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Abstract
Like other environmental constituents such as pressure, heat and oxygen, cold water can be either
good or bad, threat or treatment depending on circumstance. Given the current increase in the
popularly of open cold water swimming it is timely to review the various human responses to cold
water immersion (CWI) and consider the strength of the claims made for the effects of CWI. As a
consequence, in this review we look at the history of CWI and examine CWI as a pre-cursor to
drowning, cardiac arrest and hypothermia. We also assess its role in prolonged survival underwater,
extending exercise time in the heat and treating hyperthermic casualties. More recent uses, such as
in the prevention of inflammation and treatment of inflammation-related conditions are also
considered. It is concluded that the evidence-base for the different claims made for CWI are varied,
and whilst in most cases there seems to be a credible rationale for the benefits or otherwise of CWI,
in some cases the supporting data remain at the level of anecdotal speculation. Clear directions and
requirements for future research are indicated by this review.

Introduction: History
For centuries cold water has been regarded as both “hero” and “villain”, as having both beneficial
and detrimental effects. In 450 BC Herodotus (450 BC) describing the ill-fated seaborne expedition
of the Persian General Mardonius wrote, “..those who could not swim perished from that cause,
others from the cold”. In December 1790 Dr James Currie, a physician, stood with a crowd unable to
help as the crew of a stranded American sailing ship fell into the 5 °C sea and drowned. This
experience led Currie to undertake the first recorded experiments on the effects of cold water
immersion (CWI) on humans.

Claims for the health benefits of cool and CWI, spa or sea, also date back centuries. According to
Hippocrates, water therapy allayed lassitude, and Thomas Jefferson used a cold foot bath every
morning for six decades to “maintain his good health”. Largely anecdotal evidence extols the virtues
of CWI or cold water swimming as a means of improving well-being and health (Digby 1587, cited in
Parr, 2011). These health benefits are believed to be a consequence of the physiological responses
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and biochemical milieu which occurs from exposure to cold water (Huttunen et al. 2004, KukkonenHarjula & Kauppinen, 2006). The changes occur acutely during CWI, with repeated bouts of CWI
resulting in adaptive responses that may also impact upon indices of health.

In the middle ages people did not learn to swim because they would then not be able to cross the
river Styx when condemned to enter hell. 1539, Wynmann wrote the first swimming book in an
attempt to introduce a “human stroke” and thereby reduce the number of drownings. As early as
1750 published work recommended sea swimming (and sea water drinking!) for the treatment of a
range of diseases (Russell, 1755; Buchan, 1769), with winter considered the best time to engage in
the activity. Sea bathing reached a peak in popularity in the late eighteenth century around the time
of the development of the “swim suit” and “bathing machine”. Whole communities, seaside resorts,
were founded on the perceived health benefits of sea swimming. The hazard associated with this
health benefit led to the introduction of beach lifeguarding (Tipton & Wooler, 2016). The modern
age of open water swimming, as opposed to bathing, probably began on the 3rd May 1810 when
Lord Byron swam several miles across the Dardanelles (Hellespont) from Europe to Asia.

INSERT FIGURE 1 ABOUT HERE

Recently there has been a significant growth in the number of people engaging in open, cold water
swimming, both in terms of competitions (ice swimming, marathon swimming, winter swimming and
triathlon) and general “wild swimming”. With increased participation has come renewed and
enthusiastic claims for the physiological and psychological health benefits associated with CWI. It
therefore seems timely to review the evidence for the hazards and benefits associated with the
stress of CWI.

Cold Water: Hazards
In 2012 an estimated 372,000 people (42 per hour) died from immersion, assumed to be drowning.
Immersion is the third leading cause of unintentional injury-related death, accounting for 7 % of all
such deaths (WHO, 2014). These figures are under-estimations due to poor reporting in many Third
World countries that have a high number of deaths. The data also do not include life-long morbidity
caused by immersion-related injuries, estimated to be a much bigger numerical problem.

There is no strict definition of “cold water”. Given that some of the hazardous responses to cold
water appear to peak on immersion somewhere between 15 °C and 10 °C it is reasonable to say that
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cold water is water below 15 °C (Tipton et al. 1991). However, thermoneutral water temperature for
a resting naked individual is about 35 °C so it is possible for individuals to become very cold, with
time, on immersion in water below this temperature. The corresponding temperatures for those
exercising (including shivering) is about 25 °C (Tipton & Golden, 1998).

Historically, the threat associated with CWI was regarded in terms of hypothermia or a fall in deep
body temperature below 35 °C. This belief was established as a result of the Titanic disaster and
supported by data obtained during maritime conflicts of WWII. However, more recently a significant
body of statistical, anecdotal and experimental evidence has pointed towards other causes of death
on immersion. For example, in 1977 a Home Office Report revealed that approximately 55 % of the
annual open-water deaths in the UK occurred within 3 m of a safe refuge (42 % within 2 m), and two
thirds of those that died were regarded as “good swimmers”. This evidence suggests more rapid
incapacitation than can occur with whole body cooling and consequent hypothermia.

Four stages of immersion have been associated with particular risks (Golden & Hervey, 1981; Golden
et al. 1991), the duration of these stages and the magnitude of the responses evoked within them
vary significantly; depending on several factors, not least of which water temperature:
 Initial immersion (first 3 minutes): skin cooling
 Short-term immersion (3 min plus): superficial neuromuscular cooling
 Long-term immersion (30 min plus): deep tissue cooling (hypothermia)
 Circum-rescue collapse: just before, during or soon after rescue

As a result of laboratory-based research, the initial responses to immersion, or “cold shock”, were
identified as particularly hazardous (Tipton, 1989), accounting for the majority of immersion deaths
(Tipton et al. 2014). These deaths have most often been ascribed to drowning, with the physiological
responses of a gasp and uncontrollable hyperventilation, initiated by the dynamic response of the
cutaneous cold receptors, resulting in the aspiration of the small volume of water necessary to
initiate the drowning process (Bierens et al. 2016). Relatively little is known about the minimum
rates of change of cold receptor temperature necessary to cause cold shock. The response has been
reported to begin in water as warm as 25 °C but is easily consciously suppressed at that
temperature. Under laboratory conditions, the respiratory frequency response (an indication of
respiratory drive) peaks on naked immersion in a water temperature between 15 and 10 °C, getting
no greater on immersion in water at 5 °C (Tipton et al. 1991). The corresponding average rates of
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change of chest skin temperature over the first 20 seconds of these immersions was 0.42 °C.s-1 (Tw
15 °C); 0.56 °C.s-1 (Tw 10 °C) and 0.68 °C.s-1 (Tw 5 °C). This suggests that an average rate of change in
chest skin temperature between 0.42 – 0.56 °C.s-1 on the first 20 seconds of immersion is sufficient
to evoke a maximum respiratory cold shock response.

More recently it has been suggested (Shattock & Tipton, 2012) that a larger number of deaths than
once thought may be due to arrhythmias initiated on immersion by the coincidental activation of the
sympathetic and parasympathetic division of the autonomic nervous system by stimulation of
cutaneous cold receptors around the body (sympathetic activation [cold shock]) and in the oronasal
region on submersion or with wave splash (vagal stimulation [diving response]). This “Autonomic
Conflict” is a very effective way of producing dysrhythmias and arrhythmias even in otherwise young
and healthy individuals, particularly, but not necessarily, if a prolonged breath hold is involved in the
immersion (Tipton et al. 1994). It seems predisposing factors such as long QT syndrome, ischaemia
heart disease or myocardial hypertrophy are necessary for fatal arrhythmias to evolve (Shattock &
Tipton, 2012); many of these factors, including drug-induced LQTS, are acquired. Non-fatal
arrhythmias could still indirectly lead to death if they cause incapacitation and thereby drowning
(Tipton, 2013). The hazardous responses associated with the cold shock response are presented in
Figure 2.

INSERT FIGURE 2 ABOUT HERE

The problems encountered in short-term immersions are primarily related to physical incapacitation
caused by neuromuscular cooling (Castellani & Tipton, 2015). The arms are particularly susceptible
due to their high surface area to mass ratio. Low muscle temperatures affect chemical and physical
processes at the cellular level. This includes metabolic rate, enzymatic activity, calcium and
acetylcholine release and diffusion rate, as well as the series elastic components of connective
tissues (Vincent & Tipton, 1988). Maximum dynamic strength, power output, jumping and sprinting
performance are related to muscle temperature with reductions ranging from 4-6% per degree
Celsius fall in muscle temperature down to 30 °C (Bergh & Ekblom, 1979). At nerve temperatures
below about 20°C, nerve conduction is slowed and action potential amplitude is decreased (Douglas
& Malcolm, 1955). Nerve block may occur after exposure to a local temperature of between 5 and
15°C for 1 to 15 minutes. This can lead to dysfunction that is equivalent to peripheral paralysis and
can, again, result in drowning due to the inability to keep the airway clear of the water (Basbaum,
1973; Clarke et al. 1958; Golden & Tipton, 2002. Figure 3).
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Even in ice-cold water, the possibility of hypothermia does not arise for at least 30 minutes in adults.
Hypothermia affects cellular metabolism, blood flow and neural function. In severe hypothermia, the
patient will be deeply unconscious. The progressive signs and symptoms (approximate deep body
temperature) are shivering (36 °C), confusion, disorientation, introversion (35 °C), amnesia (34°C),
cardiac arrhythmias (33 °C), clouding of consciousness (33-30 °C), loss of consciousness (30 °C),
ventricular fibrillation (28 °C), and death (25 °C) (Bierens et al. 2016). There is great variability
between deep body temperature and the signs and symptoms of hypothermia. For example,
although the deep body temperature associated with death is often quoted as 25 °C, the lowest
temperature recorded to date following accidental exposure to cold (air) and with full recovery was
12.7 °C in a 28-month-old child (Associated Press, 2015). The coldest adult survivor of CWI followed
by submersion had a body temperature of 13.7 °C (Gilbert et al. 2000). There is also a large amount
of variation in the rate at which people cool on immersion in cold water, due to a combination of
thermal factors (including water temperature and water movement, internal and external insulation)
and non-thermal factors (including body size and composition, blood glucose, motion illness, racial
and sex differences) (Haight & Keatinge, 1973; Gale et al. 1981; White et al. 1992; Mekjavic et al.
2001; Golden & Tipton, 2002).

The most significant practical consequence of hypothermia in water is loss of consciousness; this
prevents individuals from undertaking physical activity to maintain a clear airway and avoid
drowning. Thus, once again, drowning is often the end-point (Figure 3).

INSERT FIGURE 3 ABOUT HERE

About 17% of those that die as a result of immersion die just before, during or just after rescue
(Golden et al. 1991). The deaths just before rescue are intriguing and probably related to
behavioural changes at this time or the relief and psychophysiological alterations associated with
imminent rescue, including a reduction in circulating stress hormone concentration and an increase
in vagal tone. Death during rescue is most commonly associated with a collapse in arterial pressure
when lifted vertical from the water and kept in that position for some time (Golden et al. 1991).

Finally in this section it is worth mentioning that because sea water freezes at -1.9 °C and human
tissue at -0.55 °C it is possible to get frostbite in the sea, although this is a rare occurrence. Much
more common, but less well known and understood, is non-freezing cold injury (NFCI). This can be

This article is protected by copyright. All rights reserved.

caused by short immersions in very cold water or longer duration immersions in cool water. In
reality the details of the pathogenesis and pathology of NFCI are not fully understood but the
consequences: cold sensitivity; hyperhidrosis; and intractable pain, can be debilitating and
permanent (Golden et al. 2013; Heil et al. 2016). Those advocating very cold water immersion, for
example post-exercise, are often unaware of this risk.

Cold Water: Benefits
a. Prolonged survival under water
Generally, drowning results in cardiopulmonary arrest within two minutes (Fainer et al. 1951). Quan
et al. (2014) reported on the outcome of 1,094 open water drownings: most (78 %) had bad
outcomes (74 % death, 4 % severe neurological sequelae), of the good outcomes, 88 % were
submerged for less than 6 minutes. This percentage falls rapidly (i.e. 7.4 % of good outcomes when
submerged 6-10 minutes), with the risk of death or severe neurological impairment after hospital
discharge given as “nearly 100 %” when the duration of submersion exceeds 25-27 minutes
(Szpilman et al. 2012).

However, if the water is cold this time can be extended, with the current “record” being 66 minutes
of submersion with near-complete recovery (Bolte et al. 1988). In such cases the temperature of the
water appears protective, with recorded submerged survival with minimal long term sequelae only
having been reported in water below 6 °C (Tipton & Golden, 2011). The Q10 temperature coefficient,
a measure of the rate of change of a biological or chemical system as a consequence of
increasing/decreasing the temperature by 10 °C, differs for different body systems: metabolic and
rhythmic processes are particularly depressed by hypothermia (Q10 of about 3); contractile processes
have a Q10 of about 2. As hypothermia progresses metabolic and rhythmic processes are depressed
more than the rates of diffusion of different metabolites (MacLean & Emslie-Smith, 1977). The
hypoxic survival time of the brain is extended by hypothermia, with cerebral activity and therefore
oxygen demand, falling close to minimal levels at a brain temperature of 22 °C (Adams & Victor,
1977).

The proposed mechanism of prolonged underwater survival involves the two minutes of drowningrelated flushing of cold water in and out of the lung cooling the heart and carotid artery blood supply
to the brain, thereby selectively cooling the brain, with consequent cerebral hypothermia protecting
the brain from hypoxia (Golden et al. 1997; Tipton & Golden, 2011). Evidence for such a mechanism
can be found in the animal work of Conn et al. (1995) who reported a 7.5 - 8.5 °C fall in carotid artery
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temperature after two minutes of submersion, with much slower cooling (0.8 °C) during head out
cooling. The cooling rate also slows significantly after cardio-respiratory arrest (Conn et al. 1995),
further supporting the involvement of respiratory heat exchange in the initial fast rates of cooling of
carotid artery temperature. Although slower, continued cooling via surface cooling does add
important additional protection; this helps explain why those that cool the most by this route due to
surface area:mass ratio advantages (i.e. the young and the small) tend to comprise the small number
of individuals who have survived prolonged immersion with minimal consequences. Because the
brain is preferentially cooled, other sites for measuring deep body temperature have little
prognostic value in such situations (Golden & Tipton, 2011).

Therefore, in contrast to the problems caused by cold shock outlined in the previous section, in this
scenario (small individual submerged in water <6 °C) the hyperventilation associated with cold shock
during drowning may be beneficial rather than detrimental; this highlights the importance of
circumstance for making such conclusions. Interestingly, the same protective mechanism that can
occur naturally during drowning in very cold water has been considered as an intervention to reduce
ischaemic brain damage following cardiac arrest or stroke. The challenge is to find a method that can
cool the brain rapidly enough to be of value (Hoa et al. 2008; Rewell et al. 2017).

b. Deliberate cooling
i. Cooling for hyperthermia and heat illness
Cooling strategies are used by athletes to cool themselves between bouts of exercise, such
interventions are also used to treat those with heat illness ranging from heat exhaustion to
potentially fatal heat stroke.

Various techniques, including ice-vests, air and water-perfused vests, have been developed to cool
individuals between and following bouts of exercise. Of these, hand immersion in cold water and
whole body fanning with or without artificial sweating (water spraying) have been shown to be
preferential when a viable peripheral circulation remains (Barwood et al. 2009). This is because
these techniques use the physiology of the body to deliver heat to the skin via the circulation rather
than try and overwhelm it and remove heat via conduction. The latter approach runs the risk of
evoking the body’s heat loss defence mechanisms, including vasoconstriction, thereby resulting in
slower cooling. The same mechanisms explain why whole body immersion in temperate water (26
°C) is as effective at removing heat from a resting body as immersion in cold water (14 °C) when
there is a viable circulation (Tipton, 2006; Taylor et al. 2008; Casa et al. 2010). However, in absence
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of a viable circulation, such as in heat stroke, heat loss by conduction remains the only available
route and therefore in such circumstances heat loss is inversely related to water temperature
(Proulx et al. 2003; Zang et al. 2015).

ii. Pre-cooling for performance
It has long been known that prolonged exercise performance is diminished in hot environments
compared to cooler conditions (Galloway & Maughan, 1997; Tatterson et al. 2000). The mechanisms
thought to underpin the ergolytic effect of heat are complex and varied but are, broadly speaking,
due to the direct and indirect consequences of hyperthermia on body temperatures (e.g. brain) and
regional (e.g. muscle/skin) blood flows (Cheuvront et al. 2010; Febbraio, 2000; Nielsen & Nybo,
2003; Nybo, 2008). Any intervention which creates a heat sink by reducing the initial body heat
content (pre-cooling) should enable the storage of a greater amount of heat before reaching a given
level of hyperthermia. Thus, pre-cooling might potentially be ergogenic during exercise in a hot
environment. Equally, pre-cooling may be debilitating if sufficient to impair neuromuscular function
(see earlier section). Its will therefore depend on the nature of the cooling stimulus (muscle cooling
vs. deep body cooling) and the event (power output vs. endurance) to be undertaken as well as
environmental conditions.

Perhaps the first study examining the effect of pre-cooling on tolerance to hot conditions was
conducted by Veghte & Webb (1961) who used different durations of CWI (16 °C), as well as air
cooling, to demonstrate that the resting tolerance time in a high ambient temperature (71 °C) was
inversely related to the initial body temperature. The first pre-cooling studies examining exercise
performance typically used pre-exercise cold air exposure, rather than CWI, and investigated
performance under relatively temperate environmental conditions (Tdb 18-24 °C). Nevertheless,
these studies demonstrated that reducing initial body-heat content resulted in reduced
thermophysiological strain and improved exercise performance (Schmidt & Brück, 1981; Hessemer
et al. 1984; Olschewski & Bruck, 1988; Lee & Haymes, 1995), although the combination of suboptimal convective cooling and relatively high metabolic rates in these studies would likely have
induced a potentially limiting thermal-burden, even under these relatively benign ambient
conditions (Ely et al. 2007). However, because the thermal conductivity of water is 24× that of air,
and the energy required to heat a given volume of water by 1 °C is 3500× that of air, the cooling
power of cold water in terms of human deep body temperature is approximately three times that of
cold air at the same temperature (Smith & Hanna, 1975). Consequently, a given rate of heat loss can
be achieved at a higher temperature, and with a narrower skin-environment temperature gradient
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in water, than in air (Marino, 2002). Indeed, there is evidence from meta-analysis that CWI is more
effective than all other types of pre-cooling intervention (Jones et al. 2012)

Perhaps the seminal study examining the effectiveness of pre-exercise CWI on exercise performance
in the heat is that of Booth et al. 1
participants average

2max

), using a counterbalanced design they got eight trained

= 63.1 mL·kg·-1min-1) to undertake a 30 minute run in hot-humid

conditions (32 °C, 60 % RH) on two occasions: with, or without (control), prior CWI. The CWI
consisted of 60 minutes of immersion in water which, to minimise discomfort, was progressively
cooled from ~29 °C to ~23 °C. This reduced the pre-exercise rectal temperature (Tre), mean skin
temperature (

sk)

and heart rate by ~0.7 °C, 5.9 °C and 13 %, respectively. The reduced Tre,

sk

and

heart rate persisted for 20, 25 and 10 minutes respectively during the exercise bout and enabled the
participants to run significantly further than in the control condition (average 304 m). A similarly
influential study was undertaken by González-Alonso et al. (1999) in which participants undergoing
30 minutes of CWI at 17 °C, had an initial average oesophageal temperature (Toes) of 3 .
were subse uently able to cycle for 3 minutes at 0 %

2max

C and

in a hot environment (40 °C, 19 %

RH), whereas immersion in 36°C water resulted in an initial Toes of 37.4 °C and an average time to
exhaustion of 46 minutes. Following warm water immersion (40 °C) a starting Toes of 38.2 °C and
time to exhaustion of 28 minutes were recorded. Numerous subsequent studies have confirmed the
efficacy of pre-cooling by CWI (e.g. Duffield et al. 2010; Siegel et al. 2012; Skein et al. 2012).

However it should be noted that, in accordance with Newton’s cooling Law Newton, 1 00) and the
heat transfer equation (Fourier,1807), in a hot environment pre-cooling increases the rate of heat
transfer between the human body and the environment as a consequence of an increased thermal
gradient (Taylor et al. 2014). The onset of sweating is also delayed during exercise after pre-cooling
(Wilson et al. 2002), which will diminish evaporative heat loss. As a result a pre-cooled individual will
gain heat more rapidly than a hotter individual until convergence at a common temperature (Booth
et al. 2004). Thus, whilst pre-cooling by CWI represents an effective strategy for enhancing
endurance exercise performance in a hot environment, its efficacy may be limited to exercise
durations shorter than the time taken for body temperature to converge with that in a non-precooled condition.

iii. Post-exercise CWI for recovery
The use of CWI following intense exercise is prevalent among sports people and primarily stems
from the belief that CWI facilitates aspects of recovery and regeneration, thereby conferring a
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potential training and performance advantage (Versey et al. 2013; Leeder et al. 2015). The potential
negative aspects of post-exercise immersion in ice-cold water, such as non-freezing cold injury (see
earlier section), often do not seem to be considered.

The physiological mechanisms by which post-exercise CWI influences recovery are not entirely clear
(White & Wells, 2013), but are most likely related to effects of removal of body heat, reduced tissue
temperature and hydrostatic pressure effects, rather than to the cold shock response (Figure 4). For
example, decreased tissue temperature may reduce acetylcholine production, lower nerve
conduction velocity (Abramson et al. 1966) and firing rate of the muscle spindles (Ottoson, 1965).
These alterations could decrease muscle spasm and exert an analgesic effect (Meeusen & Lievens,
1986; Wilcock et al. 2006). Alternatively, hydrostatic pressure might reduce oedema and
inflammation by increasing the pressure gradient between the interstitial and intravascular space,
promoting the re-absorption of interstitial fluid in a manner similar to compression stockings
(Partsch et al. 2004). Cold and hydrostatic pressure could also act synergistically: decreased muscle
temperature may reduce oedema by reducing muscle perfusion (cold-induced vasoconstriction) and
fluid diffusion into the interstitial space (Yanagisawa et al. 2010; Gregson et al. 2011), as well as
through reduced permeability of the cellular, lymphatic and capillary vessels (Coté et al. 1988). This
might complement any hydrostatic pressure effects on interstitial-intravascular fluid movement.

Regardless of the underlying mechanism, reduced oedema is hypothesised to better preserve the
oxygen supply to cells; this supply may otherwise become compromised by local swelling and the
associated capillary constriction (Wilcock et al. 2006), although the extent to which this offset by the
decreased perfusion is unclear. Additionally, a decreased tissue temperature should, as noted above,
reduce the metabolic rate and oxygen requirement of the cooled tissue (Drinkwater, 2008).
Together these effects could lessen exercise-induced inflammation by decreasing hypoxic cell death
or damage and, by reducing the infiltration of leukocytes and monocytes, minimise secondary tissue
damage (Swenson et al. 1996; Wilcock et al. 2006). Similar claims have been made for hyperbaric
oxygen therapy (Kindwall, 1995).

INSERT FIGURE 4 ABOUT HERE

Given these potential benefits it is unsurprising that the use of CWI for facilitating recovery has
received considerable attention within the literature. Indeed, a wide variety of protocols have been
investigated, with variations in terms of the exercise ‘insult’, the timing of immersion after exercise,
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the temperature, duration and depth of immersion and the outcome measure reported. Thus, given
the potential mechanisms of action it is perhaps not unexpected that there is variation in the
reported efficacy of CWI among the literature (White & Wells, 2013), with some studies supporting
the efficacy of CWI for recovery (e.g. Bailey et al. 2007; Vaile et al. 2008; Ingram et al. 2009) and
others showing no benefit (e.g. Goodall & Howatson, 2008; Corbett et al. 2012; Leeder et al. 2015).
Nevertheless, meta-analyses (Leeder et al. 2012; Machado et al. 2016) and a Cochrane systematic
review (Bleakley et al. 2012) of the relevant studies have concluded that CWI is effective at reducing
perceived post-exercise muscle soreness, with some meta-analytic evidence also supporting the
effectiveness of CWI on reducing blood creatine kinase levels and improving the recovery of muscle
power (Leeder et al. 2012). However, this assertion should be tempered by the fact that, given the
nature of the intervention, it is difficult to administer a true placebo in these studies. In one study
that did include a placebo treatment, the effect of CWI was found to be no bigger than the placebo
effect (Broatch et al. 2014).

It seems reasonable that the control condition for such studies should be the widely used active
recovery rather than nothing (rest). Indeed, recent research has reported that infiltration of
inflammatory cells, mRNA expression of pro-inflammatory cytokines and neurotrophins, and the
subcellular translocation of heat shock proteins did not differ significantly between CWI and active
recovery groups following a single bout of resistance exercise. This suggests that CWI is no more
effective than active recovery for reducing inflammation or cellular stress in this single-bout exercise
model (Peake et al. 2017).

Finally, if CWI reduces the inflammatory response to exercise-induced trauma, and this response is
important for beneficial adaptations to repeated exercise bouts i.e. training, then CWI may actually
be counter-productive (Schoenfeld, 2012). Indeed, recent evidence indicates that CWI during a 12
week training programme attenuated long term gains in muscle mass and strength and blunted the
activation of key proteins and satellite cells in skeletal muscle up to two days after resistance
exercise (Roberts et al. 2015). However, CWI may enhance other aspects of the adaptive response to
exercise. Ihsan et al. (2014) have shown that a 15 minute leg immersion in 10°C water after a single
exercise bout consisting of 30 minutes sub-maximal running followed by intermittent running to
exhaustion enhances the gene expression of peroxisome proliferator-activated receptor gamma
coactivator-1α PGC-1α), a key regulator of mitochondrial biogenesis, and vascular and metabolic
adaptations to exercise. Allan et al. (2017) have presented similar evidence for increased PGC-1α
expression with leg CWI, but also demonstrated increased PGC-1α in the non-immersed leg (relative
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to a control condition), suggesting that this is a systemic response to CWI, possibly as a consequence
of β-adrenergic activation of AMPK.

Importantly, these effects do not appear confined to a single bout of exercise and CWI with Ihsan et
al. (2015) demonstrating that some (e.g. p38 MAPK, AMPK, and mitochondrial proteins complex I,
complex III, and β-HAD), although not all, indices of mitochondrial biogenesis were increased when
individuals underwent post-exercise CWI following 3 sessions·wk-1 of endurance training for 4 weeks.
However, the physiological significance of these finding remains unclear with Yamane et al. (2006)
reporting attenuated improvements in maximal oxygen uptake when CWI was used after training in
a 4 week endurance training programme consisting of 3-4 training sessions·week-1; it has been
suggested that CWI may dissociate the relationship between mitochondrial content and exercise
performance and the increase in mitochondrial content could be offset by increased uncoupled
mitochondrial respiration (Ihsan et al., 2015). More work is required to elucidate these potentially
conflicting responses as well as establish the cold stimulus/dose (intensity, duration and number of
exposures) required to produce them.

c. Inflammation
Keeping with the topic of inflammation, there is an expanding body of evidence linking inflammation
with health and disease. It has been shown that centenarians and supercentenarians have lower
levels of inflammation than community-living very old (85 to 99years) people (Arai et al. 2015). This
study also showed that while centenarians and their offspring were able to maintain long telomeres,
telomere length was not a predictor of successful ageing whereas a low inflammation score was.
Inflammation has also been associated with conditions including atrial fibrillation (AF) (Boos et al.
2006, Dernellis et al. 2004), atherosclerosis (Hansson, 2005), inflammatory bowel disease (Kaser et
al. 2010), type 2 diabetes Donath & Shoelson 2011), Alzheimer’s Wyss-Coray, 2006) and depression
(Miller & Raison 2016).

Modification of the inflammatory response has been associated with improved outcomes in both AF
(Dernellis et al. 2004) and depression (Muller et al. 2006). Cold water habituation has also been
shown to improve insulin sensitivity (Hanssen et al. 2015). Whether or not the two are linked
habituation, especially when part of an exercise programme, is recognised as a therapeutic
intervention for type 2 diabetes (Sigal et al. 2006; Boulé et al. 2001).
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As noted, historical documents and anecdotal evidence extol the virtues of CWI or cold water
swimming as a means of improving well-being and health (Digby 1587, cited in Parr, 2011). These
health benefits are believed to be a consequence of the physiological responses to CWI and,
particularly, alterations in these responses with cold water adaptation (Huttunen et al. 2004,
Kukkonen et al. 2006). However, while controlled trials into the therapeutic use of CWI are lacking,
there is a theoretical, physiological basis suggesting that this is an area worthy of investigation
(Shevchuk 2008; Harper 2012).
The aim of any therapeutic intervention should be to reduce the magnitude of pro- inflammatory
triggers and cold water adaptation, developed through repeated immersions, may offer such a
model. The hypothesis is that cross-adaptation exists between CWI and other forms of physiological
stress such as surgery or inflammatory- based conditions. By reducing the magnitude of the stress
response, some of the negative consequences of this may be reduced or avoided. Anecdotal
evidence also exists of therapeutic benefit from cold water adaptation for conditions associated with
chronically elevated levels of inflammation (Starr, 2013; Harper, 2012; Waters, 2016).
The stress and inflammatory responses of adapted cold water swimmers were found to be lower
than unadapted volunteers. For example, resting plasma noradrenaline concentrations were either
similar or declined in adapted swimmers (Leppäluoto et al., 2008, Hirvonen et al. 2002).
Catecholamine concentrations were elevated from baseline by two to three-fold during CWI in those
that are cold habituated (Leppäluoto et al., 2008), but these increases were less than those observed
in unadapted individuals (Goldstein & Frank, 2001; Leppäluoto et al. 2008). Additionally, repeated
CWI reduce plasma adrenocorticotrophic hormone and cortisol responses to CWI (Leppäluoto et al.
2008, Huttunen et al. 2000). Whilst the cytokine responses to repeated CWI shows no change in
resting TNF-α, IL-6 and IL-1β in volunteers, provocation by lipopolysaccharide stimulation results in
reduced IL-6 following repeated CWI (Dugué & Leppänen, 2000). However, the cytokine response
must be treated with caution as the inflammatory response is complicated and low values are
measured prior to cold water adaptation. It remains to be determined what effect cold water
adaptation has on cytokine responses in patients with raised levels of inflammatory markers.

Following CWI and cold-pressor tests, increased concentrations of dopamine Šrámek et al. 2000),
serotonin, (Hirvonen et al. 2002) and beta-endorphins (Suzuki et al. 2007) have been reported; these
changes are associated with improved mood or the ‘post swim high’ Steinberg & Sykes, 1 8 ).
However, in contrast to the sympathoadrenal response, the levels of these chemicals have not been
reported to change following cold water adaptation (Hirvonen et al. 2002). Pro-inflammatory
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cytokine release inhibits serotonin production and can promote behaviour change, including
initiation of depressive symptoms such as sadness, fatigue and social withdrawal (Slavich & Iwrin,
2014). For example, the release of the pro-inflammatory cytokine Indoleamine 2, 3-dioxygenase
(IDO) degrades tryptophan, a pre-cursor to serotonin, and competes with the serotonin metabolic
pathway. As a consequence serotonin availability is reduced (Muller & Schwarz, 2007), a change that
is thought to contribute to the development of symptoms of depression (Almond, 2013). This
mechanism has also been found in rats displaying depression-like symptoms, swim training of the
rats inhibited activation of IDO and reduced the depression-like symptoms (Liu et al. 2013).
Consequently, it has been suggested that adaptation to CWI could reduce pro-inflammatory
responses in humans, enhancing serotonin secretion and reducing symptoms of inflammatory-based
depressive disorders (Figure 5). It is not clear if this pathway is specific for depressive disorders or if
it could potentially ameliorate other inflammatory-based conditions.

INSERT FIGURE 5 ABOUT HERE

Teleologically it makes sense for there to be, at least in part, a common or shared physiological
pathway in the response to stress. However, even having established a theoretical basis for the
effect of cold water adaptation on the inflammatory response, it is still necessary to demonstrate
that adaptation in one system is reflected in another. Repeated exposure to a stressor evokes
specific adaptive responses (Adolph, 1956), but there is also a component of general adaptation,
often involving the autonomic nervous system, that is common to several stressors (Seyle, 1950;
Lunt et al. 2010).
Such “cross-adaptation” was shown by Lunt et al. (2010) when they demonstrated that habituation
of the sympathetic nervous response to short-term CWI (six, five-minute immersions in 12 °C stirred
water) also improved the response to moderate exercise in hypoxic conditions (FIO2 0.12). Repeated
CWI has been reported to increase the concentration of antioxidants in winter swimmers (Siems et
al. 1999). Specific cold shock proteins have been identified in mammalian cells (Fujita, 1999) and
cold exposure increases the expression of heat shock proteins (Holland et al. 1993; Lindquist et al.
2014). Thus, cold adaptation could enhance tolerance to other forms of stress by up-regulating cell
protective mechanisms. This suggests that at the cellular level there may be a generalised response
to different forms of stress, it is these general responses which may allow, once habituated, a
reduction in the response to a novel stressor, if that novel stressor shares the same general
responses. Thus, through cross adaptation or cross tolerance, it may be possible to find common
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adaptive responses which occur with repeated CWI (Figure 5), that also reduce biochemical markers
causing or contributing to ill-health. The combination of the neurotransmitter and anti-inflammatory
responses to repeated CWI may be the cross-adaptive link.
Whilst cross-adaptation is probably the key to the therapeutic effectiveness of cold water
adaptation, there are other mechanisms which may be employed to further enhance the effect. Cold
water adaptation studies typically utilise a set, static immersion protocol; it is more likely that in
real-life, cold water swimming will be the preferred technique. This would then be expected to
provide the additional health benefits that are derived from exercise (Liu et al. 2013, MacAuley et al.
2015). In addition open water swimming is thought to offer a range of other potentially beneficial
‘interventions’ including “green therapy” Gilbert, 201 ) and “blue therapy” Nutsford et al. 2016) as
well as the communal aspects and a sense of achievement (Waters, 2016). Green therapy and blue
therapy involves access to and use of outdoor, green and blue spaces; green spaces are open land
which are primarily vegetation, and blue spaces are bodies of water such as lakes, rivers or the sea.
Of particular note is the powerful parasympathetic stimulation derived from immersing the face in
cold water (de Burgh Daly & Angell-James, 1979). Studies using electrical stimulation of the vagus
nerve have been shown to have significant anti- inflammatory effects (Bonaz et al. 2016). Vagal
nerve stimulation was approved by the Food and Drug Administration in the US for the treatment of
drug-resistant epilepsy and depression in 1997 and 2005 respectively. Since then, 80,000 patients
with epilepsy and 4000 with depression have had bipolar pulse generators connected to electrodes
wrapped around the left VN in the neck implanted, with encouraging results (Englot et al. 2011;
Bonaz et al 2016). Cold immersion of the face might represent a safer and cheaper means of
stimulating the vagus?
At present, research does not unequivocally support the use of cold water adaptation (indoors or
outdoors, static or swimming) for therapeutic purposes. There is a theoretical basis as well as nonspecific anecdotal evidence, both contemporary (Waters, 2016; Starr, 2013) and historical (Russell,
1760), which suggests that cold water adaptation should be investigated as a non-pharmaceutical
treatment for a range of conditions associated with chronic inflammation.

d. Immune function
Cold water swimmers claim to suffer fewer and milder infections as a result of the practice (Brenke,
1990). A boost to immunity from cold water is biologically plausible: CWI causes the release of stress
hormones (Johnson et al. 1977; Kauppinen et al. 1989), and Dhabhar (2014) argues that short-term
This article is protected by copyright. All rights reserved.

stress readies the immune system to deal with injury or infection. Research into the effects of CWI
on immune function has produced mixed results, possibly because participants and protocols varied
from unacclimatised individuals taking a brief dip in ice-cold water (Dugué & Leppänen, 2000), to
longer static CWI (Janský et al. 1996), to experienced long-distance swimmers training for eight
hours (Kormanovski et al. 2010). In addition, different leucocytes and immunoglobulins (Igs) have
been measured. Further, changes in immune system markers may not translate into altered in vivo
defence (Castellani et al. 2002), and very few studies asked participants to report actual illness. A
general weakness of research in this area is that many studies have small numbers of participants,
and differences between male and female participants are often not reported. However, participant
recruitment is difficult as cold water swimming is a minority activity and non-swimmers are often
reluctant to undergo CWI.
If CWI does benefit immune function, then there should be improvements in both immune system
markers and actual health over the course of an acclimatisation programme, and habitual cold water
swimmers could have the most robust systems. However, there may be differences in the responses
to static CWI and cold water swimming, as exercise and cold both cause physiological stress and
their combined effect may exceed the individual effect of each (LaVoy et al. 2011).
The responses of the immune system to static CWI were investigated by Janský et al. (1996).
Participants underwent an initial single immersion, followed by repeated CWI three times a week for
six weeks, and the results are summarised in Table 1. It can be seen that adaptation altered both
resting leucocyte numbers and their response to static CWI, both innate and adaptive cells being
affected. However these changes were small and of uncertain significance, and repeated CWI did not
alter the Ig response (Janský et al. 1996).
Brazaitis et al. (2014) immersed men intermittently as shown in Table 1, and found that there were
differences between fast coolers (FC) and slow coolers (SC), with only the latter showing
leucocytosis. Responses to static CWI appear to be strongly influenced by protocol and participants.
The difference in leucocytosis between FC and SC may have resulted from SC having been immersed
for a total of 120 minutes as against a mean of

minutes for FC, or from the two groups’ differing

responses to CWI. The use of alternating CWI and rewarming may also have complicated the
physiological response. It seems also that the extent of the leucocytosis may correspond to the
magnitude of the stress: Janský et al. (1996) found no increase in neutrophils after 60 min in water
at 14 °C, while Brazaitis et al. (2014) reported a rise of 55% after a total of 120 min in 14 °C water
with periodic rewarming.

This article is protected by copyright. All rights reserved.

The clinical significance of these findings is uncertain. Short-term leucocytosis arises from leucocytes
leaving organs such as the spleen in response to the rise in catecholamines and cortisol, to be ready
to deal with a threat (Dhabhar, 2014). Leucocytes are transferred in the blood to sites of potential
infection, so arguably the most important part of this short-term response is a subsequent fall in
blood leucocytes as they move into tissues such as the skin (Dhabhar, 2014). This has not been
investigated in the context of CWI, however Yeager et al. (2016) found that monocytes and
neutrophils did indeed migrate into sterile blister fluid in response to a dose of cortisol
corresponding to that released during acute stress. The 29% rise in resting monocyte levels over six
weeks of CWI reported by Janský et al. (1996) could indicate greater numbers in the body and a
boosted immune system, but could also result from persisting presence in the blood rather than in
sites of infection. Neither Janský et al. (1996) nor Brazaitis et al. (2014) considered actual illness, and
both had only male participants.
Almost all the studies investigating the immune response to dynamic CWI have had participants who
were experienced cold water swimmers, however there were wide variations in the swimming
undertaken and the markers considered, and it is not possible to separate out the effects of exercise.
Three studies asked swimmers to report colds or flu (upper respiratory tract infections, or URTI).
URTI is a useful measure of in vivo immune function, being a very common infection which
challenges both innate and adaptive elements (Hannigan et al. 2009).The results of all these studies
are summarised in Table 1.
Dugué & Leppänen (2000) found that habitual cold water swimmers had higher resting levels of
some leucocytes than non-cold habituated people. They also investigated the responses of both
groups to brief dips in ice-cold water but, as this was after a sauna, it is not possible to separate the
effects of the two thermal stresses. This was the only study to consider men and women separately,
and there were differences between the sexes. However the small participant numbers make it
difficult to establish the significance of these results.
Kormanovski et al. (2010) monitored 15 experienced long-distance swimmers for six months. Seven
of the group completed three continuous long distance swims (LDS), one of 6 h (in month one) and
two of 8 h (in months three and six), while the other swimmers rested (controls). All followed the
same nutrition protocol. There were differences between the LDS group and the controls in
leucocyte and Ig responses, over both the total study period and the LDS periods. The heavy training
load may have slightly depressed base levels of leucocytes in the LDS group, but a training bout
caused appreciable rises: granulocyte numbers rose almost fourfold during the 8 h.
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The LDS group had significant decreases in resting levels of serum Igs and salivary IgA (sIgA) over the
training period, while control swimmers did not. During all three LDS periods sIgA decreased
markedly but remained unchanged in controls, while serum Igs showed no clear pattern in either
group. As the authors point out, Ig levels are subject to considerable diurnal variation and can be
considerably higher in the morning.
The sIgA result accords with decreases seen in dry-land athletes with a heavy training load (Mortatti
et al. 2012), so may have been due to exercise rather than the cold. The usefulness of Igs as markers
of in vivo immune function is not established: some studies have found a correlation between sIgA
and URTI incidence (Gleeson et al. 2012), but others have not (Tiollier et al. 2005). None of the
swimmers in this study reported an URTI during the six months’ training or the three months
afterwards, thus no relationship was found between immune markers and actual illness.
Lombardi et al. (2011) investigated unacclimatised participants completing a 150 m race in cold
water, and found a significant increase in total leucocytes compared to the previous day. There was
no control group, and while it is not possible to simulate CWI it would have been useful to take
blood samples from non-immersed controls, as the stress of having blood taken could, in itself,
affect immune markers (Dhabhar, 2014).
In the last two of these studies (Lombardi et al. 2011; Dhabhar, 2014) there seems again to be a link
between the magnitude of the stress and the leucocyte response. The long-distance swimmers in
Kormanovski et al. (2010) had no significant change in agranulocytes (most of which are neutrophils)
after 1 h, but after 2 h numbers had increased by about 50 %, with a four-fold increase after 8 h. The
unacclimatised swimmers in the study of Lombardi et al. (2011) showed the fastest response, with
neutrophil numbers up 38 % after a 150 m race. However this was compared with the previous day,
so some of the rise may have been due to race-day stress. All three studies report higher leucocyte
numbers in cold water swimmers, but again it is not known whether these reflect greater numbers
in the body or redistribution between different sites. The swimmers in the study of Kormanovski et
al. (2010) were highly trained, and those of Lombardi et al. (2011) were unacclimatised and racing.
Other studies have focussed on recreational habitual cold water swimmers. Huang et al. (2011)
compared middle-aged cold water swimmers with a sedentary group, and found that mononuclear
cells from swimmers inhibited growth of leukaemia cells four times more effectively than those from
controls. However the control group comprised sedentary adults rather than men undertaking a
similar amount of dry-land activity, so did not control for effects of exercise, and the swimmers were
much fitter than the controls

2max

46.9 mL.kg-1 .min-1 vs. 28.3 mL.kg-1 .min-1). Teległów et al.
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(2014) investigated 10 male winter swimmers and found no significant changes over the winter in
their post-swim serum IgA, IgG or IgM. As blood samples were only taken after swimming, it is not
possible to establish whether their response to immersion changed. There was also no control group
of non-swimmers, making it impossible to distinguish between the effects of cold water and those of
exercise.
Of all the above studies, only that of Kormanovski et al. (2010) reported actual illness in those
exposed to cold water. In spite of alterations in immune markers, none of the swimmers suffered an
URTI. However this was a small group of highly-trained individuals and so may not be representative
of recreational cold water swimmers.
Two further studies investigated URTI incidence in habitual cold water swimmers. Brenke (1990)
surveyed 85 regular ice swimmers, of whom 40 % stated that they suffered fewer, less severe and
shorter infections than previously. In addition he followed eight patients at a remote rural practice
and found a significant fall in consultations for flu-like illnesses. Collier et al. (2015) compared URTI
incidence and severity in cold water swimmers with that in their cohabiting, but non-swimming,
partners and with pool swimmers, and found that cold swimmers had fewer colds than their
partners, but there were no differences between cold and pool swimmers.
All three studies that investigated URTI relied on participant self-report of illness. This has two
possible drawbacks: first, it is difficult to remember having had colds in the past as Brenke (1990)
asked participants to do; and secondly, many cold-water swimmers are deeply convinced that the
practice is beneficial and so may under-report infections, whether consciously or otherwise. The
swimmers in the study of Kormanovski et al. (2010) were monitored by a medic during their six
months of training, but were asked to report URTIs in the three months that followed. Collier et al.
(2015) reduced the likelihood of recall error by asking participants to report URTIs each week, but
the possibility of biased responses remains.
In spite of the repeated claims for the benefits of cold water swimming, it is also possible that it may
be detrimental in large doses. Collier et al. (2015) noted trends for positive correlations between
cold water exposure and URTI incidence and severity, as shown in Table 1. If short-term stress is like
an exercise that enhances the immune system’s effectiveness, then prolonged stress could lead to
fatigue and a reduced response. Dhabhar (2014) defines short-term stress as lasting minutes to
hours, and chronic stress as being repeated for hours each day for weeks or months. Frequent coldwater swimming with prolonged shivering afterwards may fall into the latter category. Loria et al.
(2014) found that regular winter swimmers had abnormal daily cortisol variations, and Dhabhar
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(2014) comments that prolonged stress can lead to dysregulation of the diurnal cortisol cycle and to
a suppressed immune response. Eccles & Wilkinson (2015) argue that both breathing cold air and
chilling the body surface increase the likelihood of URTI, partly due to vasoconstriction in the nose.
xercise intensity may also be relevant Wang & Huang 200 ) found that exercise at 80 %
led to lymphocyte apoptosis. xygen consumption is greater in cold water and

2max

2max

is decreased

(Tipton & Bradford, 2014), thus relative exercise intensity is increased. Physiological stress could also
be affected by swim duration, air and water temperatures, body composition and extent of
acclimatisation. These factors could act together to push the impact of cold water swimming on
immune function from “benefit” to “detriment”.
It is concluded that there is some evidence that the short stress of CWI may prime the immune
system to deal with a threat, and thus be beneficial. Whether this effect is augmented by swimming
has not been established, and may depend on the frequency, intensity, and duration of the exercise,
among other factors. The disturbed diurnal cortisol rhythm seen by Loria et al. (2014) suggests that
an excess of cold exposure may lead to continued physiological stress, and this could lead to
immunosuppression. Thus, “optimum dose” of cold has yet to be determined, and is likely to differ
between individuals. The definitive studies in this complex area await completion.

Table 1 Static cold water immersion (CWI) studies
Study

Participants

Protocol

Results

Initial
immersion:
60 min at 14 °C
Blood samples
before and after
CWI
Janský et al. 10 unacclimatised
(1996)
men

Brazaitis et
al. (2014)

40 unacclimatised
men, divided into

Total leucocyte numbers:
increased
Individual types of leucocyte: no
change
Serum IgG: increased
Serum IgA and IgM: no change
Total leucocyte numbers:
Repeated
unchanged from single CWI
immersions:
Pre- and post-immersion
As above, 3 x per monocytes: increased
week for 6
CD25 T lymphocyte numbers:
weeks
increased
Blood samples
Pre- and post-immersion T and B
before and after lymphocytes: trend for increase
each CWI
Serum IgA, IgG and IgM:
unchanged from single CWI
Intermittent CWI FC (n = 20):
(20 min at 14 °C No changes

Actual
illness?
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No

No

fast coolers (FC,
rectal temp
reached 35.5 °C)
and slow coolers
(SC, reached 120
min total CWI)

followed by 10
min sitting in
lab) until sooner
of rectal temp
35.5 °C or 120
min total CWI
Blood samples
before and after
CWI

SC (n = 20):
Total leucocytes: increased
% neutrophils: increased
% lymphocytes and monocytes:
decreased

Table 2 Cold water swimming studies
Study

Participants

85 ice swimmers
Brenke (1990)
8 patients at a
remote rural
practice, who began
ice swimming

Protocol
Swam regularly
for ≤ 5 min,
water temp -1 –
4 °C
Retrospective
questionnaire
Swam for 5 – 6
year period
Reported
consultations for
flu-like illnesses

Results

Actual
illness?

40% reported suffering fewer,
less severe and shorter
infections than previously
Yes
Consultations fell from 0.88
per year before starting ice
swimming to 0.5 per year at
end of study period
Swimmers v controls:

Dugué &
Leppänen
(2000)

Habitual cold water
swimmers (5
women, 7 men)
Controls,
unacclimatised
(6 women, 2 men)

Kormanovski
et al. (2010)

Carried out 6
months training,
≤ 1 0 km per
month. LDS
15 experienced longgroup completed
distance swimmers
continuous
(8 men, 7 women),
swims of 6 h
divided into long
(month 1) and 8
distance swim (LDS)
h (months 3 and
group (4 men, 3
6), water temp
women) and
18 – 21 °C, while
controls (4 men, 4
controls rested.
women).
All followed
same nutritional
protocol.
Blood and saliva

Resting blood
samples
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Female swimmers: higher
leucocyte and neutrophil
numbers
Male swimmers: no
difference in the above
All swimmers: 50% higher
monocyte numbers
LDS group v controls over 6
months:
LDS group:
trends for decreased resting
granulocytes and
agranulocytes (p = 0.099 and
0.059 respectively);
decreased resting serum IgG
and IgM and salivary IgA
(sIgA)
Controls: no changes
LDS group v controls during
the three LDS periods:

No

Yes

samples before,
during and after
LDS period.
Blood analysis
and medical
examination
every 2 – 3
weeks during
study period.

LDS group:
granulocyte numbers
increased;
agranulocyte numbers rose
then fell slightly;
sIgA decreased;
serum Igs: no change during
first LDS, but fluctuated
during second and third LDS
Controls:
no change in sIgA;
increased serum IgA,
decreased serum IgM in last 2
h of 8 h rest
No swimmer had an URTI in
the 6 month study period or
the 3 months immediately
afterwards

Lombardi et
al. (2011)

Unacclimatised
individuals (13 men,
2 women)

Huang et al.
(2011)

Swimmers: 14
middle-aged men
Controls: 11
sedentary middleaged men

Teległów et
al. (2014)

10 male winter
swimmers

Collier et al.
(2015)

21 habitual cold
water swimmers and
their cohabiting nonswimming partners
23 habitual pool
swimmers and their
cohabiting nonswimming partners

150 m race in
water at
6 °C
Blood samples
day before and
straight after
race
Swimmers swam
5 x per week
(mean 55 min at
moderate
intensity), water
temp 13 – 19 °C
Resting blood
samples
Swam regularly
for 5 min, water
temp ≤ . C
from Nov to Mar
Post swim blood
samples
Weekly report of
common cold
symptoms for 13
weeks from
December to
March
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After race v day before:
Total leucocytes: increased
(especially neutrophils,
monocytes and lymphocytes)

No

Swimmers v controls:
Swimmers’ mononuclear cells
inhibited growth of leukaemia
cells 4 x more effectively than
those of controls

No

Serum IgA, IgG and IgM: no
change over study period

No

Cold swimmers had fewer
colds than their partners
No differences between cold
swimmers and pool
swimmers

Yes

SUMMARY & CONCLUSION
The areas reviewed are presented in Figure 6. We have assessed the evidence-base for the claims
made for CWI in each area using a modified version of the SIGN criteria (Scottish Intercollegiate
Guidelines Network [SIGN], 2011).

INSERT FIGURE 6 ABOUT HERE

Other areas continue to evolve and are worthy of further study, included amongst these is the
potential metabolic and thermogenic benefits associated with cold exposure and the activation of
brown adipose tissue (BAT) (Blondin et al. 2014). The role that CWI and acclimation to CWI may have
in this area remains to be investigated in humans, the closest investigators have come thus far is use
of a water-perfused cooling suit to demonstrate that BAT acts as a non-shivering thermogenesis
effector (Ouellet et al. 2012).

It is concluded that CWI is a significant cause of death internationally, and the physiological
precursors to these deaths have been identified and investigated, although not fully described in all
cases. The beneficial effects of CWI in terms of surviving prolonged immersion, cooling hyperthermic
casualties, pre-CWI for enhanced performance in the heat, post-exercise CWI for recovery, and CWI
adaptation as a treatment for inflammation-related condition or to boost the immune system all
remain to be fully elucidated. Each of these areas have feasible rationales and hypotheses, but the
areas are complex and the impact of CWI can vary from beneficial to detrimental depending on the
subtle interplay of factors such as the: duration and intensity of cold water exposure; duration of
post-CWI event; degree of hyperthermia; control condition adopted; potential benefit of
inflammation; nature of the exercise to be performed. In short, for CWI, the evidence base for “kill”
is currently somewhat more developed than that for “cure”.

REFERENCES
Abramson DI, Chu LSW, Tuck S, Lee SW, Richardson G & Levin M (1966). Effect of tissue
temperatures and blood flow on motor nerve conduction velocity. JAMA 198, 1082-1088.

Adams RD & Victor M (1977). Hypoxic hypotensive encephalopathy. In: Adams RD, Victor M, editors.
Principles in neurology. New York: McGraw-Hill Book Co., 732–4.

Adolph E (1956). General and specific characteristics of physical adaptations. American Journal of

This article is protected by copyright. All rights reserved.

Physiology 184, 18-28.

Allan R, Sharples AP, Close GL, Drust B, Shepherd SO, Dutton J, Morton JP & Gregson W (2017). Postexercise cold-water immersion modulates skeletal muscle PGC-1α mRNA expression in immersed
and non-immersed limbs: evidence of systemic regulation. J Appl Physiol, pp.jap-00096.

Almond M (2013). Depression and Inflammation: Examining the Link: Inflammatory Conditions May
Precipitate or Perpetuate Depression, but the Precise Relationship Is Unclear. Current Psychiatry 12,
24-32.

Arai Y, Martin-Ruiz CM, Takayama M, et al. (2015). Inflammation, But Not Telomere Length, Predicts
Successful Ageing at Extreme Old Age: A Longitudinal Study of Semi-supercentenarians.
EBioMedicine doi: 10.1016/j.ebiom.2015.07.029.

Associated

Press.

Polish

toddler

found

in

freezing

cold

recovering

[Online].

http://www.dailymail.co.uk/wires/ap/article-2860488/Polish-boy-freezing-cold-recovering.html.
[September 24, 2015].

Bailey DM, Erith SJ, Griffin PJ, Dowson A, Brewer DS & Williams C (2007). Influence of cold-water
immersion on indices of muscle damage following prolonged intermittent shuttle running. J Sports
Sci 25, 1163-1170.

Barwood MJ, Davey S, House JR & Tipton MJ (2009). Post-exercise cooling techniques in hot, humid
conditions. European Journal of Applied Physiology 107, 385-96.

Basbaum CB (1973). Induced hypothermia in peripheral nerve: electron microscopic and
electrophysiological observations. J Neurocytol 2, 171-187.

Bergh U & Ekblom B (1979). Influence of muscle temperature on maximal muscle strength and
power output in human skeletal muscles. Acta Physiol Scand 107, 33-37.

Bierens JJ, Lunetta P, Tipton MJ & Warner DS (2016). Physiology of Drowning: A Review. Physiology
31, 147-66.

This article is protected by copyright. All rights reserved.

Bleakley CM & Davison GW (2010). What is the biochemical and physiological rationale for using cold
water immersion in sports recovery? A systematic review. Br J Sports Med 44, 179-187.

Blondin DP, Tingelstad HC, Mantha OL, Gosselin C & Haman, F (2014). Maintaining thermogenesis in
cold exposed humans: Relying on multiple metabolic pathways. Compr Physiol 4, 1383-1402.
Bolte RG, Black PG, Bowers RS, Thorne JK & Corneli HM (1988). The use of extracorporeal rewarming
in a child submerged for 66 minutes. JAMA 260, 377–9.

Bonaz B, Sinniger V & Pellissier S (2016). Anti‐inflammatory properties of the vagus nerve: potential
therapeutic implications of vagus nerve stimulation. The Journal of physiology 594, 5781-5790.

Boos CJ, Anderson RA & Lip GYH (2006). Is atrial fibrillation an inflammatory disorder? European
Heart Journal 27, 136-49.

Booth J, Marino F & Ward JJ (1997). Improved running performance in hot humid conditions
following whole body precooling. Med Sci Sports Exerc 29, 943-949.

Booth JD, Wilsmore BR, MacDonald AD, Zeyl A, Storlien LH, Taylor NAS (2004). Intramuscular
temperatures during exercise in the heat following pre- cooling and pre-heating. J Therm Biol 29,
709–715.

Boulé NG, Haddad E, Kenny GP, Wells GA, Sigal RJ (2001). Effects of exercise on glycemic control and
body mass in type 2 diabetes mellitus: A meta-analysis of controlled clinical trials. JAMA 286, 121827.

Brazaitis M, Eimantas N, Daniuseviciute L, Mickeviciene D, Steponaviciute R & Skurvydas A (2014).
Two Strategies for Response to 14 °C Cold-Water Immersion: Is there a Difference in the Response of
Motor,

Cognitive,

Immune

and

Stress

Markers?

PLoS

ONE

9,

e109020.

doi:10.1371/journal.pone.0109020.

Brenke R (1990) Winter swimming – an extreme form of body hardening therapeutikon 4, 466-472.

Broatch JR, Petersen A & Bishop DJ (2014). Post-exercise CWI benefits are not greater than the
placebo effect. Med Sci Sports Exerc. 46, 2139-47.
This article is protected by copyright. All rights reserved.

Buchan, William. Domestic Medicine, or the Family Physician: being an Attempt to render the
Medical Art more generally useful, by shewing People what is in their own Power both with the
Respect to the Prevention and Cure of Diseases; chiefly calculated to recommend a proper Attention
to Regimen, and simple Medicines. Edinburgh : Balfour ; Auld ; Smellie, 1769.

Casa DJ, Kenny GP & Taylor NA (2010). Immersion treatment for exertional hyperthermia: cold or
temperate water? Med Sci Sports Exerc 42, 1246-1252

Castellani JW, Brenner, IKM & Rhind SG (2002). Cold exposure: human immune responses and
intracellular cytokine expression Med Sci Sports Exerc 34, 2013-2020.

Castellani JW & Tipton MJ (2015). Cold stress effects on exercise tolerance and exercise
performance. Comprehensive Physiology, American Physiological Society Section 14. Handbook of
Physiology, Environmental Physiology.

Cheuvront SN, Kenefick RW, Montain SJ & Swaka MN (2010). Mechanisms of aerobic performance
impairment with heat stress and dehydration. J Appl Physiol 109, 1989-1995.

Clarke RS, Hellon RF & Lind AR (1958). The duration of sustained contractions of the human forearm
at different muscle temperatures. J Physiol 143: 454-473, 1958.

Collier N, Massey H, Lomax M, Harper M & Tipton M (2015). Habitual cold water swimming and
upper respiratory tract infection Extreme Physiology & Medicine 4 (Suppl 1), A36.

Conn AW, Miyasaka K, Katayama M, Fujita M, Orima H, Barker G, et al. (1995). A canine study of cold
water drowning in fresh versus salt water. Crit Care Med
12, 2029–37.

Corbett J, Barwood MJ, Lunt HC, Milner A & Tipton MJ (2012). Water immersion as a recovery aid
from intermittent shuttle running exercise. Eur J Sport Science 12, 509-514.

Coté DJ, Prentic, WEJr, Hooker DN & Shields EW (1988). Comparison of three treatment procedures
for minimizing ankle sprain swelling. Phys Ther 68, 1072-1076.

This article is protected by copyright. All rights reserved.

de Burgh Daly M & Angell-James J

1

). The ‘diving response’ and its possible clinical

implications. Int Med 1, 12–19.

Dernellis J & Panaretou M (2004). Relationship between C-reactive protein concentrations during
glucocorticoid therapy and recurrent atrial fibrillation. European Heart Journal 25, 1100-1107.

Dhabhar FS (2014). Effects of stress on immune function: the good, the bad, and the beautiful
Immunol Res 58, 193–210.

Douglas WW & Malcolm JL (1955). The effect of localized cooling on conduction in cat nerves. J
Physiol 130, 53-71.

Donath MY, Shoelson SE (2011). Type 2 diabetes as an inflammatory disease. Nat Rev Immunol 11,
98-107.

Drinkwater E (2008). Effects of peripheral cooling on characteristics of local muscle. Med Sci Sports
Exerc 53, 74-88.

Duffield R, Green R, Castle P & Maxwell N (2010). Precooling can prevent the reduction of self-paced
exercise intensity in the heat. Med Sci Sports Exerc 42, 577-84.

Dugué B & Leppänen E (2000). Adaptation related to cytokines in man: effects of regular swimming
in ice-cold water. Clinical physiology 20, 114-121.

Eccles R & Wilkinson JE (2015). Exposure to cold and acute upper respiratory tract infection
Rhinology 53, 99-106

Ely MR, Cheuvront SN, Roberts WO & Montain SJ (2007). Impact of weather on marathon-running
performance. Med Sci Sports Exerc 39, 487-493.

Englot DJ, Chang EF & Auguste KI (2011). Vagus nerve stimulation for epilepsy: a meta-analysis of
efficacy and predictors of response. Journal of neurosurgery 115, 1248-55.

This article is protected by copyright. All rights reserved.

Fainer DC, Martin CG & Ivy AC (1951). Resuscitation of dogs from fresh water drowning. J Appl
Physiol 3, 417-426.

Febbraio MA (2000). Does muscle function and metabolism affect exercise performance in the heat?
Exerc Sport Sci Rev 28, 171-176.

Fourier J-B-J. (1807). Théorie de la propagation de la chaleur dans les solides. Monograph submitted
to the Institute de France.

Fujita J (1999). Cold shock response in mammalian cells. J Mol Microbiol Biotechnol 1, 243-255.

Gale EA, Bennett T, Green JH & MacDonald IA (1981). Hypoglycaemia, hypothermia and shivering in
man. Clin Sci (Lond) 61, 463-469.

Galloway SD & Maughan RJ (1997). Effects of ambient temperature on the capacity to perform
prolonged cycle exercise in man. Med Sci Sports Exerc 29, 1240-1249.

Gilbert M, Busund R, Skagseth A, Nilsen PA & Solbo JP (2000). Resuscitation from accidental
hypothermia of 13.7 degrees C with circulatory arrest. Lancet 355, 375-376.

Gilbert N (2016). Green space: A natural high. Nature 531, S56-S57. doi: 10.1038/531S56a

Gleeson M, Bishop N, Oliveira M, McCauley T, Tauler P & Muhamad AS (2012). Respiratory infection
risk in athletes: association with antigen-stimulated IL-10 production and salivary IgA secretion
Scand J Med Sci Sports 22, 410–417

Golden FStC, Francis TJR, Gallimore D & Pethybridge R (2013). Lessons from history: morbidity of
cold injury in the Royal Marines during the Falklands Conflict of 1982. Extreme Physiology &
Medicine 2, 23. http://extremephysiolmed.com/content/2/1/23

Golden FStC & Hervey GR (1981). The after-drop and death after rescue from immersion in cold
water. In: Adam JA (Ed) Hypothermia Ashore and Afloat. Aberdeen University Press.

This article is protected by copyright. All rights reserved.

Golden FStC, Hervey GR & Tipton MJ (1991). Circum-Rescue Collapse: collapse, sometimes fatal,
associated with rescue of immersion victims. Journal of the Royal Navy Medical Service 77, 139-149.

Golden FStC & Tipton MJ (2002). Essentials of Sea Survival. Human Kinetics, Illinois. ISBN 0-73600215-4.

Golden FStC, Tipton MJ & Scott RC (1997). Immersion, near-drowning and drowning. British Journal
of Anaesthesia 79, 214-225.

Goldstein DS & Frank SM (2001). The wisdom of the body revisited: the adrenomedullary response
to mild core hypothermia in humans. Endocrine Regulations 35, 3-8.

González-Alonso J, Teller C, Andersen SL, Jensen FB, Hyldig T & Nielsen B (1999). Influence of body
temperature on the development of fatigue during prolonged exercise in the heat. J Appl Physiol 86,
1032-1039.

Goodall S & Howatson G (2008). The effects of multiple CWIs on indices of muscle damage. J Sports
Sci Med 7, 235-241.

Gregson W, Black MA, Jones H, Milson J, Morton J, Dawson B et al. (2011). Influence of CWI on limb
and cutaneous blood flow at rest. Am J Sports Medicine 39, 1316-1323.

Guezennec CY& Chennaoui M (2005). Intense training: mucosal immunity and incidence of
respiratory infections. Eur J Appl Physiol 93, 421–428.

Haight JS & Keatinge WR (1973). Failure of thermoregulation in the cold during hypoglycaemia
induced by exercise and ethanol. J Physiol 22, 87-97.

Hannigan BM, Moore CBT & Quinn DG (2009). Immunology Scion, Bloxham.

Hansson GK (2005). Inflammation, Atherosclerosis, and Coronary Artery Disease. New England
Journal of Medicine 352, 1685-95.

This article is protected by copyright. All rights reserved.

Hanssen MJW, Hoeks J, Brans B, van der Lans AAJJ, Schaart G, van den Driessche JJ et al. (2015).
Short-term cold acclimation improves insulin sensitivity in patients with type 2 diabetes mellitus. Nat
Med 21, 863- 5

Harper CM (2012). Extreme preconditioning: Cold adaptation through sea swimming as a means to
improving surgical outcomes Medical Hypotheses 78, 516–519.

Heil K, Thomas R, Robertson G, Porter A, Milner R & Wood A (2016). Freezing and non-freezing cold
weather injuries: a systematic review. British Medical Bulletin 117, 79-93.

Hessemer V, Langusch D, Bruck LK, Bodeker RH & Breidenbach T (1984). Effect of slightly lowered
body temperatures on endurance performance in humans. J Appl Physiol 57, 1731-1737.

Hirvonen J, Lindeman S, Joukamaa M & Huttunen P (2002). Plasma catecholamines, serotonin and
their metabolites and beta-endorphin of winter swimmers during one winter. Possible correlations
to psychological traits. International journal of circumpolar health 61, 363-372.

Hoa W, Tsai M-S, Tang W, Sun S, Barbut D & Weil MH (2008). Intra-arrest selective brain cooling
improves success of resuscitation in a porcine model of prolonged cardiac arrest. Resuscitation 77,
S26-S27.

Holland DB, Roberts SG, Wood EJ & Cunliffe WJ (1993). Cold shock induces the synthesis of stress
proteins in human keratinocytes. J Invest Dermatol 101, 196-199.

Home Office (1977) Report of the working party on water safety. HMSO, London.

Huang AC, Jiang CM, Lee CC, Huang TS, Wu MC & Chen YY. (2011) The pro-inflammatory and antiinflammatory effects of human peripheral mononuclear cells against the human leukemia cells in
middle age with habitual morning swimming Scientific Research and Essays 6, 406-416.

Huttunen P, Kokko L, & Ylijukuri V (2004). Winter swimming improves general wellbeing. International Journal of Circumpolar Health 63, 140-144.

This article is protected by copyright. All rights reserved.

Huttunen P, Lando NG, Meshtsheryakov VA & Lyutov VA (2000). Effects of long-distance swimming
in cold water on temperature, blood pressure and stress hormones in winter swimmers. Journal of
Thermal Biology 25, 171-174.

Ihsan M, Markworth JF, Watson G, Choo HC, Govus A, Pham T, Hickey A, Cameron-Smith D, & Abbiss
CR (2015). Regular postexercise cooling enhances mitochondrial biogenesis through AMPK and p38
MAPK in human skeletal muscle. American Journal of Physiology-Regulatory, Integrative and
Comparative Physiology, 309, R286-R294.

Ihsan M, Watson G, Choo HC, Lewandowski P, Papazzo A, Cameron-Smith D & Abbiss CR (2014).
Postexercise muscle cooling enhances gene expression of PGC-1α. Med Sci Sports Exerc 46(10),
1900-7.

Ingram J, Dawson B, Goodman C, Wallman K & Beilby J (2009). Effect of water immersion methods
on post-exercise recovery. J Sci Med Sport 12, 417-421.

Janský L, Pospíšilová D, Honzova S, Uličný B, Šrámek P, Zeman V, & Kaminkova J (1996). Immune
system of cold-exposed and cold-adapted humans. Eur J Appl Physiol 72, 445-450.

Johnson Hayward JS, Jacobs TP, Collis ML, Eckerson JD & Williams RH (1977). Plasma norepinephrine
responses of man in cold water. J Appl Physiol 43, 216-220.

Jones PR, Barton C, Morrissey D, Maffulli N & Hemmings S (2012). Pre-cooling for endurance exercise
performance in the heat: a systematic review. BMC Med 10, 166, DOI: 10.1186/1741-7015-10-166.

Kaser AZ, Blumberg S & Richard S (2010). Inflammatory Bowel Disease. Annual Review of
Immunology 28, 573-621. doi: 10.1146/annurev-immunol-030409-101225.

Kauppinen K, Pajari-Backas M, Volin P & Vakkuri O (1989). Some endocrine responses to sauna,
shower and ice water immersion. Arctic Med Res 48, 131-139.

Kindwall EP (1995). Hyperbaric medicine practice. Best Publishing Company, Arizona, USA.

This article is protected by copyright. All rights reserved.

Kormanovski A, Castañeda Ibarra F, Lara Padilla E & Campos Rodriguez R (2010). Resistance to
respiratory illness and antibody response in open water swimmers during training and long distance
swims. International Journal of Medicine and Medical Sciences 2, 80-87.

Kukkonen-Harjula K & Kauppinen K (2006). Health effects and risks of sauna bathing. International
Journal of Circumpolar Health 65, 195-205.

LaVoy ECP, McFarlin BK & Simpson RJ (2011). Immune Responses to Exercising in a Cold.
Environment Wilderness & Environmental Medicine 22, 343–351.

Lee DT & Haymes EM (1995). Exercise duration and thermoregulatory responses after whole body
precooling. J Appl Physiol 79, 1971-1976.

Leeder JD, Gissane C, van Someren KA, Gregson W & Howatson G (2012). Cold water immersion and
recovery from strenuous exercise: a meta-analysis. Br J Sports Med 46, 233-240.

Leeder JD, van Someren KA, Bell PG, Spence JR, Jewell AP, Gaze D & Howatson G (2015). Effects of
seated and standing CWI on recovery from repeated sprinting. J Sports Sciences 33, 1544-1552.

Leppäluoto J, Westerlund T, Huttunen P, Oksa Jr, Smolander J. Dugué B & Mikkelsson M (2008).
Effects of long‐term whole‐body cold exposures on plasma concentrations of ACTH, beta‐endorphin,
cortisol, catecholamines and cytokines in healthy females. Scandinavian journal of clinical and
laboratory investigation 68,145-153.

Lindquist JA, Brandt S, Bernhardt A, Zhu C & Mertens PR (2014). The role of cold shock domain
proteins in inflammatory diseases. J Mol Med (Berl) 92, 207-216.

Liu W, Sheng H, Xu Y, Liu, Y, Lu Y & Ni X (2013). Swimming exercise ameliorates depression-like
behavior in chronically stressed rats: Relevant to proinflammatory cytokines and IDO activation.
Behavioural Brain Research 242,110-16. doi: http://dx.doi.org/10.1016/j.bbr.2012.12.041

Lombardi G, Ricci C & Banfi G (2011). Effect of winter swimming on haematological parameters.
Biochemia Medica 2, 71–8.

This article is protected by copyright. All rights reserved.

Loria P, Ottoboni S, Michelazzi L, Giuria R, Ghisellini P, Rando C & Eggenhöffner R (2014). Salivary
Cortisol in an Extreme Non-Competitive Sport Exercise: Winter Swimming. Natural Science 6, 387398.

Lunt HC, Barwood MJ, Corbett J & Tipton MJ 2010). ‘Cross‐adaptation’: habituation to short
repeated cold‐water immersions affects the response to acute hypoxia in humans. The Journal of
physiology 588, 3605-3613.

MacAuley D, Bauman A, Frémont P (2015). Exercise: not a miracle cure, just good medicine. Br J
Sports Med 50, 1107-1108.

Machado AF, Ferreira PH, Micheletti JK, de Almeida AC, Lemes ÍR., Vanderlei FM, et al. (2016). Can
water temperature and immersion time influence the effect of CWI on muscle soreness? A
systematic review and meta-analysis. Sports Medicine 46, 503-514.

MacLean D & Emslie-Smith D (1977). Accidental Hypothermia. London, UK: Blackwell.

Marino FE (2002). Methods, advantages, and limitations of body cooling for exercise performance.
Br J Sports Med 36, 89-94.

Meeusen R & Lievens P (1986). The use of cryotherapy in sports injuries. Sports Medicine 3, 398-414.

Mekjavic IB, Tipton MJ, Gennser M & Eiken O (2001). Motion illness potentiates core cooling during
immersion in humans. Journal of Physiology 535.2, 619-623.

Miller AH & Raison CL (2016). The role of inflammation in depression: from evolutionary imperative
to modern treatment target. Nat Rev Immunol 16, 22-34.

Mortatti AL, Moreira A, Aoki MS, Crewther BT, Castagna C, de Arruda AFS & Filho JM (2012). Effect of
competition on salivary cortisol, immunoglobulin A, and upper respiratory tract infections in elite
young soccer players J Strength Cond Res 26, 1396–1401.

Müller N, & Schwarz MJ, (2007). The immune-mediated alteration of serotonin and glutamate:
towards an integrated view of depression. Molecular Psychiatry 12, 998-1000.
This article is protected by copyright. All rights reserved.

Muller N, Schwarz MJ, Dehning S, Douche, A, Cerovecki, A, Goldstein-Muller, B, Spellmann, I, Hetzel,
G, Maino, K, Kleindienst, N, Moller, HJ, Arolt, V, & Riedel, M (2006). The cyclooxygenase-2 inhibitor
celecoxib has therapeutic effects in major depression: results of a double-blind, randomized, placebo
controlled, add-on pilot study to reboxetine. Mol Psychiatry 11, 680-84.

Nielsen B & Nybo L (2003). Cerebral changes during exercise in the heat. Sports Med 33, 1-11.

Newton I (1700). Scala graduum caloris. Calorum descriptiones & figna. Phil Trans 22, 824–829.

Nutsford D, Pearson AL, Kingham S & Reitsma F (2016) Residential exposure to visible blue space
(but not green space) associated with lower psychological distress in a capital city. Health & Place
39:70-78. doi: http://dx.doi.org/10.1016/j.healthplace.2016.03.002

Nybo L (2008). Hyperthermia and fatigue. J Appl Physiol 104, 871-878.

Olschewski H & Brück K (1988). Thermoregulatory, cardiovascular, and muscular factors related to
exercise after precooling. J Appl Physiol 64, 803-811.

Ottoson D (1965). The effects of temperature on the isolated muscle spindle. J Physiol 180, 636-648.

Ouellet V, Labbe SM, Blondin DP, Phoenix S, Guerin B, Haman F, Turcotte EE, Richard D & Carpenter
AC (2012) Brown adipose tissue oxidative metabolism contributes to energy expenditure during
acute cold exposure in humans. J Clin Invest 122, 545-552.

Parr S (2011). The story of swimming. Dewi Lewis Media, UK.

Partsch H, Winiger J & Lun B (2004). Compression stockings reduce occupational leg swelling.
Dermatol Surg 30, 737-743.

Peake JM, Roberts LA, Figueiredo VC, Egner I, Krog S, Aas SN, et al. (2017). The effects of CWI and
active recovery on inflammation and cell stress responses in human skeletal muscle after resistance
exercise. J Physiol 595, 695-711.

This article is protected by copyright. All rights reserved.

Quan L, Mack CD & Schiff MA (2014). Association of water temperature and submersion duration
and drowning outcome. Resuscitation 85, 790-794.

Rewell SS, Jeffreys AL, Sastra SA, Cox SF, Fernandez JA, Aleksoska E, van der Worp HB, Churlilov L,
Macleod MR & Howells DW (2017). Hypothermia revisited: impact of ischaemic duration and
between experiment variability. J Cereb Blood Flow Metab Jan 1:271678X16688704, doi:
10.1177/0271678X16688704. [Epub ahead of print].

Roberts LA, Raastad,T, Markworth JF, Figueiredo VC, Egner IM & Shield A (2015). Post‐exercise CWI
attenuates acute anabolic signalling and long‐term adaptations in muscle to strength training. J
Physiol 593, 4285-4301.

Russell R (1755). The oeconomy of nature in acute and chronical diseases of the glands. : By Richard
Russell, M.D. F.R.S. Translated under the author's inspection. London: printed for John and James
Rivington; and James Fletcher, Oxford.

Russell R (1760). "A Dissertation on the Use of Sea Water in the Diseases of the Glands. Particularly
The Scurvy, Jaundice, King's-Evil, Leprosy, and the Glandular Consumption". To which is added a
Translation of Dr. Speed's Commentary on SEA WATER. As also An Account of the Nature, Properties,
and Uses of all the remarkable Mineral Waters in Great Britain (4th ed.). London: W. Owen.
Retrieved 7 December 2009. First published 1750 as De Tabe Glandulari.

Schmidt V & Brück K (1981). Effect of a precooling manoeuvre on body temperature and exercise
performance. J Appl Physiol 50, 772-778.

Schoenfeld BJ (2012). Does exercise-induced muscle damage play a role in skeletal muscle
hypertrophy? Journal of Strength and Conditioning Research 26, 1441-1453.

Selye H (1950). The physiology and pathology of exposure to stress: a treatise based on the concepts
of the general-adaptation-syndrome and the diseases of adaptation. Acta Inc, Montreal.

Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C & White RD (2006). Physical
Activity/Exercise and Type 2 Diabetes. A consensus statement from the American Diabetes
Association. 29, 1433-8.

This article is protected by copyright. All rights reserved.

Siegel R, Maté J, Watson G, Nosaka K & Laursen PB (2012). Pre-cooling with ice slurry ingestion leads
to similar run times to exhaustion in the heat as CWI. J Sports Sci 30, 155-165.
Siems WG, Brenke R, Sommerburg O & Grune T (1999). Improved antioxidative protection in winter
swimmers. QJM 92, 193-198.
SIGN: Scottish Intercollegiate Guidelines Network 2011). SIGN 0 A guideline developer’s handbook
Revised edition. Healthcare improvement Scotland, ISBN 978 1 905813 25 4.

Shattock MJ & Tipton MJ (2012). ‘Autonomic conflict': a different way to die during CWI? The Journal
of Physiology 590, 3219-30.

Shevchuk NA (2008). Adapted cold shower as a potential treatment for depression. Medical
Hypotheses 70, 995-1001.

Skein M, Duffield R, Cannon J & Marino FE (2012). Self-paced intermittent-sprint performance and
pacing strategies following respective pre-cooling and heating. Eur J Appl Physiol 112, 253-266.

Slavic GM & Irwin MR (2014). From stress to inflammation and Major depressive disorders: A social
signal transduction theory of Depression. Psychol Bull 140, 774-815.

Smith RM & Hanna JM (1975). Skinfolds and resting heat loss in cold air and water: temperature
equivalence. J Appl Physiol 39, 93-102.

Šrámek P, Šimečková M, Janský L, Šavlíková J & ybiral S 2000). Human physiological responses to
immersion into water of different temperatures. Eur J Appl Physiol 81, 436-442.

Starr R (2013). From Starr to Starrfish. Kibworth: The Book Guild Publisher.

Steinberg HS & Sykes EA (1985). Introduction to symposium on endorphins and behavioural
processes: A review of literature on endorphins and exercise. Pharmacology, Biochemistry and
Behaviour 23, 857–862.

This article is protected by copyright. All rights reserved.

Suzuki K, Maekawa K, Minakuchi H, Yatani H, Clark GT, Matsuka Y & Kuboki T (2007). Responses of
the hypothalamic–pituitary–adrenal axis and pain threshold changes in the orofacial region upon
cold pressor stimulation in normal volunteers. Archives of Oral Biology 52, 797-802.

Swenson C, Swärd & Karlsson J (1996). Cryotherapy in sports medicine. Scand J Med Sci Sports 6,
193-200.

Szpilman D, Bierens JJ, Handley AJ & Orlowski JP (2012). Drowning. New Eng J Med 366, 2102–10.

Tatterson AJ, Hahn AG, Martini DT & Febbraio MA (2000). Effects of heat stress on physiological
responses and exercise performance in elite cyclists. J Science Med Sport 3, 186-193.

Taylor NA, Caldwell JN, Van den Heuvel AM & Patterson MJ (2008). To cool, but not too cool: that is
the question-immersion cooling for hyperthermia. Med Sci Sports Exerc 40, 1962-1969.

Taylor NA, Tipton MJ, & Kenny GP. (2014). Considerations for the measurement of core, skin and
mean body temperatures. J Therm Biol 46, 72-101.

Teległów A, Simoniuk A, Ryś B, Marchewka J & Marchewka A (2014). Effect of winter swimming and
taking in a sauna on the biochemical properties of the blood in “walruses” JKES 68 (24): 11-18.

Tiollier E, Gomez-Merino D, Burnat P, Jouanin JC, Bourrilhon C, Filaire E,Guezennec CY & Chennaoui
M (2005) Intense training: mucosal immunity and incidence of respiratory infections. Eur J Appl
Physiol 93, 421-428.

Tipton MJ (1989). The initial responses to cold-water immersion in man. Clinical Science 77, 581-588.
Tipton MJ (2006). Thermal stress and survival. Chapter 13. In: Aviation Medicine. (4th Edition) Edited
by Rainford DP, Nicholson AN & Gradwell DP, Arnold.

Tipton MJ (2013). Sudden cardiac death during open water swimming. British Journal of Sports
Medicine 48, 1134-5.

This article is protected by copyright. All rights reserved.

Tipton MJ (2016a). The physiological responses to cold water immersion and submersion: from
research to protection. Chapter 3 in: Taber, M (Ed) The Handbook of offshore helicopter transport
safety: essentials of underwater egress and survival. Woodhead Publishing.

Tipton MJ (2016b). CWI. Chapter 6 in: Tipton MJ & Wooler A (Eds) The Science of beach lifeguarding.
CRC Press, Taylor & Francis.

Tipton MJ & Bradford C (2014). Moving in extreme environments: open water swimming in cold and
warm

water

Extreme

Physiology

&

Medicine,

3:12,

http://www.extremephysiolmed.com/content/3/1/12.

Tipton MJ & Golden FStC (1998). Immersion in cold water: effects on performance and safety.
Chapter in: Oxford Textbook of Sports Medicine, 2nd Edition. Oxford University Press, Oxford.

Tipton MJ & Golden FStC (2011). Decision-making guide for the search, rescue and resuscitation of
submerged (head under) victims. Resuscitation 82, 819-824.

Tipton MJ, Stubbs DA & Elliott DH (1991). Human initial responses to immersion in cold water at 3
temperatures and following hyperventilation. Journal of Applied Physiology 70, 317-322.

Tipton MJ, Kelleher P & Golden FStC (1994). Supraventricular arrhythmias following breath-hold
submersions in cold water. Undersea & Hyperbaric Medicine 21, 305-313.

Tipton MJ, McCormack E & Turner AC (2014). International data registration for accidental and
immersion hypothermia: The UK National Immersion Incident Survey (UKNIIS) - revisited. Chapter
142 in: Drowning: Prevention, Rescue, Treatment. 2nd Edition. Bierens JJLM (Ed) Springer, 921-922.

Tipton MJ & Wooler A (2016). The Science of Beach Lifeguarding. CRC Press.Taylor & Francis.

Vaile J, Halson S, Gill N & Dawson B (2008). Effect of hydrotherapy on the signs and symptoms of
delayed onset muscle soreness. Eur J Appl Physiol 102, 447-455.

Veghte JH & Webb P (1961). Body cooling and response to heat. J Appl Physiol 16, 235-238.

This article is protected by copyright. All rights reserved.

Versey NG, Halson SL & Dawson BT (2013). Water immersion recovery for athletes: effect on
exercise performance and practical recommendations. Sports Med 43, 1101-1130.

Vincent MJ & Tipton MJ (1988). The effects of cold immersion and hand protection on grip strength.
Aviat Space Environ Med 59, 738-741.

Wang J-S & Huang Y-H (2005). Effects of exercise intensity on lymphocyte apoptosis induced by
oxidative stress in men. Eur J Appl Physiol 95, 290–297.

Waters J (2016). After years of misery, I'm feeling on top fo the world. Daily Mail September 13th.

White MD, Ross WD & Mekjavic IB (1992). Relationship between physique and rectal temperature
cooling rate. Undersea Biomed Res 19: 121-130.

White GE & Wells GD (2013). Cold-water immersion and other forms of cryotherapy: physiological
changes potentially affecting recovery from high-intensity exercise. Extrem Physiol Med 2, 26 doi:
10.1186/2046-7648-2-26.

Wilcock IM, Cronin JB & Hing WA (2006). Physiological response to water immersion. A method for
sport recovery? Sports Med 36, 747-765.

Wilson TE, Johnson SC, Petajan JH, Davis SL, Gappmaier E, Luetkemeier MJ, & White AT (2002).
Thermal regulatory responses to submaximal cycling following lower-body cooling in humans. Eur J
Appl Physiol, 88, 67-75.

World Health Organisation (2014). Global report on drowning. Preventing a leading killer. WHO.

Wynman N (1538). Colymbetes, sive de arte natandi et festivus et iucundus lectu. H. Steiner,
University of Ingolstadt, Augsburg.

Wyss-Coray T (2006). Inflammation in Alzheimer disease: driving force, bystander or beneficial
response? Nat Med 12, 1005-15.

This article is protected by copyright. All rights reserved.

Yamane M, Teruya H, Nakano M, Ogai R, Ohnishi N. & Kosaka M (2006). Post-exercise leg and
forearm flexor muscle cooling in humans attenuates endurance and resistance training effects on
muscle performance and on circulatory adaptation. Eur J Appl Physiol, 96, 572-580.

Yanagisawa O & Fukubayashi T (2010). Diffusion-weighted magnetic resonance imaging reveals the
effects of different cooling temperatures on the diffusion of water molecules and perfusion within
human skeletal muscle. Clin Radiol 65, 874-880.

Yeager MP, Pioli PA, Collins J, Barr F, Metzler S, Sites, BD & Guyre PM (2016). Glucocorticoids
enhance the in vivo migratory response of human monocytes. Brain, Behavior, and Immunity 54, 86–
94.

Zang Y, Davis JK, Casa DJ & Bishop PA (2015). Optimizing cold water immersion for exercise-induced
hyperthermia: a meta-analysis. Med Sci Sports Exerc 47, 2464-2472.

Figure Legends
Figure 1. Bathing machine, Germany 1893
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Figure 2. A contemporary view of the initial responses to immersion and submersion in cold

water “Cold Shock”). Based on: Tipton 1 8

Datta & Tipton, 2006; Tipton et al. 2010; Shattock

& Tipton 2012. * Predisposing Factors include: Channelopathies; Atherosclerosis; LQTS;
Myocardial hypertrophy; Ischaemic heart disease (reproduced from Tipton, 2016a).

Figure 3. The “Physiological Pathways to Drowning” following immersion / submersion in cold

water, with possible interventions for partial mitigation (dashed).
IS = Immersion suit; L J = lifejacket; EBA = emergency breathing aid (reproduced from Tipton,
2016b).
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Figure 4. The possible positive and negative effects of post-exercise responses to cold water
immersion.

Figure 5. The hypothesised association between cold water immersion, inflammation and depressive
disorders.
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Figure 6. Cold water immersion: kill or cure. The responses in each category with a level of evidence
assessment.
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