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ABSTRACT

Objectives: This study aims to evaluate whether there was a difference between oxidative stress index (OSI), total antioxidant status (TAS), and total 
oxidant status (TOS) values between patients with fibromyalgia syndrome (FMS) and healthy controls, and to show the effect of balneotherapy on 
clinical conditions such as pain, depression, and quality of life in patients with FMS and oxidative stress.
Patients and methods: Thirty-five females (mean age 39.9±5.8 years; range, 18 to 50 years) with fibromyalgia and 35 healthy females (mean age 
37.9±6.6 years; range, 18 to 50 years) were included in the study. The TAS, TOS, and OSI of patients with FMS and healthy controls were measured. 
Disease severity was evaluated using the Fibromyalgia Impact Questionnaire, pain levels were evaluated using a visual analog scale (VAS), mood was 
evaluated using the Beck Depression Inventory (BDI), and quality of life was evaluated using the Short Form 36 (SF-36). Patients with FMS were given 
15 sessions of balneotherapy. After treatment, the laboratory and clinical parameters of the patients were reevaluated.
Results: Although the TAS levels of patients with FMS were not significantly different from those of the control group (p=0.114), the TOS and OSI 
levels were higher than those of the control group (p<0.001). The VAS, BDI, and SF-36 parameter scores of patients with FMS were significantly higher 
than those of the control group (p<0.001). A statistically significant decrease (p<0.001) in TOS and OSI levels of patients with FMS was detected 
after balneotherapy; however, the TAS levels of patients with FMS did not change significantly (p=0.538). All clinical parameters showed significant 
improvement with balneotherapy (p<0.001).
Conclusion: An oxidative disorder was detected in patients with FMS compared with the control group. Balneotherapy showed antioxidant activity 
and decreased oxidative stress while also improving clinical parameters and quality of life.
Keywords: Balneotherapy, fibromyalgia, oxidative stress, pain, quality of life.

Fibromyalgia syndrome (FMS) is a chronic 
syndrome accompanied by somatic-cognitive 
symptoms such as chronic widespread pain, 
tenderness, sleep disturbance, and fatigue. The 
etiopathogenesis of FMS is still unknown, but 
genetic, environmental, biochemical factors; 
neuroendocrine disorders; and autonomic, 

peripheral and central nervous system disorders, 
sleep disorders, immunologic, and psychological 
factors are thought to play a role.1 Oxidative stress, 
which has been shown to play an important role 
in the pathogenesis of many diseases in recent 
years, is also thought to be responsible for the 
development of FMS.2

Citation:
Çetinkaya FN, Koçak FA, Kurt EE, Güçlü K, Tuncay F, Şaş S, et al. The Effects of Balneotherapy on Oxidant/Antioxidant Status in Patients With Fibromyalgia: An 

Observational Study. Arch Rheumatol 2020;35(4):506-514.

©2020 Turkish League Against Rheumatism. All rights reserved.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited and is not used for commercial purposes (http://creativecommons.org/licenses/by-nc/4.0/).

https://orcid.org/0000-0002-9526-5786
https://orcid.org/0000-0002-2224-3324
https://orcid.org/0000-0003-1237-8580
https://orcid.org/0000-0002-0092-652X
https://orcid.org/0000-0002-0886-2006
https://orcid.org/0000-0002-5616-5723
https://orcid.org/0000-0001-8275-7645


507Balneotherapy for Oxidant Status in Fibromyalgia

In biologic systems, when the balance between 
free radicals and the antioxidants that detoxify 
them is disturbed, the negative effect of free 
radicals in the cells is defined as oxidative stress.3 
Oxidative stress in FMS has been suggested to 
cause permanent damage to enzyme systems, 
including the use of cellular oxygen, causing 
oxygenation disturbance.4 Different oxidant 
substances can be measured individually in serum. 
However, it is impractical and leads to excessive 
time and material loss. Instead, total oxidant status 
(TOS) measurement methods, which collectively 
show the level of oxidants, have been developed.5 
Total antioxidant status (TAS) is a parameter that 
reflects the total effect of antioxidants in all biologic 
samples, including antioxidants that have not yet 
been fully discovered.6 The percentage ratio of 
the total oxidant level to the total antioxidant level 
gives the oxidative stress index (OSI).

In some studies related to FMS, oxidative 
stress markers and antioxidant levels were 
examined and increased oxidant damage was 
detected. Neyal et al.7 found an increase in TOS 
and OSI levels in patients with FMS; Altindag 
and Celik8 found a decrease in TAS levels and 
an increase in OSI levels. Oxidative stress was 
also associated with symptom severity in FMS. 
Oxidative damage due to free radicals, and 
decreased antioxidant capacity were found to 
be effective in the onset of the disease and the 
spread of pain.9,10

There is no single specific treatment for FMS. 
In addition to pharmacologic agents, exercise, 
cognitive/behavioral therapies, physical therapy 
methods, acupuncture, and balneotherapy are 
used alone or in combination.1,11 Balneotherapy 
is a therapy performed in a certain time interval 
and in a curing manner by using the serial, 
repeated bathing, packs, drinking, and inhalation 
applications of natural underground water-borne 
thermomineral waters, peloids, and gases.12 
Water with a temperature above 20°C and 
a total mineral content exceeding 1 g/L is 
called thermomineral water.13 These waters show 
their effects through mechanical, chemical, and 
thermal routes.14

Balneotherapy is the most preferred treatment 
for FMS after osteoarthritis in rheumatic and 
musculoskeletal diseases. Balneotherapy has a 
high level of evidence in almost all FMS treatment 

guidelines and has been reported by the European 
League Against Rheumatism (EULAR) as having 
level of evidence IIa.12 Many studies have shown 
positive effects of balneotherapy on FMS.15-17

Some studies on balneotherapy reported 
positive effects of balneotherapy on the antioxidant 
system in different rheumatic diseases such as 
rheumatoid arthritis (RA) and osteoarthritis 
(OA).18,19 However, to our knowledge, no studies 
in the literature have investigated the effect of 
balneotherapy on TAS, TOS, and OSI in patients 
with FMS. Therefore, in this study, we aimed to 
evaluate whether there was a difference between 
OSI, TAS, and TOS values between patients with 
FMS and healthy controls, and to show the effect 
of balneotherapy on clinical conditions such as 
pain, depression, and quality of life in patients 
with FMS and oxidative stress.

PATIENTS AND METHODS

This prospective observational study included 
35 female patients (mean age 39.9±5.8 years; 
range, 18 to 50 years) with FMS diagnosed 
according to the American College of 
Rheumatology (ACR) 2016 FMS diagnostic 
criteria20 who presented to the Physical Medicine 
and Rehabilitation outpatient clinic of Kırehir Ahi 
Evran University Training and Research Hospital 
between February 1st, 2019 and April 1st, 2019 
and 35 healthy females (mean age 37.9±6.6 
years; range, 18 to 50 years) from the hospital 
staff (Figure 1). The study protocol was approved 
by the Kırehir Ahi Evran University Ethics 
Committee. A written informed consent was 
obtained from each participant. The study was 
conducted in accordance with the principles 
of the Declaration of Helsinki. This study was 
registered in the Iranian Registry of Clinical Trials 
(IRCT), which is a primary registry in the World 
Health Organization Registry Network set. Trial 
ID of this study is 35965 and IRCT ID of this 
study is IRCT20180108038268N4.

It is known that fibromyalgia is seen mostly 
in the female sex. In this study, to achieve 
homogenization and to exclude etiologic factors 
that may be variable depending on sex, the patient 
and control groups were composed of females 
only. The exclusion criteria were as follows: 
presence of any systemic disease (hematologic, 
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endocrine, rheumatologic, renal, cardiovascular, 
gastrointestinal, respiratory disease); active 
infection; history of malignancy; surgery or major 
trauma in the last year; any treatment for FMS 
(e.g. balneotherapy, exercise, medical treatment) 
in the last three months; postmenopausal 
period, lactation, and pregnancy; smoking; and 
vitamin D deficiency.

The control group consisted of healthy females 
who met none of the exclusion criteria; did not 
have any disease and did not use any medication. 
Also, those with any kind of pain (headache, 
muscle pain, etc.), any intensity of pain (mild, 
moderate or severe), and any duration of pain 
(minutes, hours, etc.) in the last week were 
excluded.

Age, height, weight, body mass index, marital 
status, educational status, occupational status, 
medication used, and also the symptom duration 
(patient group) were questioned and recorded in 
both groups.

A Visual Analog Scale (VAS) was used to 
determine the pain level of the patients.21 In this 
scale, 0 indicates no pain and 10 is the worst 
possible pain. The pain of the control group 
was asked as the most severe pain that was 
experienced in any part of the body in the last 
month.

The Fibromyalgia Impact Questionnaire (FIQ) 
was used to evaluate functional status in patients 
with FMS. The scale, developed by Burchardt et 
al.,22 is used to monitor the status and outcomes 
of patients. The Turkish reliability and validity 
study of the FIQ was done by Sarmer et al.23 The 
FIQ consists of 10 questions that assess physical 
functioning, work status, depression, anxiety, 
sleep, pain, stiffness, fatigue, and well-being. The 
total score ranges from 0 to 100. Higher scores 
show more severe impairment.

The Short Form 36 (SF-36) was used to 
evaluate quality of life. The SF-36 form is a quality 
of life scale consisting of 36 questions.24 The 
Turkish reliability and validity study of the SF-36 
was done by Koçyi¤it et al.25 The questions include 
eight different statuses related to health: physical 
function, social function, physical role limitation, 
emotional role limitation, mental health, energy-
vitality, pain, and general health perception. 
Scores of questions for each status are scored 
between 0 (worst health condition) and 100 (best 
health condition).

The Beck Depression Inventory (BDI) developed 
by Beck et al.26 was used to evaluate the mood 
of the participants. The Turkish reliability and 
validity study of the BDI was done by Hisli.27 The 
scale consists of 21 questions and each question is 
scored between 0 and 3. There are no depressive 
symptoms between 0 to 13 points, there are 
moderate depressive symptoms between 14 to 24 
points, and severe depressive symptoms above 
25 points. The highest possible score is 63.

The VAS, SF-36, and BDI scores of the control 
group and FMS patients were recorded before 
treatment and a comparison was performed 
between the two groups. FMS patients additionally 
underwent the FIQ.

In addition, the scores of ‘diffuse pain index’ 
(0-19) and ‘symptom severity scale’ (0-12) of FMS 
patients were determined and the Fibromyalgia 
Severity Scale (FSS) score was obtained by adding 

Figure 1. Flowchart of study.

183 patients with fibromyalgia syndrome and 38 healthy 
controls were evaluated.

117 patients did not meet the inclusion criteria (68 patients 
having been under another treatment, 29 patients 
having systemic disease/hypovitaminosis/history of 
surgery, six patients in the period of pregnancy/lactation, 
14 patients being smoker)

25 patients and three healthy controls did not want to 
join the study

41 patients with fibromyalgia syndrome were allocated 
to the treatment group and 35 healthy controls were 
allocated to the control group
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35 patients with fibromyalgia syndrome and 35 healthy 
controls included in the analysis

35 patients with fibromyalgia syndrome completed the 
balneotherapy sessions and post-treatment evaluations

Four patients did not want to continue to the treatment 

Two patients did not complete the post-treatment 
evaluations
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these two scores.20 The FSS is used to assess 
disease severity during follow-up. The VAS, BDI, 
SF-36, FIQ, and FSS scores were calculated 
before and immediately after the completion of 
the treatment and the changes were evaluated.

Routine blood tests (hemogram, liver-kidney-
thyroid function tests, vitamin D concentration, 
erythrocyte sedimentation rate, and C-reactive 
protein) were performed in all patients and the 
control group. Patients without abnormalities 
in routine blood tests were included in the 
study. TAS, TOS, and OSI measurements were 
performed in the control group and in the pre- 
and post-treatment patient group.

Blood samples were collected from 
peripheral venous blood at the same time in the 
morning after eight hours of fasting. Sera were 
centrifuged at 1500 g for 10 minutes. Separated 
serum samples were kept in a -80°C refrigerator 
until the day of analysis. The collected samples 
were analyzed using Rel Assay Diagnostics 
kits (Mega Tıp San. Tic. Ltd. ti., Gaziantep, 
Türkiye) in the Biochemistry Laboratory of 
Kırehir Ahi Evran University Training and 
Research Hospital.

Total antioxidant status was measured by 
a method developed by Erel, which is a fully 
automatic method that measures the total 
antioxidant capacity of the body against strong 
free radicals.28 The Fe+2 o-dianisidine complex 
forms the OH- radical through a Fenton-type 
reaction with hydrogen peroxide (H2O2). These 
powerful reactive oxygen species are reduced 
and react with the colorless o-dianisidine 
molecule at low pH to form yellow-brown 
dianisidyl radicals. Dianisidyl radicals participate 
in advanced oxidation reactions and increase 
color formation. Antioxidants in the samples 
suppress these oxidation reactions and stop the 
formation of color. This reaction is measured 
spectrophotometrically on an automatic analyzer. 
The result is expressed in mmol Trolox equivalent 
(Eqv.)/L.

The TOS serum concentrations were 
measured using a fully automatic calorimetric 
method developed by Erel.5 The oxidants in 
the sample oxidize the ferrous ion-o-dianisidine 
complex to ferric ion, and glycerol in the sample 
accelerates this reaction three-fold. Ferric ions 
form a colored complex with xylenol orange 

in acidic media. The color intensity, which can 
be measured spectrophotometrically, is related 
to the total amount of oxidant molecules in 
the sample. The result is expressed in μmol 
H2O2 Eqv./L.

The OSI, which is an indicator of oxidative 
stress, was calculated by measuring TOS and 
TAS automatically using the following formula: 
OSI = [(TOS, µmol H2O2 Eqv./L)/(TAS, µmol 
H2O2 Eqv./L)¥100]. During the calculations, TAS 
measurement values were converted from mmol 
Trolox Eqv./L to µmol Trolox Eqv./L.

Blood samples (after completion of the 
treatment) were collected one day after the last 
balneotherapy session, in the morning hours after 
eight hours of fasting.

Balneotherapy treatment was given to FMS 
patients in Kırehir Terme Thermal Springs, 
which operates within the Kırehir Ahi Evran 
University Training and Research Hospital 
Physical Medicine and Rehabilitation Department. 
The total mineralization content of the spa water 
with a temperature of 42±1°C was 98.3 mg/L 
sulfate, 556 mg/L bicarbonate, 186.7 mg/L 
sodium, 34.5 mg/L magnesium, 226 mg/L 
calcium, 232 mg/L chloride, 2.6 mg/L fluoride, 
and 58.43 mg/L silicate acid. Balneotherapy was 
given to the patients in the form of a whole body 
bath at 09:00 AM for 20 minutes. During the 
balneotherapy session, the patients did not do any 
activity (walking, aquatic exercise etc.); they just 
sat down and received full body immersion in the 
thermomineral water pool. The patients received 
a total of 15 sessions of treatment for five days 
a week for three weeks. Daily routine activities 
were not changed. No other pharmacologic or 
non-pharmacologic treatment was applied to the 
patients.

Statistical analysis

The IBM SPSS version 20.0 software 
(IBM Corp., Armonk, NY, USA) was used for 
statistical analysis. Descriptive statistics are shown 
as mean ± standard deviation and percentage. 
The chi-square test was used to compare 
qualitative data. The Kolmogorov-Smirnov test 
was used to determine whether the distribution of 
the variables was suitable for normal distribution. 
The independent sample t-test was used for 
the comparison of independent data matching 
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normal distribution, and the Mann-Whitney U 
test was used for the comparison of independent 
data not matching normal distribution. In 
repeated measurements, the paired-sample t-test 
was used for the comparison of data matching 
normal distribution, and the Wilcoxon test was 
to compare data that did not match normal 
distribution. A p value <0.05 was accepted as 
statistically significant. The G*Power version 
3.1.9.2 software (Heinrich-Heine Universität 
Düsseldorf, Düsseldorf, Germany) was used to 
determine the sample size of the study. Having 
scanned the current literature, based on the 
mean and standard deviation of OSI levels in 
Altindag and Celik study,8 it was concluded that 
a minimum of 32 persons should be recruited to 
each group to achieve the effect size d=0.919 
between the groups with 95% power and a 5% 
error margin.

RESULTS

The demographic characteristics of the 
participants such as age, body weight, and height 
are shown in Table 1. There was no statistically 
significant difference between the two groups in 
terms of demographic characteristics. There was 
no statistically significant difference between the 
two groups in terms of marital status, educational 
status, and occupation either (p>0.05). The mean 
duration of disease in patients with FMS was 
5.9±5.0 years.

The pre-treatment VAS, BDI, and SF-36 scales 
of the control group and FMS patients were 
evaluated. The VAS and BDI scores were higher 
in the patients compared with the control group, 
whereas the SF-36 scores were significantly lower. 
The findings are summarized in Table 2.

Table 2. Comparison of pre-treatment clinical parameters of patients with 
fibromyalgia syndrome and control group

Patient group Control group

Mean±SD Mean±SD p*

Visual analog scale 8.1±1.2 2.6±1.4** <0.001

Beck Depression Inventory 19.9±6.7 6.3±3.2 <0.001

SF-36 physical function 62.7±11.8 74.7±14.5 <0.001

SF-36 physical role limitation 1.4±8.5 72.9±27.4 <0.001

SF-36 pain 30.4±15.0 75.9±13.5 <0.001

SF-36 social function 43.2±16.2 71.1±17.2 <0.001

SF-36 mental health 46.1±11.0 74.0±14.8 <0.001

SF-36 emotional role limitation 8.6±20.3 85.7±20.3 <0.001

SF-36 energy-vitality 26.9±9.2 67.7±12.7 <0.001

SF-36 general health perception 32.1±16.8 64.4±10.2 <0.001

SD: Standard deviation; SF-36: Short Form 36; * p<0.05 is statistically significant; ** Pain of control group 
was asked as the most severe pain that was experienced in any part of body in last month.

Table 1. Comparison of demographic characteristics of patients with 
fibromyalgia syndrome and control group

Patient group (n=35) Control group (n=35)

Mean±SD Mean±SD p*

Age (year) 39.9±5.8 37.9±6.6 0.189

Body weight (kg) 67.9±9.5 70.7±8.2 0.205

Height (meter) 1.6±0.1 1.7±0.1 0.190

Body mass index (kg/m2) 25.3±2.7 25.8±2.3 0.450

SD: Standard deviation; * p<0.05 is statistically significant.
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The pre-treatment TAS, TOS, and OSI values 
of FMS patients were compared with the control 
group. There was no significant difference in TAS 
values between the controls and FMS patients 
before balneotherapy; TOS and OSI values were 
significantly higher in FMS patients (Table 3).

The clinical and laboratory evaluations of 
the patients were repeated after balneotherapy 
treatment. Although a statistically significant 
decrease in TOS and OSI values was found in 
laboratory evaluations, there was no significant 

change in TAS values. In the evaluation of pain 
severity, the mean VAS values before and after 
treatment were 8.11 and 5.42, respectively; a 
statistically significant decrease was observed 
(p<0.001). SF-36 and BDI scores improved 
significantly after balneotherapy. Significant 
improvements were found in the FSS and FIQ; 
the changes in all parameters are shown in 
Table 4.

DISCUSSION

The aim of this study was to compare the 
oxidant-antioxidant balance in patients with FMS 
and healthy controls, and to evaluate the effect 
of balneotherapy on oxidative stress. To our 
knowledge, this is the first study to evaluate the 
effect of balneotherapy on TAS, TOS, and OSI 
in patients with FMS. The results of this study 
indicate that FMS has an increased tendency 
towards oxidant stress compared with healthy 
individuals and balneotherapy has antioxidant 
activity and it decreases oxidant activity and 
changes the balance in the direction of reduction 
in oxidative stress.

Table 3. Comparison of pre-treatment laboratory 
parameters of patients with fibromyalgia syndrome 
and control group

Patient group Control group

Mean±SD Mean±SD p*

TAS† 1.2±0.1 1.2±0.9 0.114

TOS‡ 10.5±3.6 7.1±2.2 <0.001

OSI 0.9±0.3 0.6±0.2 <0.001

SD: Standard deviation; TAS: Total antioxidant status; TOS: Total oxidant 
status; OSI: Oxidative stress index; * p<0.05 is statistically significant; 
† TAS unit: mmol Trolox equivalent/L; ‡ TOS unit: μmol hydrogen 
peroxide (H2O2) equivalent/L.

Table 4. Comparison of pre-treatment and post-treatment clinical and 
laboratory parameters of patients with fibromyalgia syndrome

Pre-treatment Post-treatment

Mean±SD Mean±SD p*

TAS† 1.2±0.1 1.2±0.1 0.538

TOS‡ 10.5±3.6 7.4±2.6 <0.001

OSI 0.9±0.3 0.6±0.2 <0.001

Visual analog scale 8.1±1.2 5.4±1.9 <0.001

FIQ 61.9±10.5 41.1±14.8 <0.001

Beck Depression Inventory 19.9±6.7 10.7±5.1 <0.001

SF-36 physical function 62.7±11.8 74.2±10.3 <0.001

SF-36 physical role limitation 1.4±8.5 15.0±32.8  0.017

SF-36 pain 30.4±15.0 52.6±15.4 <0.001

SF-36 social function 43.2±16.2 53.6±15.6 <0.001

SF-36 mental health 46.1±11.0 59.7±9.8 <0.001

SF-36 emotional role limitation 8.6±20.3 39.0±37.4 <0.001

SF-36 energy-vitality 26.9±9.2 43.4±13.9 <0.001

SF-36 general health perception 32.1±16.8 49.6±14.7 <0.001

FSS 22.3±3.9 13.7±4.7 <0.001

SD: Standard deviation; TAS: Total antioxidant status; TOS: Total oxidant status; OSI: Oxidative stress 
index; FIQ: Fibromyalgia Impact Questionnaire; SF-36: Short Form-36; FSS: Fibromyalgia Severity Scale; 
* p<0.05 is statistically significant; † TAS Unit: mmol Trolox equivalent/L, ‡ TOS Unit: μmol hydrogen 
peroxide (H2O2) equivalent/L.
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Oxidative stress, which has been shown in 
the etiology of RA, OA, and chronic fatigue 
syndrome in recent years, is thought to play a role 
in the etiology of FMS.18,19,29,30 Oxidative stress is 
thought to contribute to the alteration of peripheral 
and central sensitization, and nociception and 
hyperalgesia.31

Bagis et al.9 compared 85 patients with 
FMS and 80 healthy controls and found high 
malondialdehyde (MDA) levels, a lipid peroxidation 
product, and a significant decrease in superoxide 
dismutase (SOD) levels, which plays an enzymatic 
role in the antioxidant system in the patient 
group. In a study using MDA and ischemia-
modified albumin concentrations as indicators of 
oxidative stress, and SOD concentrations as an 
indicator of antioxidants, 38 healthy individuals 
were compared with 59 patients with FMS and 
MDA was significantly higher in the FMS group 
than in the healthy group. Although ischemia-
modified albumin was higher than in the control 
group, no significant results were obtained. SOD 
levels were found to be higher in the fibromyalgia 
group but no significant elevation was observed.32 
Neyal et al.7 showed low plasma nitrite levels 
and TAS, and increased TOS and OSI levels 
in patients with FMS. Similarly, some other 
studies reported increased oxidant activity and 
decreased antioxidant activity in patients with 
FMS.8,33 Bozkurt et al.34 reported that TOS and 
OSI values were significantly higher in the FMS 
group compared with a healthy group; TAS levels 
were lower in the FMS group but it was not 
statistically significant. In the present study, TOS 
and OSI were found to be significantly higher in 
patients with FMS than in the control group. TAS 
values were higher in the patient group but not 
significantly. In a system based on equilibrium, 
it is thought that high TAS values are formed 
in response to the increased oxidant status. 
When the studies in the literature are examined 
in general, the predominant view is increased 
activation in the oxidant system. According to 
the data obtained from the present study, we can 
say that FMS might have an increased tendency 
towards oxidant stress compared with healthy 
individuals.

The FMS treatment with a complex 
etiopathogenesis is difficult for physicians and 
requires a multidisciplinary approach involving a 
combination of appropriate treatment modalities. 

Balneotherapy has been used for many years in 
the treatment of rheumatic diseases such as OA, 
RA, and painful conditions of the musculoskeletal 
system. It has been suggested to be one of 
the most promising therapies among the non-
pharmacologic methods that have significant 
effects on pain and symptoms in patients with 
FMS.12,35,36 Many studies have been conducted to 
evaluate the unclear effectiveness of spa treatment 
on the oxidant-antioxidant system and positive 
effects have been reported. In a study of patients 
with OA, a decrease in MDA concentration and 
catalase activity was shown with sulfur baths.37 
In another study, SOD levels were significantly 
decreased in patients with OA after sulfur baths.18 
Bender et al.38 compared thermomineral water 
with tap water in patients with chronic low back 
pain and levels of oxidative stress markers were 
found to be significantly decreased in patients 
treated with thermomineral water.

Balneotherapy is also thought to produce 
antioxidant and anti-inflammatory effects by 
reducing the free radical scavenging effects.39 
In the present study, there was no significant 
change in TAS values after the spa; however, 
there was a statistically significant decrease in 
TOS and OSI. This may show that balneotherapy 
has antioxidant activity and it decreases oxidant 
activity and changes the balance in the direction 
of reduction in oxidative stress.

Balneotherapy is also a non-pharmacologic 
treatment effective on the improvement of 
FMS symptoms and functions. Many studies 
in the literature have reported positive effects 
of balneotherapy on pain, functional status, 
number of tender points, depressive mood, 
fatigue, and sleep quality.15-17,40,41 In the present 
study, significant improvements were found in 
pain levels, depressive mood levels, quality of 
life, functional status, and FIQ values, which 
were included in the 2016 ACR criteria and 
used in the follow-up of disease severity after 
balneotherapy. To our knowledge, no studies 
have evaluated the effect of balneotherapy on 
FSS in the literature. This is the first study 
on this subject. All these results may show 
that balneotherapy has positive effects on the 
symptoms, disease severity, quality of life, 
and functional status of patients with FMS, in 
addition to the effects of oxidative stress.
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Limitations of this study included the 
evaluation of only the short-term efficacy and 
the absence of long-term outcomes. Studies 
including long-term results are needed to assess 
the sustainability of treatment effects. Another 
limitation was the lack of a control group 
consisting of FMS patients with no treatment. 
However, it was ethically not appropriate to 
leave a group completely untreated in a disease 
where widespread pain was the main symptom. 
Furthermore, the use of a single treatment 
method was another limitation. Randomized 
controlled trials may be recommended to 
compare the efficacy of balneotherapy with 
other treatment modalities.

In conclusion, the results of this study 
showed increased oxidant status and presence of 
oxidative stress in patients with FMS. Although 
the elevation in TAS levels was not significant, 
it was thought that it was caused by a reactive 
increase against the increased oxidant status. 
The improvement of TOS and OSI levels in 
patients with FMS after balneotherapy supports 
the antioxidant efficacy of balneotherapy. In 
addition, significant improvements were achieved 
with balneotherapy in FIQ and FSS, which are 
indicators of disease severity, showing that it 
is an effective treatment method. Significant 
improvements in the VAS, BDI, and SF-36 
parameters of patients after balneotherapy 
indicate that it has a significant effect on disease 
symptoms, quality of life, and functions, as well 
as biochemical effects.
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