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ABSTRACT
Background: Hypertension remains a leading global risk factor for cardiovascular disease. Complementary non-pharmacological therapies that reduce blood pressure (BP) and improve vascular function are of growing interest. Hydrotherapy including warm or hot-water immersion, aquatic exercise, foot soaks, balneotherapy and local cold applications (e.g., ice massage) is widely used in clinical and traditional settings but its role in hypertension management is not yet standardized.
Objective: To summarize the changes in systolic and diastolic blood pressure through available clinical evidences in hypertensive patients using hydrotherapy modalities such as warm-water immersion ,cold water therapies, ice massage ,steam and sauna bath.
Methods: A literature search was conducted using terms like "hydrotherapy," "hypertension," and "blood pressure", "complimentary" in PubMed, Scopus, Google Scholar, and ScienceDirect to find publications published between 1985 and 2025. Excluded were research involving animals or unrelated topics, and included were peer-reviewed English-language human studies that examined how hydrotherapy affected circulatory or autonomic processes. Key findings were summarized by screening and narratively analyzing pertinent papers. Only publicly available data were used, thus ethical approval was not necessary.
Conclusions: Hydrotherapy shows promise as an adjunctive strategy for managing hypertension by enhancing vascular function and autonomic balance through endothelial and thermoregulatory mechanisms. Further research is needed to standardize protocols and confirm long-term efficacy.
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1.Introduction

The hallmark of systemic arterial hypertension, often known as hypertension, is consistently elevated blood pressure (BP) in the systemic arteries. The ratio of the systolic blood pressure (the force the blood applies to the artery walls during heart contraction) to the diastolic blood pressure (the force during heart relaxation) is a typical way to express blood pressure.(1)  Hypertension is a major public health problem due to its high prevalence worldwide (2)According to estimates from the Global Burden of Disease 2019 (GBD 2019), high blood pressure is the primary metabolic risk factor worldwide, accounting for 19% of all fatalities.(3) Non-communicable illnesses hypertension cause 41 million deaths annually, or 74% of all deaths worldwide. Almost one-third of all deaths, or 17.9 million deaths annually, are caused by cardiovascular disease.(4) The risk of cardiovascular and all-cause mortality, including heart failure, stroke, and renal insufficiency, is significantly increased by hypertension. It is intimately associated with peripheral arterial disease, atrial fibrillation, and coronary artery disease. A logarithmic scale shows a continuous and linear relationship between normal blood pressure and cardiovascular problems. (5) Its  rarely exhibits any symptoms in its early stages until a serious medical emergency, such as a heart attack, stroke, or chronic renal disease, hypertension is a silent killer.(6) Blood pressure must be measured by a medical specialist in order to identify hypertension. Getting your blood pressure checked is quick and easy. While automated devices are available for people to measure their blood pressure, a health professional's assessment is crucial for determining risk and related diseases.(7) Certain major risk factors have been identified for the development of hypertension in young and middle-aged Indian adults, including smoking, drinking, being overweight, having a family history of hypertension, growing older, eating a diet high in salt, developing diabetes, and having a body mass index (BMI) above 30 kg/m2. Waist-to-hip ratio, high cholesterol, central obesity, socioeconomic status, lack of exercise, bad diet, lack of education, and ignorance.(8) Only a tiny percentage of people may encounter symptoms like: Fatigue, nausea, vomiting, headaches, and blurred vision But these symptoms typically don't show up until the blood pressure reaches a potentially fatal level.(9) Myocardial infarction, atherothrombotic brain infarction, heart failure, intracerebral hemorrhage, and renal failure are the main side effects of hypertension.(10) While the other two are actually arteriosclerotic consequences that arise from long-standing, often mild hypertension, the first three are thought to be true hypertensive complications and happen in individuals with severe hypertension.(11) Pharmacological Treatment Antihypertensive drugs target a number of physiological pathways, such as the sympathetic nervous system (SNS), vascular smooth muscle tone, and the renin-angiotensin-aldosterone system (RAAS), that are important in blood pressure management.(12) Angiotensin-converting enzyme (ACE) inhibitors, angiotensin II receptor blockers (ARBs), calcium channel blockers (CCBs), beta-blockers, and diuretics are common groups of antihypertensive medications.(13) When choosing an antihypertensive treatment, considerations such the patient's age, comorbidities, cost, and medication tolerability are taken into account. 18 Reaching desired blood pressure objectives frequently necessitates combination therapy, which uses at least two antihypertensive medications with complimentary modes of action.(14)
The peripheral nervous system includes the autonomic nervous system, which controls involuntary physiological functions like heart rate, respiration, digestion, blood pressure, and sexual desire. The sympathetic, parasympathetic, and enteric nervous systems are the three anatomically separate divisions of the nervous system . Insulin resistance, altered lipid metabolism, and high blood pressure can result from autonomic nervous system dysregulation. Heart rate variability (HRV) is a measure of the different physiological elements influencing the heart's regular rhythm. The autonomic nervous system (ANS), which controls heart activity, is evaluated via HRV analysis.(15)
Naturopathy is a unique form of primary care medicine that combines modern research and technological advancements with traditional healing methods. It is founded on a distinct set of ideas that highlight illness prevention, acknowledge the body's natural ability to heal, and promote personal accountability for achieving optimal health.(16) In ancient cultures such as China, Egypt, India, and others, hydrotherapy was a common naturopathic therapeutic method, The external or internal application of water in any form—ice, steam, or water—for the purpose of promoting health or treating a variety of illnesses at different temperatures, pressures, durations, and locations is known as hydrotherapy.(17)  it is a  effective non-pharmacological therapeutic approaches that can be used to lower blood pressure. This method is recommended since it is easy to use and does not require certain knowledge or abilities.(18) Various temperature-based hydrotherapy techniques can enhance blood pressure, cardiac autonomic regulation, and parasympathetic dominance.(19) various hydrotherapy techniques are there to reduce blood pressure .


2.Human body and water 
When the human body enters water, it confronts a medium for which it is not made and where its ability to move is constrained. Nonetheless, the biological impacts of submersion in water are linked to the basic ideas of hydrodynamics. being aware of these impacts as well as the physical characteristics of water, including buoyancy, density, and hydrostatic pressure.(20) The density (ϱ) is the ratio of a substance's mass (kg) to its volume (m3). When it comes to a fluid, the more dense it is, the more force it applies to items submerged in it or floating in it, the pathophysiology of essential hypertension as a normal response to the elevated gravitational stress brought on by frequent, extended sitting—excessive standing with a high gravitational gradient across the heart(21) Resistance offered by water is greater than that experienced during locomotion on dry land This greater resistance of water compared with that of air is due not only to its density, but also to its dynamic viscosity.(22)
3.Methodology : A literature search was conducted using terms like "hydrotherapy," "hypertension," and "blood pressure", "complimentary" in PubMed, Scopus, Google Scholar, and ScienceDirect to find publications published between 1985 and 2025. Excluded were research involving animals or unrelated topics, and included were peer-reviewed English-language human studies that examined how hydrotherapy affected circulatory or autonomic processes. Total 44 studies Key findings were summarized by screening and narratively analyzing pertinent papers. Only publicly available data were used, thus ethical approval was not necessary.
4.Results 
44 studies in all satisfied the requirements for inclusion. The majority reported notable drops in both systolic and diastolic blood pressure after receiving cold therapy, spinal bath and spary, or hot foot immersion,sauna and steam bath, immerssion bath,chest pack .


[bookmark: _GoBack]Table 1 : Literature review showing BP reduction by therapy 
	Author (Year) 
	Sample Characteristics
	Hydrotherapy treatment
	Duration / Frequency
	Outcome Measures
	BP Reduction (mmHg)
	Key Findings

	Kihara et al., 2008
	Hypertensive adults (n=30), age 45–65 yrs
	Sauna bathing (80–90°C)
	15–20 min/day for 2 weeks
	SBP, DBP 
	↓SBP 10 ± 3 ↓DBP 6 ± 2
	Improved endothelial function via nitric oxide–mediated vasodilation

	Laukkanen et al., 2018
	Middle-aged adults (n=1621)
	Finnish sauna
	2–4 sessions/week
	BP, cardiovascular mortality
	↓SBP 7 ± 4
	Regular sauna use associated with lower BP and reduced CV risk

	Lee et al., 2014
	Mild hypertensives (n=25)
	Hot foot immersion (40–42°C)
	15 min/session, 5 days/week
	SBP, DBP, HR
	↓SBP 8 ± 2 ↓DBP 5 ± 1
	Increased skin blood flow and reduced vascular resistance

	Ahmed Sodha
	Hypertensive patients, rural selected area (age 36-60 yrs)
	Warm foot soak
	Single pre-post intervention
	SBP, DBP
	SBP ↓ ~16.67 mmHg, DBP ↓ ~6.69 mmHg
	Warm foot soak reduced BP substantially in hypertensive patients over short term.

	Kim et al., 2019
	Adults with essential hypertension (n=40)
	Cold-water immersion (20°C)
	10 min, 2×/week for 4 weeks
	BP, HRV
	↓SBP 5 ± 3
	Enhanced parasympathetic tone and improved autonomic balance

	Mooventhan & Bharti (2021)
	15 hypertensive subjects, mean age ~49 yrs
	Ice massage to head & spine
	1 session, 20 min
	SBP, DBP, HRV
	SBP ↓ significant, DBP ↓ significant
	Ice massage (head & spine) showed immediate BP reduction and improved HRV in hypertensive patients.



5. Hydrotherapy and hypertension
5.1 Steam and sauna bath and hypertension 
Steam bath is a type of hydrotherapy bath where the person exposes whole body to moist heat (23) 
when exposed to it the body attempts to restore homeostasis through a sequence of processes that cause peripheral vasodilation and decrease in peripheral resistance. (24)one of the previous study on similar treatment sauna bath have shown that effect on adrenal glands through aldosterone system  .(25,26)  the pathway implicated in the effects of saunabathing  on vascular condition and reduction  in systemic BP.(27)   improves the endothelial function(28,29) reduction in oxidative stress (30)  and modulation in the autonomic nervous system (31)  both sauna and steam bath increases body temperature which causes increase in skin blood flow leading to increase in cardiac output and decrease in blood flow to internal organs While cardiac stroke volume remains unchanged, cardiac output increases by 60% to 70% in response to an increase in heart rate. Sauna use has varying effects on blood pressure.(32) Previous study found that heat therapy significantly lowered mean arterial blood pressure and diastolic blood pressure for about 4 mmHg in magnitude.(33) Lee et al. found that  hypertensive patients with cardiovascular risk factors showed decrease in both systolic and diastolic blood pressure following 30-minute sauna bath, resulted in positive changes in arterial stiffness metrics including pulse wave velocity.(34) 
Repeated use of saunas and steam  increases nitric oxide release and parasympathetic activation, which improve endothelial function and peripheral vasodilation. The resulting decrease in systemic vascular resistance and slight loss of plasma volume help to lower blood pressure and have long-term cardiovascular advantages.(35)


5.2 Spinal Bath 
A spinal bath is Applications of traditional hydrotherapy for the management of cardiovascular diseases like hypertension using spinal bathtub that is cool (26 ±1°C) is provided for 15 minutes.(36) Tubs designed specifically for this purpose were used to administer cold spinal baths. Made of fiber, spinal bath tubs are non-allergic and waterproof. In the investigation, a spinal bath tub from Indian Fibre Company in Bangalore, Karnataka, was used. The spinal bath tub was 3' by 21/2' and stood 10 inches tall.spinal bath increases cardiac output (CO), central venous pressure, stroke volume, and central blood volume by bringing peripheral blood into the thoracic vasculature. It's probable that this rise in central venous pressure will raise arterial pressure and decrease cardiopulmonary pressure. Bradycardia can result from this mechanism, which is known to increase parasympathetic activity and decrease sympathetic activity . Therefore,  the reduction of HR may be the primary cause of the drop in blood pressure (BP) variables. Since peripheral resistance and CO both affect blood pressure.(37–39)  another mechanism of spinal bath is through Transient receptor potential cation channel subfamily M member 8 (TRPM8), a member of the transient receptor potential family, is responsible for the hypotensive impact of cold spinal baths. Specialized dorsal root ganglion (DRG) neurons in the trunk may receive a signal from the application of cold water in the form of a spinal bath. TRPM8 is activated by the DRG neurons' cell bodies, which are located in the vertebral column next to the spinal cord. Activation of TRPM8 counteracts the sympathetic neurotransmitters' contractile function, which may have a hypotensive impact. Additionally, cold-induced activation of TRPM8, which is located in the sarcoplasmic reticulum membrane, can promote the release of Ca2+ from the sarcoplasmic reticulum, depleting the Ca2+ store and perhaps inhibiting vasoconstriction activity.(40,41)
5.3 Spinal spray 
Spinal spray 15°C to 19°C. Over a duration of 20 minutes, a continuous stream of water was sprayed into the spinal area through the perforated tube. reduces SBP, DBP, PP, and MAP in male hypertension patients, significant reductions in LF, LF/HF ratio, and significant improvement in HF.(42) Aortic and carotid sinus baroreceptors may be activated by Cold spinal spray potential to cause instantaneous vasoconstriction, which raises vascular pressure. By activating the vagus nucleus, this lowers sympathetic activity, resulting in vasodilation and a decrease in blood pressure.(43) as the main effect on spinal cord like spinal bath TRPM8 channel mechanism.
5.4 Immersion bath 
Immersion bath is the one of the hydrotherapy measure to lower blood , 20 min vs 40 min of water immersion at  temperature 36.5°C vs 40°C respectively In patients with hypertension, hot-water immersion resulted in a significant  drop in systolic blood pressure.Following the three immersion treatments, the ambulatory systolic blood pressure decreased by 6–7 mm Hg in comparison to the control; the amplitude of this response remained constant throughout the day and night, Similar to the hot-water immersion, the thermoneutral immersion lowered blood pressure throughout a 24-hour period.(44) This hypotensive impact may have numerous and multiple contributing pathways. The core blood volume increases by about 700 mL as soon as the person is submerged in chest-deep water, and the stroke volume increases in tandem with the water's temperature.(45) It is unknown how this reaction varies in hypertensive individuals or older adults, as well as how long these decreases in total peripheral resistance last. Peripheral blood flow and antegrade vascular shear stress increase due to the increased cardiac output and concurrent decrease in sympathetically mediated constrictor tonic activity. This causes endothelium-mediated nitric oxide release, which causes arterial vasodilation akin to that of high-intensity exercise.(46)Other hydrostatic reactions that probably contribute to hypotensive effects include diuresis and natriuresis. Curiously, the atrial natriuretic peptide response may be higher during thermoneutral immersion than during hot-water immersion due to the increased venous return during immersion and prolonged stretch on the right atrium.(47) In addition to increasing prostaglandin E and suppressing fluid regulating hormones like vasopressin and aldosterone, atrial natriuretic peptide also causes an increase in salt and water excretion, which lowers fluid volume during immersion. Additionally, atrial natriuretic peptide exhibits moderate vasodilatory effects. It's possible that a supercompensation in plasma volume, like that seen in the post-exercise hypotensive response, follows these diuretic and natriuretic effects. Water immersion's hypotensive effects are probably caused by a multifactorial cascade that includes the subsequent decrease in resting heart rate, rise in parasympathetic activity, and arterial baroreceptor resetting.(48)



5.5 Chest  pack :
The improvement of multiple cardiorespiratory variables was seen with 20 minutes of Hot chest pack When compared to the control session, the results show that 20 minutes of the hydrotherapy procedure (HCP) significantly improved peak expiratory flow rate (PEFR) and significantly decreased cardiovascular variables (such as blood pressure and heart rate). This implies that in addition to improving cardiovascular efficiency, the intervention also improved respiratory function.The improved peripheral blood circulation brought on by hydrotherapy may provide a physiological explanation for the improvement in respiratory indices. Applications of warm or alternating water encourage vasodilation, which reroutes blood toward the body's surface. By reducing excessive blood pooling in the lungs and enhancing pulmonary circulation generally, this procedure helps lessen pulmonary congestion. The results of this study showed the application of a CCP for 20 minutes affects central hemodynamics and heart rate variability; these results may be considered when using CCP therapeutically.(49) A Study shows that cold water immersion induces fast post exercise parasympathetic reactivation. Cold water immersion is a better strategy to increaseparasympathetic activity. At rest, the equilibrium between the two branches of the ANS confers a cardioprotective back ground. The sympathetic accelerates HR parasympathetic acts as brake on heart rate.(50)

5.6  Hot Foot immersion
The blood pressure was significantly reduced after 20 minutes of administering warm water at 40°C and 25 cm of water level to the feet.(51) (52) Warm foot immersion enhances vascular microcirculation, causing vasodilation and stimulating nerves in the feet to activate the parasympathetic nervous system, which helps to alter blood pressure, according to Dwi Uswatun Chasanah et al.(53)(54) efficient way to increase peripheral circulation by foot soaking. The thermal effect of a 10-minute, heated bath at 41°C at the xiphoid process level was comparable to that of Waon therapy.(55) (56) Previous studies have shown that submerging feet in warm water lowers blood pressure by stimulating nerve tissue to produce electricity.(57) Strengthening and dilatation of the ligamentous muscles results in vasodilation of the blood vessels, decreased muscle tension, and increased blood vessel flexibility.(58) Ventricular tension and ventricular muscle vasodilation are affected by warm water, which can lower systolic and diastolic blood pressure by influencing the baroreceptors in the arteries that transmit signals to the brain's nerve fibers..(59) The mechanism involved in the reduction of BP from the intervention HFI at 40°C.(60) HFI may work by increasing venous return, which causes shear stress on the vascular endothelium. This shear stress then triggers the production of nitric oxide through L-arginine, which in turn acts on smooth muscle's cyclic guanosine monophosphate (cGMP) to dilate blood vessels, lowering blood pressure and peripheral vascular resistance.(61,62)The potential effects of lower body heat therapy on endothelial function are far less well understood. In the past, our team showed that whereas young adults showed no change in superficial femoral artery endothelium-dependent vasodilation, older adults showed improvement after acute lower leg heat exposure. Cheng et al. subsequently expanded on these findings by showing that brachial artery endothelium-dependent vasodilation in young people was not improved by lower leg heat therapy. However, limb differences rather than age-related factors may account for these outcomes. However, these investigations along with the findings presented here imply that age and/or the existence of overt endothelial dysfunction may influence the capacity to enhance endothelial function with focused heating of the legs or lower body.(63)

5.7 Ice massage
Ice massage is the one of the hydrotherapy measures where Individual were asked to lie prone on the massage table. Then ice massage was given to the head and spine by continuous longitudinal displacements by the means of a rubber bag filled with ice (1-20C) for 20 minutes . The use of ice bags is to avoid overuse injuries among the patients, After 20 minutes of ice massage to the head and spine, previous research has shown a decrease in heart rate and blood pressure. This is explained by an increase in the R-R interval and sympathetic withdrawal through vagal modulation..(64)(65) This action results from activation of the aortic and carotid artery baroreceptors, which in turn stimulates the solitary tract nucleus, activating the vagal nucleus and suppressing the sympathetic nervous system.(66)(67) According to research, the TRPM8 channel, which is sensitive to cold and is situated over the sarcoplasmic reticulum and golgi apparatus (Figure 2), can be stimulated to activate calmodulin-mediated extracellular calcium influx. This prevents vasoconstriction by generating nitric oxide, which causes vasodilation and lowers blood pressure following an ice massage. (68) 
The activation of brown adipose tissue (BAT) in response to thermal stimulation is another potential mechanism (Figure 3).BAT activation increases metabolic activity and encourages the release of prostaglandins and nitric oxide, two chemicals that dilate blood vessels.By assisting in the dilatation of peripheral blood arteries, these vasodilators enhance blood flow to the skin and limbs.The release of norepinephrine from sympathetic nerve terminals is also decreased at this period.The vascular walls' smooth muscles relax as a result of this reduction in sympathetic neurotransmission.Peripheral vascular resistance consequently falls, making it simpler for blood to pass through the veins.Peripheral tissue perfusion is improved when vasodilation and decreased sympathetic tone work together. Systemic blood pressure is significantly lowered as a result of these physiological modifications..(69)(70)


5.8 Strength
The evidence from a variety of hydrotherapy methods, including spinal bath, ice massage, hot foot immersion, and spinal spray, sauna &steam bath,cold immerssion bath is thoroughly compiled in this review, emphasizing their physiological underpinnings and clinical significance in blood pressure regulation. It provides an integrated understanding of autonomic and vascular responses by bridging the gap between contemporary cardiovascular science and traditional naturopathic methods. Clarity and clinical application are improved by the addition of comparative tables and mechanistic explanations.
5.9 Limitations 
Since the study is a narrative review, it does not have the statistical rigor and quantitative synthesis of a systematic review or meta-analysis. There may be limited direct comparability among the included studies due to differences in design, sample size, intervention methods, and assessment factors. Furthermore, a large number of the analyzed trials have small populations and short-term results, which makes it challenging to extrapolate results or evaluate long-term safety and effectiveness. In hydrotherapy research, publication bias and a lack of high-quality randomized controlled trials continue to be problems.
5.10 Future direction 
Future research should include large-scale randomized controlled trials to confirm the antihypertensive effects of different hydrotherapy techniques. Standardization of temperature, duration, and frequency is needed to ensure reproducibility. Long-term studies should assess safety, sustainability, and integration with conventional hypertension management.
6. Conclusion
Hydrotherapy seems to be a promising adjunctive strategy in the treatment of hypertension, Clinical research indicates that warm-water immersion ,cold water therapies, ice massage ,steam and sauna baths can improve vascular function,  autonomic balance, and lower blood pressure. This is most likely due to changes in endothelium and thermoregulatory pathways . The development of standardized and easily available guidelines could improve adherence to non-pharmacological management by incorporating hydrotherapy into regular care. Further large-scale, well-designed randomized controlled trials are needed to establish standardized protocols, long-term efficacy, and optimal frequency and duration of hydrotherapy interventions in hypertensive populations.
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[image: ]Figure 3: Ice Massage Mechanism Through adipose tissue
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