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Abstract
Background

Cold-water immersion, defined as voluntary exposure of the body to cold water, has recently

gained popularity as a recreational and lifestyle practice promoted for enhancing immunity,

stress tolerance, mental well-being, and recovery. Despite strong public interest and

biologically plausible mechanisms involving autonomic, endocrine, thermoregulatory, and

immune responses, current clinical evidence remains heterogeneous, protocol-dependent, and

limited by methodological weaknesses.
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Aim of study

The aim of this narrative review was to synthesize current knowledge on cold-water immersion
as a form of “hardening” the organism, with particular focus on physiological mechanisms,
potential health benefits, and safety. Specifically, the review sought to evaluate whether cold-
water immersion can be regarded as a genuinely health-supporting intervention or mainly as a
popular trend shaped by cultural beliefs and social expectations.

Material and methods

A narrative literature review was conducted, including original studies, systematic reviews,
meta-analyses, and selected experimental and narrative papers, primarily from the last 10 years,
with earlier seminal studies added when essential. The selection focused on adult populations
undergoing cold-water immersion, cold baths, or cold showers, with particular attention to
healthy individuals and those with minor comorbidities, while studies in athletes were
considered separately due to the specific context of post-exercise recovery. Outcomes of
interest included physiological variables (e.g. body temperature, blood pressure, heart rate,
autonomic responses, inflammatory and immunological markers), as well as subjective stress,
sleep quality, well-being, and metabolic indices, with critical assessment of study design,
protocol heterogeneity, and clinical relevance.

Results

Cold-water immersion consistently elicited an acute multisystem stress response characterized
by sympathetic activation, peripheral vasoconstriction, increases in heart and respiratory rates,
and engagement of shivering and non-shivering thermogenesis, including possible activation
of brown adipose tissue. Available studies suggested short-term improvements in stress
perception, sleep quality, mood, selected cardiovascular and metabolic parameters, and
recovery indices, but effect sizes and directions varied across protocols, and robust long-term
benefits were not firmly established. The evidence base was limited by small sample sizes,
diverse exposure conditions (temperature, duration, frequency), variable participant
characteristics, and a paucity of high-quality randomized controlled trials, which constrained
generalizability and the formulation of definitive clinical recommendations.

Conclusions

Cold-water immersion represents a biologically plausible stimulus capable of inducing
adaptive physiological responses and may confer transient benefits in stress regulation, mental
well-being, and selected health-related parameters in some individuals. However, current
evidence does not justify viewing cold-water immersion as a universally effective, clinically

proven health intervention, and its use should be approached with caution, particularly in



people with cardiovascular, respiratory, or other conditions that increase the risk of adverse
events. Further high-quality, long-term, controlled studies are required to clarify the magnitude,
durability, and safety profile of potential benefits before cold-water immersion can be routinely

recommended as a health-supporting strategy.

Key words: cold-water immersion, cold exposure, cold adaptation, cold-water therapy, ice
bathing, winter swimming, health benefits, thermoregulation, cardiovascular response, mental

health

1. Introduction

Cold-water immersion, defined as the voluntary exposure of the body to cold water, has gained
considerable popularity in recent years as a recreational practice and lifestyle element promoted
as potentially beneficial for health. In the public domain, it is often attributed with enhancing
immunity, increasing stress tolerance, positively influencing mental well-being, and supporting
regenerative processes. The interest in this form of cold exposure stems from the belief that a
controlled environmental stimulus can trigger adaptive mechanisms that improve overall
organism function. At the same time, the growing popularity of the practice has not yet been

fully supported by unequivocal, high-quality clinical evidence.

From a physiological perspective, cold is a potent environmental stressor that elicits a multi-
systemic response. This includes sympathetic nervous system activation, peripheral
vasoconstriction, increased heart rate and respiratory rate, and stimulation of thermoregulatory
mechanisms responsible for limiting heat loss and maintaining thermal homeostasis. The
response also involves shivering and non-shivering thermogenesis, alongside changes in
hormonal regulation, energy metabolism, and immune function. Depending on exposure
conditions and individual characteristics, the reaction may produce transient increases in

arousal and vigilance, accompanied by subjectively perceived improvements in well-being.

Despite substantial public interest, the health significance of cold-water immersion remains
debated. Recent reviews suggest that cold exposure may be associated with certain short-term
changes in stress levels, sleep quality, mental well-being, and selected physiological
parameters; however, effects appear heterogeneous and protocol-dependent. Some findings

derive from studies conducted in individuals habitually acclimated to cold, which complicates



direct generalization to the wider population. Consequently, cold-water immersion remains a
phenomenon that combines elements of fad, recreation, and potentially biologically plausible

intervention, while its true efficacy in improving health requires further verification.

2. Aim of the Study

The aim of this study is to present the current state of knowledge on cold-water immersion
(defined as voluntary exposure to cold water) in the context of its potential role as a form of
organism hardening. In recent years, interest in this practice has increased substantially among
both the general population and individuals seeking non-pharmacological approaches to
support health, enhance immunity, reduce stress, and improve overall well-being. However,
the rapid rise in popularity has outpaced the accumulation of high-quality scientific evidence,

making a critical and systematic overview of the available literature warranted.

The analysis primarily focuses on the physiological mechanisms underlying the cold response,
including autonomic nervous system activation, thermoregulation, shivering and non-shivering
thermogenesis, and the possible involvement of brown adipose tissue in metabolic adaptation.
It also considers evidence regarding effects on the cardiovascular system, inflammatory
response, immune function, mental well-being, sleep quality, recovery, and parameters related
to physical performance and metabolism. This scope is justified because existing studies
indicate that the organism’s response to cold is multisystemic and depends on exposure

duration, water temperature, and the intervention method.

Particular emphasis is placed on evaluating whether cold-water immersion can be regarded as
a genuinely health-supporting strategy or whether it primarily reflects a popular trend, with
positive reception partly driven by fad effects, cultural beliefs, and social expectations. On the
one hand, recent reviews suggest that cold exposure may induce temporally beneficial effects
on stress, sleep quality, health-related quality of life, and select physiological parameters. On
the other hand, the evidence base remains limited by the relatively small number of randomized
controlled trials, modest sample sizes, protocol heterogeneity, and a lack of representative long-
term data. Accordingly, the purpose of this review is not only to describe potential benefits but

also to critically assess their clinical relevance.



An additional objective is to identify methodological limitations in existing studies and
evaluate the safety of cold-water immersion, particularly in individuals with cardiovascular
disease, respiratory disorders, and other conditions that may increase the risk of adverse effects.
It is essential to recognize that, despite potential adaptive benefits, cold exposure constitutes a

substantial physiological stressor and should not be presented as a risk-free intervention.

3. Methods of the Review

This study is a narrative literature review designed to synthesize current knowledge on cold-
water immersion as a form of organism hardening, including an evaluation of potential benefits
and risks associated with cold exposure. The adopted methodology aims not only to summarize
available data but also to critically examine them in terms of evidence quality, consistency of
findings, and methodological limitations in both primary and review studies. Particular
attention was directed to publications addressing physiological mechanisms of the cold
response, health effects of cold baths and showers, and the safety of the practice across different

participant groups.

The review primarily included original studies, systematic reviews, meta-analyses, and selected
narrative and experimental studies published within the last 10 years, while also incorporating
earlier seminal works when they served as key references for contemporary research. Studies
on both single and repeated exposures were considered, including cold-water immersion, cold
baths, cold showers, and other forms of cold-water exposure. Selection criteria were primarily:
thematic relevance, scientific rigor, availability of full text or reliable abstracts, and

significance for assessing biological and clinical consequences of cold exposure.

The selection process focused on adult populations, particularly healthy individuals or
individuals with minor comorbidities, as this group most commonly participates in cold-water
immersion and forms the basis for many interventional studies. Studies conducted in athletes
were analyzed separately, since cold exposure is frequently used in this context for post-
exercise recovery, which may influence interpretation of outcomes. Evidence regarding
physiological variables, such as body temperature, blood pressure, heart rate, autonomic
responses, inflammatory markers, immunological parameters, subjective stress levels, sleep

quality, well-being, and metabolic indices was given particular priority.



When interpreting results, the heterogeneity of research protocols was considered, including
differences in water temperature, exposure duration, intervention frequency, observation time,
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and definitions of “cold bath” or “cold-water immersion.” Variability in participant
characteristics such as age, physical activity level, prior cold exposure history, and
comorbidities was also taken into account. Such diversity limits direct comparisons across
studies and requires caution when drawing conclusions. Therefore, studies were assessed not
only for direction of effect but also for effect magnitude, methodological quality, and potential

clinical utility.

The review aimed to extend beyond compiling positive and negative reports by assessing the
extent to which available data support interpreting cold-water immersion as a clinically
meaningful health-supporting method. Consequently, particular weight was placed on the
presence of control groups, randomization, assessor blinding, sample size, observation
duration, and reporting practices. This approach enabled a balanced evaluation of the literature,

distinguishing biologically interesting effects from those of limited practical relevance.

4. Discussion

Cold-water immersion is defined as voluntary, typically short-term immersion of the whole
body or parts of the body, or a brief bath in cold water. In the literature, this concept partially
overlaps with cold-water immersion terminology used to describe related practices, including
ice baths, cold showers, and immersions in lakes, seas, or specialized low-temperature tanks.
In practice, the temperature threshold considered “cold” varies; however, in studies it most
commonly ranges up to 15°C, with exposure durations from tens of seconds to several minutes,

sometimes longer.

It is important to emphasize that cold-water immersion is not a homogeneous intervention. A
single cold shower should be interpreted differently from regular open-water immersion and
differently still from exposures applied immediately after exercise. This heterogeneity
represents one of the major challenges for comparing study results and formulating

unequivocal clinical recommendations.

Direct exposure to cold water induces an abrupt, multisystemic stress response involving

sympathetic activation, accelerated heart and respiratory rates, increased peripheral



vasoconstriction, and stimulation of complex mechanisms that maintain thermal homeostasis.
Physiologically, this is a defensive reaction whose primary goal is to limit heat loss and protect
core body temperature from hypothermia. The subjective experience of “arousal” following
cold-water immersion may therefore be regarded as a correlate of an acute adaptive response,
driven by concurrent autonomic stimulation, heightened vigilance, and increased

cardiovascular and respiratory activity.

A fundamental component of this response is cutaneous vasoconstriction, which reduces blood
flow in superficial tissues and thereby limits heat loss to the external environment. This
mechanism serves as the organism’s first line of defense against cold and emerges relatively
early in response to peripheral tissue cooling. In practical terms, it involves redistribution of
blood flow away from the skin toward deeper structures, favoring thermal stability of internal
organs. This phenomenon is particularly relevant during sudden exposures, when the body does

not have sufficient time to activate slower adaptive mechanisms.

Concurrently, heat production increases through both shivering and non-shivering
thermogenesis. Shivering thermogenesis is associated with involuntary skeletal muscle
activity, involving rhythmic muscle contractions whose primary function is heat generation
rather than mechanical work. This response may emerge within minutes of cold exposure and
is among the most effective means of acutely increasing heat production. As hypothermia
progresses, the response strengthens, with magnitude depending on stimulus temperature and
exposure modality; contact with cold water typically elicits a stronger reaction than air

exposure.

Another important component of the physiological cold response is non-shivering
thermogenesis, whose significance has been linked, among other factors, to brown adipose
tissue activity. Due to its high capacity for dissipating chemical energy as heat, brown adipose
tissue is considered a key element of cold adaptation, particularly under repeated or chronic
exposure conditions. The literature suggests that brown adipose tissue may contribute to
increased total energy expenditure and improved cold tolerance; however, its role should be
interpreted within the context of the entire thermoregulatory system rather than as an isolated
mechanism explaining all observed effects. In this sense, cold-water immersion may act as a
stimulus that triggers adaptive processes, but it should not be equated with unequivocally

proven clinical health benefits.



Cold exposure also influences the cardiovascular system. In response to sudden immersion in
cold water, blood pressure may rise, tachycardia may occur, and transient hemodynamic load
may increase. These responses are most pronounced during the initial contact phase, before
partial adaptation develops. In cases of abrupt immersion, “thermal shock™ may occur,
characterized by involuntary inspiratory gasping, accelerated breathing, and elevated heart rate.
This reaction is reflexive, resulting from intense stimulation of cutaneous receptors by low

temperature, which initiates cascades of autonomic and respiratory responses.

As exposure continues, the body transitions from an acute stress response to a more adaptive
phase. This process, referred to as habituation or cold acclimatization, involves a progressive
attenuation of the physiological response to repeated thermal stimuli. Functionally, it reflects
shifts in thermoregulatory reaction thresholds and reduced response amplitude, enabling a more
economical cold response with diminished defensive reflexes. In practice, individuals with
repeated cold exposure may experience less intense shivering, weaker vascular responses, and

reduced subjective discomfort compared with unacclimated individuals.

Cold adaptation does not eliminate defensive responses entirely; instead, it reorganizes and
partially “dampens” them to improve tolerance to the stimulus. The literature indicates that
habituation is the most commonly observed form of adaptation to chronic low-temperature
exposure, affecting both vascular and thermogenic reactions. Depending on stimulus nature
and frequency, adaptation may improve cold tolerance; however, implications for overall
health remain under investigation. It is essential to differentiate physiological adaptation from
clinically meaningful changes in health-related parameters, since the former does not

automatically translate into the latter.

It is also noteworthy that the trajectory of the cold response depends on the exposure modality.
Cold air exposure produces a different profile from water immersion, largely because water’s
higher thermal conductivity causes faster heat loss and greater thermal strain. Therefore, cold-
water immersion should be considered a particularly potent environmental stimulus capable of
inducing marked changes in circulation, respiration, and thermoregulation. The intensity of this
response may make the practice potentially useful as an adaptive stimulus, but it also
necessitates caution especially in individuals with cardiovascular disease or reduced

compensatory capacity.



One of the most discussed effects of cold exposure concerns the immune system. The latest
systematic review and meta-analysis suggested that cold bathing is associated with a transient
increase in inflammatory markers immediately after exposure and approximately one hour
later, indicating an acute pro-inflammatory response in the immediate phase rather than a

suppressive effect. Positive signals regarding well-being and stress emerged later.

Older reviews analyzing more than one hundred studies reported changes in biochemical and
physiological parameters related to cold exposure, although clinical significance often
remained equivocal. Notably, some data come from “winter swimmers,” i.e., individuals long
acclimated to cold, while other findings involve novices, which further complicates
interpretation. Accordingly, cold-water immersion cannot yet be claimed to reliably and

universally “boost immunity.”

The influence of cold exposure on inflammatory and immune systems is complex and
contingent on stimulus dose, immersion duration, water temperature, prior acclimatization, and
the characteristics of the studied population. Mechanistically, cold acts as a potent
environmental stressor, activating not only thermoregulatory mechanisms but also
neuroendocrine and immune responses. Recent data indicate that immediately after cold-water
exposure, acute transient activation of inflammatory markers occurs rather than immediate
suppression. A 2025 meta-analysis reported significant elevation of an inflammation index
directly after the bath and one hour thereafter, suggesting that the initial phase reflects adaptive

stress rather than classic anti-inflammatory action.

Mechanistically, sympathetic activation and subsequent catecholamine release primarily
noradrenaline are important. This signaling may modulate immune cell function through
adrenergic receptors, influencing leukocyte trafficking, natural killer (NK) cell activity, and
cytokine profiles. The literature describes that short-term cold exposure may lead to transient
increases in circulating leukocytes and enhanced NK cell activity, interpreted as stress-induced
redistribution of immune cells. However, these mobilization effects should not be conflated
with enduring “immunity strengthening,” since changes are predominantly short-lived and do

not consistently translate into clinically relevant endpoints.



Cytokine findings remain inconsistent and protocol-dependent. Some studies report elevations
in pro-inflammatory mediators such as IL-6 or TNF-

o

a, especially after longer or more intense exposures, reflecting stress responses and
downstream metabolic processes rather than full-blown inflammation. Conversely, other
studies suggest that regular moderate exposure may shift the immunological balance toward
controlled inflammation, potentially involving anti-inflammatory cytokines such as IL-10.
Overall, the evidence supports the conclusion that cold exposure modulates immune responses,

but not in a unidirectional or automatically beneficial manner.

It is crucial to distinguish effects following acute single interventions from those observed after
multi-week or multi-month hardening programs. Acute exposure more frequently triggers
stress-related responses, including transient inflammatory marker elevation and mobilization
of effector immune cells. In contrast, studies in regular cold-bath practitioners report certain
systemic benefits, such as reduced oxidative stress markers and improved indices of
immunological balance. Nonetheless, the evidence remains insufficient to support unequivocal

recommendations regarding infection prevention or inflammation treatment.

The most recent systematic review also suggests that participant-reported benefits may be
partially delayed and context-dependent. The 2025 analysis found no significant effects on
immune function immediately after cold bathing or one hour later; however, narrative synthesis
reported reduced sickness absence among cold shower users. This implies that potential clinical
relevance may emerge not from immediate immunological shifts, but from longer-term

modulation of health behaviors, stress resilience, and subjective well-being.

Because some evidence comes from small samples and often without robust control of
confounders, these findings should be interpreted with caution. Prior physical activity, diet,
sleep patterns, fitness status, cold acclimatization, and seasonal timing may all influence
outcomes. Therefore, immunological changes should be viewed as evidence that cold can

modulate biological responses rather than as unequivocal evidence of pro-health action.

Cold exposure elicits a distinct but complex inflammatory and immune response, characterized
by acute stress-related changes and adaptive alterations over time. The observed changes

include short-term leukocyte mobilization, NK cell activation, and cytokine fluctuations.



Although regular hardening may lead to beneficial adaptations in some individuals, current
knowledge does not support the claim that cold-water immersion reliably and universally
strengthens the immune system. More precisely, cold modulates immune responses, with

effects depending on dose, exposure duration, and individual traits.

In mental health research, cold-water immersion generates substantial interest because many
individuals report improved mood, reduced tension, and enhanced psychological resilience
after immersion. The latest meta-analysis suggests significant stress reduction approximately
12 hours after exposure, with no consistent changes immediately thereafter. This pattern

indicates that effects may be delayed and dependent on assessment timing.

Some reported benefits may also reflect non-physiological factors. Ritual, group belonging,
sense of agency, health beliefs, and positive expectations can influence outcomes. In practice,
these influences may produce placebo-dependent effects. While this does not negate perceived
improvements, it does require caution when attributing effects solely to the biological action

of cold.

Cold exposure’s impact on stress, mood, and mental well-being is among the most frequently
cited arguments by proponents, yet the empirical evidence remains limited and equivocal.
Recent studies caution against describing cold bathing as a universal mental health
intervention; instead, it may act as a stimulus that modulates subjectively experienced stress
and certain well-being indicators, particularly in the short term. Mechanistically, this may relate
to acute sympathetic activation, stimulation of the stress axis, and subsequent autonomic

modulation, including possible post-reaction parasympathetic up-regulation.

Physiologically, cold acts as a potent environmental stressor that compels rapid adaptive
responses. Acute contact with cold water increases arousal, elevates vigilance, and intensifies
subjective “alarm” responses, which some interpret as refreshment or mood uplift. However,
this does not necessarily translate into enduring mental health improvement. Reviews suggest
that post-cold stress reduction may be delayed rather than immediate, reflecting complex
psychophysiological dynamics. Practically, the immediate organism response may represent a

“cost” rather than a benefit, while relaxation may emerge hours later.



A key interpretive issue is distinguishing genuine biological effects from participant subjective
assessments. Studies on cold showers and baths often report improvements in self-reported
well-being; however, such data are susceptible to expectation effects, placebo influences,
participant selection, and social context. Regular participants may also differ in baseline traits
such as physical activity levels, discomfort tolerance, and pro-health motivation, complicating
causal attribution to cold exposure alone. Therefore, positive self-reports should be considered

supportive evidence, but they do not by themselves constitute proof of efficacy.

Recent literature also explores potential links between cold exposure and autonomic regulation,
including vagal function. Although evidence varies in strength, controlled cold stimulation may
under certain conditions induce a transient post-exposure shift toward parasympathetic activity,
which could correlate with reduced tension and improved recovery. This aligns with the
concept of hormesis, whereby a moderate stressor triggers adaptations that enhance tolerance
to subsequent loads. Nevertheless, this remains a working hypothesis rather than proof of

clinically meaningful mental health benefits across all individuals.

Regarding mood outcomes, findings are moderately promising but heterogeneous. Some
analyses suggest modest improvements in quality of life and well-being after regular cold-
water exposure, while others report no significant changes in mood, anxiety, or depressive
symptoms. Discrepancies may reflect differences in timing of assessment, duration of
intervention, participant characteristics, and measurement tools. Short-term studies more often
evaluate immediate post-exposure sensations, whereas longer studies frequently show
attenuation of effects after weeks or months. This suggests that mood improvements may be

transient rather than stable.

Cold-water immersion also has a social and behavioral dimension. For many people, it
functions as a ritual combining effortful exposure, high-intensity stimulus engagement, and
communal elements. Such context may strengthen agency, belonging, and perceived control
over the body, thereby indirectly supporting mental well-being. Clinically, however, it is
important not to conflate short-term perceived improvement with proven therapeutic efficacy

in depression, anxiety, or chronic stress disorders.

Overall, current data suggest that cold exposure may be associated with transient reductions in

subjective stress, improvements in vigilance, and modest mental well-being gains in some



individuals. Effects appear nonspecific, timing-dependent, and strongly influenced by context.
At the current state of knowledge, cold-water immersion should be viewed as potentially
supportive but not a primary or universal psychological intervention. Well-designed long-term
randomized studies are clearly needed to disentangle true physiological effects from

expectation effects and environmental influences.

Sleep quality is another frequently cited domain. Current systematic reviews suggest possible
improvements in sleep quality after cold exposure, although data are limited and few studies
provide robustly controlled designs. A plausible explanation is that cold may reduce mental
tension, shift autonomic arousal, and influence evening routines, which could indirectly

support better sleep onset in some individuals.

However, this does not justify treating cold-water immersion as a standard sleep intervention.
Overly late exposure to a potent stressor may increase arousal and delay sleep onset in some
people. Therefore, sleep outcomes require individualized consideration, and conclusions

should remain cautious given the quality of available evidence.

One of the most commonly claimed but least substantiated effects concerns sleep quality and
broader “regeneration.” The literature suggests that regular cold-water immersion may improve
subjective sleep quality, shorten sleep latency, and increase perceived post-night refreshment.
Yet these claims are constrained by a small number of studies, limited sample sizes, and
protocol heterogeneity. Practically, cold’s influence on sleep appears to depend strongly on
exposure timing, intensity, and individual responsiveness. In some cases, particularly with late-
evening exposures or high-arousal cold stimuli, it may counteract intended effects by

increasing wakefulness rather than promoting relaxation.

Mechanistically, regeneration-related benefits may relate to transient autonomic modulation,
reduced post-exposure tension, and a subjective sense of “physiological resetting.” Cold may
also influence perceived fatigue, especially after exercise, through reduced discomfort,
limitation of overheating sensations, or increased “freshness.” However, these short-term
effects should not be conflated with objectively confirmed cellular or tissue-level repair
processes. Post-exercise recovery studies most often attribute benefits to reductions in
subjective discomfort rather than unequivocally demonstrated long-term improvements in

health parameters.



Sleep effects may follow a biphasic pattern. The initial phase involves sympathetic arousal,
increased respiratory rate, and heightened wakefulness, which can hinder sleep onset if
exposure is intense or occurs close to bedtime. Only after stimulus offset and the transition to
recovery-related physiological states may relaxation and psychophysical tension reduction
occur. Therefore, cold-water immersion should not be portrayed as a universal sleep improver,
but as an intervention that may indirectly support regeneration in some individuals under
appropriate conditions and with consideration of individual tolerance. Given -current
knowledge, the most cautious interpretation is that cold exposure may support subjectively
perceived regeneration, but lacks robust clinical documentation as a method of improving sleep

quality or enabling biological renewal.

Another argument discussed by proponents relates to physical performance and metabolism.
Physiologically, cold does increase energy demand to maintain thermal homeostasis.

Theoretically, this may support energy expenditure and contribute to improved cold tolerance.

However, there is no basis for claiming that cold-water immersion is an effective weight-loss
method per se. Available sources emphasize that metabolic effects, if present, are adjunctive
rather than comparable to the magnitude of effects achievable through diet and exercise.
Similarly, regarding physical performance, cold exposure may aid post-exercise recovery but

does not replace training, nor does it universally improve fitness.

Cold exposure affects energy metabolism and exercise capacity in complex ways, largely
depending on stimulus intensity, duration, degree of acclimatization, and baseline
physiological state. In the short term, cold constitutes a potent thermal stressor that increases
heat production and drives shifts in energy substrate utilization. Over time, repeated exposure
may enable partial metabolic adaptation; however, existing data do not support framing cold-
water immersion as a simple universal solution for improving performance or facilitating

weight reduction.

Acutely, cold increases energy expenditure via shivering and non-shivering thermogenesis to
sustain thermal homeostasis. Physiological studies show that cold exposure significantly
increases heat production and substrate oxidation including glucose, muscle glycogen, and

lipids. This shifts the organism into a more resource-demanding utilization mode, which may



increase energy burn but also imposes metabolic load. Practically, increased expenditure does
not necessarily translate into sustained weight loss without corresponding changes in energy

balance, activity patterns, and diet.

Brown adipose tissue is thought to play an important role in these processes through non-
shivering thermogenesis. Contemporary reviews indicate that chronic or repeated cold
exposure may enhance brown adipose tissue activity and promote beige adipocytes in white
adipose tissue, theoretically increasing heat-producing capacity. Nonetheless, the magnitude
and significance of these adaptations in humans remain under investigation, and long-term
effects on metabolic health indices have not been established. In other words, brown adipose
tissue activation is a biologically intriguing mechanism, but it is not yet confirmed as a

clinically significant, population-wide contributor to metabolic improvement.

Regarding energy substrates, cold may promote both carbohydrate and fat utilization.
Physiological data indicate increased glucose and glycogen oxidation during cold exposure,
while shivering-related metabolism may involve lipid utilization as well. Performance-wise,
the effects are ambivalent: while cold helps maintain heat, it can also accelerate depletion of
reserves and impair tolerance to prolonged effort. During exercise in cold, muscle heat
production partly compensates; however, greater hypothermia may reduce muscle flexibility,

impair neuromuscular conduction, and increase locomotor fatigue.

Concerning physical performance outcomes, recent reports suggest that cold exposure may be
more limiting than enhancing, particularly in unacclimated individuals. Acutely, cold may
reduce muscle strength, coordination, and reaction speed, and shivering can increase the
energetic cost of movement. This implies that cold exposure should not be treated as an
immediate improvement of physical capacity. Moreover, uncontrolled exposure may
transiently impair motor efficiency and increase injury risk. Therefore, potential benefits of
cold-water immersion are more plausibly related to adaptation and recovery rather than to

immediate fitness gains.

Long-term metabolic adaptation data are somewhat more promising but still equivocal. Recent-
year reviews suggest that chronic cold exposure may associate with increased basal metabolic
rate, improved mitochondrial activity, and hormonal shifts involving catecholamine and

thyroid systems. These changes could support cold tolerance and improved thermal economy;



however, clinical significance depends on the broader lifestyle context, including physical
activity, body mass, and nutrition. Practically, cold-water immersion may function as a
metabolic adaptation stimulus but should not be viewed as a standalone obesity treatment or

general fitness strategy.

Cold exposure increases the organism’s energetic demands and activates multiple thermogenic
pathways involving shivering, brown adipose tissue, and shifts in substrate utilization. At the
same time, acute performance impacts may be disadvantageous, while potential metabolic
benefits appear to arise mainly from longer-term adaptation in selected populations. Thus, cold-
water immersion can be described as a biologically interesting intervention, but not as a reliable

universal strategy for improving performance or metabolism.

Randomized controlled trial data suggest that the health impact of cold exposure is complex
and depends on intervention type and chosen endpoints. A frequently cited example is the
randomized trial by Buijze et al., evaluating health outcomes and sick leave in adult workers
following cold showers. The authors reported that the cold-shower group experienced fewer
sick leave episodes, a statistically significant effect for episode count, though not for total days.
This suggests a possible influence on subjective work readiness and daily functioning, but it

does not constitute direct evidence of immunity strengthening.

Conversely, a 2025 systematic review including 11 studies and 3177 participants suggested
that cold bathing may be associated with transient improvements in well-being, reduced stress,
and better sleep quality; however, effects were heterogeneous and dependent on timing after
exposure. This analysis did not detect consistent immediate anti-inflammatory effects or
uniform improvements in measured health parameters. Thus, randomized trials support certain
short-term effects, but they do not allow strong conclusions regarding enduring pro-health

efficacy for cold-water immersion.

Metabolism-related randomized evidence remains even more limited. While cold exposure
studies indicate activation of brown adipose tissue and increased energy expenditure, most
protocols are short and vary in intensity, with seldom producing enduring weight-loss effects.
Practically, randomized interventions show modest transient metabolic changes rather than

substantial improvements in body weight or performance. Some evidence also suggests that



regular cold bathing after strength training may attenuate hypertrophic adaptations, which may

be relevant for elite athletes and individuals performing resistance training.

Randomized studies confirm that cold exposure is a potent biological stimulus producing
measurable physiological effects, but the clinical relevance remains limited. The most credible
data suggest possible benefits regarding subjective well-being, sick leave, recovery, and certain
aspects of metabolism; evidence for sustained improvements in immunity, performance, or

weight remains inadequate.

Despite increasing popularity, cold-water immersion is not risk-free and may pose substantial
health burden in selected groups. Primary hazards stem from abrupt sympathetic activation,
peripheral vasoconstriction, increased blood pressure, tachycardia, and respiratory reactions
sometimes described as thermal shock. Acute responses following sudden cold-water
immersion may include involuntary gasping, hyperventilation, perceived dyspnea, transient
hemodynamic load increase, and other adverse reactions, raising the risk in individuals with

cardiovascular disease.

Particular caution is advised for individuals with coronary artery disease, heart failure,
hypertension, arrhythmias, and other cardiovascular conditions. Sudden cold exposure may
exacerbate blood pressure fluctuations, provoke rhythm disturbances, or trigger ischemic
symptoms. Reviews of voluntary cold exposure emphasize that risk is not determined solely
by thermal stimulus, but also by exposure context, such as time in water, ambient temperature,

supervision, and the degree of acclimatization.

Significant contraindications include peripheral circulation disorders, such as Raynaud’s
phenomenon and other conditions characterized by excessive vasoconstriction. In these cases,
cold may intensify vasospasm, leading to limb pain, numbness, pallor, and rarely tissue
ischemia in extremities. Cold exposure may also be problematic in peripheral artery disease,
lower-limb atherosclerosis, and individuals prone to cold injury. In practical terms, a stimulus
that is adaptive for healthy individuals may trigger undesirable hemodynamic reactions in

patients with vascular disease.

Another risk group includes individuals with asthma or bronchial hyperreactivity, particularly

if cold induces bronchospasm or worsens symptoms. Sudden exposure can lead to



hyperventilation and a “breathlessness” sensation, amplifying discomfort and potentially
triggering panic. Therefore, cold baths are generally inadvisable for patients with unstable

respiratory disease, especially those with prior cold-induced symptoms.

Evidence-based materials also recommend caution following recent infections, general
debility, insufficient recovery, and chronic disease states associated with reduced exercise
tolerance or impaired physiological resilience. Cold exposure requires adequate thermal and
circulatory compensation; limited adaptive reserves increase the risk of undesirable reactions.
Hence, caution should extend to elderly individuals, those who are frail or cachectic, those who

are dehydrated, and generally weakened individuals.

The risk of hypothermia, especially with prolonged water exposure, excessively low
temperatures, lack of supervision, or overestimation of one’s tolerance, cannot be ignored.
Even if the initial arousal feeling occurs, longer exposure can reduce core temperature
substantially, impair coordination, slow reaction times, and cause severe alterations in
consciousness. In practice, safety depends not only on health status but also on gradual titration

of the stimulus, short initial exposures, and ensuring appropriate supervision.

Randomized and systematic reviews increasingly emphasize the lack of a universal “safe
protocol.” Interventions that may be relatively safe for well-prepared healthy individuals may
be inappropriate for patients with chronic disease. Consequently, cold exposure should be

individually qualified rather than promoted as universal health prophylaxis.

Cold-water immersion currently lies at the intersection of cultural trend and partly documented
biological intervention. The increase in popularity is driven by easily accessible methods that
are believed to enhance immunity, mood, recovery, and stress tolerance. In contrast, scientific
evidence confirms that cold exposure triggers measurable physiological responses, but its

clinical significance appears far less certain than public discourse suggests.

Most credible randomized and systematic reviews indicate potential positive effects mainly in
the short term, targeting selected endpoints such as subjective stress, well-being, sick leave,
and post-exercise recovery. There is no consistent evidence for sustained immunity
enhancement, universal mood improvements, or reduced risk of chronic diseases. Therefore,

cold-water immersion is neither a baseless fad nor a fully validated broad pro-health method.



Notably, some attributed benefits may be driven by contextual effects combining physical
stimulus with agency, regularity, group belonging, and health-related convictions. For many,
systematic engagement in effortful discomfort may also support other pro-health behaviors,
such as exercise, improved sleep habits, or mindful recovery practices. Thus, cold-water
immersion may play a supportive role, with efficacy not attributable solely to the cold stimulus

itself but also to co-occurring behaviors and expectations.

Scientifically, the most defensible position is to treat cold-water immersion as a potentially
useful yet insufficiently verified strategy for well-being support. Where discussed, efficacy
should be framed with clear limits: potential improvements may concern select and often
subjective parameters rather than universal, reliable health outcomes. From a social
perspective, the practice exhibits fad-like characteristics, but it is nevertheless grounded in real

physiological mechanisms that do not always translate into clinically significant benefits.

5. Limitations of Evidence

The greatest issue in the cold-water immersion literature is methodological heterogeneity.
Studies differ in water temperature, exposure duration, repetition frequency, intervention
setting, and participant characteristics. Some studies focus on athletes, others on healthy

individuals, and still others involve individuals already acclimatized to cold.

Another limitation is the predominance of subjective endpoints, such as well-being, stress, or
quality of life. These outcomes are clinically relevant, yet they remain susceptible to
expectation bias and placebo effects. Moreover, large-scale long-term studies are lacking,
which would be necessary to evaluate whether regular cold-water immersion reduces chronic

disease incidence, improves survival, or alleviates overall healthcare burden.

6. Conclusions

Cold-water immersion as a form of organism hardening has physiological plausibility and may

induce beneficial short-term changes in subjective well-being, stress levels, and select

physiological parameters. Available evidence suggests, however, that these effects are modest,



protocol-dependent, and heterogeneous across populations. There are currently insufficient

grounds to recognize cold-water immersion as a universal health-improvement method.

In practice, cold-water immersion may be regarded as a potentially beneficial lifestyle element
for healthy, well-prepared individuals, but not as a substitute for established primary
prophylaxis or treatment. From a scientific perspective, larger, long-term, well-designed

randomized controlled trials are needed to clearly establish the scope of benefits and risks.
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