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Background. Balneotherapy is one of the basic methods of treatment widely used in natural medicine.
Objectives. To investigate the effect of geothermal water on body mass index, body skinfolds and circumferences and serum choles-
terol.
Material and methods. A randomised, controlled, single-blinded follow-up interventional study was performed on 204 workers divided 
into 5 groups: balneotherapy with 20, 40 and 60 g/l total mineralisation, tap water and a control group. A 20-minute bath treatment 
was carried out on an everyday basis for 5 days a week over a 2-week period. Body circumferences and skinfolds, body mass index and 
cholesterol were measured before and after the treatment.
Results. The best effect reducing body volume after 2 weeks was obtained in the 20 g/l group (7.5 cm), but the biggest and longest 
effect was achieved in the 60 g/l group (8.4 cm from baseline). The greatest and longest-lasting decrease in skinfold was after 60 g/l 
procedures (22.4 mm from baseline). Significant positive changes for total cholesterol were seen after 20 (MD 0.2) and 40 g/l (MD 0.3) 
baths, for low-density lipoprotein after 40 g/l (MD 0.1) baths, and for triglyceride levels after 20 g/l baths. There were no significant 
changes in all groups regarding body mass index.
Conclusions. 20-minute baths of geothermal water are more effective than tap water for lowering of hypodermic fat content in the 
body and cholesterol level in serum. 60 g/l baths have a long-lasting effect on body fat volumes, and 20–40 g/l geothermal water is 
appropriate for an antilipidemic effect.
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Background

Balneotherapy is the therapeutic use of bathing agents 
such as mineral and thermal waters and is one of the basic 
methods of treatment widely used in natural medicine [1]. It 
involves treating different health problems by bathing, usually 
in hot springs and other mineral-rich waters. The core effects 
of balneotherapy are changes caused by the influence of me-
chanical, thermal and chemical factors through the skin and 
mucous membranes as a result of the neuroreflexive, humoral 
mechanisms involved, caused by biochemically active substanc-
es [2, 3]. Thus, balneotherapy includes three key elements:  
(1) the temperature of water for balneotherapy must be at least 
20 degrees Celsius (68 degrees Fahrenheit), although it is often 
much warmer, at 34 degrees Celsius (93 degrees Fahrenheit); 
(2) mineral content: balneotherapy requires water containing 
dissolved materials at a concentration of at least 1 gram per li-
tre. The dissolved substances most often include salts, sulphur 
compounds or gases; (3) natural occurrence, i.e. natural springs. 
A spring forms when an aquifer fills to the point that the water 
overflows onto the surface of the land. They range in size from 
small seeps to huge pools, and they vary greatly in their min-
eral content [4]. Balneotherapy is a frequent kind of treatment 
at spas and health resorts. Scientific literature has shown that 
health resort treatment is associated with clinical improvement 
in diseases of the skin, respiratory, circulatory, gastrointestinal 
and nervous systems, cancer, nutritional and metabolic disor-
ders, mental disorders, diseases of the ear, endocrine diseases, 

female genital diseases and nutritional deficiencies [5–7]. Bal-
neotherapy is a safe and time-tested treatment, and scientists 
believe that mineral water treatment methods compared to 
similar non-mineral treatments have better and longer-lasting 
improvements concerning pain, function, quality of life, clinical 
parameters and others [3]. 

39% of adults aged 18 years and over were overweight in 
2016, and 13% were obese. Thus, worldwide obesity has nearly 
tripled since 1975. Statistics reveal that 41 million children un-
der the age of 5 were overweight or obese in 2016, and over 
340 million children and adolescents aged 5–19 were over-
weight or obese in 2016. Overweight and obesity are the main 
risk factors in coronary heart disease, strokes, type II diabetes, 
osteoarthritis, certain types of cancer (uterus, breast, intestine) 
and sleep quality, and they thereby worsen the quality of life, 
increase mortality and add to health-related costs [8, 9]. Serum 
cholesterol fractions most frequently correlate with overweight 
and are a prognostic factor for cardiovascular diseases. Scien-
tists found that balneotherapy induces cardiac activity, blood 
flow, temperature changes in the body, increase interstitial fluid 
transfer into the vascular space, accelerates the removal of me-
tabolites and waste products and enhances delivery of oxygen 
[10], which has an impact on the plasma level of the adipocy-
tokines leptin and adiponectin [11]. Some scientific studies on 
humans showed a  reduction in excessive body mass and cor-
rection of blood lipid spectrum [12], but there is still a  lack of 
controlled studies for body volume. 
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Objectives

The research showed that obesity is preventable. Thus, the 
aim of our study was to investigate the effect of geothermal 
water on body mass index (BMI), body skinfolds and circumfer-
ences.

Material and methods

Trial design

A  randomised, controlled, single-blinded interventional 
study was performed.

Participants

Data was collected from 250 participants during the period 
of May–September 2018 in Klaipeda, Lithuania. Hydrotherapy 
procedures were carried out at the Rehabilitation Department 
of Klaipėda Seamen’s Health Care Centre. The evaluation of 
participants’ clinical statement at baseline and after 2 weeks of 
treatment was made at the Klaipeda Science and Technology 
Park facility – Business incubator. An interventional study was 
implemented in observance of the rules of good clinical prac-
tice. Inclusion criteria: current workers aged 18–65 years with 
no current disease and no rehabilitation procedures during the 
past 3 months, at least 2 symptoms of distress or a symptom 
intensity of more than 2 according to the general symptom dis-
tress scale (GSDS, T.A. Badger). Exclusion criteria were as fol-
lows: acute neurological deficit, epilepsy, inflammatory condi-
tion, cutaneous lesion, failure of respiratory/cardiovascular 
systems, kidney failure, unstable metabolic disorders, severe 
arrhythmia, febrile infections, bleeding, pregnancy. 

Participants were randomly divided into 5 groups of 50 indi-
viduals per group: 3 groups of baths of water of different salinity 
(20, 40, 60 g/l total salinity water), 1 group of pure water baths, 
1 control group (without treatment). All subjects were informed 
about the purpose, conditions and course of the study prior to 
inclusion and signed a participant’s agreement. The participants 
of the control group were not given any therapy. 

Intervention

Bath treatment (geothermal or tap water) was carried out 
on an outpatient on an everyday basis, for 5 days a week over 
a 2-week period (10 procedures). The geothermal water used 
was highly mineralised (108 g/l) Na-Cl-Ca-Mg-SO4, pH 6.07) 
from the Geoterma 2P (ID 25871) borehole (1,135 m depth). 
Individual hydrotherapy procedures were as follows: in accor-
dance with calculations of dilution baths (400 l) were prepared 
as follows: 20 g/l (2%) bath was filled with 73 l of geothermal 
water and 327 l of pure tap water; 40 g/l (4%) – 145 l geother-
mal and 254 l of pure tap water; 60 g/l (6%) – 218 l geothermal 
and 181 l pure tap water (additionally warmed in special heat-
ers). The temperature of the baths was 36°C. The participants 
had baths (immersion up to the armpits) monitored by trained 
personnel. Each participant was told to move slightly in the 
bathtub [13]. The geothermal water chemical composition in 
the balneotherapy group is shown in Table 1. 

Table 1. Mineral composition of geothermal water in the groups
Element, mg/l I group II group III group
Cl 17,110 25,130 38,400
SO4 526 735 1,160
HCO3 190 161 125
CO3 0,06 0.05 0.01
Na 7,124 10,550 16,500
K 181 255 428

Ca 2,500 3,550 5,110
Mg 659 940 1,430
Fe  < 0.01  < 0.01 0.04
pH 7.28 7.27 6.72

Study outcome
Body fat parameters changed after balneotherapy with geo-

thermal water of different salinity in comparison with tap wa-
ter and no treatment. BMI, serum cholesterol levels and body 
circumferences, and skinfolds were measured before the treat-
ment, after 2-week treatment and 3 month after the treatment. 
The body circumferences of the upper arm (tense, relaxed), 
waist, hip, thigh and calf were measured using measuring tape 
(cm); the skinfolds (biceps, abdomin, triceps, subscapular su-
prailiac, quadriceps, calf) were measured using calliper testing. 
Two measurements were taken at each site following standard 
procedures [14, 15].

Statistical procedures
Data was reported as the mean ±SD for continuous variables, 

or as frequencies in the case of categorical variables. Descrip-
tive statistics and univariate analyses were carried out using 
SPSS V23.0 (SPSS Inc., Chicago, Illinois, USA). Pearson χ2 tests and 
independent-sample t-tests were used to compare the indepen-
dent variables versus dependent variables. The hypothesis about 
the equality of probability distribution was checked against the 
Mann–Whitney–Wilcoxon U  non-parametric criterion, and the 
corresponding 95% CIs were calculated. The Wilcoxon Sign and 
Kruscal–Wallis non-parametric tests were also used, and a p-val-
ue < 0.05 was considered to be significant for all tests. 

Ethical consideration
The study was carried out with the authorisation of the 

Kaunas Regional Biomedical Research Ethics Committee (per-
mission No. BE-2-1).

Results
Participant flow

The flow diagram of the study process is shown in Figure 1.

Recruitment

The data was collected during the period of May–Septem-
ber 2018 in Klaipeda, Lithuania (primary measurement and 
3-month follow-up period).

Baseline data and numbers analysed

The main characteristics of the survey participants are in Table 
2. The study groups did not differ in gender, marital status and 
physical activity. Participants of the 60 g/l geothermal and control 
groups were older than in other groups; participants in the control 
group had the biggest BMI.

Outcomes and estimation 
BMI changes in the groups are showed in Table 3. Despite posi-

tive BMI changes in the 20 and 60 g/l groups, there were no signifi-
cant changes in all groups.

The best effect reducing body volume after 2 weeks was ob-
tained in the 20 g/l group (Figure 2). Positive significant changes 
were seen in all measuring points, with the biggest difference in the 
thigh and hip. 40 g/l procedures were effective for 25%, 60 g/l – for 
88% of body circumferences. Tap water and no treatment in 75% 
and 100% of cases produced a negative effect. The largest volume 
lost was achieved after 20 g/l procedures (7.5 cm), less – after 60 
g/l procedures (5.2 cm). An overall increase in volumes of 3.8 cm 
was seen in the tap water group, with 4.4 cm in the control group.
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Survey participants, n = 606  

20 g/l (I), n = 50 Control (V), n = 50 

Completed 2-week 
course 

n = 46 (92 %) 

2 month 

n = 46 (100% treated) 

Losses, n = 4 (8%): 

n = 2 personal 
reasons 

n = 2 lack of 
compliance 

Losses, n = 6 (12%): 

n = 1 skin lesion,  

n = 1 personal 
reasons, 

n = 4 lack of 
compliance because 
labor affairs 

Losses, n = 1  
(2%) moved, do not 
provide data 

Participants randomly allocated to treatment groups, n = 250 

Excluded (n = 356): 
269 – Did not meet the distress criteria for inclusion 

22 – Refused to attend study for personal reasons 
35 – not able to participate in study or rehabilitation or treatment 

procedures planned during a 3-months period, 
30 – Eliminated according to exclusion criteria 

40 g/l (II), n = 50 60 g/l (III), n = 50 Tap water (IV), n = 50 

Losses, n = 6 (12%): 

n = 3 personal 
reasons  

n = 3 lack of 
compliance because 
labor affairs 

Losses, n = 15 (30%): 
n = 2 acute infection  
n = 8 discontinued 
study because did not 
see benefits 
n = 5 lack of 
compliance because 
labor affairs 

Losses, n = 15 
(30%): 

n = 7 treatment or 
rehabilitation was 
needed  

n = 8 personal 
reasons  

Completed 2-week 
course 

n = 44 (88 %) 

Completed 2-week 
course 

n = 44 (88%) 

Completed 2-week 
course 

n = 35 (70%) 

Completed 2-week 
course 

n = 35 (70%) 

1 month 

 n = 46 (92% treated) 

1 month 

n = 43 (98% treated) 

1 month 

n = 34 (97% treated) 

1 month 

n = 35 (100% treated) 

1 month 

n = 44 (100% treated) 

2 month 

n = 43(98% treated) 

2 month 

n = 31 (89% treated) 

2 month 

n = 29 (83% treated) 

2 month 

n = 41 (93% treated) 

3 month 

n = 44 (96% treated) 

3 month 

n = 40 (91% treated) 

3 month 

n = 44 (100% treated) 

3 month 

n = 34 (97% treated) 

3 month 

n = 30 (86% treated) 

Losses, n = 1  
(3%) do not provide 
data 

 

Losses n = 2 (4%) 
did not came to 
control visit 

 

Losses n = 4 (9%) 
did not came to 
control visit 

 

Losses n = 1 (3%) 
did not came to 
control visit 

 

Losses n = 5 (14%) 
n = 4 did not came 
to control visit 
n = 1 no contact 
 

Losses n = 1 (2%) 
do not provide data 

 

Losses n = 3 (7%) 

 Incomplete data 

 

Losses n = 6 (17%) 
do not provide/ 
/incomplete data 

 

Losses n = 4 (11%) 
do not provide/ 
incomplete data 

 

Figure 1. Disposition of the study participants

Table 2. Sociodemographic characteristics of the study participants
I (n = 46) II (n = 44) III (n = 44) IV (n = 35) V (n = 35) p

Age, n (%) 39.7 (10.5) 42.6 (10.4) 47.7 (9.5) 42.8 (12.8) 48.1 (12.0) 0.009 
Gender, n (%)

0.638Men 4 (8.7) 7 (15.9) 7 (15.9) 4 (11.4) 7 (20)
Women 42 (91.3) 37 (84.1) 37 (84.1) 31 (88.6) 28 (80)
Marital status, n (%)

0.073

Prefer not to say 1 (2.2) 2 (4,5)
Married 30 (65.2) 28 (63.6) 32 (72.7) 22 (62.9) 25 (71.4)
Single 11 (23.9) 8 (18.2) 4 (9.1) 7 (20) 3 (8.6)
Divorced 4 (8.7) 6 (13.6) 4 (9.1) 6 (17.1) 3 (8.6)
Widowed 4 (9.1) 4 (11.4)
Level of education, n (%)

0.004

Incomplete secondary 
education

2 (4.3) 1 (2.3)

Secondary 4 (8.7) 6 (13.6) 2 (4.5) 6 (17.1) 4 (11.4)
Higher 7 (15.2) 3 (6.8) 3 (6.8) 3 (8.6) 11 (31.4)
High 1 (2.2) 6 (13.6) 3 (6.8) 2 (5.7) 2 (5.7)
University 29 (63.0) 24 (54.5) 30 (68.2) 12 (34.3) 13 (37.1)
PhD 3 (6.5) 4 (9.1) 6 (13.6) 11 (31.4) 5 (14.3)



L. Rapolienė et al. • Geothermal water for skinfold and body circumferences

Fa
m

ily
 M

ed
ic

in
e 

&
 P

rim
ar

y 
Ca

re
 R

ev
ie

w
 2

01
9;

 2
1(

4)

367

Table 2. Sociodemographic characteristics of the study participants
I (n = 46) II (n = 44) III (n = 44) IV (n = 35) V (n = 35) p

Physical activity, n (%)

0.080

Every day 6 (13.0) 7 (15.9) 5 (11.4) 3 (8.6) 4 (11.4)
4–6 times/week 1 (2.2) 8 (18.2) 1 (2.3) 3 (8.6)
2–3 times/week 13 (28.3) 11 (25) 16 (36.4) 13 (37.1) 17 (48.6)
Once per week 6 (13.0) 8 (18.2) 4 (9.1) 6 (17.1) 3 (8.6)
2–3 times/month 7 (15.2) 3 (6.8) 6 (13.6) 3 (8.6) 2 (5.7)
Few times/year 5 (10.9) 4 (9.1) 5 (11.4) 7 (20) 4 (11.4)
Never 8 (17.4) 1 (2.3) 7 (15.9) 3 (8.6) 2(5.7)

Table 3. Changes of BMI in the study groups

Mean SD MD CI lower CI upper t p

I group 24.83 5.80 0.08 -0.0490 0.2012 1.225 0.227
24.75 5.76          

II group 25.16 4.62 -0.02 -0.1827 0.1463 -0.223 0.825
25.18 4.71          

III group 26.55 5.59 0.06 -0.0536 0.1718 1.058 0.296
26.49 5.46          

IV group 25.42 3.75 -0.08 -0.2202 0.0614 -1.147 0.260
25.50 3.80          

V group 29.36 7.38 -0.09 -0.1927 0.0162 -1.719 0.095
29.45 7.50          

 
I II III IV V

 
I II III IV V

Figure 2. Change in body circumferences in the study groups after 2 weeks

Figure 3. Change in body skinfolds in the study groups after 2 weeks
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After 3 months, significant positive changes remained in 
25% of the measurements in the 20 (2.9 cm) and 40 g/l (1.9 
cm) groups, while in the 60 g/l group – 63% (8.4 cm from base-
line) (Table 4). The tap water and control groups saw a negative 
change (1.4 and 2.6 cm, respectively).

The study results showed that all skinfolds significantly de-
creased in the 20 and 60 g/l groups, as well as in 86% of the 
cases in the 40 g/l group. The biggest effect was seen in the 60 

g/l group (19 mm), and less in the 40 g/l group (14 mm). The 
skinfolds increased in the tap water (10.7 mm) and control (6.9 
mm) groups (Figure 3).

After 3 month, 86% of skinfolds remained significantly 
smaller in the 20, 40 and 60 g/l geothermal groups from base-
line 18,7, 16 and 22,8 mm, respectively. 71% of skinfolds in the 
tap water and control groups significantly decreased after 3 
months (Table 5). 

Table 4. Change of body circumferences (cm) in the study groups
I (20 g/l) II (40 g/l) III (60 g/l) IV( tap) V (control)
Mean 
difference 
(cm)

p Mean 
difference 
(cm)

p Mean 
difference 
(cm)

p Mean 
difference 
(cm)

p Mean 
difference 
(cm)

p

Upper arm, left
After 2 w 0.59 0.00 0.09 0.50 0.52 0.00 -0.20 0.14 -0.19 0.01
3 mo -0.11 0.42 -0.067 0.70 0.48 0.03 -0.20 0.10 -0.48 0.00
Upper arm, right
After 2 w 0.52 0.00 0.11 0.40 0.53 0.00 -0.21 0.00 -0.41 0.00
3 mo -0.04 0.79 -0.29 0.17 0.62 0.01 -0.51 0.01 -0.38 0.00
Waist
After 2 w 1.33 0.00 1.23 0.14 1.26 0.00 -0.71 0.11 -0.89 0.00
3 mo 0.14 0.72 -0.24 0.64 0.71 0.17 -0.71 0.18 -0.60 0.11
Hips
After 2 w 1.42 0.00 0.36 0.12 0.78 0.00 -1.00 0.00 -1.34 0.00
3 mo 0.17 0.61 0.32 0.36 1.45 0.00 -0.53 0.21 -0.16 0.63
Thigh, left
After 2 w 1.56 0.00 0.57 0.04 0.82 0.00 -0.41 0.06 -0.56 0.01
3 mo 1.21 0.00 0.81 0.04 2.36 0.00 0.47 0.20 -0.26 0.45
Thigh, right
After 2 w 1.38 0.00 0.65 0.05 1.02 0.00 -0.71 0.00 -0.48 0.01
3 mo 1.32 0.00 1.16 0.01 2.57 0.00 0.43 0.27 -0.19 0.58
Calf, left
After 2 w 0.29 0.01 0.02 0.79 0.12 0.12 -0.28 0.00 -0.22 0.00
3 mo 0.03 0.73 0.05 0.73 0.06 0.70 -0.07 0.52 -0.25 0.05
Calf, right
After 2 w 0.36 0.00 0.09 0.26 0.16 0.01 -.0.28 0.00 -0.026 0.00
3 mo 0.13 0.25 0.13 0.27 0.18 0.24 -0.25 0.02 -0.23 0.02

Table 5. Change of skinfolds (mm) in the study groups
I (20 g/l) II (40 g/l) III (60 g/l) IV( tap) V (control)
Mean 
difference 
(mm)

p Mean 
difference 
(mm)

p Mean 
difference 
(mm)

p Mean 
difference 
(mm)

p Mean 
difference 
(mm)

p

Biceps
After 2 w 1.15 0.02 1.84 0.00 2.64 0.00 -1.20 0.05 -0.88 0.09

3 mo 2.44 0.00 2.79 0.00 3.48 0.00 1.06 0.01 0.85 0.13
Triceps
After 2 w 1.28 0.00 1.79 0.00 2.32 0.00 -1.11 0.05 -0.56 0.44
3 mo 2.88 0.00 2.58 0.00 3.43 0.00 1.86 0.00 1.50 0.02
Subscapular
After 2 w 1.33 0.00 1.47 0.00 2.43 0.00 -0.94 0.01 -0.18 0.84
3 mo 2.20 0.00 2.00 0.00 2.52 0.00 0.26 0.55 1.18 0.09
Abdominal
After 2 w 0.76 0.01 1.95 0.00 3.14 0.00 -1.03 0.08 -0.53 0.20
3 mo 1.58 0.00 2.14 0.00 3.07 0.00 1.28 0.04 0.76 0.09
Suprailiac
After 2 w 1.00 0.00 0.54 0.33 0.73 0.03 -2.51 0.00 0.12 0.79
3 mo 0.49 0.23 0.25 0.71 0.36 0.49 -1.20 0.00 0.79 0.07
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Table 5. Change of skinfolds (mm) in the study groups
I (20 g/l) II (40 g/l) III (60 g/l) IV( tap) V (control)
Mean 
difference 
(mm)

p Mean 
difference 
(mm)

p Mean 
difference 
(mm)

p Mean 
difference 
(mm)

p Mean 
difference 
(mm)

p

Thigh
After 2 w 1.37 0.02 2.41 0.00 4.50 0.00 -1.54 0.03 -2.58 0.00
3 mo 2.76 0.000 3.67 0.00 5.16 0.00 0.97 0.06 1.65 0.06
Calf
After 2 w 1.65 0.00 4.04 0.00 3.29 0.00 -2.37 0.00 -2.29 0.00
3 mo 3.69 0.00 5.23 0.00 4.77 0.00 0.48 0.47 1.62 0.07

Table 6. Changes in cholesterol fraction in the study groups

Group/parameter Mean SD MD SD CI upper CI lower t p

Cholesterol 5.18 0.91
0.19 0.51 0.04 0.34 2.54 0.01

I 4.99 0.96
II 5.31 1.22

0.33 0.48 0.18 0.482 4.51 0.00
4.97 1.00

III 5.70 1.32
-0.06 0.65 -0.25 0.14 -0.57 0.57

5.76 1.40
IV 5.23 1.12

0.00 0.47 -0.16 0.17 0.57 0.95
5.23 1.27

V 5.43 1.04
0.00 0.41 -0.14 0.14 0.02 0.98

5.43 1.10
High density lipoprotein 1.65 0.33

-0.02 0.19 -0.08 0.03 -0.080 0.42
I 1.67 0.33
II 1.65 0.32

0.17 0.21 0.11 0.23 5.45 0.00
1.48 0.29

III 1.61 0.38
-0.06 0.25 -0.14 0.01 -1.68 0.10

1.68 0.43
IV 1.67 0.39

0.08 0.24 0.00 0.163 1.79 0.08
1.59 0.42

V 1.50 0.26
0.14 0.25 0.03 0.24 2.64 0.01

1.37 0.28
Low density lipoprotein 2.55 0.65

-0.10 0.39 -0.22 0.02 -1.73 0.09
I 2.65 0.74
II 2.83 0.99

0.13 0.38 0.01 0.25 2.18 0.03
2.70 0.83

III 3.16 0.92
0.04 0.40 -0.08 0.16 0.71 0.48

3.12 0.95
IV 2.77 0.94

0.03 0.35 -0.09 0.16 0.55 0.58
2.73 1.05

V 3.00 0.88
0.02 0.23 -0.08 0.12 0.45 0.65

2.98 0.91
Triglyceride 1.05 0.58

0.12 0.33 0.02 0.22 2.36 0.02
I 0.93 0.52
II 0.90 0.42

0.03 0.28 -0.05 0.12 0.80 0.43
0.87 0.35

III 1.17 0.65
-0.14 0.47 -0.28 0.00 -1.99 0.05

1.32 0.57
IV 1.07 0.70

0.00 0.32 -0.12 0.11 -0.02 0.98
1.08 0.68

V 1.05 0.53
0.08 0.60 -0.18 0.34 0.64 0.53

4.67 0.35

Risks. No unintended effects were detected. 
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ume (average 0.8 cm, p < 0.05) and skin ridge thickness (average 
2.2 mm, p < 0,001) after a 15-minute balneotherapy treatment 
earlier in the study [17]. 1 month after the treatment, the reduc-
tion in skin ridge (p < 0.05) and limb volume (p < 0.05) remained. 
After 4 months, a positive impact on the volume of the limbs 
was observed (p < 0.05), and the skin ridge was significantly 
lower than before the treatment (p < 0.01). It was found that 
a course of 20 min 27 g/l geothermal water baths has the signifi-
cant effect on BMI (average reduction of 0.5) and body fat per-
centage (2), with a positive effect until 4 month after treatment 
[17]. A study by Han et al. also found a significant reduction in 
BMI of 1.91 kg/m2 after 3-week balneotherapy therapy com-
pared at motivational dietary interview, which was only 0.20 kg/ 
/m2 after 1 year. This corresponds to a significant balneotherapy 
benefit of 1.71 kg/m2 [18]. Our study did not show any positive 
changes, possibly because we used only a cooler mineral bath 
(36°C vs 37°C) without other spa procedures or drinking mineral 
water, with no dietary recommendations, and the BMI of our 
participants was lower in the beginning (25–29 vs 31). A study 
by Kang Ki Yeon et al. on obese children shows that a hot spring 
bath could be an effective way of managing and treating obe-
sity (BMI after 4 procedures lowered by 0.93, as well as body 
fat mass by 2.28 and percentage of body fat by 4.04 [19]. The 
Cl-Na-SO4-Ca water we analysed produces effects that are spe-
cific to the main minerals. Of course, the chloride in the water 
improves cellular metabolism, tissue regeneration and blood 
and lymph circulation, as well as stimulates the organic and 
metabolic functions. In 34–36°C water, muscle tone decreases, 
peripheral arterial blood flow is stimulated, tissue trophic im-
proves and swelling and pain lessen [13]. Data from researchers 
shows that spa therapy can modify plasma levels of the adipo-
cytokines leptin and adiponectin [11], which is important for fat 
volumes in the body.

There is a need for further research for balneotherapy usage 
for integrated adiposity treatment and beauty therapy. A com-
parison of geothermal vs tap water treatment to clarify com-
plex balneotherapy mechanisms for body composition chang-
ing with a  standardised methodology, more respondents and 
a follow-up period are needed.

Conclusions

1.	 20-minute baths of geothermal water are more effective 
than tap water for lowering of hypodermic fat content in 
the body and cholesterol level in serum. 

2.	 60 g/l baths have a long-lasting effect on body fat volumes.
3.	 20–40 g/l geothermal water is appropriate for an antilip-

idemic effect.

Ancillary analyses 

Significant after-treatment changes regarding cholesterol 
levels occurred in the geothermal and control groups. Positive 
changes in total cholesterol were seen after 20 (MD 0.2) and 40 
g/l (MD 0.3) baths; in Low Density Lipoprotein levels – after 40 
g/l baths (MD 0.1); in Triglyceride Levels – after 20 g/l baths. 
There were significant negative changes in High Density Lipo-
protein levels in the 40 g/l and control groups, in Triglyceride 
Levels – in the 60 g/l group (Table 6). 

Discussion

Limitations of the study 

The follow-up measurements were performed in the sum-
mer, when people are more physically active compared to other 
seasons. Thus, a longer follow-up period would be beneficial.

Generalisability 

The results of the study demonstrated that 2 weeks of bal-
neotherapy have a  significant positive effect on body circum-
ferences and skinfolds. The best short-term effect for reducing 
body 20 g/l mineral water provides the best short-term effect 
for reducing body volume (7.5 cm), but the longest effect could 
be achieved using 60 g/l geothermal water (8.4 cm decrease 
from baseline). The greatest and longest-lasting decrease in 
skinfold was achieved after 60 g/l procedures (22.4 mm from 
baseline). No significant changes in BMI were found in the study 
groups. Concerning cholesterol, the most favourable were 20 
(for total cholesterol and Triglyceride Levels) and 40 g/l (for total 
cholesterol and Low Density Lipoprotein) mineral water baths. 

Interpretation 

However, the results of Suceveanu et al. demonstrated sig-
nificant differences for LDL-cholesterol and HDL-cholesterol 
changes for patients with main cardiovascular risk factors who at-
tended a rehabilitation programme with hydrotherapy included 
[16]. Mooventhan  and N ivethitha suggest that hydrotherapy is 
widely used to improve immunity and for the management of hy-
percholesterolemia and add that there is a lack of evidences on 
the impact of water of different salinity and temperature [6]. The 
results of our study supplement the existing knowledge on the ef-
fect of the different mineralisation of water on cholesterol levels.

There are not many studies concerning balneotherapy on 
body volume or composition. There were reductions in limb vol-

Source of funding: This work was funded from the authors’ own resources.
Conflicts of interest: The authors declare no conflicts of interest.
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