Rapoliené et al. BMC Complementary Medicine and Therapies (2026) 26:154 BMC Com p|em entary
https://doi.org/10.1186/512906-026-05323-4 . . .
Medicine and Therapies

Check for
updates

Effects of balneotherapy on stress, anxiety,
and depression: results of a multicenter
randomized controlled trial with six-month
follow-up

Lolita Rapoliené'?’, Aelita Bredelyté!, Giedré Taletavi¢iené®, Arvydas Balcius®, Jarate Astravaité®, Jovita Jociené®,
Virmantas Rinkevi¢ius®, Antanas Danys7, Liucija Patinskiene®, Nerijus Kemeklis®, Beatri¢é Pargaliauskytéw,
Dovydas Rapolis'®, Justina Raulugonyté'® and Antonella Fioravanti''

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 (1TABTNT),
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

*Correspondence:
Lolita Rapoliené
lolita.rapoliene@ku.lt

Full list of author information is available at the end of the article

© The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12906-026-05323-4
http://crossmark.crossref.org/dialog/?doi=10.1186/s12906-026-05323-4&domain=pdf&date_stamp=2026-3-9

Rapoliené et al. BMC Complementary Medicine and Therapies

(2026) 26:154

Page 2 of 19

implementation.

trial, Mental health promotion

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

Trial registration ClinicalTrials.gov Identifier NCT06018649 (August 25th, 2023).
Keywords Balneotherapy, Complementary medicine, Stress reduction, Depression, Anxiety, Randomized controlled

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
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Table 1 Stress intensity scale for participant inclusion
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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

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),
Atostogy Parkas (Kretinga region), Eglé (Druskininkai),
Draugysté (Druskininkai), Tulpé (Birstonas), and Versmé
(Birstonas). 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.
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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.
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+ 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

Study groups included: + Work and social adjustment
ENROLLMENT ’ Assessed for eligibility in survey (n= 1137) ’ Excluded (n=764)
l *  Not meeting inclusion criteria (n=364)
R —— *  Declined to participate (time, place) (n=150)
LS ici ; =255 *  Excluded because the study sample was already
AND ALLOCATION Participants randomly allocated to treatment groups, N= 255 |

!

collected (n=250)

v v
11ABT. N=67 11ABTNT, N=65

11BTS. N=66

Losses, N=3 (4 %): N=2 lack of
compliance because labour affairs;

N=I personal reasons

Lossas, N=2 (3 %): N=2 lack of
compliance because labour affairs

Loszes, N=2 (3 %): N=1 discontinued
bacause of bad tolerance; N=1
‘behavioural problems

Lozses, N=5 (9 %): N=3 refusa to
participate; N=1 perzonal reazons, N=1
Lost contact

Completed 2-week course
N=64 (92 %)

Completed 2-week course
N=63(92%)

Completed 2-week course
N=64(92%)

Completed 2-week course
N=52(92%)

. 6 month 6 month 6 month 6 month
FOLLOW-UP N=49 (77 % treated) N=47 ( 75 % treated) N=51 (80 % treated) N=33 (64 % treated)
T
l A 4 A 4 v
~ Post-treatment N= 64 Post-treatment N= 63 Post-treatment N= 64 Post-treatment N= 32
ANALYSIS Longitudinal N= 49 Longitudinal N= 47 Longitudinal N= 51 Longitudinal N= 33

Losses, N=13 (23 %): N=5 lack of
compliance bacause of time or place;
N=6 parsonal reasons, N=4 refuse of

Losses, N=16 (25 %): N=2 lack of
compliance because labour affairs; N6-
refuse of examination, N=8 personal

reasons.

Losses, N=13 (20 %): N=2 lack of
compliance because labour affairs;
N=3 refuse of examination, N=2 left
country, N=4 personal reasons

Losses, N=19 (36 %): N=3 lack of
compliance bacause labour affairs;
N=4 refuse of participation, N=7
personal reasons , N= 3 lost contact

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
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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.

o 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).

Table 3 The characteristics of mineral waters used in study centers

(2026) 26:154

Page 6 of 19

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

Centers Total mineralization, g/l Dominant macroions, mg/I

pH (€O, balanced mg/l Other elements

Cations Anions

Na*+K* Ca** Mg** CI°~  HCO;~ SO,*
1 55,221 15579 3453 1387 32075 466 2642 653 249 Brg1.8,K133,Fe 18,516,1,81,13
2 35,837 9089 2800 1166 21,000 925 1675 684 242 Br525,K73,Fe642,5i8.2,8054
3 21,667 4304 1969 1259 12350 110 1673 749 645 Br46.2,K939,Fe 031,5i83,B1,71
4 22213 4108 2080 1400 12500 299 2046 73 / Br 46, K 88.1, Fe 0.26,F 0,48
5 16,75 4431 1267 417 8650 119 1862 754 6,22 Br47.5,K157,Fe0,11,5i7.2,B2,25
6 82,445 22618 6302 1948 49900 <10 1647 571 322 Br270,K518,Fe 10,1,51<2,B7,95
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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 83 6,9 6,4 6,6 6,7
Humidity % 79,11 70,51 94,95 7549 94,04 96
Particulate pollution (>2 mm)% 2,5 4 2,8 / 28 0,8
LT>05mm<5%
Hydriocarbons (HCO3) mg/I 244 366 107 185 229 214
Total mineralization, mg/I 20,007 1780 53 50 141 38,5
Dry residue, mg/I 24,140 2425 385 385 347 238
Chlorids (Cl) mg/I 10,103 49,6 21,3 42 10,6 71

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>50D,10-50S
Degree of fragmentation r % 81,36 100 76,07 73 79,44 7591
Total nitrogen (N)% 2,15 0,95 792 / 57 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 15
Total potassium (K) % 0,04 0,07 0,07 54 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 (Si02) % 3,35 10,47 4,07 / 4,32 11,51
Total suplhur (S) % 0,55 0,24 0,89 31,5 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/I 2189 6335
Manganese (Mn) mg/kg 194 394 123 / 119 151

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 (»<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
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Table 5 Sociodemographic and clinical characteristics of study
participants across intervention and control groups
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11ABT, 11ABTNT, 11BTS, 11C, p-
N=64 N=63 N=64 N=52 value
Age, years, mean  48.8 463 (10.1) 488 458 0.271
(SD) (11.5) (10.5) (11.0)
Gender 0.086
Woman, N (%) 56 (87.3) 42 (66.1) 46 (719) 39 b
(75.5)
Man, N (%) 8(127) 21(33.9) 18(28.1) 13
(24.5)
Education 0.052
Secondary, 8(145) 10(164) 2332 8(16.3) b
N (%)
Highereduca- 7(127)  7(11.5) 8(129) 3(6.1)
tion, N (%)
High college 7(0127) 15 (24.6) 13 (21) 5(10.2)
education, N (%)
University, N (%) 33 (60) 29 (47.5) 38(61.3) 33
(67.3)
Marital status 0.156
Married, N (%) 36 (65.5) 42 (68.9) 36 (59) 37 b
(75.5)
Single 9(164) 4(6.6) 6(9.8) 8(16.3)
Divorced 7(0127) 11(18) 16 (26.2) 3(6.1)
Widower 3(5.5) 4(6.6) 3(4.9) 1)
Living place, city, 41 (74.5) 37 (60.7) 40 (64.5) 36 0.176
N (%) (735 °
Working area 0449
Clerck/officer, 25(46.3) 27 (44.3) 36(58) 22 b
N (%) (44.9)
Service area, 20(37)  22(36.1) 12(194) 21
N (%) (42.9)
Industrial area, 2 (3.7) 5(8.2) 8(129) 3(6.1)
N (%)
Others, N (%) 7(13) 7(11.4) 6(9.7) 3(6.1)

Stress intensity, 6.31(1.8) 6.85(2.0) 6.83(1.9) 6.5(1.8) 0.333
VAS, mean (SD)

Stress manage- 525(1.6) 5.44(1.9) 541(1.8) 538 0.932
ment, VAS, mean (1.7)

(SD)

I with Covid-19, 39(709) 51(82.2) 45(726) 38 0.523
N (%) (776) °
Post-Covid 17 (3090 19(30.2) 23 (37.1) 14 0.810
condition 86) P

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

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.
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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.
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Table 6 Pre- and post-treatment changes in key outcomes across study groups

Outcome 11ABT A Mean 11ABT T1ABTNT A T1ABTNT 11BTS A Mean 11BTS 1M CAMean 11C
(SD) p-value Mean (SD) p-value (SD) p-value (SD) 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) 0516
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 -2.122.77) <0.001 -045 (2.24) 0.268
Trait anxiety (STAIT) -347 (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) -1249(1444)  <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 -2.80(11.99) 0.023 -8.43(9.83) <0.001 -7.84 (7.93) <0.001 -045 (1043) 0.641
(WSAS)
Integrative outcomes +191(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
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Fig. 2 The change of perceived stress subscales in study groups. ** p<0.001; * p<0.05

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

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.
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Estimated Marginal Means of STRESS MANAGEMENT

11ABT group
: ok L1 *k
L3
s
=
s
£
g,
K
®
E
g
0
TO T1 T2 T3
Study period .
Error bars: 95% CI DML P00
Estimated Marginal Means of STRESS MANAGEMENT
11ABS
i EoRp ek ek
ok
o
i
=
=
£
5
2.
°
£
E
i
0
T0 T1 T2 T3
Study period

** p<0.001; * p<0.05
Enror bars: 95% CI P P

Fig. 6 Changes in stress management during the follow-up period
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Fig. 7 Perceived stress trajectories across groups during the follow-up period
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Fig. 8 Fatigue Assessment Scale changes during the follow-up period

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.

Estimated Marginal Means FAS

1IABTNT group
]
sk * sk
2
S
=
s 2
£
o
s
=
°
£
£ 10
=
I
0o
T0 T1 ) T3
Study period ” .
Error bars: 5% CI P<0.001; * p<0.05
Estimated Marginal Means FAS
11C group
0
§
2
& 20
£
5
=
°
£
E 10
%
w
0
0 T T2 T3
Study period
Error bars: 95% 1
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
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Fig. 10 Changes in trait anxiety during the follow-up period

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
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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



Rapoliené et al. BMC Complementary Medicine and Therapies

Estimated Marginal Means CESD-R

11ABT group
=
i
2" * *
K
I.
K *k
H
g
o
T0 T1 T2 T3
Study period

** p<0.001; * p<0.05
Eror bars: 95% CI L #

Estimated Marginal Means CESD-R
11ABS group

T0 T T2 T3
Study period

4 p<0.001; * p<0.0S
Enmor bars: 5% CI e P

Fig. 11 Changes in depressive symptoms during the follow-up period
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Fig. 12 Work and Social Adjustment Scale changes during the follow-up period

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].
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Fig. 13 Changes in sedative usage during the follow-up period

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
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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
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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,
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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.
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