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Abstract 

Introduction and Purpose: Cold Water Immersion (CWI) has become an increasingly popular 

method of recovery among athletes and individuals seeking physical and mental health benefits. 

The purpose of this review is to summarize current scientific findings regarding the 

physiological mechanisms and therapeutic potential of CWI in various populations. 

State of Knowledge: CWI triggers a range of physiological responses, including 

vasoconstriction, vasodilation, and activation of the sympathetic nervous system, leading to 

increased cortisol and adrenaline secretion. These processes may reduce muscle soreness, 

promote recovery, and enhance circulation. Regular cold exposure has also been linked to 

improved insulin sensitivity, immune modulation, and increased activity of brown adipose 

tissue. Moreover, emerging evidence suggests CWI may positively affect mood, reduce 

symptoms of depression and anxiety, and improve cognitive performance through 

neuroendocrine and thermoregulatory pathways. However, outcomes vary based on individual 

characteristics such as age, body composition, and cold tolerance. Risks include hypothermia, 

arrhythmias, and cardiovascular stress, particularly in susceptible individuals.  

Conclusion: CWI presents promising physical and psychological benefits but should be 

approached with caution and individual adaptation. More standardized protocols and long-term 

studies are needed to confirm its safety and efficacy in diverse populations. 

 

Keywords: cold water immersion, cold water swimming, recovery, thermoregulation, immune 

response, mental health, metabolism, exercise physiology 

 

Introduction 

Cold water immersion (CWI) has become an increasingly popular method for enhancing 

recovery and improving physical performance, particularly among athletes and individuals 

involved in intense physical activity. The process involves submerging the body in cold water, 

typically between 10–15°C or sometimes less, with the goal of reducing muscle soreness, 

inflammation, and promoting faster recovery. Evidence suggests that CWI can have positive 

effects on both physiological and psychological outcomes, including reduced muscle damage, 

improved circulation, and the alleviation of post-exercise fatigue [1]. Several studies have 

highlighted its potential benefits for reducing delayed onset muscle soreness (DOMS), 

increasing muscle strength recovery, and aiding in the prevention of injuries [2].  
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Furthermore, scientific research indicates that cold water immersion can enhance immune 

function, help manage depression, improve peripheral circulation, boost libido, promote calorie 

burning, and reduce stress levels and more [3]. However, many of these claimed health benefits 

are largely based on personal testimonies and anecdotal observations. 

On the other hand, while the positive effects of CWI have been widely reported, the mechanisms 

underlying these benefits remain unclear, with varying results across different studies. Cold 

water immersion is thought to activate several physiological responses such as vasoconstriction, 

which helps limit inflammation and edema in the muscles, followed by a rapid vasodilation 

after leaving the cold environment, which may improve the clearance of metabolic waste 

products [4]. Despite the growing interest in CWI, there is still a need for more rigorous research 

to fully understand the optimal conditions for its use, including the ideal temperature, duration, 

and frequency of immersion. 

This review aims to synthesize current evidence on the physiological and therapeutic effects of 

cold water immersion, exploring both its benefits and potential limitations. By examining 

studies conducted across various populations, from elite athletes to the general public, we hope 

to provide a comprehensive overview of CWI’s role in health and performance enhancement. 

 

Material and methods of researches 

To prepare this review paper, a systematic search of the scientific literature was conducted to 

explore the effects of cold water exposure on human health and physiology. To prepare this 

review paper, a systematic search of the scientific literature was conducted to explore the effects 

of cold water exposure on human health and physiology. The literature search was performed 

using PubMed and Google Scholar databases, as well as MEDLINE and EMBASE. A 

combination of free-text keywords and standardized Medical Subject Headings (MeSH) terms 

was used to ensure comprehensive coverage of relevant studies. Search terms were structured 

according to the Medium–Action–Result–Who model, including terms related to the 

intervention (e.g., cold water, cold exposure, cryotherapy), the action (e.g., immersion, therapy), 

the outcomes (e.g., health benefits, physiological effects, immune response), and the population 

(e.g., athletes, healthy adults, patients). Logical operators such as AND and ORwere used to 

combine concepts and refine the search strategy. For example, queries such as “cold water 

immersion” AND “recovery” or “cryotherapy” OR “cold exposure” were used. Only articles 

published in English within the last several years were included, with a focus on review articles, 

clinical trials, and experimental research. Selected studies were analyzed for methodological 

quality, relevance, and the scope of reported outcomes. 

 

Results 

Physiological responses to cold 

Similar to exercise and hypoxia, exposure to cold water presents a physiological challenge to 

the body’s organ systems. The body must adapt to the cold environment in order to maintain 

the temperature of the brain and internal organs by properly regulating mechanisms of heat 

production and heat loss [5]. 
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Physiological Mechanisms of Cold Water Immersion 

The control of skin blood flow through vasoconstriction and vasodilation is a well-established 

physiological process in body thermoregulation. Blood flow primarily helps distribute heat to 

the skin's outer layer. Warm blood from the core circulates through a network of blood vessels 

to the dermis, after passing through the subcutaneous tissue. The venous plexus in the 

subcutaneous skin layer plays a crucial role in regulating temperature. Its large volume capacity 

allows heat loss when needed, depending on the arterial blood flow, which is controlled by core 

body temperature. The skin receives a constant supply of blood from the body’s core via 

capillaries. While skin blood flow is essential for tissue health, the significant fluctuations in 

perfusion, from full vasoconstriction to full vasodilation, especially in peripheral areas, are key 

for heat exchange between the skin and the environment. In areas like the hands, feet, nose, and 

ears, blood from subcutaneous arteries can be shunted directly to the venous plexus through 

small blood vessels known as arteriovenous anastomoses (AVAs). These AVAs are surrounded 

by smooth muscle that contracts and relaxes to regulate blood flow, thus controlling the 

temperature in the areas they supply. These short-circuit vessels open when the body needs to 

release heat and close during heat conservation in cold conditions. Their role in 

thermoregulation in the hands and feet is effectively demonstrated using infrared 

thermography[6-8]. 

 

Effects of Cold Water Immersion on the Sympathetic Nervous System: Cortisol and 

Adrenaline 

Cold water immersion (CWI) activates the sympathetic nervous system, resulting in a rapid 

increase in catecholamines, primarily adrenaline and noradrenaline. This response is part of the 

so-called "cold shock response," which includes an increased heart rate, elevated blood pressure, 

and immediate stimulation of the hypothalamic–pituitary–adrenal (HPA) axis, leading to 

heightened cortisol secretion. Studies have shown that even short-term exposure to cold water 

can cause adrenaline levels to rise by two to three times the baseline, which is associated with 

increased alertness, arousal, and potentially antidepressant effects[9-10]. 

The increase in cortisol levels following cold exposure tends to be transient and may depend 

on the frequency and duration of immersion. In a study by Shevchuk, it was found that regular 

cold showers (approximately 2–3 minutes per day) over several weeks may lead to 

physiological adaptation and reduced HPA axis reactivity, ultimately resulting in lower baseline 

cortisol levels over time.[10]This effect may help explain improvements in mood and 

reductions in anxiety symptoms among individuals using CWI as part of a recovery or 

therapeutic routine. 

Adrenaline, as the primary neurotransmitter of the sympathetic nervous system, plays a key role 

in preparing the body for action during stress. In a study examining hormonal responses to 

immersion in 14°C water for 15 minutes, a significant increase in adrenaline concentration was 

observed within minutes of exposure, suggesting strong sympathetic activation even under 

moderate cooling conditions[11].This activation may positively influence psychophysical 

performance and mood regulation, although prolonged exposure must be approached with 

caution due to the potential risk of nervous system overstimulation. 

It is also important to note that the effects of cold exposure on cortisol and adrenaline may be 

modulated by individual factors such as physical fitness, cold tolerance, and psychological state. 
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In individuals dealing with chronic stress or depressive symptoms, moderate HPA axis 

stimulation induced by cold exposure may act as a form of "eustress" - a beneficial, mobilizing 

type of stress that paradoxically leads to improved neuroendocrine functioning[12]. 

 

Thermoregulatory Responses and Individual Variation During Cold Water Immersion 

In thermoneutral or warm conditions (typically between 25°C and 30°C), the skin - particularly 

in acral regions such as the hands, feet, and face - receives an excess of blood flow relative to 

its metabolic demands. This elevated perfusion serves a primary thermoregulatory function, 

facilitating heat loss through radiation and convection mechanisms [13].The regulation of skin 

blood flow is influenced by both central neural mechanisms and local endothelial factors. 

Vasomotor control, mediated by the sympathetic nervous system, plays a key role in modulating 

skin perfusion through dynamic balance between vasoconstriction and vasodilation. Under 

thermoneutral conditions, this control system remains tonically active, enabling subtle 

modulations in cutaneous blood flow to stabilize core body temperature [14]. 

As environmental temperature drops, hypothalamic thermoregulatory centers increase 

sympathetic nerve activity, releasing norepinephrine and co-transmitters such as neuropeptide 

Y. These agents act on smooth muscle in the vascular wall to induce vasoconstriction, reducing 

peripheral blood flow and minimizing thermal dissipation [15]. Local endothelial responses, 

including the production of nitric oxide and endothelin-1, further modulate this vasomotor tone, 

fine-tuning the degree of constriction [16]. 

Cold water immersion (CWI) introduces an abrupt thermal gradient, triggering robust 

cutaneous vasoconstriction at core temperatures often still within the normal range. Research 

suggests that vasoconstrictive responses may begin at core temperatures around 37.0°C during 

passive immersion, and even higher (~37.5°C) following exercise, when peripheral vasodilation 

remains elevated [17]. This cold stimulus not only alters vascular tone but can also initiate 

shivering thermogenesis if core temperature drops below ~36.2°C, representing the threshold 

at which vasomotor control alone is insufficient to maintain thermal homeostasis [18]. 

Interindividual variability in thermoregulatory responses to CWI is considerable. For instance, 

a study by Flouris et al. (2008) involving forearm immersion at 15°C demonstrated significant 

differences in rewarming rates among participants, linked to both vascular and metabolic 

factors [19]. Individuals with inherently lower resting skin temperatures or reduced peripheral 

vasodilation showed delayed rewarming, suggesting innate or adaptive differences in cutaneous 

vascular control. 

These findings underline that cold-induced vasomotor responses are not uniform across 

populations and may be influenced by factors such as genetic predisposition, training status, 

acclimatization, and gender-specific vascular dynamics. Therefore, personalizing cold exposure 

protocols - for example, in sports recovery or occupational safety - should take into account 

such physiological variability [20]. 
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Shivering and Non-Shivering Thermogenesis During Cold Water Immersion 

Cold water immersion (CWI) presents a significant thermoregulatory challenge, prompting the 

human body to engage multiple physiological mechanisms to preserve core temperature. Two 

primary heat-generating responses to cold exposure are shivering thermogenesis and non-

shivering thermogenesis. These responses are crucial for preventing hypothermia and 

maintaining thermal homeostasis in cold environments. 

Shivering thermogenesis involves involuntary, rhythmic contractions of skeletal muscles, 

which significantly increase metabolic rate and consequently, heat production. This mechanism 

is activated when thermal receptors in the skin and core detect a drop in temperature and relay 

this information to the hypothalamic thermoregulatory center. The hypothalamus responds by 

initiating efferent motor output via supraspinal and peripheral motor neurons, leading to 

enhanced muscle activity. As a result, metabolic energy expenditure rises sharply. It has been 

estimated that shivering thermogenesis can increase heat production up to fivefold compared to 

basal metabolic levels, underscoring its importance in acute cold stress scenarios [21]. 

Although physical activity can produce more heat than shivering under normal conditions, in 

the context of cold water immersion, shivering becomes a more efficient means of 

thermogenesis. This is largely because immersion restricts movement and thereby reduces 

convective heat loss, which would otherwise dissipate the heat produced during exercise [22]. 

Non-shivering thermogenesis represents a secondary thermogenic pathway that does not 

involve muscle contractions. The primary site of non-shivering heat production is brown 

adipose tissue (BAT), which contains a high density of mitochondria capable of uncoupling 

oxidative phosphorylation. This uncoupling causes energy to be released as heat rather than 

stored as ATP. Activation of BAT is primarily driven by sympathetic stimulation via 

norepinephrine, which triggers lipolysis and mitochondrial thermogenesis. This tissue is more 

prevalent and active in neonates, but it remains functionally relevant in adults exposed to cold 

environments [23]. 

The capacity of BAT to generate heat in adult humans has historically been underestimated due 

to its limited volume. However, positron emission tomography (PET) imaging studies using 

fluorodeoxyglucose (18F-FDG) have confirmed the presence of metabolically active BAT in 

adult humans, albeit in small quantities. Muzik et al. (2013) demonstrated that BAT activation 

in adults accounts for less than 20 kcal/day of energy expenditure—comparable to only two 

minutes of moderate exercise - highlighting its limited but still physiologically relevant 

role [24]. 

The contribution of non-shivering thermogenesis becomes particularly important during cold 

acclimation. Repeated exposure to cold can lead to physiological adaptations that reduce the 

reliance on shivering and enhance the efficiency of BAT. In a study examining cold acclimation 

over seven consecutive days, participants exhibited a 36% decrease in shivering intensity while 

maintaining total heat production, indicating a compensatory increase in BAT-mediated 

thermogenesis [25]. This suggests that the body can shift its thermogenic strategy in favor of 

more metabolically economical processes. 
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Moreover, recent studies have shown that cold exposure can induce the "browning" of white 

adipose tissue (WAT), converting it into beige fat with thermogenic properties similar to BAT. 

This process is mediated by mitochondrial biogenesis and increased expression of uncoupling 

protein 1 (UCP1), a key component in non-shivering thermogenesis. The browning of WAT is 

increasingly recognized as an important mechanism for enhancing cold tolerance and metabolic 

flexibility [26]. 

In conclusion, shivering and non-shivering thermogenesis are essential physiological responses 

to cold water immersion. Shivering provides a rapid increase in heat production through 

muscular activity, while non-shivering thermogenesis via BAT offers a more sustainable and 

less energetically costly form of heat generation. Both mechanisms play complementary roles 

in thermoregulation, with non-shivering processes gaining importance during repeated cold 

exposure and acclimation. 

 

The Role of Subcutaneous Fat in Thermal Insulation During Cold Exposure 

Subcutaneous fat plays a critical role in thermal insulation during cold exposure. Its insulating 

effect depends on the thickness of the fat layer and its distribution across different parts of the 

body. Studies have shown that the thickness of subcutaneous fat is strongly correlated with the 

total body insulation per unit surface area, regardless of gender-specific fat distribution 

differences.In a study by Hayward and Keatinge (1981), it was found that, in cold water, the 

differences in the ability to stabilize core body temperature were largely determined by the 

mean thickness of subcutaneous fat measured via ultrasound (r = 0.92).Furthermore, heat loss 

measurements indicated that the thorax was the main site for heat loss, and subcutaneous fat 

accounted for more than half of the insulation in this area. In contrast, subcutaneous fat 

contributed to less than one-third of insulation in the muscular limbs and only about 3% in the 

hands and feet [27].These findings highlight the importance of subcutaneous fat thickness in 

the body’s overall thermal insulation, especially in the central body regions, and suggest that 

the insulating effectiveness of subcutaneous fat varies depending on its location. Exposure to 

cold water triggers a cascade of physiological responses involving both the cardiovascular 

system and cutaneous vasculature. The initial stress reaction is associated with activation of the 

sympathetic nervous system, resulting in increased blood pressure, elevated heart rate, and 

peripheral vasoconstriction. This is accompanied by a measurable rise in norepinephrine levels, 

confirming activation of the sympathoadrenal axis [28]. Subsequently, parasympathetic 

activation may occur, particularly through the so-called diving reflex, triggered for instance by 

facial immersion in cold water. This leads to a reduction in heart rate (bradycardia) and an 

increase in heart rate variability (HRV), which is interpreted as a neuroprotective mechanism 

[29]. A 2024 meta-analysis demonstrated that brief exposure to cold leads to statistically 

significant reductions in heart rate, increases in blood pressure, and improvements in HRV 

parameters, with effects persisting for up to 15 minutes post-exposure [30]. Importantly, 

physiological responses vary by sex and health status; for example, women and individuals with 

hypertension display stronger hemodynamic reactions to cold exposure, which may carry 

implications for cardiovascular prevention strategies [31]. 
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Cardiovascular and Metabolic Effects of Cold Water Immersion: 

Impact on Circulation and Blood Pressure Regulation 

Cold water immersion (CWI) triggers immediate cardiovascular adjustments, most notably 

peripheral vasoconstriction and a rise in heart rate and blood pressure. These acute changes are 

part of the cold shock response, aimed at preserving core body temperature by limiting heat 

loss from the skin. Studies have shown that systolic and diastolic blood pressure can increase 

significantly during the initial minutes of immersion, particularly in unacclimated individuals. 

However, regular exposure to cold water may result in cardiovascular adaptations, including 

improved baroreflex sensitivity and long-term reductions in resting blood pressure, especially 

in hypertensive subjects [32]. 

 

Caloric Expenditure and Metabolic Rate Enhancement 

CWI can lead to a substantial increase in metabolic rate and caloric expenditure. This 

thermogenic response is primarily driven by cold-induced activation of brown adipose tissue 

(BAT), which uses lipids and glucose to generate heat. One study demonstrated that cold 

exposure increased energy expenditure by up to 80% compared to baseline in lean individuals. 

Moreover, CWI can elevate levels of norepinephrine, a hormone known to stimulate BAT 

activity and lipolysis, contributing to body fat reduction and enhanced metabolic flexibility [33]. 

 

Effects on the Endocrine System: Insulin Sensitivity 

Emerging evidence suggests that regular cold exposure may improve insulin sensitivity and 

glucose regulation. Cold-induced glucose uptake by skeletal muscle and brown adipose tissue 

occurs independently of insulin, potentially aiding individuals with insulin resistance. In a study 

involving patients with type 2 diabetes, exposure to mild cold over 10 days improved insulin 

sensitivity by approximately 43%. This suggests that cold exposure may serve as a non-

pharmacological intervention for improving glucose metabolism [34]. 

 

Effects of Cold Water Immersion on the Immune System: 

Acute Immune Response to Cold Exposure 

Cold water immersion (CWI) induces an acute stress response that activates the sympathetic 

nervous system and the hypothalamic-pituitary-adrenal (HPA) axis. This activation leads to the 

release of catecholamines and cortisol, which can modulate immune function. Research 

indicates that short-term exposure to cold water can increase the number of circulating 

leukocytes and alter the balance of immune cell subsets. For instance, a study by Shevchuk 

found that brief cold exposure led to a transient increase in white blood cell count, suggesting 

an immediate immune mobilization [35]. 

 

Modulation of Cytokine Production 

The impact of CWI on cytokine production is complex and depends on factors such as the 

duration and intensity of exposure. Some studies have reported an increase in pro-inflammatory 

cytokines like interleukin-6 (IL-6) following cold exposure, while others have observed a 

decrease in pro-inflammatory cytokine levels. For example, a study by Kox et al. found that 

after cold exposure, there was a delayed increase in IL-6 concentration, indicating a transient 

inflammatory response [36]. 



9 

Long-Term Immune Adaptation 

With regular exposure to cold water, the immune system may undergo adaptive changes that 

enhance its responsiveness. A study by Cox et al. investigated the effects of regular cold shower 

exposure on immune cell function in healthy individuals. The results demonstrated significant 

increases in immunoglobulin levels and elevated cytokine levels, indicating enhanced humoral 

and cell-mediated immunity. These findings suggest that consistent cold exposure can prime 

the immune system, potentially improving its ability to respond to infections [37]. 

 

Considerations and Limitations 

While the evidence suggests that CWI can influence immune function, the effects can vary 

based on individual factors such as health status, acclimatization, and the specific cold exposure 

protocol used. Additionally, the long-term implications of regular cold exposure on immune 

health require further investigation. It's important to approach CWI with caution, especially for 

individuals with underlying health conditions, and to consult healthcare professionals before 

initiating such practices. 

 

Cold Water Immersion and Mental Health: 

Impact on Mood and Stress 

Cold water immersion (CWI) has been associated with improvements in mood and reductions 

in perceived stress. Immersing the body in cold water activates the sympathetic nervous system 

and stimulates the release of neurotransmitters and hormones such as norepinephrine, which 

may contribute to improved alertness and mood. A systematic review and meta-analysis of 

randomized controlled trials found that CWI interventions led to significant reductions in stress 

levels within 12 hours post-exposure, suggesting that cold exposure may serve as a practical 

and accessible method for acute stress relief [38]. 

 

Reduction of Anxiety and Depression Symptoms 

Regular CWI has been shown to reduce symptoms of anxiety and depression in both clinical 

and non-clinical populations. In a 10-day intervention combining cold exposure, breathing 

exercises, and meditation, participants reported significantly improved scores in depression and 

stress scales. These findings support the potential for CWI as a complementary strategy in 

managing mild to moderate depressive disorders [39]. 

 

Increase in Endorphins and Dopamine Levels 

One of the proposed mechanisms for the mood-elevating effects of CWI is the increased release 

of endorphins and dopamine. These neurochemicals are associated with pleasure, reward, and 

pain modulation. A recent fMRI-based study found that brief cold-water exposure induced 

measurable increases in positive affect, which were correlated with altered activity in brain 

regions responsible for emotion regulation, suggesting a neurobiological basis for the 

antidepressant effects of CWI [40]. 
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Research on Seasonal Affective Disorder 

Emerging evidence suggests that CWI may be helpful in alleviating symptoms of Seasonal 

Affective Disorder (SAD). While data are still limited, preliminary findings from Nordic 

countries suggest that cold-water swimming may enhance the effects of psychotherapy and 

improve resilience against seasonal mood disturbances. These benefits are likely mediated by 

combined effects on neurotransmitters, thermoregulation, and circadian rhythm stability.[41] 

 

Effects of Cold Water Immersion on Cognitive Function: 

Acute Impact on Cognitive Performance 

Cold water immersion (CWI) has been shown to acutely affect cognitive performance, 

particularly in tasks requiring attention and executive function. A study by Jones et al. assessed 

cognitive performance during repeated cold water immersions at 10°C. The results indicated 

that participants experienced an initial decline in cognitive performance, which improved with 

repeated exposure, suggesting a potential for cognitive adaptation to cold stress.[42] 

 

Influence on Brain Connectivity 

Short-term CWI can influence brain activity and connectivity. A study by Kelly and Bird 

utilized functional magnetic resonance imaging (fMRI) to examine brain network interactions 

following a 5-minute cold-water immersion. The findings revealed increased interaction 

between large-scale brain networks associated with positive affect, including the medial 

prefrontal cortex and anterior cingulate cortex, indicating that CWI may enhance integrative 

brain functioning [43]. 

 

Long-Term Effects on Cognitive Function 

Regular exposure to cold water may lead to long-term improvements in certain cognitive 

functions. Research by Theurot et al. investigated the effects of repeated cold-water immersion 

on cognitive performance and neurophysiological function. The study found that participants 

who underwent multiple immersions exhibited enhanced cognitive performance, suggesting 

that acclimatization to cold stress could mitigate initial cognitive impairments [44]. 

 

Considerations and Limitations 

While CWI has potential cognitive benefits, the effects can vary based on factors such as 

immersion duration, temperature, and individual differences. Further research is needed to fully 

understand the mechanisms underlying these effects and to establish optimal protocols for 

cognitive enhancement through cold water immersion. 

 

Exercise Recovery and Athletic Performance: 

Reduction of Delayed-Onset Muscle Soreness (DOMS) 

Cold water immersion (CWI) is commonly used to alleviate delayed-onset muscle soreness 

(DOMS) following intense physical activity. A systematic review and meta-analysis of 17 trials 

involving 366 participants indicated that CWI significantly reduces muscle soreness at 24, 48, 

72, and even up to 96 hours post-exercise compared to passive treatments such as rest [45]. 
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Post-Exercise Recovery Enhancement 

CWI has been shown to enhance recovery following strenuous exercise by reducing muscle 

damage markers and improving perceived recovery. A study involving jiu-jitsu athletes found 

that CWI led to lower levels of lactate dehydrogenase (LDH) and creatine kinase (CK), 

indicating reduced muscle damage. Additionally, athletes reported less muscle soreness and 

higher perceived recovery at 24 hours post-exposure [46]. 

 

Effects on Strength and Endurance Performance 

The impact of CWI on strength and endurance performance is mixed. Some studies suggest that 

CWI may impair subsequent performance due to reduced muscle temperature and altered 

muscle function. For instance, a study on elite skaters found that CWI slightly decreased 

average power output during repeated sprint cycling compared to active recovery and hot-water 

immersion [47]. 

 

Comparison with Other Recovery Methods 

When compared to other recovery methods like sauna and massage, CWI has shown varying 

degrees of effectiveness. A study comparing CWI and whole-body cryotherapy (WBC) found 

that CWI was more effective in accelerating recovery kinetics for countermovement-jump 

performance at 72 hours post-exercise. However, WBC was more effective in reducing muscle 

soreness and enhancing perceived recovery at 24 hours post-exercise [48]. 

 

Risks, Contraindications, and Safety Considerations: 

Hypothermia, Arrhythmias, and Cardiac Risks 

Cold water immersion (CWI) poses potential risks such as hypothermia and arrhythmias. The 

body's acute response to cold exposure, often referred to as the "cold shock response," can lead 

to an increased heart rate, elevated blood pressure, and, in some cases, arrhythmias. This is 

especially concerning for individuals with pre-existing cardiovascular conditions, as sudden 

cold exposure can trigger dangerous heart rhythms. For example, a case study reported a 12-

year-old child with a long QT syndrome who experienced a cardiac arrhythmia after immersion 

in cold water, resulting in cardiac arrest [49]. 

 

Medical Contraindications 

CWI should be approached with caution or avoided by individuals with specific medical 

conditions, particularly those involving the cardiovascular system. Individuals with heart 

disease, hypertension, or arrhythmias may be at an elevated risk of adverse events, such as 

arrhythmias or sudden cardiac arrest, due to the body's physiological response to cold exposure. 

Additionally, people with respiratory diseases or compromised circulation should consult a 

healthcare provider before engaging in CWI.[50]Regular medical consultation is advised to 

determine whether CWI is safe for individuals with chronic health issues or conditions affecting 

the circulatory or cardiovascular systems [51]. 
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Individual Differences (e.g., Age, Health Conditions, BMI) 

Individual factors such as age, body mass index (BMI), and overall health status can 

significantly influence the body's response to cold water immersion. Older individuals, or those 

with higher BMI, may face increased risks, as they might experience altered thermoregulation 

and slower adaptation to cold stress. Furthermore, people with a lower tolerance to cold, or 

those who are unaccustomed to extreme temperatures, might experience stronger physiological 

responses, including increased stress levels, elevated heart rate, and blood pressure. Specific 

considerations are also warranted for those with certain chronic conditions like diabetes or 

obesity, which may impair circulation or thermoregulation [52]. 

 

Effectiveness of CWI in Enhancing Recovery 

CWI has been widely adopted as a recovery tool for athletes and individuals engaging in high-

intensity physical activities, primarily for its potential to reduce delayed onset muscle soreness 

(DOMS) and accelerate recovery. The physiological mechanism most often attributed to this 

benefit is the combination of vasoconstriction during immersion and subsequent vasodilation 

upon exiting the cold water, which is believed to help remove metabolic waste products such 

as lactic acid and reduce inflammation. Numerous studies support this claim, with evidence 

indicating that CWI is effective in decreasing muscle soreness and improving muscle function 

in the immediate aftermath of intense exercise [53]. However, as the findings in the literature 

are inconsistent, it is important to consider that these effects may not be universally applicable. 

Individual factors such as fitness levels, acclimatization, and the intensity of the exercise may 

influence how effective cold water immersion is for muscle recovery. Future studies should aim 

to standardize the protocols for CWI, such as the immersion duration, temperature, and 

frequency, to better understand the conditions under which this intervention provides the most 

benefit. 

 

Psychological and Emotional Benefits of Cold Exposure 

Beyond its physical benefits, CWI has also been reported to have positive effects on mental 

health, particularly in relation to stress reduction, anxiety, and mood improvement. The 

physiological response to cold exposure, specifically the activation of the sympathetic nervous 

system and the subsequent release of catecholamines like adrenaline and noradrenaline, is 

thought to result in increased alertness and a sense of invigoration [54]. Additionally, the 

transient increase in cortisol levels may help improve mood and contribute to feelings of well-

being, especially for individuals suffering from conditions like depression and anxiety [55,56]. 

Studies have also indicated that regular exposure to cold water may result in long-term 

psychological benefits, including enhanced emotional resilience and improved stress 

management [57]. However, while these findings are promising, much of the evidence is based 

on self-reported data, which may introduce bias. More robust and controlled clinical trials are 

needed to better understand the potential of CWI as a therapeutic intervention for mental health 

disorders. 
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Individual Variability in Thermoregulatory Responses 

An important consideration when evaluating the benefits of CWI is the interindividual 

variability in thermoregulatory responses. Studies have shown that factors such as age, body 

composition, and acclimatization can significantly influence how individuals respond to cold 

water immersion. For example, individuals with higher body fat percentages may experience 

slower rewarming times, as the insulating properties of fat affect heat transfer from the core to 

the periphery. Furthermore, younger individuals or those with better cardiovascular fitness may 

be better able to tolerate cold exposure compared to older adults or those with underlying health 

conditions such as hypertension or cardiovascular disease. This variability suggests that cold 

water immersion protocols should be tailored to individual needs and characteristics to 

maximize efficacy and minimize potential risks. Research on how specific populations, such as 

elderly individuals or those with chronic diseases, respond to CWI is still lacking, and more 

studies are needed to establish safety guidelines for these groups [58]. 

 

Potential Risks and Safety Considerations 

Although CWI is generally considered safe for healthy individuals, there are potential risks 

associated with exposure to cold water, particularly for those with pre-existing medical 

conditions. One of the primary concerns is the risk of hypothermia, which can occur if an 

individual is exposed to cold temperatures for an extended period. Additionally, cold water 

immersion can trigger arrhythmias in susceptible individuals, especially those with underlying 

cardiovascular conditions. Cold exposure activates the sympathetic nervous system and 

increases heart rate and blood pressure, which could potentially exacerbate cardiovascular 

issues. Furthermore, the cold shock response, which is characterized by an initial gasp reflex 

and hyperventilation, can be dangerous for individuals who are not accustomed to cold water 

or who are prone to panic attacks. It is therefore crucial for individuals to consult with a 

healthcare provider before engaging in CWI, particularly if they have any cardiovascular or 

respiratory conditions. 

 

Acclimatization and Long-Term Effects 

Repeated exposure to cold water may lead to physiological adaptations that enhance an 

individual's tolerance to cold, including improved thermoregulation and a reduction in shivering 

intensity. Studies on cold acclimation have shown that individuals who engage in regular cold 

exposure may experience reduced reliance on shivering thermogenesis and increased efficiency 

of non-shivering thermogenesis through the activation of brown adipose tissue (BAT). This 

adaptation could help individuals maintain thermal homeostasis more effectively during 

subsequent cold exposures [59]. However, it remains unclear how long-term cold exposure 

affects the overall health and performance of athletes and non-athletes alike. Some research has 

suggested that excessive cold exposure could lead to negative outcomes, including immune 

suppression or increased stress on the cardiovascular system [60-61]. Thus, it is important for 

future studies to explore the long-term physiological effects of CWI and determine the 

thresholds beyond which the benefits of cold exposure may no longer outweigh the risks. 
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Discussion 

Cold water immersion (CWI) has garnered significant attention as a recovery modality due to 

its numerous potential health benefits, including the reduction of muscle soreness, improvement 

of circulation, and psychological well-being. However, despite the growing body of evidence 

supporting its efficacy, the exact mechanisms by which cold water immersion exerts these 

effects remain poorly understood. In this review, we have examined the physiological responses 

to cold exposure, including vasoconstriction and vasodilation, activation of the sympathetic 

nervous system, thermoregulatory adaptations, and the effects on muscle recovery and mental 

health. While the evidence is compelling, it is clear that further research is needed to establish 

the optimal conditions for CWI and explore its long-term effects across different populations. 

 

Conclusion and Future Directions 

Cold water immersion is a widely used recovery strategy that offers several potential benefits 

for both physical and mental health. While the available literature supports its efficacy in 

reducing muscle soreness and enhancing circulation, as well as its positive effects on mood and 

stress reduction, there is still much to learn about the optimal conditions for its use. Research 

in this area would benefit from studies that focus on the standardization of CWI protocols, the 

long-term effects of cold exposure, and the underlying mechanisms that drive its therapeutic 

benefits. Additionally, the interindividual variability in response to cold water immersion 

highlights the need for personalized approaches to cold exposure, taking into account factors 

such as age, fitness level, and acclimatization. By addressing these gaps in the literature, future 

research can help refine CWI as a safe and effective tool for enhancing recovery, improving 

performance, and promoting overall health.  
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