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The present research article reviews a systematic study on the effects of cold-water exposure on 
human health on the basis of thermodynamics and hydrostatic pressure. Literature review suggests 
that repeated cold-water immersion on the human body is associated with boosting  the immunity. 
Through rapid heat transfer and hydrostatic pressure–mediated circulatory shifts, cold-water 
immersion activates thermoregulatory and stress-adaptation pathways that are responsible for  
metabolic efficiency, and immune function. Accordingly, controlled cold-water exposure may serve 
as a cost-effective and sustainable non-pharmacological intervention to strengthen immune resilience. 
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INTRODUCTION 
 

In recent years, cold water exposure on the human body has 
caught a lot of attention world wide. This has become a 
prominent trend also in the healthcare industry. Historical 
records trace its therapeutic use to Hippocrates, who advocated 
water-based treatments for healing. In the 19th century, 
hydrotherapy was further systematized and popularized by 
Vincenz Prießnitz and Sebastian Kneipp, contributing to its 
integration into naturopathic medicine (Wilfredo López-Ojeda, 
2024). Promoted for the health benefits, cold-water exposure 
represents a continuation of the long-standing tradition of 
hydrotherapy practices. In today’s world, cold-water exposure 
is widely utilized for promoting mental health as well as 
expediting the recovery process for athletes’ injuries and also 
it has become a critical component in promoting overall 
wellness in society. The physiological effects of cold-water 
exposure are primarily mediated through activation of 
thermoregulatory and stress-response mechanisms. Upon 
immersion, stimulation of peripheral cold thermo-receptors 
initiates the cold shock response, characterized by an acute 
increase in heart rate, blood pressure, and rapid, involuntary 
hyperventilation. This response is driven by sympathetic 
nervous system activation and represents the body’s 
immediate attempt to preserve core temperature and maintain 
homeostasis. With repeated and controlled exposure, adaptive 
processes may occur, including improved autonomic 
regulation, enhanced vascular function, and modulation of 
inflammatory and immune pathways.  

These adaptations underpin the proposed therapeutic potential 
of cold-water exposure while also emphasizing the importance 
of gradual acclimatization and appropriate safety measures. 
 

DISCUSSION 
 
Science Behind Cold-Water Exposure: Thermodynamics- 
Cold-water exposure triggers both thermodynamic and 
physiological responses in the human body. From a 
thermodynamic perspective, immersion in cold water leads to 
rapid heat loss due to water’s high thermal conductivity and 
convective heat transfer properties. Heat transfer in water is 
approximately four to five times greater than in air at the same 
temperature, resulting in a substantial and rapid decline in skin 
temperature. Consequently, core body temperature may 
continue to decrease for up to 10–15 minutes post-immersion 
due to ongoing conductive heat loss and afterdrop phenomena. 
Peripheral vasoconstriction- a process in which blood vessels 
become narrower due to contraction of muscular walls, begins 
early during immersion, even when core temperature remains 
near normal levels (~37°C). This response reduces blood flow 
to the skin and extremities, thereby minimizing heat loss and 
preserving body temperature. The increase in peripheral 
vasoconstriction enhances thermal insulation. To counteract 
heat loss, thermogenic mechanisms, a mechanism in which 
heat is generated to maintain body temperature, are activated. 
These include involuntary muscle contractions resulting in 
generation of heat and non-shivering thermogenesis which is 
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primarily mediated by the hormones which are responsible for 
increased energy demands of the human body by mobilizing 
fuel stores and altering substrate utilization. Repeated cold
water exposure attenuates the onset and intensity of shivering 
while enhancing non-shivering thermogenesis. This adaptation 
is largely driven by sympathetic nervous system activation and 
catecholamine release (notably noradrenaline hormone), which 
stimulates glucagon secretion and increases metabolic heat 
production. In cold-adapted individuals, such as habitual 
winter swimmers, the thermoregulatory threshold for initiating 
cold-induced thermogenesis shifts downward. Heat production 
becomes more dependent on central temperature signals rather 
than peripheral cold receptors. This reflects an ene
physiological adaptation that optimizes metabolic expenditure 
during repeated cold exposure (Fig.1). 
 

 

 
Fig. 1 The acute effects of cold exposure on human body 

physiology (Didrik Espeland, 2022)
 

Hydrostatic pressure:  The wellness and immune
effects of cold-water immersion are not done only by the 
temperature change, hydrostatic pressure (the pressure exerted 
by water on an immersed body) also plays a significant role. 
When a body is submerged in a fluid: 
 

Tissues and blood vessels are compressed 
Blood shifts from the limbs toward the thoracic cavity
Venous return increases 
Cardiac output temporarily rises 
Circulatory efficiency improves 
 

Hydrostatic Law states that hydrostatic pressure increases 
proportionally with depth. For approximately every 1 meter of 
immersion, the external pressure rises by about 74 mmHg 
(often expressed as ~740 cm H₂O), approaching the magnitude 
of normal diastolic blood pressure (~80 mmHg) (Ribeiro, 
2023). As depth increases, the inward and upward 
compressive forces intensify, producing a central blood 
volume shift (Fig.2). Cold exposure combined with hydrostatic 
pressure produces a robust cardiovascular response i
redistribution of blood takes place toward the vital organs. 
This results in increase in heart rate and blood pressure. 
 
 

 

Fig. 2. Approximate percentage of body weight with immersion depth 
(Ribeiro, 2023) 
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Over time, repeated exposure may improv
autonomic balance, blood pressure regulation, and circulatory 
resilience.  
 

 
Fig. 3. The roles of the center of buoyancy and gravity in 

determining how a swimmer floats (Espeland, 2022)
 
Hydrostatic pressure also contributes to buoyancy 
The upward buoyant force counteracts gravity, reducing the 
effective body weight during immersion. This unloading of 
gravitational stress decreases joint compression and 
musculoskeletal strain, which partly explains the therapeutic 
use of immersion in rehabilitation settings (Espeland, 2022). 
The physiological effects of hydrostatic pressure are 
immediate upon immersion and are depth
reinforcing that cold-water exposure is a combined 
thermodynamic and thermodynamic intervention rather t
merely a temperature-based stimulus.
 

CONCLUSION 
 
In conclusion, this systematic review suggests that cold
exposure elicits complex thermodynamic, cardiovascular and 
immunological responses in the human body. The findings 
suggest potential practical applications for health professionals 
considering cold-water interventions as a supportive strategy 
for stress. Repeated cold water exposure appears to induce 
physiological adaptations, including improved non
thermogenesis and optimized cardi
supporting its potential role as a non
for promoting resilience and overall wellbeing. Despite these 
promising findings, the present evidence base remains limited 
by small sample sizes, short intervention period
methodological heterogeneity. Future large
designed randomized controlled trials are necessary to clarify 
dose–response relationships, identify optimal temperature and 
duration parameters, and determine the sustainability of 
immune and metabolic adaptations across diverse populations.
Overall, cold-water exposure represents a physiologically 
grounded intervention with emerging therapeutic potential; 
however, its clinical application should be guided by evidence
based protocols and careful consideration of individual health 
status. 
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