 12 elite youth soccer
players. Cold water immersion did not improve TST, SOL,
SE, and WASO compared with a passive recovery condition.
Similarly, recreationally trained participants who completed
five cycling training sessions (mean heart rate, 147-152
beats'min~!; rating of perceived exertion, 14—16 arbitrary
units [a.u.]; time that training ended, 17:00) in the heat fol-
lowed by cold water immersion exhibited similar sleep quan-
tity (TST) and sleep quality (SE, WASO) indices compared
with a passive recovery control condition [42].

Consistent with the above findings, three studies have
reported no effect of cold water immersion on subjective

sleep quality in runners [47], youth field hockey players
[50], and volleyball players [46]. Horgan and colleagues
[46] reported that cold water immersion after resistance
exercise training did not affect the subjective sleep quality
of youth volleyball players. Similarly, middle- and long-dis-
tance runners who underwent cold water immersion (15 °C
for 10 min) immediately after or up to 72 h post-exercise
reported no changes in their subjective sleep quality com-
pared with contrast-water immersion or control condition
[47].

However, Halson and colleagues [44] reported that, com-
pared with passive recovery, cold water immersion (15 °C
for 15 min, four times per week) was possibly associated
(according to the authors’ predefined probabilistic scale)
with impaired SOL and subjective sleep quality of competi-
tive cyclists, following a 39-day period of intensified training
and subsequent taper compared with the control.

3.1.2 Cryotherapy
To date, six studies have reported that WBC or PBC fol-

lowing exercise improved sleep quality [26, 35, 47, 53,
58, 59]. Two of these studies [26, 53] reported a reduction
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in nocturnal body movements, an indicator of improved
sleep quality [60]. For example, Douzi and colleagues [26]
exposed nine professional soccer players to PBC (— 180 °C
for 3 min) or passive recovery following a midday training
session (time of training, 12;00) involving high-intensity
interval running and plyometric exercises. Cryotherapy
reduced nocturnal movement by two-thirds compared with
the control [26]. Similarly, trained cyclists who performed
repeated-sprint training in hypoxia experienced less move-
ment during sleep after WBC (— 60 °C for 3 min) compared
with passive recovery [53].

Athletes’ sleep may be disturbed during or after inten-
sified training periods [61, 62], potentially contributing to
overreaching or overtraining [61]. Schaal and colleagues
[59] tested whether daily WBC (— 110 °C for 3 min) would
preserve sleep quantity and quality in elite synchronized
swimmers undergoing intensified training (+ 125% load
compared to baseline). In the cryotherapy condition, TST
and SE were maintained. In contrast, these parameters sig-
nificantly deteriorated when cryotherapy was not imple-
mented. Similarly, a recent study [58] found that elite swim-
mers exposed to PBC (—110 °C for 3 min) following five
consecutive evening high-intensity training sessions (time
of PBC intervention, 19:00) experienced longer duration of
slow-wave sleep (SWS) during the first part of the night
compared with a passive recovery condition. However, other
important measures such as SOL, TST, SE, and the number
and duration of awakenings remained unchanged. Notably,
the increase in SWS was more pronounced in poor sleepers.

The beneficial sleep effects of cryotherapy have not been
consistently replicated in other studies [22, 28, 56, 57]. For
example, Aloulou and colleagues [22] investigated the influ-
ence of WBC (— 110 °C for 3 min) administered 4 h after
a rugby union match and 2 h before bedtime (~21:30) on
the sleep of 23 elite youth athletes. WBC had only a trivial
effect on sleep architecture (light sleep, SWS, and NREM
and REM sleep proportions) and did not affect nocturnal
CBT or nocturnal heart rate variability. Similarly, a more
recent study [28], using wireless electroencephalogram
(EEG) headbands, examined whether the timing of WBC
(=110 °C for 3 min at 19:00 versus 22:00) influenced sub-
sequent sleep in well-trained male athletes, following high-
intensity exercise (six 3-min sessions at 95% of maximal aer-
obic speed with 3 min of active recovery). Although WBC
at 22:00 increased nocturnal heart rate variability (+30%)
and lowered nocturnal CBT, it did not affect sleep (TST,
NREM sleep duration, REM sleep duration, SWS duration,
SE, WASO, movements count, and perceived sleep quality)
compared with a control [28]. A recent study also found that
daily WBC had no effects on subjective sleep in elite soccer
players [54].

3.1.3 Effects of Post-Exercise Cold Interventions on Sleep:
Summary of the Findings

Collectively, evidence regarding the effects of post-exercise
cold water immersion and cryotherapy on athletes’ nocturnal
sleep is mixed. While approximately half of the 24 stud-
ies reviewed reported improvements in either objective or
subjective sleep outcomes, the specific benefits were incon-
sistent across protocols, modalities, and populations. For
example, other studies found no significant impact on sleep
quantity, efficiency, or quality and one study reported poten-
tial negative effects. Overall, the current literature suggests
that although post-exercise cold interventions may improve
sleep under specific conditions (e.g., timing, training load,
individual responsiveness), their efficacy and effectiveness
are not yet conclusive and warrant further investigation, per-
haps using standardized protocols or dose-response designs.

3.2 Effects of Post-Exercise Heat Interventions
on Sleep

Passive body heating before bedtime has been proposed as
a strategy to improve sleep [63]. However, relatively few
studies have investigated the effects on sleep in athletes [22,
23, 29, 46, 64, 65]. Specifically, three studies have examined
the impact of post-exercise warm showers [64], hot water
immersion [46], and infrared sauna [65] on sleep.

3.2.1 Hot-Water Exposure

Whitworth—Turner and colleagues [64] measured the effects
of a 10-min hot shower (40 °C), taken 20 min before bedtime
on objective sleep and skin temperature in 11 male soccer
players following either a training or a match. Compared
with a control condition, the hot shower increased distal skin
temperature by 1.1 °C both 5 min before and 30 min after
bedtime, as well as the distal-to-proximal skin temperature
gradient (DPG) by 0.7 °C at 30 min post-bedtime. These
thermoregulatory changes were accompanied by significant
improvements in SOL (-7 min) and SE (+2%). Similarly,
another study reported that hot-water immersion (39.1 +
0.5 °C) after 30 min of resistance training led to moderate
to large improvements in subjective sleep quality in vol-
leyball players compared with the control condition (rested
seat), cold water immersion (14.8 + 0.2 °C), and contrast-
water immersion, in whom subjective sleep quality remained
unchanged [46].

3.2.2 Sauna

To date the only study that has investigated the use of infra-
red sauna (air temperature, 43 °C) following resistance
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training showed no effect on subjective sleep measures com-
pared with passive sitting [65].

3.2.3 Effects of Post-Exercise Heat Interventions on Sleep:
Summary of the Findings

Overall, current evidence on post-exercise heat exposure and
sleep in athletes is limited and mixed. Acute post-exercise
heat exposure through hot showers and hot water immersion
was associated with improved sleep onset latency, efficiency,
and subjective sleep quality in one study only. In contrast,
one study only using infrared sauna exposure did not dem-
onstrate benefits on subjective sleep quality. It should be
noted that the available studies examined both water-based
(hot shower and hot-water immersion) and air-based (infra-
red sauna) heating modalities, which differ in the way they
transfer heat. Water-based methods warm the body primarily
through direct conduction and convection, producing a rapid
rise in skin temperature, whereas air-based heating warms
the body more gradually. These differences may influence
the magnitude and time course of DPG and could partly
account for the divergent sleep outcomes observed across the
few available studies. Although acute heat exposure before
bedtime appears promising, more research is needed to con-
firm its efficacy and effectiveness.

3.3 High-Heat-Capacity Mattresses: Nocturnal
Thermoregulation and Sleep

Krauchi and colleagues [20] demonstrated that sleep-
ing on a high-heat-capacity mattress enhances SWS in
untrained individuals. This innovative approach facili-
tates a continuous removal of body heat during sleep
(i.e., cooling). High-heat-capacity mattresses absorb and
conduct large amounts of heat, thereby promoting heat
dissipation. Krauchi and colleagues [66] reported that
sleeping on a high-heat-capacity mattress reduced CBT
significantly after 70 min and reached a maximum differ-
ence (—0.3 °C) 5 h after lights off compared with sleeping
on a low-heat-capacity mattress. Three further studies by
this group [22, 23, 29] have examined whether similar
effects occur in athletes following exercise. Aloulou and
colleagues [22] investigated the acute (single night) use of
a high-heat-capacity mattress after rugby union matches
on sleep architecture in 19 elite youth male athletes. The
results demonstrated reduced WASO (— 10.5 min), higher
REM sleep proportion (+2.8%), a trend toward higher SE
(+2.9%), and lower mean CBT (—0.1 °C) with a high-
heat-capacity mattress compared with the control condi-
tion. Indices of autonomic nervous system balance (includ-
ing heart rate and heart rate variability) and subjective
fatigue remained unchanged between conditions. However,

the positive effects of chronic use of a high-heat-capacity
mattress on nocturnal sleep were not confirmed by other
investigations [23, 29]. For example, the use of a high-
heat-capacity mattress (1.18 m> K W~!; 28 °C) had no
significant effect on sleep-related indices measured by
polysomnography, compared with a low-heat-capacity
mattress (1.63 m?> K W™'; 28 °C) in trained endurance run-
ners following 2 weeks of overload and a taper [29]. CBT
was moderately higher (+0.1 °C) in the low-heat-capacity
mattress group at the post-overload period compared with
pre-overload, and a trivial reduction was recorded for the
high-heat-capacity mattress group (—0.03). However, it is
important to note that this study lacked a control group.
Further, an earlier study from the same research group
using a similar experimental protocol reported that sleep
parameters measured by actigraphy were unchanged with
the use of a high-heat-capacity mattress [23]. Recent stud-
ies using a temperature-controlled mattress cover have
shown promising improvements in both objective and
subjective sleep indices in healthy adults [67, 68]; how-
ever, the effectiveness of this intervention has not yet been
evaluated in an athletic population.

3.3.1 High-Heat-Capacity Mattresses: Summary
of the Findings

One study that examined the acute use of high-heat-capac-
ity mattresses post-exercise to remove body heat showed a
reduced wake-after-sleep onset and increased REM sleep.
However, studies examining the chronic use of high-heat-
capacity mattresses after exercise have reported no signifi-
cant benefits on objective sleep outcomes. Evidence sup-
porting its long-term effectiveness remains inconsistent.

4 Discussion

The findings of studies investigating the effects of post-
exercise thermal therapies on sleep-related parameters in
athletes are equivocal. While some have shown improved
nocturnal sleep, others have found unchanged or even
disturbed sleep using both objective and subjective sleep
measures. The physiological mechanisms that may explain
the discrepancies among these studies are likely related to
the effect of the interventions (e.g., cold or hot) on ther-
moregulatory and autonomic function, as well as on mus-
cle soreness or fatigue markers, all of which have been
shown to affect athletes’ sleep. The mechanistic pathways
hypothesized to underlie the influence of post-exercise
thermal interventions on sleep are illustrated in Fig. 2
(cold exposure) and Fig. 3 (heat exposure).
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4.1 Thermoregulation and Circadian Function
4.1.1 Core Body Temperature and Sleep Regulation

CBT, governed by the balance between heat production and
heat loss, serves as a key circadian marker tightly linked
to sleep regulation [69, 70]. Prior to habitual bedtime
(21:00-23:00), a circadian-driven decline in CBT promotes
sleep initiation and facilitates subsequent sleep continu-
ity and efficiency [15]. This decline primarily results from
increased heat dissipation from the proximal to distal regions
[71,72].

Athletes who normally compete or train in the evening
(e.g., 18:00-21:00) may experience significant increases
in CBT (>38.5 °C), which may remain elevated for a pro-
longed period after the cessation of exercise [30], regard-
less of ambient thermal conditions [14]—particularly when
exercise is strenuous. Elevated CBT post-exercise has been

proposed as a contributing factor to nighttime sleep distur-
bances [17, 33], while a reduction in CBT may serve as a
potential facilitator of sleep [58].

4.1.2 Impact of Exercise Timing on Thermoregulation
and Sleep

The proposed impact of post-exercise thermal interventions,
either cold (water temperature < 15 °C, air temperature not
less than — 180 °C) or heat (water temperature: about 40 °C),
on nighttime sleep are presented in Fig. 2 and Fig. 3, respec-
tively. Here, we present five studies [22, 27-30] that con-
currently assessed CBT and both objective and subjective
sleep parameters during sleep following post-exercise cold
or heat exposure. Of these studies, four [22, 27-29] demon-
strated that CBT drops significantly after both cold and heat
interventions. However, some studies employed protocols in
which training concluded before 21:00 [22, 27, 45]; whereas
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Fig.2 Physiological mechanisms underpinning the impact of post-
exercise cold interventions on sleep. Dotted line indicates the final
outcome; solid line indicates the cascade of effects; + indicates posi-
tive outcome effect; — indicates negative outcome effect; <> indicates
inconclusive or no effect. CWI cold water immersion, cryostimulation

frozen dry air exposure, CBT core body temperature, Tsk skin tem-
perature, DPG distal-to-proximal skin temperature gradient, SkBf
skin blood flow, MS muscle soreness, NTs neurotransmitters, DOMS
delayed onset muscle soreness, ANS autonomic nervous system, HRV
heart rate variability
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POST EXERCISE WARM INTERVENTION
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Fig. 3 Physiological mechanisms underpinning the impact of post-
exercise warm interventions on sleep. Dotted line indicates the final
outcome; solid line indicates the cascade of effects; ? indicates no
data; +indicates positive outcome effect; — indicates negative out-
come effect; <> indicates inconclusive or no effect. HWI hot water

in other studies the training end time was not reported [28,
29]. The time of exercise completion is an important con-
sideration because the exercise-related increase in CBT
may interfere with the natural circadian drop in CBT that
normally occurs late in the evening (21:00-23:00) and may
affect the initiation, continuity, and quality of sleep [18]. Of
note, two studies using cold water immersion reported posi-
tive effects of post-exercise cold exposure on athletes’ noc-
turnal sleep using training protocols and interventions that
were conducted either in the afternoon (13:00-14:00) [45] or
early evening (18:00) [27]. In any event, the findings of the
present review suggest that improvements in nighttime sleep
are unlikely to be attributed by the lowering of CBT alone.

Em
~11pm LIGHTS OUT
&) TEMPERATURE

REGULATION
7 \
CBT?
N\
Tsk T
O, Melatonin AN
DPGT

SkBf T

O
?

SLEEP ONSET & QUALITY [Cree

immersion, CBT core body temperature, Tsk skin temperature, DPG
distal-to-proximal skin temperature gradient, SkBf skin blood flow,
MS muscle soreness, NTs neurotransmitters, DOMS delayed onset
muscle soreness, ANS autonomic nervous system, HRV heart rate
variability

4.1.3 Distal to Proximal Skin Temperature Gradient
and Sleep

To date, several studies have experimentally demonstrated
that sleep onset is facilitated when an increase in periph-
eral (i.e., skin) temperature and corresponding elevations
in skin blood flow modulation occur beforehand [12, 73,
74]. Krauchi and colleagues (2000), in young non-athletes,
observed that in free-living conditions the distal-to-proximal
skin temperature gradient is a significant predictor of sleep
onset latency, whereas CBT and CBT rate of change are not
[66]. This finding may explain why heat-based interventions
after training may improve sleep (Fig. 3). Whitworth—-Turner
and colleagues (2017) showed that a hot shower after train-
ing and before bedtime improved sleep in 11 soccer players,
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inducing a significant decrease in sleep onset latency and
an improvement in sleep efficiency (+2.0%) [64]. These
outcomes were attributed to: (i) an increased distal skin
temperature observed just before and following bedtime,
and (ii) an increased distal-to-proximal skin temperature
gradient 30 min following bedtime. Similar improvements
in athletes’ sleep have been reported by some [22] but not
all studies using high-heat-capacity mattresses during sleep
following evening exercise in athletes [23, 29]. Aloulou and
colleagues (2020) found that rugby players who slept on a
high-heat-capacity mattress after a game (ending at 15:00,
bedtime at 23:30) demonstrated lower wake-after-sleep
onset and higher proportions of REM sleep when compared
with sleeping on a typical mattress [22]. The discrepancy
of these results may be attributed to different methodologi-
cal assessments of sleep (polysomnography versus actigra-
phy; Table 1), the number of days during which data were
recorded, or the unique specifications of the heat-capacity
mattresses. Recent work in non-athletes is consistent with
the aforementioned evidence by demonstrating that sleeping
on a high-heat-capacity mattress increased nocturnal stage
N3 sleep compared with sleeping on a low-heat-capacity
mattress [74]. Moreover, it was found that participants with
a greater degree of body cooling (e.g., increased CBT proxi-
mal back skin temperature gradient) exhibited a more pro-
nounced increase in N3 sleep and a decrease in REM sleep.
Despite methodological differences, these studies suggest
that the distal-to-proximal skin temperature gradient, rather
than CBT decline alone, plays an important role in sleep
promotion. Body cooling achieved through exposure to
thermal interventions, either by heating prior to sleep or by
enhancing conductive heat loss using a high-heat-capacity
mattress during sleep, can effectively increase the distal-to-
proximal skin temperature gradient. As such, this approach
may be more beneficial than post-exercise cold exposure,
which may exacerbate peripheral vasoconstriction and con-
sequently blunt or delay heat transfer to the skin [75]. The
proposed impact of cooling interventions using either high-
heat-capacity or low-heat-capacity mattresses during sleep
is presented in Fig. 4.

4.1.4 Melatonin Secretion

Secretion of the hormone melatonin is an important com-
ponent of the normal circadian rhythm of CBT and plays a
key role in the regulation of sleep. Changes in melatonin
secretion serve as a phase marker of the internal circadian
clock [12, 13], as its gradual increase and peak in the late
evening coincides with the decline of CBT and initiates the
body’s preparation for sleep. However, to date, the few stud-
ies which have evaluated the influence of different post-exer-
cise thermal interventions on melatonin concentration have
reported conflicting results [30, 76]. For example, a study

showed that after the completion of either post-exercise cold
(14 °C) or neutral water (34 °C) immersion (18:00-20:00),
CBT significantly reduced over time but the typical increase
in melatonin secretion remained unaffected by water tem-
perature 90 min post-immersion [76]. Consistent with this
finding, most sleep-related parameters measured with actig-
raphy and polysomnography remained unchanged, even
though the timing of cold water immersion aligned with the
circadian drop in CBT. This observation was evident despite
the significant reduction of CBT compared with the control
condition [30]. In contrast, Arc-Chagnaud and colleagues
(2025) recently demonstrated an increase in melatonin con-
centration after repeated whole-body cryotherapy (WBC)
accompanied by a significant reduction in CBT and improve-
ments in objective measures of sleep [58]. The discrepancy
between the two cold interventions could rely on the method
of body cooling (cryotherapy versus cold water immersion)
and their potential effects on melatonin. To the best of our
knowledge there is no study comparing these two cold inter-
ventions on melatonin response.

Collectively, the timing of exercise and the type of post-
exercise thermal interventions, applied before sleep (e.g.,
cold water immersion, cryotherapy, hot water immersion/
shower) or using heat dissipation interventions during sleep
(e.g., high-heat-capacity mattress), may explain some of the
differences reported across studies. Herein, we postulate that
post-exercise cold exposure likely does not promote sleep
via thermoregulatory mechanisms, whereas post-exercise
heat dissipation interventions may enhance sleep by induc-
ing distal vasodilation, thereby increasing the distal-to-prox-
imal skin temperature gradient [66]. It is currently unclear
whether post-exercise cold exposure or warm applications
affect the release of melatonin.

4.1.5 Timing of Cold Exposure: A Critical Consideration

Evidence suggests that cold water immersion lowers skin
temperature for several hours after cessation of exposure
[30]. This decrease in skin temperature may induce distal
vasoconstriction, which plays a key role in sleep initiation,
potentially leading to delayed sleep onset [72]. In contrast,
cold exposure applied more than 4 h before bedtime may
reduce inflammation and muscle soreness without disrupting
circadian thermoregulation, thus supporting sleep [27, 49,
58]. The timing of post-exercise cold application may be a
critical factor, as applying it too close to bedtime, particu-
larly within 2 h, may interfere with circadian thermoregula-
tory processes (Table 1). However, this timing effect has not
been systematically tested, and the proposed < 2 h threshold
should be interpreted as a conceptual hypothesis derived
from recurring patterns across studies, rather than a formally
validated threshold. Across the reviewed studies, cold expo-
sure applied in the afternoon and early evening (i.e., several
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Fig.4 Physiological mecha-
nisms underpinning the impact
of cooling interventions during
sleep. Dotted line indicates

the final outcome; solid line
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hours prior to bedtime) was generally associated with favora-
ble sleep outcomes, whereas reports of impaired or absent
benefit tended to involve cold exposure closer to bedtime
(Table 1). Importantly, only one study has experimentally
manipulated the timing of cold exposure within a single
protocol, and it reported no difference in sleep outcomes
between early- and late-evening application [28]. Therefore,
the proposed < 2 h threshold reflects a pattern observed
between studies rather than an effect demonstrated within
studies through direct experimental manipulation of timing.
Interestingly, the timing-dependent effects of post-exercise
cold exposure on sleep may parallel with those observed
following acute exercise. Strenuous exercise has been sug-
gested to improve sleep when performed sufficiently before
bedtime but may impair sleep if undertaken too close to
bedtime, likely through alterations in thermoregulation,
autonomic balance, and physiological arousal [18, 77]. As
with strenuous exercise, post-exercise cold exposure may
similarly act as an acute stressor whose net effect on sleep
depends on its temporal proximity to habitual bedtime, oper-
ating through these shared thermoregulatory, autonomic, and
arousal pathways.
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4.2 Autonomic Function
4.2.1 Autonomic Function and Hormonal Regulation

Athletes routinely participate in demanding high-intensity,
prolonged “threshold” training or competition, all of which
can influence autonomic nervous system regulation, particu-
larly the balance between sympathetic and parasympathetic
activity during and following exercise [78]. Autonomic dis-
ruption resulting from high-load evening exercise has been
linked to delayed sleep onset, reduced total sleep time, and
lower sleep efficiency [18]. Such dysregulation is associated
with elevated cortisol levels [62, 79] and increased sympa-
thetic activity [55, 79], both of which heighten physiological
arousal [80, 81] and impair the normal downregulation of
human stress-response systems (e.g., hypothalamic—pitui-
tary—adrenal and sympathetic—adrenal-medullary axes) nec-
essary for healthy sleep function [82, 83].

4.2.2 Cold Exposure and Parasympathetic Activation

Research investigating cold exposure following exercise in
both athletes (e.g., cold water immersion or cryotherapy)
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and non-athletes has revealed that post-exercise cold expo-
sure may enhance nocturnal sleep for two primary reasons:
(1) via an increase in vagal tone and increased relaxation
and (ii) via a reduction in cortisol, a basal stress hormone
[84]. Eight studies have investigated the effects of post-exer-
cise cold exposure on athletes’ nighttime sleep by exam-
ining both nocturnal autonomic function (e.g., HRV) and
sleep measures [22, 26-28, 31, 52, 53, 58]. Of these stud-
ies, two which utilized cold water immersion [27, 31] and
three which utilized cryotherapy after training [22, 28, 52]
reported increased vagal tone during the subsequent night
and concurrently demonstrated improved sleep quantity
and/or quality compared with control conditions (Table 1).
Previous research has shown that post-exercise cold water
immersion accelerates parasympathetic reactivation [37, 85]
by increasing central blood volume, which in turn augments
stroke volume and cardiac output [86, 87]. Consequently,
these alterations have been shown to stimulate both arterial
and cardiopulmonary baroreflexes, leading to a reduction in
sympathetic activation and an increase in parasympathetic
activity; this resulted in resting bradycardia [88] and reduced
blood pressure and heart rate during sleep [89]. Addition-
ally, cold exposure activates cold sensors in the skin, sub-
cutaneous tissue, and veins which may enhance cardiac
parasympathetic reactivation [85]. The aforementioned
autonomic changes have likely been reflected in some, but
not all, applied studies currently reviewed in which post-
exercise cold exposure was conducted. Higher HRV values
recorded during the night may explain the higher subjective
sleep quality [31] and reduced arousal and limb movements,
as well as higher SWS proportion, during subsequent sleep
[27]. The latter could be attributable to the fact that under
normal physiological conditions (i.e., normal, healthy, and
undisturbed autonomic nervous system function), parasym-
pathetic activity increases during SWS while sympathetic
activity decreases [90]. Accordingly, the enhanced para-
sympathetic activity following post-exercise cold expo-
sure, particularly cold water immersion, has been found to
be associated with reduced muscle soreness and a reduced
perception of fatigue (as described in the next section)—as
well as greater perceptions of relaxation compared with pas-
sive rest [91, 92]—which may improve subsequent noctur-
nal sleep. The exact mechanism, however, behind the link
between increased parasympathetic activity and reduced
muscle soreness has not been elucidated yet. It should be
noted, however, that although whole-body cryotherapy and
cold-water immersion are both classified as cold recovery
modalities, they differ markedly in their physiologic con-
sequences—including heat-transfer characteristics, tissue
cooling profiles, and cardiovascular responses. Specifically,
cold-water immersion can produce more sustained muscle
and core cooling depending on the protocol and provides
hydrostatic effects that increase central blood volume and

cardiac preload, whereas whole-body cryotherapy involves
short-duration, cold air exposure without hydrostatic effects
[93]. Further, cold-water immersion has been shown to
lower skin temperature for several hours after exposure [30],
whereas the cooling produced by cryotherapy dissipates
more rapidly. Nevertheless, recent meta-analytic evidence
suggests that both interventions elicit comparable increases
in parasympathetic nervous system activity despite these
physiological differences [94]. Only two studies [47, 51]
have directly compared whole-body cryotherapy and cold-
water immersion with respect to sleep-related outcomes. Qu
et al. (2022) reported more favorable effects of whole-body
cryotherapy on subjective sleep quality [47], whereas Haq
et al. (2022) found no differences between the two modali-
ties in sleep parameters using wrist-worn sleep trackers [51].
Consequently, mechanistic findings for one modality should
not necessarily be extrapolated to the other and direct com-
parative studies remain limited.

4.2.3 Post-Exercise Thermal Interventions,
Psychophysiological Stress, and Sleep

In addition to sympathetic hyperactivity, psychophysio-
logical stress and/or anxiety may contribute to poor sleep
[95]. In this regard, studies have reported that following
demanding competition [79] or during intensified training
camps, athletes demonstrate reduced sleep quantity [96]
and quality along with higher psychophysiological stress,
as indicated by an increased salivary cortisol concentra-
tion [62]. A previous study by Reed and colleagues (2023)
demonstrated that cortisol concentrations were reduced
after cold water immersion, with this effect lasting up to
3 h post-immersion [97]. Nonetheless, earlier [24] and
more recent studies [49, 98] did not confirm the afore-
mentioned findings. Ajjimaporn and colleagues (2019)
investigated nine healthy individuals and found that nei-
ther cold showers (15 °C for 15 min) nor passive recovery
(25 °C room temperature for 15 min) following exercise in
the heat influenced salivary cortisol concentrations [98].
A study examining the effects of repeated post-resistance-
exercise cold or hot water immersion on inflammatory
indices in 18 academy rugby players revealed that water
immersion, irrespective of water temperature, reduced
creatine kinase concentrations compared with control
conditions. However, cortisol concentration did not dif-
fer significantly between interventions [99]. The lack of
significant differences in cortisol responses may be attrib-
uted to the high inter- and intraindividual variability often
observed in cortisol measurements. Finally, none of the
above studies measured sleep.

The current literature indicates that post-exercise
cold exposure, particularly cold water immersion, may
increase subjective recovery primarily through autonomic
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modulation. However, the effects on physiological markers
including cortisol and creatine kinase concentrations are
inconsistent. Given the mixed findings, further research
is necessary to elucidate the precise mechanisms under
which post-exercise cold exposure or warm/heat therapy
influences hormonal and inflammatory responses that
modulate sleep.

4.3 Muscle Soreness/Pain

Several studies in individual and team-sports athletes have
shown that intense and prolonged exercise can induce
inflammation and muscle soreness, which may persist
2-3 days after the conclusion of exercise [100]. These
symptoms have been associated with sleep disturbances, as
muscle soreness has been proposed to promote increased
movement during sleep in an attempt to maintain comfort
[101, 102].

4.3.1 Post-Exercise Cold Therapy, Muscle Soreness,
and Sleep

Post-exercise cold exposure, whether through CWI or cryo-
therapy, has been shown in some studies to improve sub-
sequent sleep [103], potentially due to an analgesic effect
[104]. Most plausibly, the increased perception of recov-
ery and reduced muscle soreness was a primary reason for
improvement in sleep following post-exercise cold exposure.
Supporting this improved perception, leg immersion in cold
water or WBC after training decreased total serum creatine
kinase concentration—an indicator of muscle damage—in
high-level rugby players in comparison with passive recov-
ery [40, 105]. This suggests that cold exposure enhanced
recovery from muscle damage by reducing cell membrane
breakdown or increased cell permeability caused by oxidant
agents produced during physical exercise [106]. Moreover,
Qu and colleagues (2022) found that runners who underwent
a muscle-damaging exercise protocol including running
and unaccustomed jump exercises followed by WBC had
reduced inflammatory markers (lactate dehydrogenase and
interleukin-6) and improved subjective sleep quality com-
pared with the passive recovery condition [47]. In the same
study, however, the positive effects of cold exposure were
not verified after cold water immersion, as subjective sleep
measures remained unchanged. Similarly, findings from the
study by Tabben and colleagues (2018) indicated that post-
exercise cold-water immersion improved sleep quality and
increased perception of recovery despite unaffected muscle
damage markers [49].

4.4 Methodological Limitations

There are some methodological limitations with regard
to the interpretation of literature findings that should be
acknowledged. First, the current literature is heterogeneous
regarding study populations, which include elite athletes,
well-trained and recreationally trained individuals, and non-
athlete participants. Therefore, caution is warranted when
generalizing these findings across populations, and future
research should directly examine whether training status and
competitive level modify the effects of post-exercise thermal
interventions on sleep.

In addition, the studies included in this review employed
diverse methodologies to assess sleep, including polysom-
nography, actigraphy, subjective questionnaires, and move-
ment-based indices. These approaches differ substantially in
their validity and sensitivity. Polysomnography is considered
the gold standard for quantifying sleep architecture [107,
108], whereas actigraphy primarily estimates sleep—wake
behavior [109] and does not characterize sleep stages. Like-
wise, subjective sleep assessment relies on questionnaires
and sleep diaries, which are cost-effective but highly sus-
ceptible to response bias, compliance issues, and participant
burden [110]. Therefore, findings derived from actigraphy or
self-reported outcomes should be interpreted with caution,
particularly in the absence of polysomnographic confirma-
tion. This methodological heterogeneity likely contributes
to the variability in reported effects of post-exercise thermal
interventions on sleep and underscores the need for future
studies employing standardized and comprehensive sleep
assessment protocols.

5 Conclusions

Current research suggests that thermal post-exercise inter-
ventions may differentially influence subsequent sleep in
athletes through multiple interacting mechanisms, includ-
ing thermoregulation, autonomic modulation, and effects
on muscle soreness. The effectiveness of post-exercise
cold interventions on subsequent nighttime sleep is likely
dependent on the timing of exposure relative to the athlete’s
circadian phase. If applied too close to habitual bedtime
(<2 h), cold exposure may disrupt thermal gradients, poten-
tially impairing sleep initiation and continuity. Post-exercise
cold interventions applied at the appropriate timing before
bedtime (i.e., > 2 h) may however improve sleep quality
via increased parasympathetic activity and/or reduced per-
ceived muscle soreness and therefore lower somatic move-
ment during sleep. Conversely, post-exercise heat interven-
tions applied before sleep or cooling interventions during
sleep using high-heat-capacity mattresses may facilitate
sleep by enhancing peripheral vasodilation and promoting
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distal-to-proximal skin temperature gradients in line with
endogenous circadian rhythms.

As athletes are often vulnerable to sleep loss [111], iden-
tifying effective, individualized strategies for sleep opti-
mization is important for enhancing recovery, health, and
performance. However, the impact of post-exercise thermal
interventions on sleep characteristics of athletes and active
individuals remains inconsistent primarily due to methodo-
logical heterogeneity. To clarify the role of post-exercise
thermal therapies in optimizing athletes’ sleep, standardized
protocols and consideration of moderating variables, such as
sex, time of the day, environmental temperature, acclimati-
zation status, and training load are necessary.

5.1 Summary Statement

Post-exercise thermal interventions may modulate nocturnal
sleep, with effects dependent on timing, temperature, and
environmental context. Changes in the DPG regulate sleep
onset. Cold water immersion too close to bedtime (<2 h)
may impact DPG and delay sleep, while earlier application
(=4 h) supports recovery without disrupting thermoregula-
tion. These timing effects should be regarded as a hypothesis
and require direct experimental confirmation. Heat exposure
prior to sleep or body cooling during sleep may enhance
DPG and improve both sleep onset and quality.

5.2 Future Directions

Future research should determine optimal timing and dose of
post-exercise thermal interventions for sleep enhancement.
Differences in sex, individual thermoregulatory profiles, and
long-term effects of repeated thermal recovery interventions
on sleep are dynamic domains of research requiring thor-
ough investigation. Real-world field studies using wearable
sleep and thermoregulation monitors are warranted to vali-
date laboratory findings.
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