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Abstract: Fibromyalgia (FM) is a nonarticular rheumatic syndrome that leads to diffuse myalgia, sleep 

disturbances and morning stiffness. Balneotherapy has been shown an effective strategy to improve the 

health conditions of patients; however, the treatment follow-up is based on patient report due to the lack of 

biomarkers. Thus, this study evaluated the application of cytokines and phosphoglycerate mutase I (PGAM-

I) to monitoring FM patient underwent to balneotherapy treatment. Eleven healthy and eleven women with 

FM were submitted to daily sessions of balneotherapy during 10 days. Clinical and quality of life parameters 

were assessed through a FIQ questionnaire. Blood levels of TNF-, interleukins (IL-1, IL-2 and IL-10) and 

PGAM-I expression in patients’ saliva were also evaluated. Patients with FM showed significant 

improvements in their clinical status after treatment. Also, FM patients has IL-10 levels lower than healthy 

women and the balneotherapy increased the expression of this cytokine in both groups, concomitantly to pain 

relief. Although inflammatory cytokines (IL-1, IL-2 and TNF-) were more expressed in FM patients than 

healthy patients their levels did not reduce after treatment. A slight increase of PGAM-I expression was 

HIGHLIGHTS 
 

 Balneotherapy reduced pain and improve clinical conditions in patients with FM 

 Balneotherapy increased the IL-10 and decreased pro-inflammatory cytokines  

 PGAM-I expression indicates that enzyme could not be useful as a biomarker in FM  
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observed. In conclusion, IL-10 levels could be a useful biomarker to balneotherapy follow-up of FM patients. 

However, these findings must be analyzed in a larger number of patients in order to validate IL-10 as an 

effective biomarker. 

Keywords: Fibromyalgia; balneotherapy; biomarkers; physical activity; cytokines. 

INTRODUCTION 

Rheumatic diseases are responsible for physical, psychological and social problems in patients who 

develop such pathologies, so it is relevant to use multidimensional assessment measures with regard to the 

quality of life of these patients. Fibromyalgia (FM) is a non-articular rheumatic disease of unknown etiology. 

It is characterized by a polymorph clinical condition that includes diffuse myalgia, sleep disorders, morning 

stiffness and psychological disorders such as depression and anxiety, pain is the main symptom reported 

and studied in this pathological condition [1-3]. FM is more prevalent in women than in men, and its diagnosis 

is remains largely clinical, since there are no additional tests able to identify it [4-8]. 

Isolated drug therapy has not been effective in the treatment of FM [9]. However, balneotherapy 

demonstrates to be an effective alternative for the improvement of the clinical condition of patients due to 

possible changes in the expression of inflammatory mediators [10-13]. However, the subjectivity of the FM 

symptoms associated with the lack of markers for its pathophysiological mechanisms turns the diagnosis and 

treatment of patients into a major challenge for health professionals [14].  

Thus, the identification of potential biomarkers that can be used to aid the diagnosis and monitoring the 

FM treatment is important. Among these, the most prominent are serological biomarkers (as antibodies, 

neuropeptides, inflammatory markers), pro-inflammatory and anti-inflammatory cytokines, proteins 

differentially expressed in patients with FM, as cyclophilin A, phosphoglycerate mutase I (PGAM-I) and 

calgranulins (A and C) [15-16]. 

PGAM-I was reported highly expressed in patients with FM than in healthy individuals [16]. PGAM-I is 

the eighth enzyme of glycolysis metabolism responsible for the reversible catalysis of 3-phosphoglycerate 

into 2-phosphoglycerate [18]. Since FM is a disease that causes an increase in the oxidative stress, this 

protein might be involved in the limitation of oxygen to biological tissues [4]. 

Although FM is not classified as an inflammatory disease, there are reports demonstrating changes in 

the levels of pro- and anti-inflammatory cytokines, especially proteins involved in the communication between 

the immune and nervous systems [1-2,4-5]. Pro-inflammatory cytokines such as interleukins (IL-1 and IL-2) 

and interferon gamma (IFN-) induce the inflammatory response, stimulate cytotoxic cells and recruit 

macrophages, while anti-inflammatory cytokines such as IL-4 and IL-10 are expressed after recruitment of 

macrophages [12] and have the role to attenuate the inflammatory process in rheumatic disease [6-8].   

Lactate dehydrogenase (LDH) is another FM related enzyme and it is an important enzyme in the 

metabolism of carbohydrates, showing its high serum levels whenever there is any tissue damage. Studies 

suggest that FM patients show high levels of LDH when compared to healthy individuals even at rest, 

generating muscle lactic acid build-up and consequent myalgia [19-20].   

Therefore, this study sought to evaluate the variation of the possible marker PGAM-I in the saliva of 

women with FM who underwent intervention by balneotherapy. In addition, variations were assessed in the 

expression of inflammatory markers such as alpha tumor necrosis factor (TNF-α), cytokines IL-1, IL-2 and 

IL-10 and LDH enzyme, as well as the evolution of the clinical condition of FM patients undergoing this 

treatment.  

MATERIAL AND METHODS  

Ethical aspects and clinical evaluation of patients 

All procedures performed in studies involving human participants were in accordance with the ethical 

standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and 

its later amendments or comparable ethical standards and the CNS 466/2012 from National Health Council, 

Ministry of Health, Brazil. Thus project was approved by the Ethics Committee of the University of West Santa 

Catarina (Approval number 916.872). A total of 11 (n=11) patients with previous diagnosis of FM were pre-

selected for this study, considering the following inclusion criteria: (i) be female, (ii) provide positive 

rheumatologic diagnosis for FM (according to the criteria established by the American College of 

Rheumatology) [6-7], (iii) not have a diagnosis of associated diseases, (iv) not practice regular physical 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


  Potential Biomarkers to Fibromyalgia  3 
 

Brazilian Archives of Biology and Technology. Vol.63: e20180734, 2020 www.scielo.br/babt 

activity and (vi) have been diagnosed by the same rheumatologist. Also, a control group (CG) composed by 

11 women (n = 11) without diagnosis of FM, of similar age and not practicing any regular physical activity 

was selected. For both groups, information on age, occupation, education or use or not of drugs was 

collected. The FM group received the “Fibromyalgia Impact Questionnaire (FIQ)” [18] to get to know the 

clinical aspects related to the pathology before and after the physical therapy intervention. On this 

questionnaire, the frequency of execution of the main activities of daily living (ADLs) was evaluated, such as 

shopping, cooking, cleaning the house, driving a car or riding a bus. Based on the ADLs, the functional 

capacity (FC) of the patients was evaluated.  

Physical therapy intervention 

The physical therapy intervention was performed by balneotherapy, consisting of 10 hydrokinesiotherapy 

sessions in hot water with an average temperature of 37°C, with five weekly subsections of 50 minutes each, 

for a period of two consecutive weeks, according to the adapted protocol of Silva and coauthors [21]. The 

treatment protocol consisted in four stages: 1) global warm-up by walking the length of the pool straight and 

forth for 10 minutes; 2) stretching the main muscle groups of the upper limbs (UL), lower limbs (LL), trunk 

and neck for 10 minutes; 3) light aerobic exercises and muscle strengthening, initially conducted without 

external load and progressing to exercises with use of accessories and water weights for 20 minutes; 4) 

relaxation with stretching and breathing exercises for 10 minutes. FM and control groups received the same 

physical therapy interventions, by the same professional physiotherapist, at the same time. 

Collection of biological material  

Saliva and blood were used as biological material to assess the levels of protein and inflammatory 

markers of the groups, respectively. Biological materials were collected before the beginning of the 

balneotherapy treatment and after the end of the 10th subsection of the balneotherapy treatment. For the 

evaluation of PGAM-I, 1-3 mL of unstimulated saliva was collected from each patient in both groups in sterile 

tubes in the morning (between 6:00 and 7:00 a.m.) before any intake. Saliva samples were kept at -20°C for 

protein extraction and evaluation of the expression PGAM-I. To assess inflammatory markers (TNF-α, IL-1, 

IL-2 and IL-10) 20 mL of peripheral venous blood were collected from each individual, also in the early 

morning. The blood samples were kept at 4 °C for 1 hour and centrifuged at 5.000 x g for 15 minutes. The 

serum obtained from the supernatant was stored at -80 °C for the analyses.  

Proteins extraction 

Soluble proteins were obtained by TCA-acetone precipitation. Briefly, samples were submitted to 

centrifugation in 14.000 x g for 30 min at 4 °C to remove cell debris. The supernatant was precipitated with 

10% of trichloroacetic acid (TCA) (Sigma-Aldrich) in acetone for one hour at -20 °C. Then the solution was 

centrifuged by 14.000 x g for 15 minutes at 4 °C and the precipitate was washed three times in 100% acetone 

in the same conditions. The final precipitate was dried at room temperature for 10 minutes. Proteins were 

solubilized in a solubilization buffer (2 mM SDS, 22% glycerol, 100 mM Tris-HCl, pH 6.8, 1 mM of protease 

inhibitors cocktail (Sigma-Aldrich®) and were quantified using the Bradford reagent (Bio-Rad®) and reading 

at a wavelength of 595 nm. Subsequently samples were stored at -80 °C.  

Evaluation of PGAM I expression 

Soluble proteins of the volunteer’s saliva were solved again in 1% SDS-PAGE. Briefly, 25 μg of total 

protein were solubilized in a running buffer 2 x (SDS 10% 2 mL; 2-mercaptoethanol 500 μL; glycerol 2 mL; 

2% bromophenol blue 400 μL; 0.5% Tris-HCl pH 6.8, 2.5 mL; MilliQ water 10 mL), heated for 5 minutes at 

95 °C and settled for 2 hours under 40 mA. For Western Blotting (WB), proteins were transferred to 

nitrocellulose membranes (GE Healthcare Bio-Sciences®) in a transfer buffer (25 mM Tris, 192 mM Glycine, 

20% Methanol) for 16 hours at 25 V and then stained with Ponceau (Ponceau-S 0.1% in 10% acetic acid). 

Subsequently, membranes were blocked in a PBS-Tween 20 solution (0.1%) containing 5% of skimmed 

powder milk at 4 °C for 12 hours. After five washing cycles in a cleaning solution (PBS-Tween 20 0.1%), 

membranes were incubated for 90 minutes at 37 °C with human anti-PGAM I antibody (Santa Cruz 

Biotechnology®) diluted in 1:2.5 in dilute solution (PBS with 2.5% of skimmed powder milk). Then, 

membranes were washed again and incubated for 60 minutes under stirring with anti-IgG peroxidase 

conjugate (Santa Cruz Biotechnology®) diluted in 1:5.000 in dilution solution. After another series of washes, 

the development was performed by chemiluminescence using an ECL kit (Amersham®) and after 5 minutes 
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of exposure to radiographic hyperfilm (Amersham®) they were immediately developed with development 

reagents (Kodak®). Then, the protein PGAM-I expression was evaluated based on densitometry of bands 

using the ImageJ program. The pixel values were normalized using sum of the pixels of correspondent 

sample lane of the nitrocellulose membrane and the results of the PGAM expression were expressed in 

arbitrary unit (u.a.). 

Quantification of the plasma markers  

The variation of LDH enzyme, C-reactive protein (CRP), cytokines TNF-α, IL-1, IL-2 and IL-10 was 

performed from the blood serum (diluted in 1:2 and 1:4) of the individuals in both groups, before and after 

intervention. The quantification of the LDH enzyme was performed by a chemical kinetic method using the 

lactate dehydrogenase kit LDH UV (Bioclin®), the C-reactive protein (CRP) was measured by an 

immunoturbidimetric test (Bioclin®), and the cytokines IL-1, IL-2, IL-10 and TNF-ɑ were quantified by enzyme 

immunoassay using the Quantikine kit (R&D Systems®), according to the manufacturer’s recommendations. 

The LDH results are expressed in mg/mL, the CRP quantity in mg/dL and the cytokines quantity in pg/mL. 

Statistical analysis 

The comparison between the frequencies of socio-demographic data was performed using non-

parametric test of χ2 Pearson’s. For statistical analysis of FIQ, the responses were normalized on a 0-10 

scale, according to Marques and coauthors [22], which compares the FIQ means before and after the 

intervention through the paired t-Student’s test 22. To assess the variation of the protein PGAM-I expression 

by WB the One-way analysis of variance (ANOVA) test was applied, being followed by the post-hoc 

Bonferroni’s Multiple Comparison test. The paired t-Student's test was used for the variations in levels of 

cytokines and LDH between the groups. For all methods statistically significant differences were considered 

when p-values were < 0.05. Statistical analyzes were performed using the GraphPad Prism® software - 

Version 6.0. 

RESULTS 

Balneotherapy improved clinical and physical aspects, but not psychological aspects in the FM group 

The sociodemographic characteristics of the patients in the FM and control groups were evaluated during 

the anamnesis (Table 1). The age of both groups was similar, as well as the level of education. Most women 

with FM were farmers, while in the control group most of them were merchants. Mostly, patients from the FM 

group are beneficiaries of the Brazilian National Institute of Social Services (INSS), reporting an average time 

for assistance of 5.1 years. Also, patients from the control group were taking diuretic and antihypertensive 

drugs, as the women of the FM group reported the use of diuretics and antihypertensives, antidepressants, 

anxiolytics, muscle relaxants and anti-inflammatory drugs. 
  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


  Potential Biomarkers to Fibromyalgia  5 
 

Brazilian Archives of Biology and Technology. Vol.63: e20180734, 2020 www.scielo.br/babt 

Table 1. Sociodemographic data evaluated in patients of the FM and the control group. 

 

Results are presented in percentage. * p<0.007 

About clinical and physical evolution of the groups, there were significant improvements after treatment 

in the FM group (Table 2). It was observed that 31.4% of patients reported being well seven days after 

treatment and that there was a 30% reduction in the number of days that these women reported they were 

unable to work due to the symptoms generated by the FM. Regarding the pain, 63.6% of the patients reported 

feeling much pain in the assessment before the intervention, but only 9.09% of them reported feeling only "a 

little" pain at the end of the intervention. Another important factor is that 63.6% of women reported not 

showing morning stiffness after the end of the intervention. The psychic symptoms assessed, anxiety and 

depression, showed no variation at the end of the intervention. The main daily living activities (ADL) reported 

by patients with FM after intervention were shopping, cooking, cleaning the house, driving a car or riding a 

bus.  

The control group did not present significant variation in the FIQ score (data no show). Although the 

questionnaire presented in its composition parameters of life quality, it is specific for patients with 

fibromyalgia. Therefore, we assume that the absence of significant results from the control group in the FIQ 

score demonstrates the validity of the questionnaire in evaluating patients with fibromyalgia. 

 
Table 2. Clinical, physical and psychological evolution of patients with FM. 

 Before treatmenta After treatmenta p-value 

Functional Capacity (CF) 
Score  0.47 (0.27 - 0.77) 0.3 (0.03 - 0.63) p=0.0001 

Feel good (days) 1 (0 - 7) 5 (0 - 7) p=0.0027 

Missing work (days) 4 (0 - 7) 2 (0 - 4) p=0.0049 

Work ability  1 (0.67 - 1.00) 0.67 (0.33 - 1.00)  

Pain 1 (0.67 - 1.00) 0.67 (0.67 - 1.00)  

Fatigue 0.67 (0.67 - 1.00) 0.67 (0.33 - 1.00)  

Wake up tired  0.67 (0.33 - 1.00) 0.33 (0.33 - 0.67)  

Stiffness 0.67 (0.33 - 1.00) 0.33 (0.33 - 0.67)  

Anxiety 0.67 (0.67 - 1.00) 0.67 (0.33 - 1.00)  

Depression 0.67 (0.33 - 1.00) 0.67 (0.33 - 1.00)  

FIQ Score   6.75 (5.30 - 8.23)  5.44 (3.89 - 6.96) p=0.0001 
             a Values: Median (Minimum - Maximum) 

  

Sociodemographic aspects FM Group (n=11) Control Group (n=11) 

Average age (years) * 

Age (mean) 
46-63 (53.2) 42-69 (51.8) 

Educational Level (%) * 

Incomplete Elementary School 54.5 36.4 

Elementary School Concluded 18.2 36.4 

High School Concluded 27.3 27.2 

Professional Occupation (%) 

Merchant 18.2 45.4 

Housekeeper 0.0 27.2 

Dressmaker 0.0 9.1 

Housewife 18.2 9.1 

Farmer 36.4 0.0 

Retired 27.2 9.1 

Other data 

Receives Social Security Benefits 90.9 9.1 

Use of Continuing Medication* 100.0 45.4 
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Balneotherapy has no influence in PGAM-I expression 

The median values of PGAM-I expression were calculated and compared before and after physical 

therapy interventions in both groups. Despite the expression of PGAM-I in individuals of the FM group and 

the control group after treatment being similar, having no statistical differences, before treatment this protein 

was slightly more expressed in the control group than in the FM group. In addition, the expression of PGAM-

I increased by 1.1 times in the FM group after treatment when compared to the previous expression to the 

treatment and to the control group, which had a reduction of 1.2 times (Figure 1). 

 

 
Figure 1. Protein PGAM I expression (29 kDa) assessed by Western Blotting using anti-PGAM I monoclonal antibody. 

(a) Bands densitometry: graph showing the median and the range (u.a.) observed in the control group (CG) and patients 

with FM (FM) before (BT) and after (AT) physical therapy; (b) Representative Western Blotting identifying the region of 

29 kDa (PGAM I) recognized by anti-PGAM I monoclonal antibody (1/1.000); (c) 30 kDa region of nitrocellulose 

membrane as example of the normalization of the amount of protein. For the WB we used 30 μg of total protein extract 

derived from the saliva of the individuals. Arbitrary units (u.a.); Open bar: before balneotherapy; Closed bar: After 

balneotherapy. 

FM patients has higher levels of LDH than control group 

Regarding the level of LDH, both the FM group and the control group had a slight decrease in the levels 

of this enzyme after treatment (Figure 2), but this reduction was significant only in the control group 

(p=0.0239). It was also observed that the level of LDH in patients with FM is higher than in the control group 

individuals, both before and after the treatment (Figure 2). 
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Figure 2. Quantification of serum LDH levels of control group (CG) patients and group of patients with fibromyalgia 

(FM). The graph shows the median in mg/mL of the 11 samples analyzed for each group before and after physical 

therapy. Significant decrease in the LDH levels after treatment (#p=0.0239). Significance differences between groups 

before (*p=0.0243) and after treatment (**p=0.0002). Open bar: before balneotherapy; Closed bar: After balneotherapy. 

Balneotherapy Increases the anti-inflammatory cytokine IL-10 levels but has no interference in the 

pro-Inflammatory levels 

After quantification of the serum levels of IL-1, IL-2, TNF- and IL-10 of individuals of both groups before 

and after treatment (Figure 3), was observed that although there is a trend of reduction in the levels of pro-

inflammatory cytokines IL-1, IL-2 and TNF- in the FM group, this reduction was not significant (p>0.05). 

However, there was a significant increase in the levels of anti-inflammatory cytokine IL-10 after treatment in 

both groups. We can also point out that patients with FM have higher levels of pro-inflammatory cytokines 

(IL-1, IL-2 and TNF-) and lower levels of anti-inflammatory cytokine IL-10 when compared to the control 

group (CG), both, before and after treatment. The CRP levels were lower than the reference value (6 mg/dL) 

in all individuals in both groups, in this way determined as nonreactive and without quantitative values. 
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Figure 3. Serum levels of IL-1 (a), IL-2 (b), TNF-α (c) and IL-10 (d) of patients from both groups before and after the 

physical therapy quantified by enzyme immunoassay using the Quantikine® kit (R&D Systems). Significant statistical 

values: *p=0.0001; #p=0.0150; ##p=0.0006; ###p=0.0063 and **p=0.00332. Open bar: before balneotherapy; Closed bar: 

After balneotherapy. 

DISCUSSION  

As an alternative to the treatment of fibromyalgia, balneotherapy is described as effective in reducing 

and alleviating pain, increasing functional capabilities of individuals and consequently improving quality of life 

[23]. Based on the FIQ results, the treated patients who underwent balneotherapy for 10 days showed 

significant improvements in quality of life, pain relief and increased everyday activities. Although the results 

confirm the efficacy of this treatment for this disease, as reported in the literature [22], the assessment of the 

quality of life of patients with FM in the clinical routine does not use biomarkers as parameters to evaluate 

the improvement of the condition of these patients.  

Patients with FM had the same age and education similar to the patients in the control group, however, 

was observed a difference in the professional activities, with most part of FM patients reporting to be farmers 

(beneficiaries of Social Security), and most part of patients in the control group reporting to be merchants. 

Activities that require too much physical effort and repeatability of movements, such as farming, housework 

and others, may compromise musculoskeletal structures, often leading to depressive conditions for labor 

incapacity [24]. In this study, we have also observed depression conditions in patients with FM, which justifies 

the continuing use of antidepressants and anxiolytics. This fact is common in patients with FM, according to 

Kaplan and coauthors [25] and Neumann and coauthors [26] depressive symptoms occur in these patients 

due to the FM chronicity, leading to the need of medication to treat depression.  

The identification of FM using biomarkers has been presented as a strategy for the diagnosis, as well as 

monitoring treatments of patients with FM [15]. Among these biomarkers, there is the search for antibodies, 
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neuropeptides, inflammatory markers, pro-inflammatory and anti-inflammatory cytokines, and proteins like 

cyclophilin A, PGAM-I and calgranulins (A and C) [15-16].  

This study assessed the variation of the PGAM-I expression in the saliva of women with FM and 

inflammatory serum markers such as TNF-ɑ, IL-1, IL-2 and IL-10 cytokines and LDH enzyme. These 

parameters were evaluated before and after physiotherapy treatment through balneotherapy. The use of 

saliva as biological material is promising in the search for biomarkers of diseases, since this is a non-invasive 

method of collection, reducing the discomfort and anxiety of the patient [27]. 

The results described herein show that PGAM-I was similarly expressed in individuals from both groups, 

but the expression of PGAM-I was slightly increased by 1.1 times in the FM group after treatment compared 

with the previous expression to treatment and in the control group this expression reduced by 1.2 times. 

Bazzichi and coauthors [16] detected PGAM-I at high levels in women with FM as compared to the healthy 

population using 2-D proteomic approaches. In the present study, we demonstrated that the level of PGAM-

I in saliva before balneotherapy is similar in both groups (CG and FM) which was expected since these groups 

are paired, i.e. composed by sedentary individuals. These data are different from those described by Bazzichi 

and coauthors [16], however these authors did not describe whether the groups are composed by individuals 

paired for physical activity, which may be explain the lower levels of PGAM-I in the control group than in the 

FM group.  

Bazzichi and coauthors [16] showed a reduction in the expression of this enzyme in patients with FM 

treated for 15 days (two weeks) with mud bath and balneotherapy in Italy. In this study, we did not observe a 

reduction in the PGAM-I levels after the balneotherapy in patients with FM, possibly because the resistance 

to exercise in patient with FM [28] required a longer treatment period in order to reduce the level of PGAM-I 

in saliva, as observed by Bazzichi and coauthors [16].  

Biochemically, PGAM-I is an enzyme presents at the end of the glycolytic pathway, it has an increased 

expression in aerobic conditions, and it also has the role to convert 3-phosphoglycerate to 2-

phosphoglycerate, which is a fundamental phase for the formation of pyruvate and entry in Krebs cycle, and 

physiologically, the deficiency in just 5% in PGAM-I activity in the muscles leads to fatigue, contractures and 

other myalgia during extreme exercise [29-30]. The increased activity of PGAM-I tends to reduce the 

formation of lactate mediated by LDH, thereby reducing the muscle lactic acid build-up to assist in reducing 

muscle pains [30], which has been observed in this study. Patients with FM have higher levels of LDH than 

in the control group (Figure 2), but only a slight reduction in LDH levels has been observed after treatment in 

the control group.  

These combined data do not rule out the use of PGAM-I present in the saliva of FM patients as a potential 

biomarker for monitoring the improvement in FM patients through balneotherapy, because there has been 

an increasing trend in the levels of this enzyme after only 10 days of treatment and, in case of a prolonged 

treatment, this variation might be more significant. However, in the treatment conditions used in this study, 

the evaluation of PGAM-I did not show significant changes, only in increasing trends. 

With respect to inflammatory markers, although the FM is not an inflammatory disease, disorders of 

cytokine have been reported in the literature [1-2,4-5,31]. Studies suggest that cytokines may play a role in 

both, the etiology and intensity of FM symptoms, suggesting that these molecules are important in the 

communication between the immune and nervous systems [9-11].  

In this study, serum levels of pro-inflammatory cytokines (IL-1, IL-2 and TNF-α) were high before the 

balneotherapy in patients with FM, even in patients who were being administered anti-inflammatories in 

comparison to the levels of patients in the control group (Figure 3). Interestingly these cytokines did not have 

a significant reduction in the FM group after treatment with balneotherapy, only IL-2 had a significant 

reduction in individuals of the control group after treatment. The anti-inflammatory cytokine IL-10 was found 

with higher levels in the control group comparing to patients with FM. Moreover, an increased expression of 

anti-inflammatory cytokine IL-10 became evident in both groups after being submitted to balneotherapy 

(Figure 3d). These results corroborate the results presented by Wallace and coauthors [32] suggesting that 

IL-10 increasing is an important factor in blocking pain because it helps in reducing the levels of pro-

inflammatory cytokines, which may be responsible for pain. Cytokines are mediators necessary to perform 

the inflammatory response, and the anti-inflammatory cytokines such as IL-10 may minimize the infection 

and its undesirable effects [33]. IL-10 is described as a suppressor of pro-inflammatory cytokines, being 

reported for prevention of graft rejection and for the treatment of sepsis, rheumatoid arthritis and psoriasis 

[34].  

Therefore, this study shows that balneotherapy increased the IL-10 levels, which contributes to 

decreased levels of pro-inflammatory cytokines in FM patients, reduction of pain reported by patients with 

FM and consequently the improvement of the quality of life of these patients. 
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CONCLUSIONS 

Patients with FM who underwent balneotherapy for 10 days reported improvements in the clinical 

conditions and in the performance of activities of daily living, concomitantly with an increase in IL-10 

expression in patients with FM indicating a decrease in pain in these individuals. Also, the slight variation in 

the protein PGAM-I expression indicates that this enzyme could not be useful as a biomarker for monitoring 

short period of fibromyalgia therapy. Moreover, quantifying the IL-10 serum levels may also be a parameter 

for clinical monitoring of patients with FM. However, these findings must be analyzed in a larger number of 

patients in order to validate IL-10 as an effective biomarker. 
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