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Abstract
Background  Balneotherapy (BT), involving the use of natural resources such as mineral water, peloids, and climate 
exposure, is increasingly recognized as a complementary intervention for stress-related mental health conditions. This 
study aimed to evaluate the short- and long-term effects of a standardized BT complex on stress, anxiety, depression, 
and related outcomes.

Methods  A multicenter, randomized, controlled, single-blinded (researchers) parallel-group trial was conducted 
in six Lithuanian medical spa centers. Adults aged 18–65 years with moderate to high stress levels (N = 243) were 
randomized into three intervention groups—ambulatory BT (11ABT), ambulatory BT plus nature therapy (11ABTNT), 
inpatient BT (11BTS)—and one control group (11 C). The treatment period was 11 days, with assessments at baseline, 
post-intervention, 3 months, and 6 months. Primary outcomes included perceived stress (PSS-10), salivary cortisol, 
anxiety (STAI-5), and depression (CESD-R). Secondary outcomes were fatigue (FAS), sleep quality (SQS), functional 
adaptation (WSAS), integrative well-being, cognitive performance, and treatment safety.

Results  All intervention groups showed statistically significant improvements across primary and secondary 
outcomes compared to baseline (p < 0.001), with medium to very large effect sizes. The greatest short-term effects 
were observed in the inpatient group (11BTS), including reductions of 46% in stress intensity, 54% in depression, 
and 49% in sleep impairment. Improvements in fatigue, anxiety, and stress management were also notable. These 
effects persisted at 6 months, with sustained reductions of up to 31% in stress, 27% in anxiety, and 50% in stress 
management. Sleep quality improved by up to 67%, and integrative outcomes by 40%. No serious adverse events 
were reported, and treatment was well-tolerated across all sites.

Conclusions  Balneotherapy using natural resources is a safe, effective, and sustainable complementary approach 
for improving mental health. The observed reductions in stress, anxiety, depression, and fatigue—alongside 
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Introduction
Difficult life situations cause a state of worry or mental 
tension. The World Health Organization (WHO) identi-
fies this mental state as stress. Stress is a natural human 
response that encourages us to deal with challenges and 
threats in our lives [1] but has a negative side, i.e., it influ-
ences our health and overall well-being [2], reduces pro-
ductivity, and creates obstacles to achieving goals [3], 
being linked with seven of the ten leading causes of mor-
tality worldwide [4].

It is estimated that 36.5% of the world’s population suf-
fers from stress; half experience psychological distress, 
nearly a third suffer from depression, anxiety, sleep dis-
orders, and low well-being, and 1.2% have attempted sui-
cide [5]. Even before the COVID-19 era, the societal cost 
of mental health disorders exceeded 4% of GDP (over 
EUR 600 billion) across the 28 European Union countries 
[6]. In 2021, 4 in 10 adults worldwide said they experi-
enced a lot of worry (42%) or stress (41%) [7]. Thus, stress 
and its associated mental health consequences represent 
a global public health concern, further exacerbated by 
the COVID-19 pandemic, which contributed to a 25% 
increase in anxiety and depression [8].

The brain is the central organ for stress - it determines 
how we interpret a situation and controls our behavioral 
and physiological response. Chronic stress disrupts neu-
roendocrine regulation, particularly through the hypo-
thalamic-pituitary-adrenal (HPA) axis, which governs the 
release of cortisol, a key biomarker of the stress response 
[9]. Prolonged cortisol dysregulation is associated with 
impaired cognitive function, anxiety, depression, sleep 
disturbances, and metabolic disorders [10, 11]. Corti-
sol - sometimes referred to as a “window on the brain” - 
both reflects and influences brain structure and function, 
particularly in the prefrontal cortex, amygdala, and hip-
pocampus, which are involved in mood, attention, and 
behavioral control [12, 13].

Although it remains unclear which biomarkers best 
reflect mental stress states, cortisol and adrenaline are 
widely studied [10, 11]. Salivary cortisol, in particular, is 
a validated, non-invasive biomarker of endocrinological 
stress response and can be used to detect early signs of 
psychological distress or to monitor the effectiveness of 
stress-reduction interventions [13].

Given the rising burden of stress-related mental disor-
ders, there is growing demand for accessible and effective 
complementary interventions. Although pharmacologi-
cal and psychotherapeutic approaches are standard, there 
are often unmet needs in care delivery [14]. Non-phar-
macological methods such as art/music therapy, mind-
fulness, yoga, nature-based interventions, and physical 
activity have been shown to reduce stress and enhance 
psychological well-being [15].

Balneotherapy (BT) - the therapeutic use of mineral 
water, peloids (medicinal mud), and climate - is an estab-
lished complementary therapy, especially in the man-
agement of low-grade inflammation and stress-related 
conditions such as rheumatic and metabolic disorders 
[16].

In addition to physical health benefits, increasing 
evidence suggests that balneotherapy has a positive 
impact on mental health outcomes, including anxiety 
and depression. It was found that BT was as effective as 
paroxetine in reducing symptoms of generalized anxi-
ety disorder [17]. In another study, anxiolytic effects 
and modulation of oxidative stress in rodents following 
BT with low-dose radon exposure were reported [18]. 
A recent meta-analysis confirmed BT’s effectiveness in 
alleviating depression symptoms in fibromyalgia patients 
[19], while improvements in mood and sleep quality in 
healthy elderly individuals undergoing a short BT pro-
gram were also demonstrated [20].

Its therapeutic effects likely result from a combination 
of mechanical, thermal, chemical, and neuroendocrine 
mechanisms [21]. Warm mineral baths may improve 
circulation and parasympathetic tone, while peloids are 
thought to possess anti-inflammatory and immuno-
modulatory properties. Immersion in warm mineral-rich 
water has also been shown to affect cortisol levels and 
support mental relaxation [21].

Recent research also supports BT’s positive influence 
on stress biomarkers and psychological well-being. A sys-
tematic review highlights the potential of balneotherapy 
to modulate cortisol levels, suggesting a role in regulat-
ing the hypothalamic-pituitary-adrenal (HPA) axis and 
improving stress resilience [22]. Similarly, it was dem-
onstrated that spa therapy significantly alleviated mental 
stress, sleep disturbances, and general health complaints 

enhanced sleep and functioning—suggest that BT may be a valuable addition to integrative care strategies for 
stress-related conditions. Further large-scale trials are warranted to confirm these findings and support wider clinical 
implementation.

Trial registration  ClinicalTrials.gov Identifier NCT06018649 (August 25th, 2023).
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trial, Mental health promotion
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in sub-healthy individuals, further reinforcing BT’s utility 
for psychosomatic health [23].

Although BT is widely practiced, few studies have 
explored its long-term effects on stress and mental health 
using standardized psychological instruments and bio-
logical markers. Moreover, most previous studies are lim-
ited by small sample sizes, short intervention durations, 
and single-center designs. To our knowledge, large-scale 
multicenter trials evaluating both the physiological and 
psychological effects of BT - including salivary cortisol, 
perceived stress, depression, and anxiety - are lacking.

The beneficial effects of balneotherapy may be 
explained by its influence on both psychological and 
physiological mechanisms. Warm water and peloid treat-
ments help activate the parasympathetic nervous system, 
reduce sympathetic activity, and promote relaxation. 
These changes can support stress recovery by modu-
lating the hypothalamic-pituitary-adrenal (HPA) axis 
and reducing levels of cortisol, a key stress hormone. 
Therefore, cortisol measurement alongside psychologi-
cal assessments provides valuable insight into the body’s 
response to balneotherapy.

The aim of this study was to evaluate the short- and 
long-term effects of a standardized balneotherapy com-
plex on stress and related mental health indicators, 
including anxiety, depression, fatigue, sleep quality, and 
social functioning. A multicenter randomized controlled 
single-blinded trial was conducted to test the hypothesis 
that participants receiving BT would show significantly 
greater improvements in psychological and physiological 
stress outcomes - compared to a control group - and that 
these effects would be sustained over a six-month period.

Although previous studies have explored the short-
term effects of balneotherapy on physical and psycholog-
ical well-being, there is a lack of long-term, multicenter 
randomized controlled trials (RCTs) assessing its sus-
tained impact on stress, anxiety, and depression. Fur-
thermore, most existing studies do not evaluate BT as a 
person-focused, integrative intervention that may fos-
ter elements of mindfulness and self-regulation through 
immersion in natural environments and relaxation prac-
tices. This study aims to address these gaps by providing 
robust evidence from a multicenter RCT with six-month 

follow-up, combining subjective and objective stress-
related outcomes.

We hypothesized that participants receiving balneo-
therapy would experience significantly greater reduc-
tions in stress, anxiety, depression, and fatigue, as well as 
improvements in sleep quality and psychological func-
tioning, compared to the control group, with effects sus-
tained over a six-month follow-up.

Materials and methods
Reporting standards
This study was conducted and reported in accordance 
with the Consolidated Standards of Reporting Trials 
(CONSORT) 2010 guidelines. A completed CONSORT 
checklist is included as an additional file.

Study design and setting
This multicenter, randomized, controlled, single-blinded 
(researchers) parallel-group interventional trial was 
conducted from January to September 2023 across six 
medical spa centers in Lithuania: Gradiali (Palanga), 
Atostogų Parkas (Kretinga region), Eglė (Druskininkai), 
Draugystė (Druskininkai), Tulpė (Birštonas), and Versmė 
(Birštonas). The study adhered to the principles of the 
Declaration of Helsinki and was approved by the Kaunas 
Regional Research Ethics Committee (approval code: 
BE-2-87). The trial was registered in the ClinicalTrials.
gov registry (Identifier: NCT06018649).

Participants and sample size
Eligible participants were adults aged 18–65 years with 
self-reported moderate to high stress levels (stress inten-
sity > 3 on a 10-point scale; Table 1) or suboptimal stress 
management scores (< 7 on a 10-point scale; Table  2). 
Participants assessed their perceived stress symptoms - 
including physical, emotional, cognitive, and behavioural 
components - experienced over the past month.

Tables  1 and 2 present visual analog-type inclusion 
scales developed by the research team. Participants were 
asked to rate their perceived stress intensity and overall 
stress management effectiveness over the past month 
using a 0–10 scale, where higher stress or lower coping 
indicated eligibility for inclusion.

Table 1  Stress intensity scale for participant inclusion
0 1 2 3 4 5 6 7 8 9 10
No stress Low stress Moderate stress High stress Unbearable stress
Source: Developed by the research team

Table 2  Stress management scale for participant inclusion
0 1 2 3 4 5 6 7 8 9 10
Does not manage stress at all Poorly Moderately Well Extremely well
Source: Developed by the research team
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Research participants were also asked to reflect on 
their overall stress management effectiveness considering 
all the ways they tried to overcome stress during the past 
month. They were asked to mark the number which cor-
responds to the overall stress management.

Exclusion criteria included uncontrolled or decom-
pensated systemic illnesses (hematologic, endocrine, 
rheumatologic, renal, cardiovascular, gastrointestinal, or 
pulmonary), active infection, malignancy, recent major 
surgery or trauma (within 12 months), prior balneo-
therapy within 3 months, pregnancy or lactation, active 
bleeding, and severe mental or physical conditions. 

Sampling followed a probabilistic cluster (nested) 
design with multi-stage, criterion-based inclusion. Sam-
ple size calculations were based on data from a previous 
trial [24] using G*Power software [25]. With an effect size 
of 0.32, 0.4, and 0.5, the required group sizes were esti-
mated at 79, 52, and 34, respectively. To accommodate 
for data loss, a medium effect size of 0.4 was selected, and 
a target of 55 participants per group was established.

Randomization and blinding
Participants meeting eligibility criteria were random-
ized into study groups following initial screening (T0) in 
either the Klaipeda or Druskininkai cluster. A biostatis-
tician generated the random allocation sequence using 
computer software. Group assignments were concealed 
from the investigators conducting outcome assessments 
to ensure single blinding. All participants provided 
informed consent prior to enrolment.

Study groups included:

 	• 11ABT: 11-day ambulatory balneotherapy complex
 	• 11ABTNT: 11-day ambulatory balneotherapy plus 

nature therapy
 	• 11BTS: 11-day inpatient balneotherapy
 	• 11 C: 2-week control group (no treatment)

Outcomes were assessed at four time points: base-
line (T0), post-intervention (T1), 3-month follow-up 
(T2), and 6-month follow-up (T3). Of 1137 individuals 
screened, 764 were excluded due to not meeting inclu-
sion criteria or declining to participate. A total of 373 
participants were enrolled and randomized. After base-
line assessment, 130 were excluded due to incomplete 
data or withdrawal, leaving 243 participants for post-
treatment analysis, and 180 participants completed the 
6-month follow-up and were included in the longitudinal 
analysis (see Fig. 1).

Outcomes and instruments
Primary Outcomes:

 	• Stress intensity
 	• Stress management
 	• Depression
 	• Anxiety

Secondary Outcomes: 

 	• Fatigue
 	• Sleep quality
 	• Work and social adjustment

Fig. 1  The study flow chart
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 	• Cognitive functioning
 	• Treatment safety

 
Stress intensity was measured using the General Symp-

toms Distress Scale (GSDS), where participants rated 14 
stress-related symptoms on a 10-point scale [26]. Stress 
management was also self-rated on a 10-point scale, with 
higher scores indicating better management.

The stress hormone cortisol was measured via salivary 
samples, collected using standardized Salivette® collec-
tion devices (Sarstedt, Germany). Participants provided 
samples that were immediately refrigerated and sent to 
a certified clinical diagnostics laboratory in Germany 
for analysis using enzyme-linked immunosorbent assay. 
Cortisol values were reported in nmol/L. Salivary cortisol 
is a non-invasive, ecologically valid biomarker of stress-
related HPA axis activity and is commonly used to assess 
treatment efficacy for stress-reduction interventions [13]. 

Perceived stress was evaluated using the 10-item Per-
ceived Stress Scale (PSS-10) [27], which ranges from 0 to 
40 (low: 0–13; moderate: 14–26; high: 27–40) [28].

Depression was assessed using the Center for Epide-
miologic Studies Depression Scale – Revised (CESD-R), 
a validated 20-item self-report instrument designed to 
screen for symptoms of depression in line with the diag-
nostic criteria of the DSM-IV [29]. The CESD-R mea-
sures the frequency of depressive symptoms experienced 
over the past two weeks across nine symptom domains: 
sadness (dysphoria), loss of interest (anhedonia), appetite 
changes, sleep disturbances, concentration difficulties, 
feelings of guilt or worthlessness, fatigue, psychomotor 
agitation or retardation, and suicidal ideation.

Each item is rated on a 5-point Likert scale: 0 = “Not at 
all or less than one day”, 1 = “1–2 days”, 2 = “3–4 days”, 3 = 
“5–7 days”, and 4 = “Nearly every day for two weeks”.

The total score ranges from 0 to 80, with higher scores 
indicating more severe depressive symptoms. While a 
cut-off of 16 is sometimes used to identify clinically sig-
nificant depressive symptoms, we analyzed CESD-R 
scores as a continuous variable in this study to capture 
changes in severity over time.

The CESD-R has been widely used in population-based 
and clinical studies and demonstrates strong internal 
consistency and construct validity.

Anxiety was measured using the 5-item short form of 
the Spielberger State-Trait Anxiety Inventory (STAI-5), 
assessing both state (STAIS) and trait (STAIT) anxiety 
[30]. Scores ≥ 10 for STAIS and ≥ 14 for STAIT indicate 
clinically relevant anxiety. The tool was used as a contin-
uous variable.

Fatigue was evaluated using the Fatigue Assessment 
Scale (FAS), a 10-item tool measuring physical and 

mental fatigue (range: 10–50). Scores above 22 indicate 
significant fatigue [31, 32].

Sleep quality was assessed using the Single-Item Sleep 
Quality Scale (SQS), a visual analogue scale (0–10), 
grouped into five quality categories [33].

Functional impairment was measured using the Work 
and Social Adjustment Scale (WSAS), a 5-item tool 
assessing domains such as work, home management, 
and social functioning. Scores > 20 indicate moderate to 
severe impairment [34, 35].

The PSS-10 [36] and CESD-R [37] scales were previ-
ously validated in Lithuanian populations. Other instru-
ments used in this study (e.g., FAS, STAI-5, WSAS, SQS) 
were translated from English to Lithuanian and then 
back-translated by an authorized professional translation 
office to ensure accuracy. While not all instruments have 
formal validation in the Lithuanian language, internal 
consistency was assessed during pilot testing and found 
acceptable for exploratory use.

Cognitive functioning (working memory, attention, 
speed, and visual field) was assessed using RehaCom 
computerized neurocognitive software [38]. Higher 
scores reflect better performance.

The use of sedatives, hypnotics, and antidepressants 
was assessed using a custom 5-point Likert scale devel-
oped by the research team for clinical self-report. Par-
ticipants were asked to rate their usage frequency during 
the previous month on a scale from 1 (no use) to 5 (daily 
use). While not based on a validated instrument, the 
scale allowed for categorical comparisons across groups. 
All participants received the same instructions during 
baseline and follow-up assessments.

Adverse events were monitored prospectively using 
standardized checklists evaluating symptom frequency, 
severity, duration, and the need for medical treatment 
[39]. Treatment safety was rated on a 5-point Likert scale 
(1 = extremely safe; 5 = unsafe).

Interventions
All treatment groups received identical durations and 
types of procedures across 11 days.

 	• 11ABT: Ambulatory BT complex
 	• 11ABTNT: Ambulatory BT complex plus nature 

therapy
 	• 11BTS: Inpatient BT complex
 	• 11 C: No treatment (control)

The balneotherapy complex included:

 	• Tap water pool with light exercises (20 min)
 	• Mineral or geothermal water bath at 34–36 °C 

(20 min)
 	• Sapropel mud wrapping (20 min)
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 	• Salt therapy (25 min)

The nature therapy involved a 45-minute walk (forest or 
seaside), low-intensity physical and breathing exercises, 
multisensory stimuli (aromatherapy, natural sounds, 
visual input), and heliotherapy. The first session was 
supervised by a kinesiotherapist; remaining sessions were 
completed independently using provided instructions.

Natural resources
Mineral water used in spa centers varied in total min-
eralization (16.75–82.445  g/L) and contained a range of 
macro- and microelements (e.g., Na+, K+, Ca2+, Mg2+, 
Cl–, SO42–, Br, Fe, Si, B). Full chemical compositions by 
center are detailed in Table 3.

Peloids used for sapropel treatments ranged in pH 
(6.6–7.0), humidity (70.5–96%), mineralization (38.5–
20,007  mg/L), and organic content (14.32–91.96%). 
Detailed composition and botanical origin are presented 
in Table 4.

Statistical analysis
Descriptive statistics were presented as means and stan-
dard deviations (SD), with 95% confidence intervals (CI) 
illustrated graphically. Group comparisons were per-
formed using independent two-tailed t-tests for continu-
ous variables and Chi-square or z-tests for categorical 
variables.

Between-group differences were assessed using one-
way ANOVA with Tukey’s HSD post-hoc tests. Repeated 
measures were analyzed using the General Linear Model 
(GLM) for dependent variables measured across time-
points (T0–T3), with Bonferroni correction applied for 
multiple comparisons. If assumptions of normality were 
not met, the Friedman non-parametric test was used.

Effect sizes (Cohen’s d) were calculated to interpret the 
magnitude of treatment effects. A p-value of < 0.05 was 
considered statistically significant. All statistical analyses 
were conducted using SPSS version 28.0 (SPSS Inc., Chi-
cago, IL, USA).

Results
Baseline characteristics of participants
The baseline sociodemographic and clinical characteris-
tics of the study participants are summarized in Table 5. 
There were no statistically significant differences among 
groups in age, gender, education level, employment sta-
tus, or baseline stress parameters, confirming successful 
randomization.

 

Short-term treatment effects on stress and related 
outcomes
The short-term effects of the intervention on psycho-
logical and functional outcomes are summarized in 
Table  6. All three treatment groups—ambulatory bal-
neotherapy (11ABT), ambulatory balneotherapy plus 
nature therapy (11ABTNT), and inpatient balneotherapy 
(11BTS)—demonstrated statistically significant improve-
ments across most outcomes when compared to baseline 
(p < 0.05 to p < 0.001), whereas the control group (11  C) 
showed minimal or no meaningful changes.

Salivary cortisol levels decreased significantly in both 
the 11ABT and 11ABTNT groups, indicating a physi-
ological stress reduction. All treatment groups showed 
substantial reductions in self-reported stress intensity 
(effect sizes ranging from 0.78 to 1.32) and perceived 
stress scale (PSS-10) scores. Notably, stress management 
ability significantly improved in the 11BTS and 11ABT 
groups, but not in the control group.

Depression symptoms (CESD-R) and anxiety levels 
(both state and trait) decreased significantly in all inter-
vention groups, with large effect sizes particularly evident 
in the inpatient group (e.g., STAIT d = 1.49). Fatigue lev-
els (FAS) also declined significantly across all treatment 
groups but remained unchanged in the control group.

Functional impairment, as measured by the Work 
and Social Adjustment Scale (WSAS), showed marked 
improvement in the treatment groups (p < 0.001), with 
the most prominent reduction seen in 11ABTNT. Sleep 
quality improved substantially in all treatment arms 
(p < 0.001), with the 11BTS group showing the greatest 
effect size (d = − 1.47). Similarly, integrative well-being 

Table 3  The characteristics of mineral waters used in study centers
Centers Total mineralization, g/l Dominant macroions, mg/l pH CO2 balanced mg/l Other elements

Cations Anions
Na++K+ Ca2+ Mg2+ Cl− HCO3

− SO4
2−

1 55,221 15,579 3453 1387 32,075 46,6 2642 6,53 24,9 Br 81.8, K 133, Fe 18, Si 6,1, B 1,13

2 35,837 9089 2800 1166 21,000 92,5 1675 6,84 24,2 Br 52.5, K 73, Fe 6,42, Si 8,2, B 0,54

3 21,667 4304 1969 1259 12,350 110 1673 7,49 6,45 Br 46.2, K 93,9, Fe 0,31, Si 8,3, B 1,71

4 22,213 4108 2080 1400 12,500 29,9 2046 7,3 / Br 46, К 88.1, Fe 0.26,F 0,48

5 16,75 4431 1267 417 8650 119 1862 7,54 6,22 Br 47.5, K 157, Fe 0,11, Si 7,2, B 2,25

6 82,445 22,618 6302 1948 49,900 < 10 1647 5,71 32,2 Br 270, K 518, Fe 10,1, si < 2, B 7,95
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scores significantly increased in all treatment groups but 
remained unchanged in the control group.

No statistically significant changes were observed in 
cognitive domains such as working memory, processing 
speed, attention, or visual field across any of the groups. 
Likewise, the use of antidepressants remained stable 
during the study period. A small but statistically signifi-
cant reduction in the use of sedatives and hypnotics was 
observed in the 11ABTNT group only (p < 0.001).

Overall, the data indicate that a short-term course of 
balneotherapy—especially when delivered in an inpa-
tient setting—can produce rapid and clinically mean-
ingful improvements in stress-related mental health and 
functioning.

Further analysis of the PSS-10 subscales revealed a 
significant reduction in perceived helplessness across all 
treatment groups, while a significant improvement in 
perceived self-efficacy was observed exclusively in the 
11ABTNT group (Fig. 2).

At baseline, all study groups exhibited mild levels of 
fatigue, with the lowest fatigue scores recorded in the 

control group. Following the intervention, significant 
improvements in fatigue were observed across all treat-
ment groups (p < 0.001), with reductions ranging from 
17% to 19% and corresponding medium to large effect 
sizes. Notably, fatigue levels in the 11ABT group reached 
within the normative range post-treatment. Improve-
ments were evident in both physical and mental fatigue 
subscales (Fig. 3).

Baseline anxiety levels across all study groups were 
below the threshold for clinically significant anxiety, with 
the control group exhibiting the lowest initial scores. 
Nonetheless, all treatment groups demonstrated signifi-
cant reductions in both state and trait anxiety following 
the intervention (p < 0.001), with medium to very large 
effect sizes. Mean anxiety scores were reduced by up to 
30% in the 11ABT and 11BTS groups.

Subthreshold depressive symptoms were identified in 
all groups except the control. Post-treatment, depression 
levels in all intervention groups decreased to below clini-
cal relevance, with effect sizes ranging from medium to 
very large. The most pronounced reduction was observed 

Table 4  The characteristics of peloids used in the study centers
Parameters/ Centers 1 2 3 4 5 6
In native material:

  pH 1:5 7 8,3 6,9 6,4 6,6 6,7

  Humidity % 79,11 70,51 94,95 75,49 94,04 96

  Particulate pollution (> 2 mm)% 2,5 4 2,8 / 2,8 0,8

  LT > 0,5 mm < 5%

  Hydriocarbons (HCO3) mg/l 244 366 107 185 229 214

  Total mineralization, mg/l 20,007 1780 53 50 141 38,5

  Dry residue, mg/l 24,140 2425 385 385 347 238

  Chlorids (Cl) mg/l 10,103 49,6 21,3 42 10,6 7,1

Botanical composition

  Sedges % 10 30 10 / 20 15

  Reeds % 80 60 80 / 70 75

  Other plants % 10 10 10 / 10 10

In dry material:

  Ashenness % 29,27 85,68 8,04 21,36 8,83 18,08

  Organic material % 70,73 14,32 91,96 78,54 91,17 81,92

  LT > 50 D, 10–50 S

  Degree of fragmentation r % 81,36 100 76,07 73 79,44 75,91

  Total nitrogen (N)% 2,15 0,95 7,92 / 5,7 4,05

  Nitrogen (N-NO3 + N-NO2 mg/kg 33,65 2,29 1,64 / 2,55 1028

  Total phosphorus (P) % 0,12 0,013 0,044 / 0,042 1,5

  Total potassium (K) % 0,04 0,07 0,07 5,4 mg/l 0,06 2,25

  Total sodium (Na) % 3,07 0,03 0,06 14 0,04 0,75

  Total calcium (Ca) mg/kg 43,375 319,333 13,150 70 13,800 30,427

  Total magnesium (Mg) mg/kg 3979 4833 942 15 954 1409

  Silicea (SiO2) % 3,35 10,47 4,07 / 4,32 11,51

  Total suplhur (S) % 0,55 0,24 0,89 З1,5 sulf 0,87 2,88

  Humic acid content % 2,25 1,22 14,65 / 6,54 28,25

  Fulvic acid content % 17,9 0,98 11,68 / 14,09 3,25

  Iron (Fe) mg/kg 20,800 7450 2203 0,62 mg/l 2189 6335

  Manganese (Mn) mg/kg 194 394 123 / 119 151



Page 8 of 19Rapolienė et al. BMC Complementary Medicine and Therapies          (2026) 26:154 

in the 11ABT group, where depression scores decreased 
by up to 76%. Subscale analysis revealed significant 
improvements in all nine CESD-R domains in the 11ABT 
group, six domains in 11ABTNT, and seven in 11BTS. 
The least responsive subscales were suicidal ideation, 
appetite, and movement (Fig. 4).

Subgroup analyses based on baseline trait anxiety lev-
els were not performed, as the study was not powered or 
stratified for this purpose.

At baseline, participants in all groups exhibited mod-
erate impairment in work and social functioning. Fol-
lowing the intervention, significant improvements were 
observed in all treatment groups (p < 0.001), with gains 
of up to 49%. The largest effect was noted in the 11BTS 
group, where functional impairment scores improved to 
a subclinical level.

Sleep quality also improved significantly across all 
treatment groups, with the most substantial change 
observed in the 11BTS group, where scores increased by 
49%, corresponding to a very large effect size.

Integrative outcomes—which reflect overall physical, 
emotional, and social well-being—showed statistically 
significant improvements in all intervention arms, with 
the greatest gain of up to 61% recorded in the 11ABTNT 
group (very large effect).

A significant reduction in the use of sedatives and hyp-
notics was observed only in the 11ABTNT group, with a 
16% decrease (medium effect size).

In contrast, the control group demonstrated statisti-
cally significant improvement in only two outcomes: 
stress intensity (23% reduction; medium effect size) and 
perceived stress (8% reduction; small effect), limited to 
the self-efficacy subscale of the PSS-10. No meaningful 
changes were observed in sleep, fatigue, anxiety, depres-
sion, functional adaptation, or integrative well-being 
within the control group.

Long-term effects of treatment on stress and related 
conditions
Significant long-term improvements were observed 
across multiple outcomes up to six months following the 
intervention. These included reductions in stress inten-
sity (up to 31% in the 11ABT group) and improvements 
in stress management (up to 50% in the 11BTS group), 
fatigue (up to 17% in 11BTS), state and trait anxiety (both 
up to 27% in 11ABT), depression (up to 54% in 11BTS), 
functional adaptation (32% in 11ABTNT), sleep qual-
ity (up to 67% in 11BTS), and integrative well-being (up 
to 40% in 11ABT). The most pronounced and sustained 
changes were observed in the inpatient treatment group 
(11BTS) (Figs. 5, 6, 7, 8, 9, 10, 11, 12 and 13).

Analysis of treatment durability revealed that:

 	• 11ABT (ambulatory balneotherapy) maintained 
long-term effects on stress intensity and 
management, anxiety, depression (particularly 
the loss of interest subscale), sleep quality, and 
integrative outcomes.

 	• 11ABTNT (ambulatory balneotherapy + nature 
therapy) sustained improvements in fatigue (both 
physical and mental), trait anxiety, depression 
(notably sadness, sleep, and thinking subscales), 
sleep quality, and integrative well-being.

Table 5  Sociodemographic and clinical characteristics of study 
participants across intervention and control groups

11ABT, 
N = 64

11ABTNT, 
N = 63

11BTS, 
N = 64

11 C, 
N = 52

p- 
value

Age, years, mean 
(SD)

48.8 
(11.5)

46.3 (10.1) 48.8 
(10.5)

45.8 
(11.0)

0.271

Gender 0.086 
b

  Woman, N (%) 56 (87.3) 42 (66.1) 46 (71.9) 39 
(75.5)

  Man, N (%) 8 (12.7) 21 (33.9) 18 (28.1) 13 
(24.5)

Education 0.052 
b

  Secondary, 
N (%)

8 (14.5) 10 (16.4) 2 (3.2) 8 (16.3)

  Higher educa-
tion, N (%)

7 (12.7) 7 (11.5) 8 (12.9) 3 (6.1)

  High college 
education, N (%)

7 (12.7) 15 (24.6) 13 (21) 5 (10.2)

  University, N (%) 33 (60) 29 (47.5) 38 (61.3) 33 
(67.3)

Marital status 0.156 
b

  Married, N (%) 36 (65.5) 42 (68.9) 36 (59) 37 
(75.5)

  Single 9 (16.4) 4 (6.6) 6 (9.8) 8 (16.3)

  Divorced 7 (12.7) 11 (18) 16 (26.2) 3 (6.1)

  Widower 3 (5.5) 4 (6.6) 3 (4.9) 1 (2)

Living place, city, 
N (%)

41 (74.5) 37 (60.7) 40 (64.5) 36 
(73.5)

0.176 
b

Working area 0.449 
b

  Clerck/officer, 
N (%)

25 (46.3) 27 (44.3) 36 (58) 22 
(44.9)

  Service area, 
N (%)

20 (37) 22 (36.1) 12 (19.4) 21 
(42.9)

  Industrial area, 
N (%)

2 (3.7) 5 (8.2) 8 (12.9) 3 (6.1)

  Others, N (%) 7 (13) 7 (11.4) 6 (9.7) 3 (6.1)

Stress intensity, 
VAS, mean (SD)

6.31 (1.8) 6.85 (2.0) 6.83 (1.9) 6.5 (1.8) 0.333

Stress manage-
ment, VAS, mean 
(SD)

5.25 (1.6) 5.44 (1.9) 5.41 (1.8) 5.38 
(1.7)

0.932

Ill with Covid-19, 
N (%)

39 (70.9) 51 (82.2) 45 (72.6) 38 
(77.6)

0.523 
b

Post-Covid 
condition

17 (30.90 19 (30.2) 23 (37.1) 14 
(28.6)

0.810 
b

a ANOVA test with Bonferroni correction, Pearson chi-squared (b) test, and -test, 
between proportions from each other



Page 9 of 19Rapolienė et al. BMC Complementary Medicine and Therapies          (2026) 26:154 

 	• 11BTS (inpatient balneotherapy) showed the 
broadest and most enduring benefits, with lasting 
effects in stress intensity and management, perceived 
stress (lack of efficacy subscale), fatigue (mental 
subscale), trait anxiety, and depression (including 
sadness, loss of interest, sleep, thinking, guilt, 
tiredness, and movement subscales), as well as sleep 
quality and integrative outcomes.

No significant long-term changes were detected in cog-
nitive functioning or in the use of sedatives, hypnotics, 
or antidepressants. Additionally, no sustained improve-
ments were observed in the control group during the 
follow-up period.

While cognitive function was included as an explor-
atory outcome, no statistically significant improvements 
were observed across groups in working memory, atten-
tion, or visual field performance. Although a positive 
directional trend was noted in the inpatient group, the 
short treatment duration (11 days) may have limited 
the likelihood of detecting significant cognitive change. 
These results are discussed further in the Discussion 
section.

Treatment safety
The overall safety profile of the intervention was favour-
able. A total of 88% of participants rated the treatment 
procedures as extremely safe, 10% as safe, and 2% as nei-
ther safe nor unsafe.

Table 6  Pre- and post-treatment changes in key outcomes across study groups
Outcome 11ABT Δ Mean 

(SD)
11ABT 
p-value

11ABTNT Δ 
Mean (SD)

11ABTNT 
p-value

11BTS Δ Mean 
(SD)

11BTS 
p-value

11 C Δ Mean 
(SD)

11 C 
p-value

Salivary cortisol -0.72 (1.58) 0.009 -0.87 (1.87) 0.006 -0.64 (2.01) 0.117 + 0.11 (1.89) 0.748

Stress intensity -2.60 (2.05) < 0.001 -2.89 (2.15) < 0.001 -2.57 (1.43) < 0.001 -1.18 (2.09) < 0.001
Stress management + 1.11 (2.17) 0.002 + 0.98 (2.45) 0.012 + 1.89 (1.90) < 0.001 -0.16 (1.69) 0.516

PSS-10 -3.15 (7.57) < 0.001 -2.76 (7.52) 0.002 -3.97 (4.69) < 0.001 -1.35 (5.18) 0.002
Fatigue (FAS) -4.13 (8.01) < 0.001 -5.14 (5.99) < 0.001 -4.75 (5.64) < 0.001 + 0.22 (6.39) 0.775

State anxiety (STAIS) -2.64 (4.16) < 0.001 -2.31 (4.53) < 0.001 -2.12 (2.71) < 0.001 -0.45 (2.24) 0.268

Trait anxiety (STAIT) -3.47 (4.14) < 0.001 -2.57 (3.93) < 0.001 -3.85 (3.21) < 0.001 -0.29 (3.07) 0.342

Depression (CESD-R) -12.49 (14.44) < 0.001 -10.68 (14.66) < 0.001 -10.93 (9.70) < 0.001 -1.275 (10.80) 0.253

Sleep quality + 1.98 (1.63) < 0.001 + 2.25 (2.87) < 0.001 + 2.25 (1.95) < 0.001 -0.14 (1.67) 0.571

Work/social functioning 
(WSAS)

-2.80 (11.99) 0.023 -8.43 (9.83) < 0.001 -7.84 (7.93) < 0.001 -0.45 (10.43) 0.641

Integrative outcomes + 1.91 (1.63) < 0.001 + 3.04 (2.06) < 0.001 + 1.35 (1.95) < 0.001 -0.07 (1.46) 0.724
△Mean (SD) - change from baseline to post-treatment; p-values indicate within-group significance. Statistically significant changes (p < 0.05) are highlighted in 
bold. Effect sizes and confidence intervals are presented in Supplementary Table

Fig. 2  The change of perceived stress subscales in study groups. ** p < 0.001; * p < 0.05
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Adverse reactions were mild and predominantly tran-
sient. Reported adverse events included:

 	• Mineral water therapy: 15% of participants 
experienced reactions such as skin itching, dryness, 
or redness. Of these, 69% were classified as rare, 
99% as mild, and 94% resolved immediately after the 
procedure. In 3% of cases, symptoms lasted longer 
than a few days, and two participants required 
additional medical treatment (for elevated blood 
pressure and heart rate).

 	• Pelotherapy: 7% of participants reported increased 
pulse, skin irritation, or rash. In 47% of cases, 
reactions were rare, and in 96%, they resolved 
immediately. Only 1% persisted beyond several days, 
and three participants required additional skin-
related treatment.

 	• Halotherapy: 6% of participants reported mild 
symptoms such as dry mouth, thirst, or cough. These 
were rare in 98% of cases and resolved immediately 
in 99%. No additional treatment was required.

Fig. 4  The change in depressive symptoms subscales in study groups. ** p < 0.001; * p < 0.05

 

Fig. 3  The change of fatigue subscales in study groups. ** p < 0.001; * p < 0.05
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Fig. 6  Changes in stress management during the follow-up period 

 

Fig. 5  Changes in stress intensity during the follow-up period
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There were no serious adverse events. One participant in 
the 11BTS group discontinued participation due to ECG 
changes detected at baseline. In the 11ABTNT group, 
water treatment was temporarily suspended for three 
days in one case due to a mild adverse reaction.

Discussion
 This study demonstrated a significant positive effect of 
a balneotherapy (BT) complex on stress and a range of 
stress-related conditions. Both quantitative and qualita-
tive improvements were observed across key indicators 

Fig. 8  Fatigue Assessment Scale changes during the follow-up period 

 

Fig. 7  Perceived stress trajectories across groups during the follow-up period
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such as perceived stress (PSS), fatigue, depression, and 
functional impairment (WSAS). The most notable 
changes included reductions of 76% in depression, 61% 
in integrative well-being, 49% in adaptation and sleep 
quality, 46% in stress intensity, and 38% in stress man-
agement. Anxiety was reduced by 30%, salivary corti-
sol by 25%, perceived stress by 21%, fatigue by 19%, and 
sedative use by 16%. The largest effect sizes were found 
in the inpatient treatment group. Importantly, the ben-
eficial effects persisted for up to six months, including 
reductions of 31% in stress intensity, 26% in stress level, 
17% in fatigue, 27% in anxiety, 54% in depression, and 

improvements of 50% in stress management, 32% in work 
and social adaptation, 67% in sleep, and 40% in integra-
tive outcomes.

 Although rapid change in mental health may seem 
unlikely, neuroscience research has shown that the amyg-
dala and prefrontal cortex—regions involved in fear, 
emotion regulation, cognition, and behavioral control—
are capable of reversible structural plasticity in adults 
[9]. Balneotherapy and pelotherapy represent natural, 
non-invasive therapies that utilize mineral-rich water 
and therapeutic mud to support physical and psycho-
logical health. These interventions are known to promote 

Fig. 10  Changes in trait anxiety during the follow-up period 

 

Fig. 9  Changes in state anxiety during the follow-up period 
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relaxation and improve well-being, potentially alleviating 
symptoms of stress and mood disorders [40]. Immersion 
in warm, mineral-rich thermal water may enhance psy-
chological well-being through a combination of mechani-
cal buoyancy, thermal effects, and mineral absorption 
[41]. Similarly, peloid (mud) therapy has been associated 
with reductions in stress and mood symptoms, likely 
through its thermal and sensory effects on the nervous 
system [16, 52]. The present findings confirm that the 
BT complex led to reductions in stress intensity, salivary 
cortisol, and perceived stress levels, while also improv-
ing stress management. Comparable results have been 

reported in studies comparing bathing versus showering, 
where bathing had greater benefits for stress, fatigue, and 
pain reduction, as well as self-reported health [41]. Other 
trials have documented the subjective stress-relieving 
effects of BT [42], including reductions in salivary cor-
tisol following short-term spa therapy [43]. A system-
atic review from 2018 further supported BT’s capacity 
to reduce cortisol levels and enhance stress resilience. 
Cortisol changes following BT suggest modulation of 
the hypothalamic-pituitary-adrenal axis, even in healthy 
individuals [22].

Fig. 12  Work and Social Adjustment Scale changes during the follow-up period 

 

Fig. 11  Changes in depressive symptoms during the follow-up period 
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 There is also a documented link between stress and 
cognitive impairment. The EPIC-Norfolk study reported 
that higher perceived stress and stressful life events were 
associated with lower global cognitive scores [44], and 
acute stress has been linked to reduced performance in 
attention-related tasks [45]. We hypothesize that reduc-
ing stress through BT could contribute to cognitive ben-
efits, potentially through enhanced cerebral blood flow 
and relaxation. Previous studies suggest that BT and spa 
therapies can modulate stress physiology and promote 
neural recovery by reducing sympathetic nervous activ-
ity and improving sleep and mood [46]. However, despite 
observing trends toward cognitive improvement—par-
ticularly in the inpatient group—no significant changes 
were detected in working memory, speed, attention, or 
visual field. This may be attributed to the relatively short 
treatment duration (11 days). As cognitive outcomes 
were included as exploratory measures, their interpreta-
tion is limited by low statistical power and short inter-
vention time. Future studies with longer duration and 
stratified cognitive baselines are warranted.

 Consistent with previous literature, our results also 
showed improvements in fatigue and sleep. Warm water 
immersion has been shown to promote relaxation and 
reduce fatigue [47, 48]. Improved sleep quality observed 
in our study aligns with earlier findings suggesting that 
BT has calming effects on the nervous system, contrib-
uting to better rest. Mud applications may also reduce 
physical fatigue, further supporting improved sleep. Our 
participants demonstrated enhanced integrative well-
being, reflecting physical, emotional, mental, and social 
improvements. These findings are consistent with other 

studies reporting improved sleep, function, and quality of 
life in patients undergoing spa therapy [49–52].

 Reductions in depression and anxiety observed in this 
study have also been noted by other researchers. Several 
trials have shown that mineral water and peloid-based 
therapies reduce anxiety [53, 54] and depression [55]. 
Mud therapy has also been associated with improve-
ments in pain, physical function, depression, and overall 
quality of life [56]. Experimental evidence has shown that 
peloids can modulate the central and autonomic nervous 
systems by influencing neurotransmitter systems (e.g., 
acetylcholine, adrenaline) and ion balance (e.g., Ca, Mg, 
K), thereby contributing to vegetative tone regulation and 
the resolution of stress-related symptoms [57, 58]. Fur-
thermore, BT combined with electrotherapy and massage 
has been shown to increase serum serotonin in patients 
with degenerative lumbar spine conditions, a neurotrans-
mitter involved in pain modulation and cognition [59]. 
Peloidotherapy remains a valuable treatment modality 
in rheumatologic care [60–63], and recent interest has 
expanded into its anti-aging potential [64].

 While stress is an unavoidable aspect of modern life—
aptly described as “the trash of modern life” by Danzae 
Pace—it must be managed effectively to prevent its long-
term consequences. Complete elimination of stress is 
unrealistic, but its effects can be mitigated through both 
pharmacological and non-pharmacological approaches 
[65]. These include cognitive and behavioral interven-
tions, lifestyle changes, physical activity, healthy diet, 
and relaxation practices such as mindfulness, medita-
tion, yoga, breathing exercises, massage, reflexology, 
Reiki, and hydrotherapy [25, 66, 67]. The World Health 

Fig. 13  Changes in sedative usage during the follow-up period
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Organization also promotes stress management strate-
gies to build resilience and psychological coping skills 
[68].

 Importantly, ill-being (e.g., stress, anxiety, depres-
sion) and well-being (e.g., positive emotions, life mean-
ing, mental vitality) are not opposite ends of the same 
spectrum, but related constructs [15]. Interventions like 
balneotherapy, which improve both negative symptoms 
and positive well-being, may have a broad application in 
prevention and health promotion. If proven effective in 
larger and more diverse populations, these approaches 
could support brain health, reduce mental distress, and 
potentially delay the onset of neurodegenerative or mood 
disorders.

 Given the growing global burden of poor mental 
health—especially in the post-COVID-19 context—bal-
neotherapy offers a promising complementary approach. 
While individual responses vary and more rigorous 
research is warranted to elucidate underlying mecha-
nisms, BT may be effectively integrated into multidis-
ciplinary care plans for individuals with stress-related 
mental health conditions. Although not a substitute for 
conventional treatments, BT appears to provide safe, 
supportive symptom relief, particularly when applied 
within a structured, personalized therapeutic framework.

 The findings of this study have important clinical and 
wellness implications. Given the observed improvements 
in stress, anxiety, depression, sleep, and overall psycho-
logical functioning—paired with the high safety pro-
file—balneotherapy may serve as a viable complementary 
intervention in both clinical rehabilitation and preventive 
mental health care. It can be particularly beneficial for 
individuals experiencing mild to moderate stress-related 
symptoms who may not yet require pharmacological or 
intensive psychological treatments. Moreover, BT could 
be implemented in wellness programs, employee health 
initiatives, and integrative care settings, especially where 
access to traditional psychotherapy is limited or where 
patients prefer natural, non-invasive approaches. The 
incorporation of natural environments and mindful-
ness-like components in BT also suggests potential for 
enhancing emotional regulation and resilience. Future 
research should explore its comparative effectiveness 
against standard therapies and its long-term feasibility in 
real-world clinical settings.

 Study limitations
This study was a multicenter randomized controlled trial 
that evaluated the efficacy and safety of natural resource-
based therapies across multiple physical and mental 
health parameters, with a follow-up period of six months. 
Although a standardized treatment protocol was devel-
oped for all participating centers, variability in the nat-
ural resources used (e.g., mineral composition of water, 

peloid properties), modes of application (e.g., baths vs. 
pools; thick vs. thin mud layers), rest durations, and 
participants’ daily activities may have introduced het-
erogeneity, limiting strict comparability across sites and 
treatment arms.

Another limitation relates to sample size—particularly 
during longitudinal follow-up, where the control group 
was relatively small. This reduced the statistical power to 
detect between-group differences and limits the gener-
alizability of the findings. Future studies should aim for 
larger and more diverse populations to enhance external 
validity and subgroup analyses.

Participant attrition during the follow-up period also 
presented a challenge. As ethical regulations permitted 
participants to withdraw at any stage without conse-
quence, maintaining adherence across multiple centers 
was difficult. This impacted the completeness of long-
term data and may have introduced attrition bias.

Although a wide range of validated instruments was 
used to assess physical and mental outcomes, some dif-
fered from those employed in similar trials. This may 
hinder cross-study comparisons. Furthermore, while 
some instruments were fully validated in Lithuanian, oth-
ers were only translated and back-translated, which may 
affect psychometric consistency. The use of universally 
standardized, culturally adapted tools would improve 
reliability and comparability.

The heterogeneity of participant health statuses may 
also have influenced treatment response, making it diffi-
cult to attribute outcomes to specific baseline character-
istics or comorbidities. No stratified subgroup analyses 
were performed for trait anxiety or other potential effect 
modifiers.

Additionally, while some of the questionnaires used in 
this study (e.g., PSS-10, CESD-R) were validated in the 
Lithuanian language, other instruments—though profes-
sionally translated—were not formally psychometrically 
validated in the native context. This may limit the cul-
tural sensitivity and reliability of certain measurements.

Finally, the relatively short intervention duration (11 
days) provides only a limited view of long-term ben-
efits. While positive effects persisted for six months, 
it remains unclear whether effects extend beyond that 
period. Future research should incorporate longer inter-
vention durations and follow-up intervals. Additionally, 
harmonized protocols for balneotherapy implementation 
across centers are needed to reduce variability and sup-
port reproducibility.

While the exclusion criteria controlled for balneother-
apy within three months prior to study entry, participants 
were asked—via informed consent—not to engage in any 
balneotherapy during the six-month follow-up. Although 
this approach aimed to isolate the effects of the interven-
tion, future studies may consider extending the exclusion 
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window and employing active monitoring to strengthen 
post-intervention control.

Conclusions
Balneotherapy complex treatment significantly reduced 
levels of stress, fatigue, anxiety, and depression, while 
improving stress management, sleep quality, work and 
social functioning, and overall integrative well-being. 
These effects were confirmed across multiple validated 
outcomes, with several domains showing medium to 
very large effect sizes. Importantly, many benefits per-
sisted for up to six months, particularly among inpatient 
participants.

The use of natural resources—mineral water, therapeu-
tic peloids, and climate-based therapies—presents a safe, 
sustainable, and accessible complementary strategy for 
managing stress-related mental health conditions. These 
findings support the integration of balneotherapy into 
broader preventive mental health strategies, rehabilita-
tion programs, and public wellness initiatives.

Policymakers and healthcare providers may consider 
incorporating balneotherapy into integrative care models, 
especially in settings with limited access to conventional 
psychological services. To support broader adoption, 
future research should focus on large-scale, long-term 
studies that compare BT with standard therapies, inves-
tigate cost-effectiveness, and explore its mechanisms of 
action. Development of clinical guidelines and protocol 
harmonization would further facilitate its implementa-
tion in mental health and wellness policy.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​6​-​0​2​6​-​0​5​3​2​3​-​4.

Supplementary Material 1.

Supplementary Material 2.

Authors’ contributions
Conceptualization, L.R.; methodology, L.R., A.Br.; formal analysis, L.R.; 
investigation, L.R., A.Br., G.T., A.Ba., J.A., J.J., B.P., D.R., J.R.; resources, L.R., 
V.R., A.D., L.P., N.K.; data curation, L.R., A.Br., G.T., A.Ba., J.A., J.J., B.P., D.R., J.R.; 
writing—original draft preparation, L.R.; writing—review and editing, L.R., A.Br.; 
visualization, L.R.; supervision, L.R.; funding acquisition, L.R., A.Br. All authors 
have read and agreed to the published version of the manuscript.

Funding
This research was funded by the Research Council of Lithuania (Project 
“Effectiveness and safety of the use of Lithuania’s unique natural resources 
for improving the mental and physical health of the organism experiencing 
stress” (LUGISES) / S-REP-22-6).

Data availability
The datasets generated and analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the ethical principles 
outlined in the Declaration of Helsinki and was approved by the Kaunas 
Regional Biomedical Research Ethics Committee (approval code: BE-2-87). 
Written informed consent was obtained from all participants prior to their 
inclusion in the study. The trial was registered at ClinicalTrials.gov (Identifier: 
NCT06018649).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Klaipėda University, Klaipėda, Lithuania
2Baltic Medics, Klaipėda, Lithuania
3Druskininkai Hospital, Druskininkai, Lithuania
4Health resort Draugystė, Druskininkai, Lithuania
5Medical SPA Eglės sanatorija, Druskininkai, Lithuania
6Gradiali Medical Spa & Wellness, Palanga, Lithuania
7Health resort Versmė, Birštonas, Lithuania
8Tulpės Sanatorium, Birštonas, Lithuania
9Recreation and health complex Atostogų parkas, Kretingos reg, 
Žibininkai, Lithuania
10Vilnius University, Vilnius, Lithuania
11Independent Researcher, Siena, Italy

Received: 24 March 2025 / Accepted: 26 February 2026

References
1.	 World Health Organization. Stress. Geneva: WHO. Available from: ​h​t​t​p​​s​:​/​​/​w​w​

w​​.​w​​h​o​.​​i​n​t​​/​n​e​w​​s​-​​r​o​o​​m​/​q​​u​e​s​t​​i​o​​n​s​-​​a​n​d​​-​a​n​s​​w​e​​r​s​/​i​t​e​m​/​s​t​r​e​s​s.
2.	 Devi P, Reddy M, Zahan O, Sharma J. The effect of stress on human life. Adalya 

J. 2019;8(9):795. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​r​​e​s​e​​a​r​c​​h​g​a​t​​e​.​​n​e​t​​/​p​u​​b​l​i​c​​a​t​​i​o​n​​/​3​3​​
7​4​4​5​​2​4​​8​_​T​​H​E​_​​E​F​F​E​​C​T​​_​O​F​​_​S​T​​R​E​S​S​​_​O​​N​_​H​U​M​A​N​_​L​I​F​E.

3.	 Sohail M, Rehman CA. Stress and health at the workplace—a review of the 
literature. J Bus Stud Q. 2015;6:94–121.

4.	 Quick JC, Henderson DF. Occupational stress: preventing suffering, enhanc-
ing wellbeing. Int J Environ Res Public Health. 2016;13(5):459. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​3​0​5​0​4​5​9.

5.	 Nochaiwong S, Ruengorn C, Thavorn K, Hutton B, Awiphan R, Phosuya C, et 
al. Global prevalence of mental health issues among the general population 
during the coronavirus disease-2019 pandemic: a systematic review and 
meta-analysis. Sci Rep. 2021;11(1):10173. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​8​-​0​2​
1​-​8​9​7​0​0​-​8.

6.	 OECD, European Union. Health at a glance: Europe 2018: state of health in 
the EU cycle. Paris: OECD Publishing; Brussels: European Union;; 2018. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​7​8​7​​/​h​​e​a​l​​t​h​_​​g​l​a​n​​c​e​​_​e​u​r​-​2​0​1​8​-​e​n.

7.	 Ray J. World unhappier, more stressed out than ever. World. 2022 Jun 28. 
Available from: https://news.gallup.com/.

8.	 World Health Organization. COVID-19 pandemic triggers 25% increase in 
prevalence of anxiety and depression worldwide [Internet]. 2022 Mar 2. Avail-
able from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​n​e​w​​s​/​​i​t​e​​m​/​0​​2​-​0​3​​-​2​​0​2​2​​-​c​o​​v​i​d​-​​1​9​​-​p​a​​n​d​e​​m​i​c​-​​t​
r​​i​g​g​​e​r​s​​-​2​5​-​​i​n​​c​r​e​​a​s​e​​-​i​n​-​​p​r​​e​v​a​​l​e​n​​c​e​-​o​​f​-​​a​n​x​​i​e​t​​y​-​a​n​​d​-​​d​e​p​r​e​s​s​i​o​n​-​w​o​r​l​d​w​i​d​e.

9.	 McEwen BS, Eiland L, Hunter RG, Miller MM. Stress and anxiety: structural 
plasticity and epigenetic regulation as a consequence of stress. Neurophar-
macology. 2012;62(1):3–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​e​​u​r​o​​p​h​a​r​​m​.​​2​0​1​1​.​0​7​.​0​1​
4.

10.	 Halbreich U. Stress-related physical and mental disorders: a new paradigm. 
BJPsych Adv. 2021;27(3):145–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​9​2​​/​b​​j​a​.​2​0​2​1​.​1.

11.	 James KA, Stromin JI, Steenkamp N, Combrinck MI. Understanding the 
relationships between physiological and psychosocial stress, cortisol and 
cognition. Front Endocrinol. 2023;14:1085950. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​e​n​d​o​.​
2​0​2​3​.​1​0​8​5​9​5​0.

12.	 Clow A, Smyth N. Salivary cortisol as a non-invasive window on the brain. In: 
Clow A, Smyth N, editors. International Review of Neurobiology. Volume 150. 

https://doi.org/10.1186/s12906-026-05323-4
https://doi.org/10.1186/s12906-026-05323-4
https://www.who.int/news-room/questions-and-answers/item/stress
https://www.who.int/news-room/questions-and-answers/item/stress
https://www.researchgate.net/publication/337445248_THE_EFFECT_OF_STRESS_ON_HUMAN_LIFE
https://www.researchgate.net/publication/337445248_THE_EFFECT_OF_STRESS_ON_HUMAN_LIFE
https://doi.org/10.3390/ijerph13050459
https://doi.org/10.3390/ijerph13050459
https://doi.org/10.1038/s41598-021-89700-8
https://doi.org/10.1038/s41598-021-89700-8
https://doi.org/10.1787/health_glance_eur-2018-en
https://doi.org/10.1787/health_glance_eur-2018-en
https://news.gallup.com/
https://www.who.int/news/item/02-03-2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-anxiety-and-depression-worldwide
https://www.who.int/news/item/02-03-2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-anxiety-and-depression-worldwide
https://doi.org/10.1016/j.neuropharm.2011.07.014
https://doi.org/10.1016/j.neuropharm.2011.07.014
https://doi.org/10.1192/bja.2021.1
https://doi.org/10.3389/fendo.2023.1085950
https://doi.org/10.3389/fendo.2023.1085950


Page 18 of 19Rapolienė et al. BMC Complementary Medicine and Therapies          (2026) 26:154 

Cambridge (MA): Academic; 2020. pp. 1–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​b​​s​.​i​r​n​.​2​0​
1​9​.​1​2​.​0​0​3.

13.	 Bozovic D, Racic M, Ivkovic N. Salivary cortisol levels as a biological marker of 
stress reaction. Med Arch. 2013;67(5):374–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​4​5​5​​/​m​​e​d​a​​r​h​.​​
2​0​1​3​​.​6​​7​.​3​7​4​-​3​7​7.

14.	 Simon J, Boyer P, Caldas-de-Almeida JM, et al. Viewpoint: assessing the value 
of mental health treatments in Europe. Eur Psychiatry. 2023;66(1):e59. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​9​2​​/​j​​.​e​u​r​p​s​y​.​2​0​2​3​.​2​4​1​9.

15.	 Smyth N, Rossi E, Wood C. Effectiveness of stress-relieving strategies in 
regulating patterns of cortisol secretion and promoting brain health. Int Rev 
Neurobiol. 2020;150:219–46. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​b​​s​.​i​r​n​.​2​0​2​0​.​0​1​.​0​0​3.

16.	 Gálvez I, Torres-Piles S, Ortega-Rincón E. Balneotherapy, immune system, and 
stress response: a hormetic strategy? Int J Mol Sci. 2018;19(6):1687. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​m​s​1​9​0​6​1​6​8​7.

17.	 Dubois O, et al. Balneotherapy versus paroxetine in the treatment of general-
ized anxiety disorder. Complement Ther Med. 2010;18(1):1–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​1​6​​/​j​​.​c​t​i​m​.​2​0​0​9​.​1​1​.​0​0​3.

18.	 Dondoladze K, et al. The effect of balneotherapy on the oxidative system and 
changes in anxiety behavior. Int J Radiat Biol. 2021;97(10):1461–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​9​5​5​​3​0​0​​2​.​2​0​​2​1​​.​1​9​5​6​0​0​9.

19.	 García-López H, et al. Effectiveness of balneotherapy in reducing pain, disabil-
ity, and depression in fibromyalgia. Int J Biometeorol. 2024;68(10):1935–51. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​8​4​-​0​2​4​-​0​2​7​3​2​-​3.

20.	 Latorre-Román PÁ, et al. Effect of a 12-day balneotherapy program on pain, 
mood, sleep, and depression. Psychogeriatrics. 2015;15(1):14–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​1​1​​/​p​​s​y​g​.​1​2​0​6​8.

21.	 Cheleschi S, Tenti S, Seccafico I, Gálvez I, Fioravanti A, Ortega E. Balneotherapy 
year in review 2021: focus on the mechanisms of action of balneotherapy in 
rheumatic diseases. Environ Sci Pollut Res Int. 2022;29(6):8054–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​3​5​6​-​0​2​1​-​1​7​7​8​0​-​0.

22.	 Antonelli M, Donelli D. Effects of balneotherapy and spa therapy on levels 
of cortisol as a stress biomarker: a systematic review. Int J Biometeorol. 
2018;62(6):913–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​8​4​-​0​1​8​-​1​5​0​4​-​8.

23.	 Yang B, Qin QZ, Han LL, Lin J, Chen Y. Spa therapy (balneotherapy) relieves 
mental stress, sleep disorder, and general health problems in sub-healthy 
people. Int J Biometeorol. 2018;62(2):261–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​8​
4​-​0​1​7​-​1​4​4​7​-​5.

24.	 Heinrich Heine University Düsseldorf. G*Power: statistical power analyses 
[Internet]. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​p​​s​y​c​​h​o​l​​o​g​i​e​​.​h​​h​u​.​​d​e​/​​a​r​b​e​​i​t​​s​g​r​​u​p​p​​e​n​/​a​​
l​l​​g​e​m​​e​i​n​​e​-​p​s​​y​c​​h​o​l​​o​g​i​​e​-​u​n​​d​-​​a​r​b​e​i​t​s​p​s​y​c​h​o​l​o​g​i​e​/​g​p​o​w​e​r.

25.	 Rapolienė L, Razbadauskas A, Sąlyga J, Martinkėnas A. Stress and fatigue 
management using balneotherapy in a short-time randomized controlled 
trial. Evid Based Complement Alternat Med. 2016;2016:9631684. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​1​1​5​5​​/​2​​0​1​6​/​9​6​3​1​6​8​4.

26.	 Badger TA, Segrin C, Meek P. Development and validation of an instrument 
for rapidly assessing symptoms: the General Symptom Distress Scale. J Pain 
Symptom Manage. 2011;41(3):535–48.

27.	 Terrill AL, Gjerde JM, Garofalo JP. Background Stress Inventory: developing a 
measure of understudied stress. Stress Health. 2015;31(4):290–8.

28.	 Lee EH. Review of the psychometric evidence of the Perceived Stress Scale. 
Asian Nurs Res (Korean Soc Nurs Sci). 2012;6(4):121–7.

29.	 Radloff LS. The CES-D scale: a self-report depression scale for research in the 
general population. Appl Psychol Meas. 1977;1:385–401. Available from: ​h​t​t​p​​s​
:​/​​/​w​w​w​​.​b​​r​a​n​​d​e​i​​s​.​e​d​​u​/​​r​o​y​​b​a​l​​/​d​o​c​​s​/​​C​E​S​​D​-​R​​_​W​e​b​​s​i​​t​e​_​P​D​F​.​p​d​f.

30.	 Zsido AN, Teleki SA, Csokasi K, Rozsa S, Bandi SA. Development of the short 
version of the Spielberger State–Trait Anxiety Inventory. Psychiatry Res. 
2020;291:113223. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​p​s​​y​c​h​​r​e​s​.​​2​0​​2​0​.​1​1​3​2​2​3.

31.	 Hendriks C, Drent M, Elfferich M, De Vries J. The Fatigue Assessment Scale 
(FAS): quality and availability in sarcoidosis and other diseases. Curr Opin 
Pulm Med. 2018;24(5):495–503.

32.	 De Vries J, Michielsen H, Van Heck GL, Drent M. Measuring fatigue in sarcoid-
osis: the Fatigue Assessment Scale (FAS). Br J Health Psychol. 2004;9:279–91.

33.	 Snyder E, Cai B, DeMuro C, Morrison MF, Ball W. A new single-item sleep qual-
ity scale: results of psychometric evaluation in patients with chronic primary 
insomnia and depression. J Clin Sleep Med. 2018;14(11):1849–57. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​5​6​6​4​​/​j​​c​s​m​.​7​4​7​8.

34.	 Mundt JC, Marks IM, Shear MK, Greist JH. The Work and Social Adjustment 
Scale: a simple measure of impairment in functioning. Br J Psychiatry. 
2002;180:461–4.

35.	 Greenspace Health. Work and Social Adjustment Scale (WSAS) [Internet]. 
Available from: ​h​t​t​p​​s​:​/​​/​g​r​e​​e​n​​s​p​a​​c​e​h​​e​a​l​t​​h​.​​c​o​m​​/​e​n​​-​u​s​/​​w​o​​r​k​-​​a​n​d​​-​s​o​c​​i​a​​l​-​f​u​n​c​t​i​o​
n​i​n​g​-​w​s​a​s​/.

36.	 Pūkaitė S. Ugniagesių gelbėtojų patiriamo streso ir pasitenkinimo santykiais 
poroje sąsajos [master’s thesis]. Kaunas: Lietuvos sveikatos mokslų universite-
tas; 2018.

37.	 Center for Epidemiologic Studies Depression Scale Revised (CESD-R). Lithu-
anian version [Internet]. Available from: ​h​t​t​p​​s​:​/​​/​c​e​s​​d​-​​r​.​c​​o​m​/​​w​p​-​c​​o​n​​t​e​n​​t​/​u​​p​l​o​
a​​d​s​​/​2​0​​1​9​/​​0​3​/​C​​E​S​​D​-​R​-​L​i​t​h​u​a​n​i​a​n​.​p​d​f.

38.	 Hasomed GmbH. RehaCom: computer-assisted cognitive rehabilitation 
[Internet]. Available from: ​h​t​t​p​​s​:​/​​/​h​a​s​​o​m​​e​d​.​​d​e​/​​e​n​/​p​​r​o​​d​u​c​t​s​/​r​e​h​a​c​o​m​/.

39.	 Katz NP. The measurement of symptoms and side effects in clinical trials of 
chronic pain. Contemp Clin Trials. 2012;33(5):903–11.

40.	 Cheleschi S, Gallo I, Tenti S. A comprehensive analysis to understand the 
mechanism of action of balneotherapy: why, how, and where they can 
be used? Evidence from in vitro studies performed on human and animal 
samples. Int J Biometeorol. 2020;64(7):1247–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​
8​4​-​0​2​0​-​0​1​8​9​0​-​4.

41.	 Goto Y, Hayasaka S, Kurihara S, Nakamura Y. Physical and mental effects of 
bathing: a randomized intervention study. Evid Based Complement Alternat 
Med. 2018;2018:1–5.

42.	 Rapolienė L. Evaluation and prevention of lifestyle and psychoemotional 
status-mediated integral health risk [dissertation]. Vilnius: Vilnius University; 
2017..

43.	 Matzer F, Bahadori B, Fazekas C. Short-term balneotherapy is associated with 
changes in salivary cortisol levels. Neuroendocrinology. 2011;26:155. (Endo-
crine Abstracts).

44.	 Leng Y, Wainwright NWJ, Hayat S, Stephan BCM, Matthews FE, Luben R, et 
al. The association between social stress and global cognitive function in a 
population-based study: the European Prospective Investigation into Cancer 
(EPIC)-Norfolk study. Psychol Med. 2013;43(3):655–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​
/​S​​0​0​3​3​2​9​1​7​1​2​0​0​1​3​1​6.

45.	 Olver JS, Pinney M, Maruff P, Norman TR. Impairments of spatial working 
memory and attention following acute psychosocial stress. Stress Health. 
2015;31:115–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​s​​m​i​.​2​5​3​3.

46.	 Carter HH, Pienaar O, Coleman A, et al. The effects of water tempera-
ture on cerebral blood flow during aquatic exercise. Eur J Appl Physiol. 
2024;124(1):219–25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​2​1​-​0​2​3​-​0​5​2​6​4​-​7.

47.	 Tovbushenko MP, Merkulova GA, Anashkin VV, Vagaĭtseva EA. Effectiveness of 
medical rehabilitation in patients with chronic fatigue syndrome at a health 
resort. Vopr Kurortol Fizioter Lech Fiz Kult. 2010;(2):16–8.

48.	 Dilekçi E, Özkuk K, Kaki B. The short-term effects of balneotherapy on pain, 
disability and fatigue in patients with chronic low back pain treated with 
physical therapy: a randomized controlled trial. Complement Ther Med. 
2020;54:102550. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​t​i​m​.​2​0​2​0​.​1​0​2​5​5​0.

49.	 Bestaş E, Dündar Ü, Köken T, Koca B, Yeşil H. The comparison of effects of 
balneotherapy, water-based and land-based exercises on disease activity, 
symptoms, sleep quality, quality of life and serum sclerostin level in patients 
with ankylosing spondylitis: a prospective, randomized study. Arch Rheuma-
tol. 2022;37(2):159–68.

50.	 Castelli L, Galasso L, Mulè A, et al. Sleep and spa therapies: what is the role of 
balneotherapy associated with exercise? A systematic review. Front Physiol. 
2022;13:964232.

51.	 Karagülle M, et al. Effect of spa therapy with saline balneotherapy on oxidant/
antioxidant status in patients with rheumatoid arthritis: a single-blind ran-
domized controlled trial. Int J Biometeorol. 2017;61:169–80.

52.	 Silva J, Martins J, Nicomédio C, et al. Novel approach to assess balneotherapy 
effects on musculoskeletal diseases—an open interventional trial combining 
physiological indicators, biomarkers, and patients’ health perception. Geriat-
rics. 2023;8(3):1–12.

53.	 Groven MD. Peat therapeutics and balneotherapy. In: Pizzorno JE, Murray MT, 
editors. Textbook of natural medicine. 4th ed. St. Louis: Churchill Livingstone, 
Elsevier; 2013. pp. 385–94.

54.	 Salamon R, Christine G, Olié JP, Dubois O. Evaluation of the effectiveness 
of crenotherapy in treating generalized anxiety disorder. Sante Publique. 
2008;20(2):105–12.

55.	 Evcik D, Kızılay B, Gökçen E. The effects of balneotherapy on fibromyalgia 
patients. Rheumatol Int. 2002;22:56–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​2​9​6​-​0​0​2​-​0​
1​8​9​-​8.

56.	 Karaarslan F, Yılmaz H, Akkurt HE, Kaya FM, Şafak Yılmaz E. Comparison of the 
efficacy of mud-pack and hot-pack treatments in chronic non-specific neck 
pain: a single-blind, randomized-controlled study. Turk J Phys Med Rehabil. 
2022;68(3):381–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​6​0​6​​/​t​​f​t​r​d​.​2​0​2​2​.​8​5​7​5.

https://doi.org/10.1016/bs.irn.2019.12.003
https://doi.org/10.1016/bs.irn.2019.12.003
https://doi.org/10.5455/medarh.2013.67.374-377
https://doi.org/10.5455/medarh.2013.67.374-377
https://doi.org/10.1192/j.eurpsy.2023.2419
https://doi.org/10.1192/j.eurpsy.2023.2419
https://doi.org/10.1016/bs.irn.2020.01.003
https://doi.org/10.3390/ijms19061687
https://doi.org/10.3390/ijms19061687
https://doi.org/10.1016/j.ctim.2009.11.003
https://doi.org/10.1016/j.ctim.2009.11.003
https://doi.org/10.1080/09553002.2021.1956009
https://doi.org/10.1080/09553002.2021.1956009
https://doi.org/10.1007/s00484-024-02732-3
https://doi.org/10.1007/s00484-024-02732-3
https://doi.org/10.1111/psyg.12068
https://doi.org/10.1111/psyg.12068
https://doi.org/10.1007/s11356-021-17780-0
https://doi.org/10.1007/s11356-021-17780-0
https://doi.org/10.1007/s00484-018-1504-8
https://doi.org/10.1007/s00484-017-1447-5
https://doi.org/10.1007/s00484-017-1447-5
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://doi.org/10.1155/2016/9631684
https://doi.org/10.1155/2016/9631684
https://www.brandeis.edu/roybal/docs/CESD-R_Website_PDF.pdf
https://www.brandeis.edu/roybal/docs/CESD-R_Website_PDF.pdf
https://doi.org/10.1016/j.psychres.2020.113223
https://doi.org/10.5664/jcsm.7478
https://doi.org/10.5664/jcsm.7478
https://greenspacehealth.com/en-us/work-and-social-functioning-wsas/
https://greenspacehealth.com/en-us/work-and-social-functioning-wsas/
https://cesd-r.com/wp-content/uploads/2019/03/CESD-R-Lithuanian.pdf
https://cesd-r.com/wp-content/uploads/2019/03/CESD-R-Lithuanian.pdf
https://hasomed.de/en/products/rehacom/
https://doi.org/10.1007/s00484-020-01890-4
https://doi.org/10.1007/s00484-020-01890-4
https://doi.org/10.1017/S0033291712001316
https://doi.org/10.1017/S0033291712001316
https://doi.org/10.1002/smi.2533
https://doi.org/10.1007/s00421-023-05264-7
https://doi.org/10.1016/j.ctim.2020.102550
https://doi.org/10.1007/s00296-002-0189-8
https://doi.org/10.1007/s00296-002-0189-8
https://doi.org/10.5606/tftrd.2022.8575


Page 19 of 19Rapolienė et al. BMC Complementary Medicine and Therapies          (2026) 26:154 

57.	 Barassi G, Obrero-Gaitan E, Irace G, Crudeli M, Campobasso G, Palano F, et al. 
Integrated thermal rehabilitation: a new therapeutic approach for disabilities. 
Adv Exp Med Biol. 2020;8:29–38.

58.	 Bergamaschi B, Marzola L, Radice M, Manfredini S, Baldini E, Vicentini CB, et 
al. Comparative study of spa mud from bacino idrominerario omogeneo dei 
colli euganei (B.i.o.c.e.)–Italy and industrially optimized mud for skin applica-
tions. Life. 2020;10(6):1–19.

59.	 Lupu AA, Oprea D, Obada B, et al. Variation of serum serotonin values under 
specific peloidotherapy in patients with degenerative pathology of the 
lumbar spine. Balneo PRM Res J. 2023;14(3):588. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​6​8​​0​/​​b​a​l​
n​e​o​.​2​0​2​3​.​5​8​8.

60.	 Hou C, Liang L, Chu X, Qin W, Li Y, Zhao Y. The short-term efficacy of 
mud therapy for knee osteoarthritis: a meta-analysis. Med (Baltim). 
2020;99(17):e19761.

61.	 Mennuni G, Fontana M, Perricone C, Nocchi S, Rosso R, Ceccarelli F, et al. A 
meta-analysis of the effectiveness of mud-bath therapy on knee osteoarthri-
tis. Clin Ter. 2021;172(4):372–87.

62.	 Bai R, Li C, Xiao Y, Sharma M, Zhang F, Zhao Y. Effectiveness of spa therapy 
for patients with chronic low back pain: an updated systematic review and 
meta-analysis. Med (Baltim). 2019;98(37):e17092.

63.	 Kundakci B, Kaur J, Goh SL, Hall M, Doherty M, Zhang W, et al. Efficacy of 
nonpharmacological interventions for individual features of fibromyalgia: a 
systematic review and meta-analysis of randomised controlled trials. Pain. 
2022;163(8):1432–45.

64.	 Stanciu LE, Iliescu MG, Petcu L, Uzun AB, Ungureanu AE, Ungur RA, et al. The 
analyse of the antioxidant effect of natural peloidotherapy in aging process. 
Balneo PRM Res J. 2023;14(1):541.

65.	 Ansari S. Stress management – an ultimate need of the hour to succeed. Int J 
Manag Soc Sci. 2015;3(11):142–5. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​r​​e​s​e​​a​r​c​​h​g​a​t​​e​.​​n​
e​t​​/​p​u​​b​l​i​c​​a​t​​i​o​n​​/​3​1​​1​9​6​3​​4​0​​7​_​S​​T​R​E​​S​S​_​M​​A​N​​A​G​E​​M​E​N​​T​_​-​A​​N​_​​U​L​T​​I​M​A​​T​E​_​N​​E​E​​D​_​O​
F​_​T​H​E​_​H​O​U​R​_​T​O​_​S​U​C​C​E​E​D.

66.	 Eredoro C, Egbochuku O. Overview of stress and stress management. ARC J 
Nurs Healthc. 2019;5(2):16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​0​4​3​​1​/​​2​4​5​5​-​4​3​2​4​.​0​5​0​2​0​0​2.

67.	 Qi M, Gao H, Liu G. The effect of mild acute psychological stress on attention 
processing: an ERP study. Exp Brain Res. 2018;236:2061–71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​0​7​​/​s​​0​0​2​2​1​-​0​1​8​-​5​2​8​3​-​6.

68.	 World Health Organization. Stress management: self-help guide [Internet]. 
Geneva: WHO. 2020. Available from: ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​w​h​​o​​.​i​​n​​t​/​p​​u​b​​l​i​c​​a​t​i​o​​​n​​s​​/​i​​/​i​​t​e​m​
/​9​7​8​9​2​4​0​0​0​3​9​2​7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.12680/balneo.2023.588
https://doi.org/10.12680/balneo.2023.588
https://www.researchgate.net/publication/311963407_STRESS_MANAGEMENT_-AN_ULTIMATE_NEED_OF_THE_HOUR_TO_SUCCEED
https://www.researchgate.net/publication/311963407_STRESS_MANAGEMENT_-AN_ULTIMATE_NEED_OF_THE_HOUR_TO_SUCCEED
https://www.researchgate.net/publication/311963407_STRESS_MANAGEMENT_-AN_ULTIMATE_NEED_OF_THE_HOUR_TO_SUCCEED
https://doi.org/10.20431/2455-4324.0502002
https://doi.org/10.1007/s00221-018-5283-6
https://doi.org/10.1007/s00221-018-5283-6
https://www.who.int/publications/i/item/9789240003927
https://www.who.int/publications/i/item/9789240003927

	﻿Effects of balneotherapy on stress, anxiety, and depression: results of a multicenter randomized controlled trial with six-month follow-up
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Reporting standards
	﻿Study design and setting
	﻿Participants and sample size
	﻿Randomization and blinding
	﻿Outcomes and instruments
	﻿Interventions
	﻿Natural resources
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of participants
	﻿Short-term treatment effects on stress and related outcomes
	﻿Long-term effects of treatment on stress and related conditions
	﻿Treatment safety

	﻿Discussion
	﻿Study limitations

	﻿Conclusions
	﻿References


