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Abstract. Cardiovascular diseases are the leading cause of death globally accounting for 32 % of 
all global deaths. Addressing modifiable risk factors, including hypertension and stress, remains 
paramount in the prevention of CVD. This study aimed to assess the impact of the balneotherapy 
on blood pressure, heart rate, electrocardiogram parameters, utilization of antihypertensive 
medications, and stress levels. Methodology. Multicenter randomized controlled single-blind 
parallel group trial was made in 6 Lithuania resort centers. 373 participants with the stress level 
> 3 (10, VAS) randomly divided into 6 groups in two clusters for receiving a 6- or 11-day complex 
treatment using natural resources – mineral waters, peloids, salt, nature therapy; follow-up period 
was 6 months. The BP, HR, ECG, stress level and other parameters were analyzed in 131 
participants who passed a full course of investigation. Results. The significant reduction of systolic 
blood pressure after treatment (7.8 mmHg) and during 6 months (7.3 mmHg) together with 
diastolic 5.5 after 6 month and heart rate (4 b/min) was achieved in 11-day ambulatory 
balneotherapy group. Increase in the activity of the parasympathetic nervous system was observed, 
which is reflected by an increase in the duration of the ECG indicators. The stress level decreased 
by up to 43%, and stress management improved by up to 41% following inpatient treatment. 
Conclusion. Therapy using natural resources could stand for additional cardiovascular disease 
prevention and management method in integrative therapy. 
Keywords: balneotherapy, blood pressure, cardiovascular disease, natural resources, stress. 

1. Introduction 

Cardiovascular diseases (CVD) are the leading cause of death worldwide accounting for 32 % 
of all global deaths (2020) with big increase of 18.7 % from 2010, and a major contributor to 
disability [1]. According to data from the Lithuanian Hygiene Institute, in 2022, diseases of the 
circulatory system accounted for the majority, constituting 52.5 % (22,503 annual) of all deaths 
in the statistics [2]. CVD can be caused by a combination of socioeconomic, metabolic, 
behavioral, and environmental risk factors, including high blood pressure, unhealthy diet, high 
cholesterol, diabetes, air pollution, obesity, tobacco use, kidney disease, physical inactivity, 
harmful use of alcohol and stress [3]. 

One of greatest modifiable risk factors of CVD including heart failure, stroke, valvular heart 
diseases, cardiac arrhythmias, and heart attack is hypertension producing also substantial adverse 
economic and social impacts. The prevalence of hypertension in different European countries 
accounts for 30-45 % of the general population [4], less than half of adults (42 %) with 
hypertension are diagnosed and treated [5], and only about 1 in 4 (24 %) have their condition 
under control [1]. Numerous clinical trials have shown that lowering blood pressure (BP) reduces 
CVD risk by 20 %-25 % for myocardial infarction, 35 %-40 % for stroke and by 50 % for heart 
failure [6]. Evidence suggests that heart rate (HR) is an independent risk factor for CVD and total 
mortality in patients with hypertension [7]. Electrocardiography (ECG) can also be used to detect 
patterns of ventricular overload to indicate more severe risk, ischemia, conduction defects, and 
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arrhythmias [8]. While it is acknowledged that individuals experiencing high levels of distress 
face an elevated risk of conditions such as peripheral vascular disease, heart failure, coronary 
death, or incident non-fatal myocardial infarction, the significance of psychological stress as a risk 
factor for cardiovascular disease is frequently underestimated [9], [10]. 

Despite advances in medical treatment and interventions, addressing modifiable risk factors 
remains crucial in preventing CVD. To improve cardiovascular health globally, tailored 
innovative research approaches are necessary, focusing on inclusivity and holistic strategies. Both 
pharmacological and non-pharmacological methods, including lifestyle changes such as dietary 
interventions, weight management, tobacco cessation, physical activity, and stress management, 
have proven effective in reducing blood pressure and cardiovascular risk [11], [12]. Moreover, 
recognizing the protective role of positive psychological well-being against adverse health 
outcomes, including CVD, is essential [13]. In recent years, there has been a growing interest in 
exploring the potential of natural resources [14]. Balneotherapy (BT), a centuries-old practice 
utilizing mineral/geothermal water, peloids, and gases to improve health and alleviate symptoms, 
has garnered attention for its potential cardiovascular benefits via reducing cardiac workload and 
vasodilation effects [15]. Studies suggest that BT may lower BP, improve endothelial function 
and heart rhythm, and alleviate symptoms of cardiovascular conditions [16-21]. Its mechanism of 
action involves a complex synergistic combination of neuroendocrine and immunological effects, 
influenced by mechanical, thermal, chemical, and immunological factors [22], [23]. Spa resort 
treatments induce changes in the autonomic nervous system, reducing sympathetic activity and 
enhancing parasympathetic function [24]. However, further research is warranted to elucidate 
BT’s mechanisms of action, effects on different body systems, and optimize treatment protocols, 
as balneotherapy may represent a promising strategy for cardiovascular risk reduction and health 
promotion. Investigation of the impact of BT on key risk factors of CVD may uncover novel 
insights into its mechanisms of action and its potential as an adjunctive or alternative 
non-pharmacological and holistic therapy for individuals at risk of cardiovascular disease.  

The aim of the study was to evaluate the effect of BT complex on BP, HR, ECG parameters, 
antihypertensive usage, and stress. 

2. Materials and methods 

2.1. Study design 

Multicenter randomized controlled single-blinded (for researchers) parallel groups 
interventional study was made in Lithuania during period of January-September, 2023 in 6 
medical spa centres Gradiali (Palanga), Atostogų parkas (Kretingos reg), Eglė (Druskininkai), 
Draugystė (Druskininkai), Tulpė (Birštonas), Versmė (Birštonas). 

2.2. Participants 

The inclusion criteria into study were age of 18-65 years, the intensity of stress 3 and more 
(10, VAS). The exclusion criteria: uncontrolled/decompensated systemic diseases (hematological, 
endocrine, rheumatological, renal, cardiovascular, digestive, pulmonary), active infection, 
malignant tumors, surgery or major trauma in the past year, applied balneotherapy treatment 
during a 3-month period, pregnancy/lactation, bleeding, severe mental and physical health 
problems. 373 persons meet eligibility criteria, were allocated to Klaipėda and Druskininkai 
clusters, coded by statistician and randomly assigned to the respective group (1-6) by a computer 
program after the initial examination (T0) at the study centers. Grouping was done by a statistician. 
The researchers conducting the clinical trial did not knew which group the subject belongs to. All 
the participants signed the informed consent with the information about the study aim, terms, and 
description of this study before it started. 346 participants received intervention. Four groups/arms 
(1-4) of participants received a 6 or 11-day BT complex treatment using natural resources – 
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mineral waters, peloids, salt, nature therapy procedure, 5th group received nature therapy 
procedure alone, 6th was control group without treatment. 131 participants with complete data 
during six months period were selected for analysis of the effect on cardiovascular risk parameters. 

2.3. Study outcomes and research tools 

The primary study outcomes were effect on systolic (SBP) and diastolic (DBP) BP; 
secondary-effect on HR, ECG parameters RR, QRS, JT, stress intensity level was measured at 
baseline (T0), post-treatment (T1), 3-month follow-up (T2), 6-month follow-up period (T3). 
Systolic, diastolic BP, and HR were measured with automatic blood pressure monitor ADC 
Advantage 6021N; ECG – with LUMED® ECG Manager, digital 6 channels; stress intensity and 
management- visual-analogue scale (1-10) where for stress intensity 1 score was rated as no stress, 
2-3 – low, 4-6 –medium, 7-9 – high, 10 – unbearable stress; for the stress management value 1 
score was rated as does not manage stress at all, 2-3 manage it poorly, 4-6 – moderately, 7-9 – 
well, 10 – extremely well. ECG: we examined 3 indicators of ECG signals (Fig. 1) [25]: 

– RR interval, measured in ms, is the interval between two adjacent R – the time interval 
between two heart contractions. The RR interval is determined by the intrinsic properties of the 
sinus node as well as autonomic influences, affected not just by physical exertion [26], [27], but 
also by emotional stress [28], [29]. While we could gather additional insights by examining 
changes in heart rate variability (HRV) [28], [30], unfortunately, we were unable to assess this 
aspect in the current study. 

– JT interval duration, measured in ms. In an electrocardiogram, this is the interval from 
junction point J to the end of the T wave. The duration of the JT interval describes the duration of 
ventricular repolarization. Changes in the JT interval are influenced by the regulatory nervous 
system. Metabolic changes in the body are known to be associated with changes in repolarization. 

– QRS, measured in ms, is the duration of the QRS complex or excitation spread in the heart, 
which describes the internal regulatory system of the heart [31]. 

 
Fig. 1. Cardiac intervals 

2.4. Procedures 

6ABT group received short- 6 days- outpatient BT complex course: Tap water pool with light 
exercises – 20 min, 34-36° mineral/geothermal water bath – 20 min, sapropel wrapping – 20 min, 
salt therapy – 25 min. 11ABT group received 11 days outpatient same BT complex. 11ABTNT 
group received 11 days outpatient BT complex plus natural therapy procedure developed by the 
researchers: a 45-minute walk in nature (forest, seaside), a complex of simple strength and 
breathing low-intensity exercises, sensory impulses (landscape, forest smells – aromatherapy, 
natural sounds of nature, collecting nature’s goodies, mindfulness therapy, heliotherapy. 11BTS 
group received 11 days inpatient treatment with the same BT complex. 11NT group received 11 
days nature therapy procedure same as 11ABTNT group. 11C group was control group with no 
treatment. 

The mineral water used in spa centers was 16.750-82.445 g/l total mineralization (dominant 
macroions were Cl, Na, Ca, Mg, SO4); peloids used were pH 6.6-7.0, humidity 70.5-96, total 
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mineralization 38.5-20000 mg/l, dry residue 238-24.140 mg/l, botanical composition: reeds 
60-80 %, sedges 10-30 %, organic material 14.32-91.96 %, degree of fragmentation 73-81.36 %, 
humic acid content 1.22-28.25, fulvic acid content 0.98-17.90 %. 

2.5. Statistical analysis 

Descriptive statistics were used to summarize the results of the questionnaire and determine 
the reduction of cardiovascular risk factors cardiovascular risk. Descriptive data are presented as 
means and SD (standard deviations) graphically by means and 95 % CI. Independent two-tailed 
t-tests were conducted for continuous variables, while a Chi-square test was utilized to compare 
variable frequencies across each rehabilitation group. Additionally, a 𝑧-test for categorical 
variables was employed to examine differences between categories. Analysis of variance 
(ANOVA) with Tukey HSD post-hoc multiple comparison tests were used to assess the 
differences between mean values of variables across the rehabilitation groups. Comparison of 
variable means at the beginning (T0), end (T1), three month (T2) and half a year (T3) of 
rehabilitation was performed using GLM Repeated Measures. GLM Repeated Measures analyzes 
groups of related dependent variables that represent different measurements of the same attribute. 
The Bonferroni test was used for statistically significant comparisons of mean differences. When 
the conditions of normality of the variables were not met, the differences between the values of 
the variables in the rehabilitation groups were evaluated by applying the Friedman non-parametric 
test. Interdependencies of quantitative variables were assessed using the Pearson correlation 
coefficient, and categorical variables – using the Spearman correlation coefficient. A 𝑝 value 
< 0.05 denoted statistical significance. 

Analyses were performed with the SPSS (Statistical Package for the Social Sciences for 
Windows). Version 28.0 SPSS Inc., Chicago, IL. 

3. Results 

The subjects’ sociodemographic and lifestyle-related issues are shown in Table 1. The average 
age of participants was 47.18 years, most were women, married, with high education, white-collar 
workers with average salary of 1000-1500-euro, work experience of > 20 years, almost half had 
working time up to 8, resting time – 7-8 hours, most were ill with Covid-19 and just 5-19 % apply 
healthy diet. There was no difference between the groups for these characteristics. 

The significant reduction of systolic BP (–7.8 mm Hg, 5.7 %, 𝑝 < 0.05) after treatments and 
during 6-month follow up (up to 7.3 mm Hg, 𝑝 < 0.005) was achieved in 11 days ABT complex 
group and reached normal BP level [32] (Fig. 2). In all 11-day treatment groups (11 ABT, 11 
ABTNT, 11 BTS, and 11 NT), a significant long-term reduction in systolic blood pressure up to 
6 months was observed. There was no statistically significant difference between the study groups. 

Although almost all therapeutic groups showed a positive change in diastolic blood pressure, 
a significant reduction was observed only after the 6-month period (up to 5.46 mm Hg, 6.4 %, 𝑝 < 0.05) in the 11-days BTS group, aiming to reach a normal level [32] (Fig. 3). Differences 
between groups were statistically significant after 3 months, with diastolic blood pressure (DBP) 
values differing significantly between 11BTS and 11NT groups (DBP in the 11NT group was 
7.25 mm Hg lower than in the 11BTS group, 𝑝 < 0.05). After 6 months, the DBP value in the 
11ABTNT group was 6.73 mm Hg lower than the control group (11C) (𝑝 < 0.05). 

The significant reduction in heart rate was observed in the 6-day group (4 beats/min, CI 0.172 
– 8.228, 𝑝 = 0.037) and the 11-day ABT group (4 beats/min after treatment, CI 0.055-8.714, 𝑝 = 0.046) (Fig. 4). 

In the study, we analyzed the changes in the short-term ECG indicators RR, JT, and QRS 
immediately after the treatment course, at 3 months, and at 6 months post-treatment. Although 
there is no statistically significant difference in the RR indicator, an elongation in RR duration is 
observed after the treatment, most notably in the 11-day inpatient treatment group (Fig. 5). 
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Table 1. The subjects’ characteristics in study groups 

 6ABT 
N = 18 

11ABT 
N = 18 

11ABTNT 
N = 15 

11BTS 
N = 30 

11NT 
N = 29 

11C 
N= 21 

Pearson 
Chi-Square 
(2-sided) 

Age, years ± SD 44.72± 
9.56 

44.39± 
13.9 

47.33± 
7.05 

50.53 
±10.83 

46.34 
±11.99 

47.95± 
11.86 0.431 

BMI ± SD 26.43± 
6.38 

26.12± 
4.32 

26.32± 
4.11 

27.44± 
4.70 

25.30± 
5.13 

27.18± 
5.75 0.769 

Gender, female 
(Male) 11 (7) 13 (5) 13 (2) 23 (7) 25 (4) 16 (5) 0.41 

Marital status, 
married, N (%) 14 (77.8) 11 (61.1) 10 (66.7) 15 (50.0) 18 (62.1) 16 (76.2) 0.333 

Education, University 
level, N (%) 12 (66.7) 10 (55.6) 8 (53.3) 19 (63.3) 21 (72.4) 13 (61.9) 0.746 

Profession, White-
collar, N (%) 10 (55.6) 7 (38.9) 7 (46.7) 19 (63.3) 18 (62.1) 9 (42.86) 0.216 

Nature of work, 
Sedentary, N (%) 8 (44.4) 9 (50.0) 5 (33.3) 15 (50.0) 15 (51.7) 9 (42.86) 0.970 

Salary, 1000-1500 
Euro, N (%) 9 (50.0) 9 (50.0) 6 (40.0) 11 (36.7) 10 (34.5) 10 (47.62) 0.574 

Work experience,  
> 20 years, N (%) 13 (72.2) 9 (50.0) 11 (73.3) 24 (80.0) 19 (65.5) 15 (71.43) 0.173 

Working time, 
≤ 8 hours, N (%) 9 (50.0) 13 (72.2) 5 (33.3) 15 (50) 17 (58.6) 9 (29.0) 0.536 

Rest time, 
7-8 hours, N (%) 5 (27.8) 9 (50.0) 6 (40.0) 10 (33.3) 16 (55.2) 8 (25.8) 0.550 

Covid-19 infection,  
N (%) 15 (83.3) 13 (72.2) 14 (93.3) 16 (53.3) 22 (75.9) 19 (61.3) 0.295 

Alcohol consumption, 
2-3 times/week, N (%) 5 (27,8) 6 (33.3) 4 (26.7) 7 (23.3) 10 (34.5) 7 (22.6) 0.365 

Non-smoking 
N (%) 14 (77.8) 16 (88.9) 13 (86.7) 24 (80.0) 25 (86.2) 16 (51.6) 0.675 

Physical activity, 2-3 
times/week, N (%) 6 (33.3) 6 (33.3) 3 (20.0) 7 (23.3) 16 (55.2) 7 (22.6) 0.654 

Ordinary diet, 
N (%) 13 (72.2) 13 (72.2) 9 (60) 21 (70.0) 21 (72.4) 12 (38.7) 0.276 

 
Fig. 2. The change of systolic BP in study groups during 6-month observation period (*𝑝 < 0.05) 
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Fig. 3. The change of diastolic BP in study groups during 6-month observation period (*𝑝 < 0.05) 

 
Fig. 4. The change of HR in study groups during 6-month observation period (*𝑝 < 0.05) 

 
Fig. 5. The change of ECG RR interval in study groups during 6-month observation period 

The JT interval reflects metabolic processes in the body. A statistically significant change in 
the JT interval was observed in the 11-day inpatient balneotherapy group. The JT interval extended 
by 19.71 ms (CI –35.346-(–4.082), 𝑝 = 0.011). After 3 months, there was no significant difference 
in the measured duration of the JT interval compared to before the treatment course (Fig. 6). 
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Fig. 6. The change of ECG JT interval in study groups during 6-month observation period (*𝑝 < 0.05) 

During the study, no statistically significant changes were observed in the QRS interval, 
although a somewhat more pronounced alteration in QRS duration was noted in the 11ABT and 
11NT groups: the QRS complex duration increased by 1.647 ms in the 11ABT group and by 
2.69 ms in the 11NT group (Fig. 7). 

 
Fig. 7. The change of ECG QRS interval in study groups during 6-month observation period 

The stress intensity was significantly reduced after treatment and during the follow-up period 
in all four BT complex groups. The greatest mean difference (42.9 %) after treatment reached 
2.434 (VAS, CI 1.43-3.44, 𝑝 < 0.001) in the 11-day inpatient group, and statistically significant 
differences persisted at 3 months after the balneotherapy course. In the NT group, the effect was 
short-term, returning to the initial level after 3 months (Fig. 8). 

Stress management improved in the 6 ABT, 11 ABT, and 11 BTS complex groups. In the 6 
ABT group, a significant short-term improvement in stress management was observed, but there 
was no significant difference after 3 months. In the 11 ABT group, improvement was observed 
immediately after treatment, but a significant enhancement was noted 3 months after the 
completed 11-day BT treatment in outpatient settings. The most significant long-term 
improvement was observed in the 11 BTS group. After treatment, a 40.66 % improvement  
(CI –2.876-(–0.013), 𝑝 < 0.001) was observed, persisting up to 6 months after treatment (Fig. 9). 
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Fig. 8. The stress intensity in study groups (*𝑝 <0.05) 

 
Fig. 9. The stress management in study groups (*𝑝 <0.05) 

4. Discussion 

Natural resources are recognized among the key determinants for the improvement of wellness 
[33]. We discovered that treatment utilizing natural resources of Lithuania – such as 
mineral/geothermal water, peloids/therapeutic mud, and nature – results in a significant reduction 
of systolic and diastolic BP, HR, as well as a significant reduction in stress intensity, and an 
increase in stress management and parasympathetic activity. These positive changes of the 
important cardiovascular risk factors – BP, HR, stress, could be considered cautiously as a 
cardiovascular risk reduction also. The result of our BT complex treatment was reduction of 
systolic BP up to 7.8 mmHg. Meta-analysis showed that a 10 mm Hg reduction of systolic BP 
reduced the risk of major CVD events by 20 %, coronary heart disease by 17 %, stroke by 27 %, 
heart failure by 28 %, and death from all causes by 13 % [34]. According to [33], 20 minutes per 
day, 5 days per week, for a total 15 days BT cause the mean changes in pulse and systolic and 
diastolic BP of the group without hypertension 0.10±4.14 beats/min, 1.25±10.77 mm Hg, and 
0.91±7.93 mm Hg, respectively. The study of Paran et al. [35] showed a significant reduction in 
systolic and diastolic BP. In another study where systolic and diastolic BR and HR were measured 
during treatment session it was concluded that BT may be effective for improving peripheral 
cardiopulmonary responses in patients with musculoskeletal disorders [21]. In another trial 
systolic BP measured before and after BT from day 1 to day 15 did not present a meaningful trend 
as well as diastolic BP in non-hypertensive and controlled groups, but HR was found as 
significantly different [36]. In similar study, bathing for 2×20 minutes in winter resulted in a 
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decrease in BP (systolic by 10.0%; diastolic by 22.1%, 𝑝 < 0.001), with both systolic and diastolic 
BP reduced by around 10 mmHg. The authors concluded that hot spring bathing could potentially 
improve cardiovascular function by reducing cardiac workload and inducing vasodilation effects 
[15]. The differences in results could be attributed to variations in the study population, 
comorbidities, duration of treatment, different treatment protocols and resources, as well as the 
timing of parameter measurements. The effect of BT on the cardiovascular system depends 
fundamentally on its hydrostatic pressure and heat effect. BT increases the hydrostatical pressure 
by means of significantly raising venous circulation [36]. We observed the reduction of HR up to 
4 beat/min after BT. According to Ref. [7] each 10 beats per minute increase in the resting HR 
can substantially increase the risk of adverse CV and mortality outcomes; and reducing resting 
HR by at-least 10 bpm from baseline may provide benefits which need to be confirmed in 
prospective studies. The reaction of the human body to environmental influences is a complex 
reaction involving the functions of many systems. Changes in BP and HR are a characteristic 
response of the body to other factors affecting it. Nearly half of adults have hypertension (48.1 %, 
119.9 million), or are taking medication for hypertension [37] so finding additional solution for 
BP management is worth it. According expert Opinion, HR has inverse relation with the central 
aortic pressure which affects CV outcomes in patients with hypertension [7]. Future studies are 
warranted to test implementation strategies for hypertension prevention and control [38]. All the 
parameters of ECG were within the normal range during study [39]. We investigated the changes 
of RR, JT and QRS intervals. A single ECG feature, such as the RR interval, which is a systemic 
parameter, indicates the functional status of the entire organism’s regulatory system and is used 
as a measure of neurocardiac function that reflects heart-brain interactions and ANS dynamics 
[40]. Predominant parasympathetic reflexes are indicated by a greater prolongation of the RR 
interval [41] as we also reveled in our study. JT is related to cardiac metabolic processes; QRS 
complex duration characterizes regulatory system processes related to cardiac intrinsic regulatory 
processes, conduction [31]. During spa resort treatment, the activity of the vegetative nervous 
system changes. In some cases, the general tension of the vegetative nervous system or only 
sympathetic activity decreases, in other cases, parasympathetic impulses are activated or their 
balance is restored [30]. As a result of the spa treatment, the opposite changes are visible: all 
duration ECG indicators (RR, JT and QRS) increased after the spa treatment, and the JT interval 
changes more intensively than the RR interval. This is especially evident in the inpatient treatment 
group, where the subjects had a full opportunity to relax. A significant increase in the duration of 
the JT interval (within the normal range) confirms the fact that treatment with spa factors in 
inpatient conditions is more effective (in terms of activation of the parasympathetic nervous 
system) compared to spa treatment when it is applied on an outpatient basis. 

ECG metrics could be independent risk markers for cardiovascular death (hazard ratio, 95 % 
confidence interval): PR interval ≥ 200 ms (1.62, 1.19-2.19); QRS interval 100-119 ms  
(1.64, 1.20-2.25) and ≥ 120 ms (1.75, 1.17-2.62); corrected QT (QTc) interval ≥ 450 ms in men 
or ≥ 460 ms in women (1.72, 1.19-2.49); and heart rate 60-90 beats per minute (1.21, 0.89-1.63) 
and ≥ 90 beats per minute (2.35, 1.03-5.33) [42]. Identification of self-regulating system control 
mechanisms, complex dynamics in the human cardiovascular system, relationships between 
cardiac intervals in ECG could save lives [25], [27]. The effect on stress intensity and management 
was similar as in our previous works where 10-days geothermal water bath reduced stress intensity 
by 2.25 and increased management by 1.98 [43]. 

We found significant (2- tailed) correlation (Pearson) of systolic BP with diastolic BP (0.753, 𝑝 < 0.001), HR (0.232, 𝑝 = 0.008), and gender (0.20, 𝑝 = 0.022); diastolic BP- with systolic BP, 
HR (0.212, 𝑝 = 0.016), and gender (0.175, 𝑝 = 0.016); HR correlate with systolic and diastolic 
BP, work experience (–0.226, 𝑝 = 0.011). Stress intensity correlate with stress management  
(–0.298, 𝑝 < 0.001). It shows that by controlling one symptom, we are simultaneously improving 
another condition. No correlation with physical activity, smoking, alcohol consumption, work 
factors was not found. In appreciation of the fact that our BT complex used positively influenced 
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the few health risk factors, it is beneficial for the individual, society and the economy to have an 
effective and safe multifunctional tool. 

5. Strength and limitations of study 

Our study contributes significantly to the limited body of research on balneotherapy for 
cardiovascular and mental health. We observed notable improvements in cardiovascular and 
psychological health parameters following treatment with natural resources found in Lithuania, 
including mineral/geothermal water, peloids, and exposure to nature. These positive changes 
suggest a potential reduction in cardiovascular risk. We conducted a parallel group study with 
different balneotherapy modalities and performed ECG parameters analysis, enhancing the depth 
of our findings. Moreover, such a study could contribute to the growing body of evidence 
supporting the integration of complementary and alternative medicine approaches into mainstream 
cardiovascular care.  

Despite these strengths, our study faced certain limitations. A significant number of 
respondents were lost to follow-up, which may have introduced bias and affected the 
generalizability of our findings. Additionally, we were unable to draw clear conclusions about the 
optimal natural resource or treatment mode, as well as the specific mechanisms of action 
responsible for the observed effects. Looking forward, while balneotherapy shows promise for 
preventive medicine and health promotion, further research is warranted. Future studies should 
include a larger number of participants, ensure better compliance, and consider different groups 
with normal or elevated blood pressure, while also addressing other cardiovascular risk factors. 
Additionally, incorporating mathematical models to quantify the impact of balneotherapy on 
overall cardiovascular risk would strengthen future conclusions. High-quality, longer-term 
follow-up studies are needed to assess morbidity and mortality outcomes and evaluate the impact 
of interventions using natural factors on cardiovascular disease risk. 

6. Conclusions 

Our study underscores the potential of natural resources, particularly balneotherapy, as a 
promising adjunct to conventional approaches for cardiovascular risk reduction. We demonstrated 
that a 2-week balneotherapy intervention utilizing natural resources such as mineral water, peloid, 
salt procedures, and nature therapy effectively lowered blood pressure, heart rate, and stress levels 
while activating the parasympathetic nervous system. By offering a potentially effective and 
well-tolerated intervention, BT could broaden the options available for cardiovascular risk 
reduction and enhance the personalized management of patients with or at risk of cardiovascular 
conditions. Integrating such interventions into clinical practice has the potential to yield significant 
benefits in alleviating the burden of cardiovascular diseases. 
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