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Abstract: Background: Balneotherapy or spa therapy, with its multimodal effects, has shown
clinical efficacy in treating various pathological conditions. However, further studies are needed to
assess its impact on mental health and to evaluate treatment safety. This study aimed to evaluate
the effectiveness of different natural resources of the Lithuanian medical spa for stress-related
disorders and skin health and to disclose the safety profile of using natural resources. Methodology.
We performed a multicenter randomized controlled single-blinded study in 6 Lithuanian medical
spas. The 1- 2-week treatment combining mineral water, therapeutic mud, and salt procedures was
provided for the 364 participants with moderate stress levels and the effect was evaluated using
surveys, instrumental, and laboratory measures. Results. The findings highlighted that the effects
of BT using different natural resources significantly improve mental and skin health, as well as
contribute to overall health status for up to 6 months. A significant reduction of anxiety, depression,
and fatigue as well as improvement in sleep, skin moisture, subjective skin state, and integrative
outcomes was achieved in all centers after treatment, while stress and saliva cortisol, working speed,
skin oiliness, and elasticity improved in a few centers. A positive result was related to the duration
of the treatment, and possibly- to the features of natural resources. Mineral water most commonly
caused side effects; it varied among centers, however, they were predominantly local, mild, and
transient. Conclusions. Balneotherapy using natural resources is effective for the enhancement of
mental and skin health. Further research is necessary for a better understanding of the role of
different natural resources on health status and safety profile.

Keywords: balneotherapy, health, mental state, mineral water, natural resources, peloids, peloido-
therapy, safety, spa therapy, skin

1. Introduction

Natural resources are essential components of living and inanimate nature. They
include the energy of the sun and the depths of the Earth, minerals (oil, metals, peat), air,
climate, water, soil, herbals, forests, wildlife, and landscape. Some of the most used
resources used in balneotherapy (BT) are clay, peat, and underground water. The use of
various mineral waters and peloids as therapeutic agents has a longstanding tradition in
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many countries from ancient Egyptian, Roman, and Greek cultures, Egypt, and Israel [1],
[2], [3]. In Europe, the following healing resources are recognized: healing mineral waters
(for drinking, breathing, baths, or active procedures); healing gases (radon, H2S, CO: in
water sources); sea therapy; healing mud; healing climate; Kneipp therapy [4], etc.

In an era dominated by modern medical interventions, there is a resurging recognition
of the need for natural holistic, and sustainable alternative treatment approaches. BT is an
effective complementary method based on stimulating and adapting the body in the
management of various low-grade inflammations and stress-related pathologies,
especially rheumatic and metabolic conditions [5], [6], and generally employs mineral, or
thermal waters, and gases [7], [8] from natural springs, peloids (mud), and other traditional
remedies for the treatment of different pathological conditions, such as dermatological,
rheumatological, gastroenterological, pulmonary, cardiovascular, gynecological,
metabolic, neurological, psychiatric, endocrine, and even Covid-19 [9], [10], [11], [6], [12],
[13], [14], providing analgesic, anti-inflammatory (limiting the production of the central
proinflammatory cytokines, prostaglandins), antioxidative, sedative, and muscle-
rejuvenating effects, reducing heat shock proteins and adipokines [15], [16], [17], [18], [19],
[20]. The mechanism of action of BT is still not fully clear [21]. It has been proposed that
numerous factors in natural resources like mineral water and peloids, such as mechanical,
thermal, and chemical effects, play a combined role in the effectiveness [22], [23]. The
environment, density, buoyancy, specific gravity, viscosity, hydrostatic pressure,
temperature, and dissolved substances of mineral water affect the balneotherapy [24]. The
pressure of the mud on the body surface and the osmotic changes in the skin lead to the
softening and resolution of pathological products, as well as other features [25], [26]. Non-
specific (hydrotherapeutic) mechanisms depend on the physical properties of the water
and are well-known [27]. In contrast, specific (chemical) properties depend on the organic
and inorganic compounds as well as on the microorganisms present in mineral water or
peloids, which are challenging to verify [28], [29], [30].

Stress has become a ubiquitous and prevalent challenge worldwide, affecting
individuals across diverse cultures and lifestyles. The fast-paced nature of modern life,
coupled with various socio-economic factors, has contributed to the escalating prevalence
of stress-related mental disorders (anxiety, depression, fatigue, cognitive function
impairment). Moreover, the COVID-19 pandemic has dramatically affected people's lives
around the world through threats to physical health, lifestyle changes, increased stress,
and increased threats to mental health and well-being [31], [32]. Stress expression
encompasses physical, emotional, mental well-being, and behavioral changes [33]. Chronic
stress promotes the development of anxiety and depression [34] and dementia [35], and
has bidirectional relationships with fatigue [36] and sleep quality [37]. There is an intricate
relationship between stress and skin conditions: stress, whether chronic or acute, can act
as a trigger or an exacerbating factor for various skin conditions [38], [39]. Conditions such
as eczema, psoriasis, acne, and hives have been linked to heightened stress levels. The
physiological response to stress, including the release of stress hormones, may contribute
to inflammation, imbalances in the immune system, and impaired skin barrier function.
Conversely, skin conditions can also induce stress due to their visible nature, impacting
self-esteem.

Most scientific studies worldwide have shown positive effects of BT on
musculoskeletal diseases and skin regeneration [40], [41], [42], [43], [44], [5], as well as other
diseases and general health indicators [45], [46], [47].

In recent years studies have reported positive effects of balneotherapy related to
relieving stress, fatigue, mood disorders, and burnout [48], [49], [50], [51]. They also
showed improved quality of life, sleep, psycho-emotional well-being, and mental activity
[52]. [53], [54], [55], [56].
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Overall, mental and skin health has significant individual and societal implications,
yet research attention and effective natural treatment methods are lacking. In the pursuit
of medical treatments, the importance of embracing safe and natural products has
garnered increased attention. Studies on BT treatments vary, hindering conclusive findings
on their benefits. Diverse methodologies and results also obstruct clear assessments of
natural resource effectiveness and safety. Further research is needed to understand the full
impact on mental and physical health and to develop effective treatment approaches. The
composition of water and peloid varies from region to region and may be associated with
different effects upon usage, which should be clarified for integrating balneotherapy in the
treatment programs together helping to develop sustainable medical balneal tourism [57],
[58], [59]. Lithuania is among the leading and well-known countries throughout Europe
for medical spas and is rich in natural resources. However, scientifically based studies
regarding the combined therapeutic effect and safety of different natural resources for the
treatment of different disorders are still limited.

The aims of this study were, firstly, to study the effectiveness of different
natural resources of the Lithuanian medical spa for the reduction of stress-related
disorders and improvement of skin conditions; and secondly, to disclose safety issues in
using natural resources.

2. Methods

Study design and ethics

The multicenter randomized controlled single-blinded (for researchers)
interventional study was made from January through September 2023 in 6 medical spa
centers: Gradiali (Palanga), Atostogy parkas (Kretingos reg), Egle (Druskininkai),
Draugyste (Druskininkai), Tulpé (BirStonas), Versmé (BirStonas) in Lithuania (Fig.1).
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Figure 1. The location of medical spas participated in the study.[32].

- sites of the tested mineral water.

This study was conducted according to the guidelines of the Declaration of Helsinki
and it adheres to Good Clinical Practice (GCP) guidelines and other relevant regulations,
and following the biomedical study protocol approved by Kaunas Regional Research
Ethics Committee (permission code BE-2-87 (28-11-2022). The study was registered in
ClinicalTrial.gov (Identifier: NCT06018649). The information about the planned study and
the participants being recruited was disseminated throughout Lithuania, and all terms,
and descriptions of the study were available on the Klaipeda University site together with
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the registration form. All the participants signed the informed consent with the
information about the study's aim, terms, and description of this study before fulfilling the
electronic registration form. Detailed information about biomedical research and an
opportunity to ask questions and receive answers was given, and signing informed consent
in paper form was carried out at the research center before the examination (TO),
participants received a copy of the Informed Consent Form. According to the signed
consent, participants could discontinue participation in the study at any time without
giving any reason. The coded data will be stored in the University for the period provided
for in the legislation. Research centers were committed to respect and protect the privacy
and personal data of each data subject. The privacy policy was prepared in accordance
with Regulation (EU) 2016/679, Directive 95/46/EC, personal legal protection of the
Republic of Lithuania law, and other legal acts protecting the information that they collect,
use, and store.

Participants and resources

Inclusion criteria were the age of 18-65 years, with moderate stress intensity (>3 points
(10, VAS), or moderate stress management <7 (10, VAS). The exclusion criteria were
uncontrolled/decompensated systemic  diseases  (hematological, endocrine,
rheumatological, renal, cardiovascular, digestive, pulmonary), active infection, malignant
tumors, surgery or significant trauma in the past year, applied balneotherapy treatment
during 3 months, pregnancy/lactation, bleeding, severe mental and physical health
problems.

The person who was responsible for the selection of participants according to
inclusion and exclusion criteria analyzed the data provided and contacted possible
participants (if needed) and according to participants' preferred treatment location and
possibilities to reach the research center daily (within a radius of about 100 km) allocated
them to Klaipeda and Druskininkai clusters. The lists of potential participants were drawn
up after the initial assessment of the information provided, and participants were invited
for the initial examination in research sites (T0). The number of persons assessed for
eligibility was 1137.

Sampling was a probabilistic nest (cluster), in which each research participant's entry
into the sample was multi-stage, criterion-based. Persons who met eligibility criteria were
allocated to Klaipeda (2 research centers) and Druskininkai (4 research centers) clusters,
coded and randomly assigned to one of six groups with different treatment modes: 6-day
ambulatory BT treatment (6ABT), 11-day ambulatory BT treatment (11ABT), 11-day
ambulatory BT treatment with nature therapy procedure (11ABTNT), 11-day inpatient
treatment (11BTS), 11-day nature therapy procedure (11NT), and control group (11C) by a
statistician using computer program after the initial examination (TO0) at the study centers.
The study utilized the SPSS function "Random sample of cases," which selects a subset of
cases either based on an approximate percentage or an exact number. All selected
participants were randomized into groups using a predetermined SPSS method, ensuring
unbiased allocation to different experimental conditions or treatment arms. The
parameters of age, sex, and baseline stress level analyzed by a Pearson x> or ANOVA,
Tukey's honesty test, had no significant difference between the six groups. The
researchers/assessors performing the examination did not know which group the subject
belonged to.

The sample size required for statistically significant comparisons of the rehabilitation
effect of the means of quantitative variables before and after the procedures was calculated
by the G*Power program [33] according to the data of the authors' previous published
studies [34]. For an estimated sample size of 0.32, 0.4, and 0.5, the group size would be 79,
52, and 34 subjects, respectively.

A total of 364 participants received treatment at the centers. The participants’
characteristics based on the screening questionnaire in research centers are given in Table
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Al. No difference in gender (chi-square p=0.178), education (p=0.281), marital status
(p=0.310), profession (p=0.093), mode of work (0.085), work experience (p=0.241), salary
(p=0.262), working hours (p=0.214), resting hours (p=0.858), and in post-covid condition
(p=0.792) were found. The participants differ in living place (more of Centers 5 and 6 lived
in the city, p=0.031) and ill with COVID-19 (participants of Centers 5 and 6 were more ill
during the last 6 months, p=0.046). The participants' groups in centers differ in age between
Centers 5 and 4 (mean difference -6.95, p =0.016), and Centers 1 and 4 (mean difference -
7.43, p=0.042). The least stress was in Center 6, with the best skin condition- in Center 5 (a
significant difference between Centers 1 and 5 (p=0.033). There were no differences
according to stress management.

The 6 groups with different treatment modes were allocated to 6 medical spas
(Centers) with different natural resources (Table 1). Four centers provided one mode of
procedure to their allocated participants, and two centers provided mixed modes since
there was no possibility of organizing the separate modes.

Table 1. The characteristics of treatment modes in research centers and some
constituents of natural resources.

Centers 1 2 3 4 B 6
Treatment modes in 11ABTNT 11BTS 6ABT 11ABT 6ABT, 6ABT,
Centers 11ABTNT, 11ABT,
11BTS 11BTS)
Natural resources used in the study |
Mineral waters, 55221 35837 21667 22213 16750 82445
TDS, mg/l
pH 6.53 6.84 7.49 7.27 7.54 5.71
Main minerals by Cl-Na-Ca- Cl-Na-Ca- Cl-Na-Ca- Cl-Na-Ca- Cl-Na- Cl-Na-Ca-
amounts 504-Mg-K- SO4-Mg- 504-Mg- 504-Mg-K- 504-Ca- Mg-SO4-
Br-HCO3-Fe | HCO3-K-B | HCO3-K-Br Br-F Mg-K- K-Br-Fe-B
HCO3-Br
Water 1:1, bath 1:2, bath Natural, Natural, 1:1, pool Natural,
procedure/dilution bath pool pool
with tap water
Peloids Peat, Peat, Sapropel, Peat, Sapropel, Sapropel,
wrapping wrapping wrapping diluted with | wrapping | wrapping
mineral
water, bath
pH 7 8,3 6,9 6,4 6,6 6,7
TDS, mg/l 20007 1780 53 50 141 38,5
Main minerals by Ca-Fe-Mg- Ca-Fe-Mg-
amounts Ca-Fe-Cl-Mg Mn-Si Ca-Fe-Mg Ca-S-Mg Ca-Fe-Mg NO?;—Mn—
i
Dry residue, mg/l 24140 2425 385 385 347 238
Organic material, % 70,73 14,32 91,96 78,54 91,17 81,92
Degree of 81,36 100 76,07 73 79,44 75,91
fragmentation, %
Humic acid 2,25 122 14,65 / 6,54 28,25
content, %
Fulvic acid 17,9 0,98 11,68 / 14,09 3,25
content, %
Salt procedure Aerosols, Aerosols, Salt room Salt room Salt room
Himalayan Salt room mineral
salt water

According to certified laboratory results, natural resources had some differences in

amounts of different substances (see Table 1). TDS of mineral waters were 17- 82 g/I (high
mineralization (3,4,5)- brines (1,6); main minerals established in all centers were Cl (6,1),
Na (6,1,2), Ca (6,1,2), SO4 (1, 4), Mg (6,4,1), K (6,1), HCO3 (3,5), Fe (1), Br 46 (3-4) to 270 (6)
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mg/l. The mineral water with natural composition was used for the bath and pools in
Centers 3,4,6; Centers 1, 2, and 5 diluted mineral water with hot tap water.

Peloids’ pH was 6.4- 8.3- low acidic (4), neutral (1,3,5,6), alkaline (2); TDS varied
between 38.5 (6) to 20007 (1); % organic material was 14 (2) to 92% (3,5); main minerals
were Ca (2,1,6), Fe (1,2,6), Mg (2,1,6); the highest amount of humic acid was in Centers 3
and 6, lowest- in 1-2 centers, fulvic- Centers 1 and 5, lowest- in Center 2. Although Centers
3 and 5 used sapropel from the same supplier, some parameters still differed. Peloids were
used for wrapping in Centers 1,2,3,5,6; in Center 4 mud baths were given.

Study outcomes

Primary study outcome — effectiveness of BT on mental and skin state, secondary -
overall effectiveness and safety of BT procedures.

Study instruments

The mental and skin health status of participants was measured before (T0) and after
treatment (T1). The interview about changes in complaints, objective status, and usage of
medicines was made by medical doctors after treatment (T1). Participants' opinions
about overall therapeutic effectiveness, and positive body changes were made after
treatment (T1), after 3 months (T2), and after 6 months (T3). Adverse events were collected,
described by participants using prospective assessments (prespecified symptom
inventories) which can offer greater sensitivity and consistency in detecting side effects of
specific treatments, and monitored by doctors of physical medicine and rehabilitation. The
list of the side effects was given to researchers after treatment (T1) (N=308).

The instruments for the evaluation of BT treatment's complex effect on stress were
saliva cortisol and perceived stress scale (PSS-10). Saliva cortisol- a marker of brain health-
is a simple and more accurate method than blood cortisol. Saliva contains only the free
active part of hormones and transport molecules do not interfere with the test. The test was
made in a certified laboratory (Germany). Laboratory method: Enzyme Immunoassay
(ELISA), device: Tecan Evolyzer, the name of the kit: Cortisol Saliva Elisa Tecan; REF:
RE52611, Quantitation as functional sensitivity: 0,005 ug/dl (with a precision of 20 %),
inter- assay: range between 10,1 % and 19,5 % (CV: 13,2 %), intra-assay: range between 3,2 %
and 6,1 % (CV: 4,3 %). Higher cortisol numbers indicate higher stress levels. Stress as a
general entity was subjectively measured using the Perceived Stress Scale (PSS-10) [60]
which is one of the most widely used scales for measuring the perception of stress. It can
also be used to monitor stress during the implementation of stress management strategies
[61]. Individual scores on the PSS can range from 0 to 40, with higher scores indicating
higher perceived stress: 0-13 is considered as low stress; 14-26- moderate stress, and 27-40
- high perceived stress.

The CESD-R is a screening test for depression and depressive disorder. The CESD-R
measures symptoms defined by the American Psychiatric Association [62], the total CESD-
R Score is calculated as a sum of responses to all 20 questions (0-80). We have used the
scale as a continuous variable. Anxiety was measured using a shortened five-item
Spielberger State-Trait Anxiety Inventory- STAI-20 version- STAI-5 [63]. For STAIS was a
question: How do you feel right now, STAIT- How do you generally feel; STAIS-5 210
or/and STAIT-5 =14 can be considered potentially clinically anxious. We have used the
scale as a continuous variable. Fatigue was measured using a 10-item Fatigue Assessment
scale (FAS) [64]. The total score ranges from 10 to 50, with a higher score indicating more
severe fatigue. Scores above 22 represent significant fatigue [65]; between 22 and 34
indicates mild-to-moderate fatigue; 35 or more indicates severe fatigue. Sleep quality was
measured using a self-administered single-item sleep quality scale (SQS) where 0 stands
for terrible, 1-3 for poor, 4-6 for fair, 7-9 for good, and 10- excellent sleep [66]. Integrative
outcomes were measured using the Arizona Integrative Outcomes Scale which reflects on
the sense of well-being, considering physical, mental, emotional, social, and spiritual
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condition. The score is marked on the line from ,, worst you have ever been (0) to best you
have ever been (10) [67]. To objectively measure cognitive functions, we utilized a series of
RehaCom selection tests, including assessments for working memory, working speed,
attention, and visual field. RehaCom stands as a computerized system designed for
cognitive function therapy, with its effectiveness substantiated by clinical studies.

Overall subjective skin condition was measured using a questionnaire on a 10-point
scale, where 0 means very bad, and 10- excellent skin condition. The objective skin state
(skin moisture, oiliness, elasticity) was measured using an IMATE skin test pen, model M-
6602 (China) on the middle of right upper arm outer surface. The referenced values for the
hand are moisture 25-35, oil 41-52, and elasticity 50-65.

The following assessment was used to assess complaints and medicine
(antihypertensives, antiarrhythmics, painkillers, sedatives) usage: 1- reduced, 2- no change,
3- increased; to determine the objective status shift and respondent’s opinion regarding
overall therapeutic effectiveness of procedures after treatment: 1- improved, 2- no change,
3- worsens; to assess the remaining effect of procedures after 3 and 6 months: 1- remains
effect, 2- effect lost.

The frequencies of adverse reactions are typically determined during clinical
trials from the information reported by trial participants [68]. The method used in our trial
was prospective comprehensive symptom checklists prepared by researchers with a list of
symptoms, their frequency, duration, and need for treatment for mineral water, peloid,
and salt procedures. The overall safety of the whole complex treatment was measured
using a 5-point Likert scale, where 1 stands for extremely safe, and 5- for unsafe treatment.

Procedures

The same BT complex was prescribed in all centers: 20 min of tap water pool with
light exercises, mineral/geothermal water bath- 34-36° 20 min, sapropel wrapping- 20 min,
salt therapy- 25 min. For Centers 1 and 5 the nature therapy procedure was as follows: a
45-minute walk in nature (forest or seaside), a complex of simple strength and breathing
low-intensity exercises, sensory impulses (landscape, forest smells- aromatherapy, natural
sounds of nature, collecting nature's goodies, mindfulness therapy, heliotherapy. The first
procedure was provided by a kinesiotherapist, all others had to be performed by the
participant independently with accurate instructions given. The description of the BT
complex is provided in Table A2. Participants were told to not make significant changes to
their lifestyle during the study period.

Statistical analysis

Descriptive data were presented as means and standard deviations (SD) graphically
by means and 95% CI. Independent 2-tailed t-tests for continuous variables and Chi-square
test, chi-square statistic to compare variables frequencies in each rehabilitation group, and
z-test for categorical variables were used to examine between categories. Analysis of
variance (ANOVA) with Tukey HSD post-hoc multiple comparison tests were used to
assess the differences between mean values of variables across the study groups.
Comparison of variable means at the treatment beginning (T0), and end (T1) was
performed using Paired-Samples t-test. When the conditions of normality of the variables
were not met, the differences between the values of the variables in the rehabilitation
groups were evaluated by applying the Friedman non-parametric test. Sample size-
adjusted effect sizes (Cohen's d statistic) were calculated for power analysis. Descriptors
for magnitudes of d= 0.01 to 2.0, as initially suggested by Cohen and expanded by
Sawilowsky were used [69]. The correlation between two parametric or nonparametric
variables was made using Pearson's or Spearman's r, which can vary from -1 to 1, with
-1 indicating a perfect negative linear relation, 1 indicating a perfect positive linear relation,
and 0 indicating no linear relation between two variables. A p-value <0.05 denoted
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statistical significance. Analyses were performed with the SPSS (Statistical Package for the
Social Sciences for Windows) version 28.0 SPSS Inc., Chicago, IL.

3. Results

The changes in mental, skin states, and integrative outcomes parameters in research
centers are shown in Table A3.

The effectiveness of balneotherapy on stress

After implementing the BT procedures, there was a noteworthy reduction in saliva
cortisol levels observed in two centers: Centers 5 (with a 36% reduction from baseline and
a medium effect size) and 6 (with a 22% reduction and a small effect size). However, no
significant changes in cortisol levels were recorded in the remaining centers.

According to PSS-10, stress was moderate in all centers before treatment. It reduced
significantly in five of six centers: in Centers 4 (medium effect), 2,3, 5, and 6 (small effect).
No significant effect on stress level was in 1 center. The mean change in scale ranged from
2.5-3.4 points. The change in center 4 was qualitative: moderate stress level changed to low-
stress level.

The effectiveness of balneotherapy on fatigue and mental disorders

The baseline mild-to-moderate fatigue level was reduced in all centers by 3.2-4.2
points with large (Center 3), medium (Centers 1,2,5, and 6), and small (Center 4) effect sizes.
Although the change in Center 4 had a small effect qualitative change of fatigue to a normal
level was achieved.

State anxiety was reaching a clinically anxious state in 1, 3, and 4 Centers before
treatment. State- and trait anxiety were reduced in all centers after treatment: state- by
1.5-3.8 points with medium (Centers 5 and 6) to very large (Center 3), while trait- by 2.1-
3.5 points with medium (Center 1) to very large (Centers 2, 3, and 4) effect size. State-
anxiety reduction reached a qualitative change: from potentially clinically anxious to a
normal state in Centers 1, 3, and 4.

Subthreshold depression symptoms had respondents from 1 and 3 Centers before
treatment. Depression was reduced in all centers by 5.6-18.1 points with the medium
(Centers 1,5, and 6) to large (Centers 2-4) effect size. The change in 1 and 3 centers was
qualitative- after treatment symptoms no longer had clinical significance for depression.

The baseline sleep quality was fair in all except Center 3. Sleep was improved in all
centers by 1.3-2 points (10, VAS) with medium (Center 5) to very large (Center 4) effect
size, from 21% (Center 3) to 32% (Center 1) from the initial level. The positive qualitative
changes (from fair to good) were reached after treatment in five centers.

When evaluating changes in objective cognitive functions, a significant change after
treatment was obtained in the working speed - a significant speed reduction was observed
in Center 3 (very large effect), and speed acceleration —in two centers: Center 5 and 6 (small
effect).

The effectiveness of balneotherapy on skin state

The overall skin health according to the respondent’s opinion was better after the
course of the procedures in all centers by 1.1-2.5 points (10, VAS): the biggest effect size
was in Center 4 (very large effect), followed by Centers 3, 1 (large effect), 2, 5, and 6
(medium effect). The improvement was 18% (6)- 47% (3) from baseline mean.

Skin moisture was increased in respondents in all centers by 1-6.5 points with small
(Centers 3, 5, and 6), large (Centers 1 and 2) to very large (Center 4) effect sizes from 3%
(Center 5) to 22% (Center 2) from the baseline level. Skin oiliness significantly reduced by
1.2-2.3 points in respondents of Center 1 (medium effect), 2, and 4 (large effect) up to 4%
(Center 2) from baseline. No significant change in Centers 3,5, and 6 was revealed. Skin
elasticity significantly increased by 0.7-3.8 points in respondents of Center 5 (small effect),
Center 1 (medium effect), Center 2 (large effect), and Center 4 (very large effect) centers up
to 8% (Center 2) from the baseline level.
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Figure 2.
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The positive qualitative changes of objective skin state according to reference values
were identified. Specifically, skin oiliness (which was increased in the beginning in all
centers) reduced to the normal range in Centers 1 and 2; skin elasticity reached normal
levels in both Centers 1 and 2.

The balneotherapy effect on integrative outcomes and overall health in research
centers

Integrative outcomes score changed significantly in all centers positively after
treatment by 1-3.5 points (10, VAS) with medium (Centers 2 and 6) to very large (Center 3)
effect size. The mean improvement was from 16% (Center 2) up to 61% (Center 1) from the
baseline level.

A positive treatment outcome was observed for participants' complaints, objective
condition, and medication usage in all research centers. After the procedures, complaints
decreased the most by up to 94% in Center 2; a small increase in complaints was identified
in Center 5, and in 10% of Center 1 participants complaints persisted. The objective
condition improved in 87-100% of cases- changed the most for visitors of Center 2, and to
a lesser extent for those in Centers 5 and 6; the most significant reduction in medication
usage was seen in Center 5 (Figure 2).

The change of health state and medicine usage after

treatment
20.0
00.0
80.0
60.0
40.0
200 R . R |
No No No
Reduced ' Increased Better Worse Reduced Increased
change change change
Complaints Objective status Medicine usage
ml 90.0 0 10 86.7 0 133 6.7 0 93.3
m2 94.3 0 5.7 100.0 0 0 20.0 2.9 77.1
3 92.9 0 7.1 89.3 0 10.7 3.6 0 96.4
4 90.9 0 9.1 90.9 0 9.1 12.1 3.0 84.8
m5 92.1 1.6 6.3 98.4 0 1.6 30.2 0 69.8
m6 91.1 0 8.9 98.2 0 1.8 23.2 1.8 75.0
Research centers
H]l m2 m3 m4 m5 E6
The change in respondent’s complaints, objective status, and drug usage after treatment.

Comparing changes in complaints between research centers, there were no significant
differences among the centers (ANOVA 0.987). Significant differences between groups
were observed in objective condition and medication usage changes (ANOVA 0.03 and
0.014, respectively). Medication usage in Center 5 was significantly lower than in Center 3
(p=0.039).

After treatment, 91-100 % of participants stated that the procedures were effective; the
majority - from Centers 1, 3, and 5. After 3 months, the effect persisted in 70-100% of cases.
The most significant effect persisted for Centers 2 and 6 participants, after six months 47-
74% still felt the effect, most of them from Center 2. The longest impact was observed in
Center 2, and the shortest duration was noted in Center 3 (Figure 3).
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Figure 3. The respondent’s opinion regarding the treatment's overall effectiveness.

Participants' opinions on effectiveness among research centers were evaluated. There
was no difference between centers in the post-treatment period (ANOVA 0.214). However,
after 3 months, there was a difference between centers (ANOVA 0.008; Center 2 vs 3,
p=0.013, Center 6 vs 3, p=0.055), while changes between centers remained consistent after
6 months (ANOVA 0.206).

The safety of different procedures using natural resources

The participants assessed the side effects of mineral water, mud, and salt procedures.
In their opinion, mineral water caused adverse effects in 12 (Center 4) to 43% (Center 2).
Side effects from peloid procedures were reported by 7 (Center 3) to 23% (Center 2) of

participants. Salt procedures resulted in side effects from 4 (Center 5) to 13% (Center 2) of
participants (Figure 4).

Side effects of treatment
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B Mineral water procedure  18.2 42.6 16.1 11.8 16.9 229
M Peloid procedure 18.2 23.4 6.5 17.6 13.6 12.5
m Salt procedure 6.8 12.8 9.7 14.7 4.2 8.3

Research centers

W Mineral water procedure M Peloid procedure  m Salt procedure

Figure 4. The reported side effects of procedures.

Comparing the side effects of mineral water among centers, a significant difference
was found (ANOVA p=0.005): Center 2 vs 5 (p=0.039), Center 2 vs 4 (p=0.004), and Center
2 vs 3 (p=0.042). In contrast, there were no significant changes in the frequency of side

effects of mud and salt procedures between research centers (ANOVA p=0.434 and 0.538,
respectively).
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The detailed frequency of side effects of mineral water, peloids, and salt procedures
for the participants is presented in Table A4. Most commonly, drowsiness, fatigue, thirst,
skin itching, dryness, and redness were observed during the mineral water procedures.
According to the complaints, the safest water and salt procedures were conducted in
Center 5, while the safest mud procedures occurred in Center 6. Treatment for heart
palpitations and blood pressure was required for one person in Center 6, while treatment
for skin redness, itching, and rash was necessary in Center 5.

In 60% (Center 6) to 95% (Center 2) of cases, the duration of side effects of mineral
water procedures was short (minutes-hours). In four centers, the effects lasted for several
days (mostly 20% - Center 1), while in Centers 4-6, up to 15% (6 participants) continued
after the end of the treatment (Figure 5).

Duration of side offects of mineral water procedure

120
100 0 g
7.1 6.3
X 63 15
«» 80
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]
T 60
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[J]
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1 2 3 4 5 6
Research centers
B Min-hours mDay mFew days Lasts after treatment

Figure 5. The duration of side effects of mineral water in research centers.

During the peloid procedure, most participants complained of drowsiness, fatigue,
thirst, skin itching, and dryness. Treatment was required for skin redness and itching in
one participant from Center 5 (Table A4).

The side effects of peloids lasted short in 63% (center 6) to 89% (center 1) of cases. For
a few days, the effect persisted in 14% of participants in Center 3, 11% in Center 1, and
Center 4, it continued even after the procedures in 8% of participants (Figure 6).

Duration of side effects of peloid procedure
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Figure 6. The duration of side effects of peloid procedures in research centers.
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The highest number of side effects of salt therapy occurred in Center 4, while the
lowest was in Center 5 of the study. The most common effects were thirst, dry mouth,
cough, and drowsiness (Table A4).

The side effects of salt therapy lasted very briefly in 71-100% of cases (see Fig). In

centers 4-6, they persisted up to 25% for several days, while in center 3, they continued
even after the procedures.

Duration of side effects of salt procedure
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Figure 7. The duration of side effects of salt procedures in research centers.

After the treatment, the participants assessed the overall safety of the procedures. 76%
(Center 3) to 94% (Center 1) of participants rated the overall safety of the procedures as
exceptionally safe; up to 6% (Centers 4-6) of participants rated all procedures as potentially
safe (Figure 8). When comparing the overall assessment of procedure safety among the
research centers, no significant difference was found (ANOVA p=0.453).

Safety of balneotherapy complex
120.0

100.0 . " - .
80.0
60.0
40.0 94.4 75.9 89.3 86.7
20.0
0.0
1 3 5 6

Research centers
M Exceptionally safe mSafe m Possibly safe Possibly unsafe  m Unsafe

Respondents, %

4

Figure 8. The evaluation of the safety of BT complex in research centers.

In summary, the overall safety of the BT procedures at Center 1, which included 11 days of
ambulatory BT and nature therapy, was rated highest by participants. Additionally, the side effects
of peloid and salt procedures there were the shortest in duration. At Center 2, where participants
underwent 11 days of inpatient BT treatment, the highest number of adverse effects were reported
for mineral water and mud procedures, although these typically lasted only a short time. The
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procedures at Center 3, consisting of 6 days of ambulatory BT, were rated the lowest in terms of
overall safety. In Center 4, mineral water procedures were deemed the safest, but salt procedures
had the most side effects. Salt procedures in Center 5 were considered the safest, with mineral water
procedures also generally safe. Lastly, the sapropel procedures at Center 6 resulted in the fewest
adverse effects.

For one participant in the Center 6 center, the treatment was halted after three days
due to a deterioration in overall well-being, increased weakness, and dyspnea, even
though the ECG changes present before the treatment remained unchanged.

Correlation between effectiveness and safety

Assessing correlations between the investigated indicators revealed a significant
relationship between skin condition, stress, and adverse events (Table A5). Higher
intensity of stress before and after treatment was associated with more initial skin
problems, poorer stress management, more significant skin-related issues, and worse
overall evaluation of procedure safety after treatment. Good initial stress management was
linked to better initial skin condition, more frequent use of skin care products, lower stress
intensity before and after treatment, better stress management, and more frequent use of
moisturizers both before and after treatment.

Bigger skin problems after treatment were associated with higher stress levels before
and after treatment, poorer stress management after treatment, adverse effects of mineral
water, and medication use after treatment. Lower stress intensity after treatment was
linked to better management, medication use, and a better overall assessment of
procedural effectiveness.

More adverse effects occurred from mineral water and mud therapy in those with
skin problems before treatment. Although initial skin problems did not affect the overall
safety evaluation of the procedures, they did impact persistent complaints and objective
conditions. Adverse events did not have an impact on the use of skincare products. The
occurrence of adverse effects from all-natural resources was related to their association
with the overall safety evaluation of the procedures. (Table 5).

4. Discussion

The essence of each treatment is to reduce health complaints as quickly, effectively,
and safely as possible, improve health conditions, decrease medication intake, and ensure
that the effects are long-lasting. With this study, we aimed to know whether different
natural resources used in BT are responsible for different effects on stress-related disorders
as well as skin conditions, and safety.

The study results indicate that all treatment modes significantly improve most of the
studied mental and skin status parameters, as well as providing positive changes in
integrative outcomes, complaint levels, objective condition, and medication usage, while
the overall therapeutic effectiveness remains up to 6 months. It is difficult to unequivocally
state which treatment complex with different resources in each research center is more
effective. In most cases, the effect varies by the effect size or the change from the baseline
condition but remains significant regardless of the differences in treatment duration or the
nature of procedure allocation. The shortest duration of treatment effectiveness was noted
in Center 3 where the 1-week outpatient treatment mode was provided. Fluctuations in
individual indicators across all centers may be influenced by the utilization of different
resources, treatment durations, and outpatient-inpatient modalities.

The best effect on stress reduction was achieved: for the reduction of saliva cortisol-
in Centers 5 and 6 (mixed mode of procedures), and for subjective stress - in Center 2 (2-
week inpatient procedures). The mineral water of Center 5 had the most HCO3, pH 7,5;
peloid had alarge amount of organic material, fulvic acid, HCO3, and calcium. The mineral
water of Center 6 had the biggest TDS, magnesium, calcium, and bromide; peloid- calcium,
silica, and humic acid. The sapropel from Center 2 has a lot of magnesium and calcium.
Perhaps the anti-stress effect is related to the presence of magnesium, calcium, bromine, bicarbonate,
and humic acids in the resources, rather than to total mineralization, which varies significantly
among the centers. The treatment at Center 2, and partly at Centers 5 and 6, was inpatient; relaxation



Balneo and PRM Research Journal 2024, 15, 2 14 of 22

from work duties could help with stress reduction, as could the seaside climate at Centers 5 and 6.
Similar results on the effect on the BT effect in distress and mental state were achieved in
our previous trial, when 10 days of treatment with 15 min 108 g/l geothermal water bath
reduced pain and general, physical, and mental fatigue, improved stress management,
mood, and cognitive functions with effect size from 0.8 to 2.3 [70]. The cortisol in saliva
reduced as well relaxation effect was achieved after 25 min. of BT intervention and the
authors concluded BT compared to progressive muscular relaxation was more beneficial
concerning subjective relaxation effects and similarly beneficial with regard to a decrease
in salivary cortisol [71]. The decrease of salivary cortisol concentration was seen between
pre- and post-moor 20 min bath in week 1 ( Z = -3.355, p = 0.0008), together with the
improvement of mood state [72]. The main findings of the systemic review suggested that
BT is a useful method for the management of stress conditions and may have the potential
to influence cortisol levels in healthy subjects improving stress resilience with the same
potential to influence cortisol levels in sub-healthy and ill subjects [73]. Conversely, an
elevation of blood cortisol was reported in some other trials because of hyperthermia-
induced activation of the HPA axis and SNS in healthy subjects [74], [6] or the change in
serum cortisol levels after treatment was not statistically significant (p=0.683) [75].

The mental state- symptoms of anxiety, depression, fatigue, and sleep- significantly
improved in all Centers with the biggest effect sizes in Centers 2-4. From the objective
parameters of cognitive function changed only working speed: improvement was seen
after 2 weeks in Centers 5 and 6- could be cortisol reduction had an impact on it. Other
studies have shown positive results on mental state after mineral water procedures: 12-day
BT program in medium mineralization, bicarbonate, sulfate, sodium, and magnesium
water improved pain, mood state, sleep, and depression [51]; 15 sessions of 20 min BT
improved PSQI and the NHP-Sleep scales in obese with no significant effect on cortisol
[76], also confirmed in a systematic review [77]; 10 days of 20 min BT using 20, 40 and 60
g/l baths improved sleep with the 40 g/L group showing the most lasting improvement
after 3 months of follow-up [78]; 4 weeks of 15-minute baths in bicarbonate-containing
water improved sleep and vigor-activity [52]; 8 week BT showed advantage over
pharmacotherapy in treatment of generalized anxiety disorder [79]; 5 months of spring BT
improved emotions, sleep, and fatigue with effect size from 0.096 to 1.302 [49]. Studies have
shown that peloid therapy can activate antioxidative mechanisms, resulting in reduced
stress and improved sleep quality [80]. A meta-analysis of seventeen eligible studies with
977 participants made by Koroglu, S et al. found that BT reduces depression (SMD: 0.53)
and anxiety (SMD: 0.46) scores in adult individuals [48] while in the meta-analysis of
fibromyalgia patients depression (Beck depression scale) was reduced at two weeks (SMD
=-0.35), three (SMD=-0.23), (grade: moderate, low) and six months (SMD = -0.45; grade:
moderate) [54].

The best effect on skin condition was in Centers 4 (2-week outpatient BT), 2 (2-week
inpatient treatment), and 1 (2-week outpatient BT with NT). The resources of those centers
had TDS of 12-22 g/l, low acidic-neutral pH, sulfur, magnesium, calcium, silica, chloride,
manganese, and bicarbonate which could be beneficial to the skin. Thanks to the
knowledge and practice so far, BT may be an effective adjunctive therapy for inflammatory
and autoimmune skin diseases [42]. A systematic review also shows a clear improvement
in signs and symptoms of psoriasis and eczematous diseases after the use of mineral water
[81]. Study results are in line with our previous results of reduction of an overall number
of skin complaints (p=0,001), as well as improvement of skin moisture (p<0,05) and
elasticity (p=0,016) after 10-15 days of 15-20 min geothermal water baths [82]. The recent
prospective cohort study provided that 95.2% of cases of eczematous dermatitis and 58.8%
of cases of non-specific skin issues were improved after 3-7 days BT for once daily and after
30 days of bathing the 90% PASI score reduced to a score of one [83]. A literature review
on the role of BT for skin diseases stated that psoriasis and atopic dermatitis are frequently
treated by BT with a high rate of success, although other diseases such as pruritus, lichen
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ruber planus, acne vulgaris, and seborrheic dermatitis can benefit from the anti-
inflammatory and antiproliferative activity of BT also [13].

In our study the most significant overall effectiveness after the treatment course was
reported by participants from Centers 1, 3 (1-week outpatient BT), and 5, with the highest
improvement for those from Centers 2 and 6 after 3 months, and for those from Centers 2
after 6 months. This indicates that both 1- and 2-week BT effectively improve health, but
longer-lasting effects are provided by the 2-week treatment, especially when inpatient.

Natural resources used in the study were rich in Cl, Na, Ca, Mg, HCO3, S, K, Br, Mn,
Si, and organic material. Possibly, the distinct healing properties of water and peloid
procedures arise from the diverse combination of minerals and organic components
present in the natural resources. This showcases the interconnected relationship between
these elements and their impact on therapeutic outcomes. The essential functions of the
most important bio-essential chemical elements found in mineral water and peloids used
in therapies are described in earlier works [1], [28]. The trace elements in mineral-medicinal
waters that affect the skin: are calcium [84], sulfur, magnesium, chloride, copper,
chromium, fluorine, manganese, zinc, nickel, and silicon [85]. The primary functions and
therapeutic effects of minerals, medicinal waters, and peloids were described in earlier
scientific papers [86], [87]. Mineral-rich waters, such as those high in sulfur [88],
magnesium, or silica, have been associated with various health benefits: sulfur-rich waters
are believed to have anti-inflammatory and skin-rejuvenating properties [89], while
magnesium is known for its muscle-relaxing effects [90]; clay with a high silica content
may have exfoliative and detoxifying properties. Some natural water sources contain
organic components like algae or plant extracts, which can add to therapeutic benefits. The
organic matter in mud or clay can contribute to its therapeutic effects. Organic components
may have anti-inflammatory or skin-conditioning properties. Certain natural waters and
clays may contain beneficial microorganisms, such as probiotics, which can positively
influence skin health and the immune system. We have studied pathogenic bacteria as
required by hygiene standards in water but not all microorganisms. Microorganisms
present in mud or clay can interact with the skin in a way that promotes a healthy microbial
balance. This has the potential to positively affect conditions like acne or eczema. The
presence of microorganisms in peloids can modify mineral reactions and prevent the
toxicity of pathogenic microorganisms [2].

A treatment-related adverse event is one that is not present at baseline but occurs after
initiation of treatment, regardless of attribution [68]. During our study, more frequent
adverse events associated with mineral water and mud procedures were identified,
possibly linked to the self-questionnaires used. Variations in the frequency of side effects
between centers could be related to different resources used or their specific components,
which could be evaluated in further experimental studies. It's important to note that
adverse events mostly lasted briefly and were primarily local reactions with a general
relaxing effect. Participants commonly experienced drowsiness, fatigue, thirst, skin itching,
dryness, and redness. In most cases (water 60-95%, mud 63-83%, salt 71-100%), the side
effects were short-term, with the need for treatment for 2 participants (0.5%) on skin issues,
heart palpitations, and blood pressure, and discontinuation of treatment for 1 (0.3%). It is
not possible to precisely determine why the water procedure at Center 2 (water was similar to Center
5) and the peloid procedure (characterized by alkaline pH, high ash content, most manganese, and
least organic matter) resulted in the highest number of adverse events. Additionally, this may be due
to participants' pre-existing skin problems, as correlation analysis showed that those with skin issues
before treatment experienced more adverse effects from mineral water and mud therapy.

Following the study, we identified correlations between skin conditions, stress, and
side effects. According to Pearson and Spearman correlation, no significant relationships
were found between treatment effectiveness and side effects. The study also highlighted
that individuals with pre-existing skin problems were likelier to experience undesirable
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effects from mineral water and mud treatments. However, these effects did not impact the
use of skincare products. We can observe that the most common adverse effects of all
resources occur in the same individuals, possibly in those who are more sensitive and have
initial skin problems. We recommend assessing and correcting the person's skin condition
(for mineral water and mud procedures), blood pressure (for all procedures), and pulse
(for mineral water and salt procedures) before starting procedures with natural resources.
It is advisable to inform the patient about potential adverse effects and recommend
monitoring their condition (skin, blood pressure, pulse) to facilitate timely treatment.
Before using BT (especially with higher mineralization or a more intensive treatment
course), it is vital to regulate blood pressure and cardiac activity and adhere to BT
treatment indications and contraindications. It is necessary to warn the patients about local
side effects like skin redness, dryness, and itchiness. During the procedures, it is
recommended to drink more water, avoid overheating, and contact a specialist if there are
any unpleasant side effects. For a better impact of procedures using natural resources, the
initial condition of the skin, and the level of stress should consider.

It is difficult to compare our determined adverse effects with other author studies.
Typically, studies conclude that BT treatment is deemed safe, or generally safe, causing
minimal or negligible adverse effects [91], emphasizing that none of the participants
withdrew from the study due to adverse reactions [92]. However, it's crucial to
acknowledge potential adverse reactions. The frequency of accidents during bathing is
low, with minimal side effects like skin irritation reported. Possible adverse reactions
include skin irritation, itching, infections (e.g., Pseudomonas folliculitis), exfoliative
dermatitis, hypotension, scalds, thermal reactions, headaches, and others [93]. Treatment
in the Dead Sea does not worsen blood pressure, and there's evidence of improvement [94],
no significant changes in heart failure indicators were observed. Bathing in water with a
high salt concentration is safe, effective, and pleasant for healing and recovery [41]. BT is
considered truly safe when used appropriately, even for pregnant women [64]. Side effects
are generally mild. Special warnings would be pregnancy as BT with sudden or prolonged
exposure to high temperatures might be potentially unsafe; insufficient reliable
information is available for breastfeeding; BT is potentially safe for children when used
appropriately, with no reports of severe side effects in scientific studies.

Because of its effectiveness and potential safety, BT should be more frequently
prescribed for chronic diseases and conditions that require multidisciplinary therapeutic
intervention. It should also be combined with primary and secondary prevention strategies,
involving medication, physical therapy, hydrotherapy, and climate therapy. Natural
resources are the wealth of the country. Natural healing waters, therapeutic gases, and
peloids have many properties that are useful in the prevention, treatment, and
rehabilitation of various diseases. Using natural resources such as mineral or geothermal
water, therapeutic mud, sun, air, forest, and landscape, as procedures in resorts and spas
could help restore or improve our physical and mental health. Promoting mental health
and well-being is an important area related to the Sustainable Development Goal (3.4) by
2030 [96].

Study limitations

Despite a large sample size and numerous valuable findings, our study has limitations
and biases. The groups at the centers varied in size and exhibited differences in initial levels
of stress and skin condition. This variation arose due to randomization based on different
treatment modalities, with groups being divided among research centers thereafter. In the
research centers, various resources and treatment modalities were employed, complicating
comparisons between centers and the generalizability of results. It's challenging to
attribute treatment outcomes or adverse effects to specific resources due to the use of a
combination of procedures. Additionally, fully assessing the safety profile of these
procedures is hindered by instances where the same individual reported multiple
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symptoms, and in many cases, complaints were either not confirmed by a physician as
adverse events or the participants did not seek medical attention.

5. Conclusion

The usage of various natural resources in BT significantly improves mental and skin
health and contributes to a reduction in overall health issues, creating a holistic
improvement in individuals' health.

Recognizing the detrimental impact of chronic stress on physical and mental well-
being, there is a growing emphasis on adopting comprehensive strategies to mitigate its
effects. A systematic approach to evaluate the efficacy of natural resources is needed,
incorporating rigorous scientific methodologies. Moreover, developing international
standards for utilizing natural resources in healthcare and wellness is imperative to ensure
consistency and reliability in their application. Collaboration among researchers,
policymakers, and industry experts is essential to establish guidelines and regulations
governing the responsible use of natural resources for therapeutic purposes. Public
awareness campaigns should be initiated to educate individuals about the proper
utilization of natural resources and to promote a balanced and sustainable approach to
their exploitation. Encouraging interdisciplinary research and fostering collaboration
between different scientific disciplines will contribute to a more holistic understanding of
the therapeutic properties of natural resources, and to developing effective and targeted
approaches to harnessing the therapeutic potential of natural resources. Despite challenges,
the field of balneology holds promise for holistic healthcare, but its scientific recognition
remains insufficient compared to its potential contributions to integrative medicine.

Author Contributions: Conceptualization, L.R.; methodology, L.R.; formal analysis,
LR, investigation, L. R, G. T., J. J., D.R..; writing—original draft preparation, L.R;
writing—review and editing D.R, L.V.; project administration, L.R. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Research Council of Lithuania, grant
number S-REP-22-6. 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).

Institutional Review Board Statement: The study was conducted following the
Declaration of Helsinki, approved by the Kaunas Regional Research Ethics Committee
(permission code BE-2-87), and registered in ClinicalTrial.gov (Identifier: NCT06018649).

Informed Consent Statement: Informed consent was obtained from all subjects
involved in the study.

Data Availability Statement: data supporting reported results can be found in the
Klaipeda University database.

Acknowledgments: We are grateful to ass. prof. Aelita Bredelyté, MD Beatricé Par-
galiauskyté, MD Juraté Astravaité, MD Arvydas Balcius, and the rest of the research team,
chief executives of research centers Gradiali, Eglé, Draugysté, Tulpé, Versmé, and
Atostogu parkas for the administrative and technical support, who helped to carry out this
large-scale clinical research.

Conflicts of Interest:

The authors declare no conflict of interest. The funders had no role in the design of
the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, or in the decision to publish the results.



Balneo and PRM Research Journal 2024, 15, 2 18 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

References

Gomes CdSF. Healing and edible clays: a review of basic concepts, benefits and risks. Environ
Geochem Health. 2018;40(5):1739-1765. d0i:10.1007/s10653-016-9903-4.

Carretero MI. Clays in pelotherapy. A review. Part I: Mineralogy, chemistry, physical and
physicochemical properties. Appl Clay Sci. 2020;189:105526. d0i:10.1016/j.clay.2020.105526.
Gianfaldoni S, et al. History of the Baths and Thermal Medicine. Open Access Maced ] Med Sci.
2017;5(4):566-568. d0i:10.3889/0amjms.2017.126.

UAB “BGI Consulting.” MOKSLINIO TYRIMO DARBAS ,,SVEIKATINGUMO IR ... - ESparama.lt.
yumpu.com. Accessed February 16, 2024. Available from:
https://www.yumpu.com/lt/document/read/10718062/mokslinio-tyrimo-darbas-sveikatingumo-
ir-esparamalt
Munteanu C, Rotariu M, Dogaru G, Ionescu EV, Ciobanu V, Onose G. Mud therapy and
rehabilitation - scientific relevance in the last six years (2015 — 2020): Systematic literature review
and meta-analysis based on the PRISMA paradigm. Balneo and PRM Research Journal. 2021; 12 (1):
DOI: http://dx.doi.org/10.12680/balneo.2021.411
Galvez I, Torres-Piles S, Ortega-Rincén E. Balneotherapy, Immune System, and Stress Response: A
Hormetic Strategy? Int ] Mol Sci. 2018;19(6):1687. d0i:10.3390/ijms19061687.

Munteanu C, Dogaru G, Rotariu M, Onose G. Therapeutic gases used in balneotherapy and
rehabilitation medicine - scientific relevance in the last ten years (2011 — 2020) - Synthetic literature
review. Balneo and PRM Research Journal. 2021;12(2):111-122. d0i:10.12680/balneo.2021.430.
Maraver F, Armijo F, Toran M, Armijo O, Ejeda Jo, Vazques I, Corvillo I, Piles S. Peloids as
Thermotherapeutic ~ Agents. Int ] Environ Res Public Health. 2021;18(4):1965.
doi:10.3390/ijerph18041965.

Maccarone MC, Kamioka H, Cheleschi S, Tenti S, Masiero S, Kardes S. Italian and Japanese public
attention toward balneotherapy in the COVID-19 era. Environ Sci Pollut Res. 2021;28(43):61781-
61789. doi:10.1007/s11356-021-15058-z.

Kiraly M, Kévari E, Hodosi K, Balint PV, Bender T. The effects of Tiszasiily and Kolop mud pack
therapy on knee osteoarthritis: a double-blind, randomized, non-inferiority controlled study. Int J
Biometeorol. 2020;64(6):943-950. d0i:10.1007/s00484-019-01764-4.

Forestier R, et al. Crenobalneotherapy for low back pain: systematic review of clinical trials. Int J
Biometeorol. 2022;66(1):13-23. doi:10.1007/s00484-021-02188-9.

Mooventhan A, Nivethitha L. Scientific Evidence-Based Effects of Hydrotherapy on Various
Systems of the Body. N Am J Med Sci. 2014;6(5):199-209. doi:10.4103/1947-2714.132935.
Cacciapuoti S, et al. The Role of Thermal Water in Chronic Skin Diseases Management: A Review
of the Literature. J Clin Med. 2020;9(9):3047. d0i:10.3390/jcm9093047.

Ziemska ], Szynal T, Mazanska M, Solecka ]. Natural medicinal resources and their therapeutic
applications. Rocz Panstw Zakl Hig. 2019;70(4):407-413. doi:10.32394/rpzh/2019.0093.

Stier-Jarmer M, Kus S, Frisch D, Sabariego C, Schuh A. Health resort medicine in non-
musculoskeletal disorders: is there evidence of its effectiveness? Int ] Biometeorol.
2015;59(10):1523-1544. d0i:10.1007/s00484-015-0953-6.

Nasermoaddeli A, Kagamimori S. Balneotherapy in medicine: A review. Environ Health Prev Med.
2005;10(4):171-179. doi:10.1007/BF02897707.

Galvez I, et al. Inmune-Neuroendocrine Dysregulation in Patients with Osteoarthritis: A Revision
and a Pilot Study. Endocr Metab Immune Disord Drug Targets. 2017;17(1):78-85.
doi:10.2174/1871530317666170320113613.

Ionescu EV, Tica I, Oprea C, Iliescu DM, Petcu LC, Iliescu MG. Adiponectin correlation with
bioclinical benefits of using natural therapeutic factors in knee osteoarthritis. Acta Endocrinol
(Buchar). 2017;13(3):308-313. doi:10.4183/aeb.2017.308.

Maccarone MC, Magro G, Solimene U, Scanu A, Masiero S. From in vitro research to real life studies:
an extensive narrative review of the effects of balneotherapy on human immune response. Sport
Sci Health. 2021;17(4):817-835. d0i:10.1007/s11332-021-00778-z.

Karagiille M, et al. Effect of spa therapy with saline balneotherapy on oxidant/antioxidant status in
patients with rheumatoid arthritis: a single-blind randomized controlled trial. Int ] Biometeorol.
2017;61(1):169-180. doi:10.1007/s00484-016-1201-4.

Fioravanti A, Cantarini L, Guidelli GM, Galeazzi M. Mechanisms of action of spa therapies in
rheumatic diseases: what scientific evidence is there? Rheumatol Int. 2011;31(1):1-8.
doi:10.1007/s00296-010-1628-6.



Balneo and PRM Research Journal 2024, 15, 2 19 of 22

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bender T, Karagiille Z, Balint GP, Gutenbrunner C, Balint PV, Sukenik S. Hydrotherapy,
balneotherapy, and spa treatment in pain management. Rheumatol Int. 2005;25(3):220-224.
doi:10.1007/s00296-004-0487-4.

Fioravanti A, Karagiille M, Bender T, Karagiille MZ. Balneotherapy in osteoarthritis: Facts, fiction
and gaps in knowledge. Eur ] Integr Med. 2017;9:148-150. d0i:10.1016/j.eujim.2017.01.001.

Vaidya B, Nakarmi S. A Qualitative Study of Patients” Beliefs and Perception on Medicinal
Properties of Natural Hot Spring Bath for Musculoskeletal Problems. ] Environ Public Health.
2020;2020:3694627. doi:10.1155/2020/3694627.

Fernandez-Gonzélez M, Martin-Garcia JM, Delgado G, Parraga J, Carretero M, Delgado R. Physical
properties of peloids prepared with medicinal mineral waters from Lanjarén Spa (Granada, Spain).
Appl Clay Sci. 2016;135. doi:10.1016/j.clay.2016.10.034.

Groven M, Pizzorno JE. Peat Therapeutics and Balneotherapy. In: Pizzorno JE, Murray MT, eds.
Textbook of Natural Medicine. 5th ed. St. Louis, MO: Churchill Livingstone; 2020:371-378.e2.
doi:10.1016/B978-0-323-43044-9.00045-5.

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 ] Biometeorol. 2020;64(7):1247-1261. doi:10.1007/s00484-020-
01890-4.

Morer C, Roques CF, Francon A, Forestier R, Maraver F. The role of mineral elements and other
chemical compounds used in balneology: data from double-blind randomized clinical trials. Int J
Biometeorol. 2017;61(12):2159-2173. doi:10.1007/s00484-017-1421-2.

Carretero MI. Clays in pelotherapy. A review. Part II: Organic compounds, microbiology and
medical applications. Appl Clay Sci. 2020;189:105531. d0i:10.1016/j.clay.2020.105531.

Szabd I, Varga C. Finding possible pharmacological effects of identified organic compounds in
medicinal waters (BTEX and phenolic compounds). Int J Biometeorol. 2020;64(6):989-995.
doi:10.1007/500484-019-01808-9.

Wang S, Quan L, Chavarro JE, Slopen N, Kubzansky LD, Koenen KC, Kang JH, Weisskopf MG,
Branch-Elliman W, Roberts AL. Associations of depression, anxiety, worry, perceived stress, and
loneliness prior to infection with risk of post-COVID-19 conditions. JAMA Psychiatry.
2022;79:1081-1091.

Leone M, Kuja-Halkola R, Leval A, D'Onofrio BM, Larsson H, Lichtenstein P, Bergen SE.
Association of youth depression with subsequent somatic diseases and premature death. JAMA
Psychiatry. 2021;78(3):302-310.

Halbreich U. Stress: a global multidimensional common denominator. BJPsych Advances, Volume
27 , Special Issue 3: Stress and Resilience , May 2021 , pp. 142 - 144, DOIL
https://doi.org/10.1192/bja.2021.16.

Khan S, Khan RA (2017) Chronic stress leads to anxiety and depression. Ann Psychiatry Ment
Health 5(1):1091.

Wilson RS, Begeny CT, Boyle PA, Schneider JA, Bennett DA. Vulnerability to stress, anxiety, and
development of dementia in old age. Am ] Geriatric Psychiatry (2011) 19(4):327-34. doi:
10.1097/jgp.0b013e31820119da.

Kop WJ, Kupper HM. Fatigue and stress, Chapter 42. Stress: Concepts, Cognition, Emotion, and
Behavior, Handbook of Stress Series Volume 1, 2016, Pages 345-350. https://doi.org/10.1016/B978-
0-12-800951-2.00043-1.

Lo Martire V, Caruso D, Palagini L, Zoccoli G, Bastianini S. Stress & sleep: A relationship lasting a
lifetime. Neuroscience & Biobehavioral Reviews. 2020;117:65-77.
doi:10.1016/j.neubiorev.2019.08.024.

Chen Y, Lyga ]. Brain-Skin Connection: Stress, Inflammation and Skin Aging. Inflamm Allergy
Drug Targets. 2014;13(3):177-190. d0i:10.2174/1871528113666140522104422

Alsamarai AM, Aljubori AM. Association between the Academic Stress Level and Skin Disorders
among Albaha University Medical Students, Saudi Arabia. Accessed February 16, 2024. Available
from: https://www.ijmrhs.com/medical-research/association-between-the-academic-stress-level-
and-skin-disorders-among-albaha-university-medical-students-saudi-arabia-47129.html
Pawlik-Sobecka L, Gérka-Dynysiewicz ], Kuciel-Lewandowska J. Balneotherapy with the Use of
Radon-Sulphide Water: The Mechanisms of Therapeutic Effect. Appl Sci. 2021;11(6):Art. no. 6.
doi:10.3390/app11062849.

Matz H, Orion E, Wolf R. Balneotherapy in dermatology. Dermatol Ther. 2003;16(2):132-140.
doi:10.1046/j.1529-8019.2003.01622.x.



Balneo and PRM Research Journal 2024, 15, 2 20 of 22

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Huang A, Seité S, Adar T. The use of balneotherapy in dermatology. Clin Dermatol. 2018;36(3):363-
368. doi:10.1016/j.clindermatol.2018.03.010.

Faga A, Nicoletti G, Gregotti C, Finotti V, Nitto A, Gioglio L. Effects of thermal water on skin
regeneration. Int ] Mol Med. 2012;29:732-740. d0i:10.3892/ijmm.2012.917.

Ciurba (Pastor) AP, Haidu I, Sirbu E, Gavril GA, Marcu F, Motofelea AC, Boca IC, Ianc D. The
Impact of Mineral Water Balneotherapy on Pain and Physical Function in Patients with Knee
Osteoarthritis: A Pilot Study. Balneo and PRM Research Journal. 2023;14(4):597.

Antonelli M, Donelli D, Veronesi L, et al. Clinical efficacy of medical hydrology: an umbrella review.
Int ] Biometeorol. 2021;65:1597-1614.

Kamioka H, Mori Y, Nagata K, Iwanaga S, Uzura M, Yamaguchi S. Relationship of daily hot water
bathing at home and hot water spa bathing with underlying diseases in middle-aged and elderly
ambulatory patients: A Japanese multicenter cross-sectional study. Complement Ther Med.
2019;43:232-239.

Silva J, Martins ], Nicomédio C, et al. A Novel Approach to Assess Balneotherapy Effects on
Musculoskeletal Diseases-An Open Interventional Trial Combining Physiological Indicators,
Biomarkers, and Patients' Health Perception. Geriatrics (Basel). 2023;8(3):55. Published May 16,
2023. doi:10.3390/geriatrics8030055.

Koroglu S, Yildiz M. Effectiveness of hydrotherapy and balneotherapy for anxiety and depression
symptoms: a meta-analysis. Curr Psychol. 2024. doi:10.1007/s12144-024-06062-w.

Yang B, Qin QZ, Han LL, Lin ], Chen Y. Spa therapy (balneotherapy) relieves mental stress, sleep
disorder, and general health problems in sub-healthy people. Int ] Biometeorol. 2018;62(2):261-272.
doi:10.1007/s00484-017-1447-5.

Takeda M, Nakamura H, Otsu H, Mimori K, Maeda T, Managi S. Hot spring bathing practices have
a  positive effect on mental health in Japan. Heliyon. 2023;9(9):e19631.
doi:10.1016/j.heliyon.2023.€19631.

Latorre-Roman PA, Rentero-Blanco M, Laredo-Aguilera JA, Garcia-Pinillos F. Effect of a 12-day
balneotherapy programme on pain, mood, sleep, and depression in healthy elderly people.
Psychogeriatrics. 2015;15(1):14-19. doi:10.1111/psyg.12068.

Yamazaki T, Ushikoshi-Nakayama R, Shakya S, et al. The effects of bathing in neutral bicarbonate
ion water. Sci Rep. 2021;11:21789. d0i:10.1038/s41598-021-01285-4.

Fritsch K, Nagy G, Szekanecz Z, Szfics G, Kovacs L, Bender T. Balneotherapy, a Complementary
Non-pharmacological Approach for Non-Inflammatory Complaints in Systemic Lupus
Erythematosus: A Pilot Study. In Vivo. 2022;36(6):3010-3017. doi:10.21873/invivo.13046.

Cao C-F, Ma K-L, Li Q-L, Luan F-J, Wang Q-B, Zhang M-H, Viswanath O, Myrcik D, Varrassi G,
Wang H-Q. Balneotherapy for Fibromyalgia Syndrome: A Systematic Review and Meta-Analysis.
J Clin Med. 2021;10:1493. d0i:10.3390/jcm10071493.

Bestas E, Diindar U, Kéken T, Koca B, Yesil 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 Rheumatol 2022;37(2):159-168.

Tianwen M, Xiaopeng S, Yuanqiang M, Hailong H, Hui B, Yue L, Li G. The effect of thermal mineral
waters on pain relief, physical function and quality of life in patients with osteoarthritis. A
systematic review and meta-analysis. Medicine. 2021;100(4):e24488.
doi:10.1097/MD.0000000000024488.

Surdu O, Tuta LA, Surdu TV, Surdu M, Mihailov CI. Sustainable Development of
Balneotherapy/Thermalisme in Romania. ] Environ Prot Ecol. 2015;16:1440-1446

Bender T, Bélint G, Prohdszka Z, Géher P, Tefner IK. Evidence-based hydro- and balneotherapy in
Hungary--a systematic review and meta-analysis. Int ] Biometeorol. 2014;58(3):311-323.
doi:10.1007/s00484-013-0667-6.

Munteanu C, Munteanu D, Hoteteu M, Dogaru G. Balneotherapy — medical, scientific, educational
and economic relevance reflected by more than 250 articles published in Balneo Research Journal.
Balneo Res J. 2019;10(3):174-203. d0i:10.12680/balneo.2019.257.

Terrill A, Gjerde ], Garofalo ]. Background Stress Inventory: Developing a Measure of
Understudied Stress. Stress Health. 2013;31. d0i:10.1002/smi.2554.

Lee E-H. Review of the Psychometric Evidence of the Perceived Stress Scale. Asian Nurs Res.
2012;6(4):121-127. d0i:10.1016/j.anr.2012.08.004.

Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research in the General
Population - Lenore Sawyer Radloff, 1977. Accessed February 18, 2024. Available from:
https://journals.sagepub.com/doi/10.1177/014662167700100306.



Balneo and PRM Research Journal 2024, 15, 2 21 of 22

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

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.
doi:10.1016/j.psychres.2020.113223.

Hendriks C, Drent M, Elfferich M, De Vries J. The Fatigue Assessment Scale: quality and
availability in sarcoidosis and other diseases. Curr Opin Pulm Med. 2018;24(5):495-503.
doi:10.1097/MCP.0000000000000496.

De Vries ], Michielsen H, Van Heck GL, Drent M. Measuring fatigue in sarcoidosis: the Fatigue
Assessment Scale (FAS). Br ] Health Psychol. 2004;9(Pt 3):279-291. doi:10.1348/1359107041557048.
Snyder E, Cai B, DeMuro C, Morrison MF, Ball W. A New Single-Item Sleep Quality Scale: Results
of Psychometric Evaluation in Patients With Chronic Primary Insomnia and Depression. ] Clin
Sleep Med. 2018;14(11):1849-1857. d0i:10.5664/jcsm.7478.

Bell IR, Cunningham V, Caspi O, Meek P, Ferro L. Development and validation of a new global
well-being outcomes rating scale for integrative medicine research. BMC Complement Altern Med.
2004;4:1. doi:10.1186/1472-6882-4-1.

Katz NP. The measurement of symptoms and side effects in clinical trials of chronic pain. Contemp
Clin Trials. 2012;33(5):903-911. doi:10.1016/j.cct.2012.04.008.

Sawilowsky S. New effect size rules of thumb. ] Mod Appl Stat Methods. 2009;8(2):467-474.
doi:10.22237 /jmasm/1257035100. Available from:
http://digitalcommons.wayne.edu/jmasm/vol8/iss2/26.

Rapoliené L, Razbadauskas A, Salyga J, Martinkénas A. Stress and Fatigue Management Using
Balneotherapy in a Short-Time Randomized Controlled Trial. Evid Based Complement Alternat
Med. 2016;2016:9631684. d0i:10.1155/2016/9631684.

Matzer F, Nagele E, Bahadori B, Dam K, Fazekas C. Stress-relieving effects of short-term
balneotherapy - a randomized controlled pilot study in healthy adults. Forsch Komplementmed.
2014;21(2):105-110. doi:10.1159/000360966.

Stier-Jarmer M, Frisch D, Oberhauser C, Immich G, Kirschneck M, Schuh A. Effects of single moor
baths on physiological stress response and psychological state: a pilot study. Int ] Biometeorol.
2017;61(11):1-8. d0i:10.1007/s00484-017-1385-2.

Antonelli, Donelli D. Effects of balneotherapy and spa therapy on levels of cortisol as a stress
biomarker: a systematic review. International Journal of Biometeorology 2018; 62(1-2):1-12; DOI:
10.1007/s00484-018-1504-8.

Ortega E, Galvez I, Hinchado MD, Guerrero J, Martin-Cordero L, Torres-Piles S. Anti-inflammatory
effect as a mechanism of effectiveness underlying the clinical benefits of pelotherapy in
osteoarthritis patients: Regulation of the altered inflammatory and stress feedback response. Int J
Biometeorol. 2017;61:1777-1785.

Semiz EA, Hizmetli S, Semiz M, Karadag A, Adali M, Tuncay MS, Alim B, Hayta E, Uslu AU. Serum
cortisol and dehydroepiandrosterone-sulfate levels after balneotherapy and physical therapy in
patients with fibromyalgia. Saudi Med J. 2016;37(5):544-550. d0i:10.15537/sm;j.2016.5.15032.

Kocak FA, Kurt EE, Milletli Sezgin F, Sas S, Tuncay F, Erdem HR, et al. The effect of balneotherapy
on body mass Index, adipokine levels, sleep disturbances, and quality of life of women with morbid
obesity. Int ] Biometeorol. 2020;64:1463-1472. doi:10.1007/500484-020-01924-X.

Castelli L, Galasso L, Mule A, Ciorciari A, Fornasini F, Montaruli A, Roveda E, Esposito F. Sleep
and spa therapies: What is the role of balneotherapy associated with exercise? A systematic review.
Front Physiol. 2022;13. do0i:10.3389/fphys.2022.964232.

Rapoliené L, Razbadauskas A, Mockevic¢iené D, Varzaityté L, Skarbaliené A. Balneotherapy for
musculoskeletal pain: Does the mineral content matter? Int ] Biometeorol. 2020;64:965-979.
doi:10.1007/S00484-019-01800-3.

Dubois O, Salamon R, Germain Ch, Poirier MF, Vaugeois Ch, Banwarth B, Mouaffak F, Galinowski
A, Olié JP. Balneotherapy versus paroxetine in the treatment of generalized anxiety disorder.
Complement Ther Med. 2010;18:1-7.

Stanciu L-E, et al. The analyse of the antioxidant effect of natural peloidotherapy in aging process.
Balneo and PRM Res J. 2023;14:541. doi:10.12680/balneo.2023.541.

Protano C, Vitali M, De Giorgi A, et al. Balneotherapy using thermal mineral water baths and
dermatological diseases: a systematic review. Int ] Biometeorol. Published online [date].
doi:10.1007/500484-024-02649-x.

Rapoliené L. The Effect of Geothermal Water on Skin Condition and Body Fat. ] Adv Med Med Res.
2016;18(10):1-13. d0i:10.9734/BJMMR/2016/29892.



Balneo and PRM Research Journal 2024, 15, 2 22 of 22

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Gebretsadik A. Effect of Balneotherapy on Skin Lesion at Hot Springs in Southern Ethiopia: A
Single-Arm Prospective Cohort Study. Clin Cosmet Investig Dermatol. 2023;16:1259-1268.
doi:10.2147/CCID.5413926.

Denda M, Katagiri C, Hirao T, Maruyama N, Takahashi M. Some magnesium salts and a mixture
of magnesium and calcium salts accelerate skin barrier recovery. Arch Dermatol Res.
1999;291(10):560-563. d0i:10.1007/s004030050454.

Mourelle ML, Gémez CP, Legido JL. Microalgal Peloids for Cosmetic and Wellness Uses. Mar
Drugs. 2021;19(12):666. doi:10.3390/md19120666.

Gomes C.  Naturotherapies Based on  Minerals. = Geomaterials.  2013;3:1-14.
doi:10.4236/gm.2013.31001.

Quattrini S, Pampaloni B, Brandi ML. Natural mineral waters: chemical characteristics and health
effects. Clin Cases Miner Bone Metab. 2016;13(3):173-180. d0i:10.11138/ccmbm/2016.13.3.173.
Carbajo JM, Maraver F. Sulphurous Mineral Waters: New Applications for Health. Evid Based
Complement Alternat Med. 2017,2017:8034084. doi:10.1155/2017/8034084.

Costantino M, 1zzo V, Conti V, Manzo V, Guida A, Filippelli A. Sulphate mineral waters: A medical
resource in several disorders. ] Tradit Complement Med. 2019;10(4):320-326.
doi:10.1016/j.jtcme.2019.04.004.

Proksch E, Nissen H-P, Bremgartner M, Urquhart C. Bathing in a magnesium-rich Dead Sea salt
solution improves skin barrier function, enhances skin hydration, and reduces inflammation in
atopic dry skin. Int ] Dermatol. 2005;44(2):151-157. d0i:10.1111/j.1365-4632.2005.02079.x.

Bender T. “SP0165 Balneotherapy:Efficacy and Safety in Osteoarthritis,” Annals of the Rheumatic
Diseases, 2016; 75 (2): pp. 4040, Jun. 2016, doi: 10.1136/annrheumdis-2016-eular.6267.

Ma T, Xiaopeng S, Yuangiang M, et al. The effect of thermal mineral waters on pain relief, physical
function and quality of life in patients with osteoarthritis: A systematic review and meta-analysis.
Medicine (Baltimore). 2021;100(4):e24488. d0i:10.1097/MD.0000000000024488

Saavedra, C. Balneotherapy | DermNet. Accessed: Feb. 19, 2024. [Online]. Available:
https://dermnetnz.org/topics/balneotherapy

Umay, E., Tezelli, M. K., Meshur, M., & Umay, S. (2013). The effects of balneotherapy on blood
pressure and pulse in osteoarthritis patients with hypertension. Alternative Therapies in Health
and Medicine, 19(6), 16-21.

Iwanaga, S., Miyata, M., & Hayasaka, S. (2020). A Study on the Safety of Hot Spring Bathing for
Pregnant Women. The Journal of The Japanese Society of Balneology, Climatology and Physical
Medicine, 140-150.

United Nations. Transforming our world: the 2030 Agenda for Sustainable Development. New
York: United Nations; 2015. (accessed 16 August 2018). Available online:
https://sustainabledevelopment.un.org/post2015/transformingourworld_



