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n	 INTRODUCTION

Fibromyalgia (FM) is a complex pain 
condition that is difficult to diagnose 

and treat and is associated with many 
symptoms such as sleeping disorders, 
chronic muscle pain in certain body areas, 
insomnia, headache, and others (1, 2). The 
FM prevalence in North America and Eu-
rope is between 0.5% and 5.8% (3). FM 
can strike at any age, even in children. The 
frequency of FM is similar across coun-
tries, cultures, and ethnic groups; there is 
no evidence that it is more prevalent in 
modern countries and cultures. FM Pa-
tients frequently have a long history of per-

sistent pain in various parts of their bodies. 
About 30% of the population suffers from 
localized or widespread chronic musculo-
skeletal pain (4). Stress factors causing in-
tense pain that ordinarily lasts a few weeks 
are the most likely environmental variables 
to cause FM. Some infections or trauma 
can trigger FM or comparable disorders, 
such as chronic fatigue syndrome. FM can 
also be triggered by psychological stress 
(5). Some chronic pain diseases, such as 
osteoarthritis, rheumatoid arthritis, and lu-
pus, may cause FM (6-8). Social, behavio-
ral, and psychological issues complicate 
the origin and treatment of FM. Psychiatric 
illnesses such as post-traumatic stress dis-
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SUMMARY
Objective. The pathophysiology of fibromyalgia (FM), a continuously painful syndrome with no known origin, 
has been related to mitochondrial dysfunction, oxidative stress, and inflammation. Recent studies have shown that 
FM may be associated with an oxidative balance disorder. The objective of this study was to measure the levels of 
oxidative stress in FM patients and try to understand the association between FM and free radicals. 
Methods. This study was performed on 100 volunteers admitted to the University of Health Sciences, Sultan 2, 
Abdulhamid Han Health Application and Research Center Physical Therapy and Rehabilitation Clinic, including 
50 healthy controls and 50 patients with FM. To analyze oxidative stress biomarkers, total oxidant status (TOS) 
and total antioxidant status (TAS) levels were measured. Total thiol (TT) and native thiol (NT) concentrations 
were measured to determine the relationship between thiol groups. Disulfide (DIS) and oxidative stress index 
(OSI) were calculated with mathematical formulas. 
Results. While TOS and OSI levels were statistically higher in FM patients, TAS levels were significantly lower 
compared to the healthy control group (p<0.001). In comparison to the healthy control group, FM patients had 
considerably decreased TT and NT levels. DIS levels were significantly higher in FM patients than in controls 
(p<0.001). 
Conclusions. Reactive oxygen species have several negative impacts on the human body. As a result of the mea-
surements we analyzed, the relationship between FM and oxidative stress should be studied in terms of disease 
progression and may help improve the treatment process.
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order, depression, anxiety, and obsessive-
compulsive disorder are more common in 
people with FM. This might be the out-
come of early-life stress or trauma, which 
are typical triggers for severe mental ill-
nesses and FM. Pain-mediating neuro-
transmitters may impact mood, memory, 
exhaustion, and sleep (5, 6). High amounts 
of lipid peroxidation and malondialdehyde 
in the blood mononuclear cells and plasma 
of people with chronic pain, together with 
reduced catalase activity, have been linked 
to oxidative stress (9). Reactive oxygen 
species (ROS) reversibly alter the action of 
various enzymes and transcription factors 
at physiological levels, most commonly by 
the oxidation of particular protein thiols. 
They also impact pathways that increase 
ROS synthesis by NADPH oxidase or mi-
tochondria, both of which have an intrinsic 
proclivity for positive feedback and un-
regulated oxidant production (10). Al-
though various inflammatory clinical dis-
eases are linked to increased oxidative 
stress, new evidence suggests that oxida-
tive stress and pain perception are con-
nected. An imbalance between oxidation 
products and antioxidant defenses causes 
increased oxidative stress (11, 12). This 
study aimed to evaluate the levels of oxida-
tive stress in FM patients and try to under-
stand the link between FM and oxidative 
stress.

n	 MATERIALS AND METHODS

Study design and participants
In 2010, the American College of Rheuma-
tology (ACR) revised the diagnostic criteria 
for FM and introduced the widespread pain 
index (WPI) and symptom severity (SS) 
scales. The tender point test was removed, 
and FM was reclassified as a multi-symp-
tom disorder. The WPI and SS scores are 
combined to create the polysymptomatic 
distress scale (PDS) or fibromyalgianess 
scale (FS). The PDS allows for categorizing 
FM patients into severity levels ranging 
from none to extremely severe (13-15).
WPI ranges from 0 to 19, and higher scores 
is associated with more widespread pain in 
FM patients. Patients were asked whether 

they experienced pain in specific anatomical 
regions during the previous week, and a 
score of 1 was assigned for each region 
where pain was reported, while a score of 0 
was given for regions without pain. The 
scores from all regions were then summed 
to obtain the WPI score.

Biochemical analyses
For biochemical analyses, blood samples 
were taken from FM patients and healthy 
controls. Each blood sample was centri-
fuged at 3000xg for 10 minutes, and serum 
samples were stored at -80°C until analysis. 
To assess the oxidative stress markers, we 
measured the amounts of thiol-disulfide 
(DIS), native thiol (NT), and total thiol (TT) 
in both groups. Total oxidant status (TOS), 
total antioxidant status (TAS), and oxidative 
stress index (OSI) were evaluated.
Several laboratory tests are commonly em-
ployed as screening tools to assess various 
health conditions, including autoimmune 
diseases, hypothyroidism, myopathy, and 
occult liver diseases. These tests include 
hemogram, thyroid stimulating hormone, 
C-reactive protein, complete urinalysis, 
creatine kinase, erythrocyte sedimentation 
rate, aspartate aminotransferase, and ala-
nine aminotransferase. The presence of 
chronic pain and fatigue is often observed 
in individuals affected by these diseases. 
By analyzing the results of these laborato-
ry tests, healthcare professionals can gain 
valuable insights into the potential under-
lying causes of symptoms and accurately 
diagnose and manage the respective condi-
tions (16-18).

Measurement of thiol-disulfide,  
native thiol, and total thiol levels
TT (Rel Assay Diagnostics, RL0178, Mega 
Tip, Turkey), and NT (Rel Assay Diagnos-
tics, RL0185, Mega Tip, Turkey) concentra-
tions in samples were determined using a 
photometric technique using commercially 
available kits. Using the following, the 
number of dynamic DIS bonds was calcu-
lated by determining half the difference be-
tween the TT and NT levels:

DIS=((TT-NT))/2
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Measurement of total oxidant status  
and total antioxidant status levels
The samples’ TAS and TOS levels were de-
termined using a photometric technique us-
ing commercially available kits. TAS results 
are expressed in mmol Trolox Equiv./L, and 
TOS results in μmol H2O2 Equiv./L units. 
TOS/TAS was used to generate the OSI. 

 [(TOS,μmol H2O2
 Equiv.)]
OSI (optional unit) = –––––––––––––––  ×10-1

 [(TAS,mmol
 Trolox Equiv.)]

Statistical analysis
SPSS, version 25.0 (IBM, Armonk, NY, 
USA) was used to analyze the data. In con-
trast to categorical variables, which were 
reported as the number of patients, numeri-
cal data (such as oxidative/antioxidant sta-
tus parameters, TOS, TAS, and OSI) were 
expressed as mean ± standard deviations. 
Chi-square and Mann-Whitney U tests were 
used to compare the patient and control 
groups. Spearman’s rank correlation coeffi-
cient was used to analyze associations be-
tween parameters and some clinical find-
ings. A 95% confidence interval was shown 
for the difference between the groups. Sta-
tistics were considered significant at p<0.05.
This study received ethical approval from 
the Hamidiye Scientific Research Ethics 
Committee (Document Date and Number: 
27.07.2022- 22/298). All procedures con-
ducted in this study adhered to the princi-
ples outlined in the 1964 Helsinki Declara-
tion and its subsequent revisions, or equiva-
lent ethical standards.

n	 RESULTS

The study included a total of 50 patients di-
agnosed with primary FM based on the 2010 
revised ACR diagnostic criteria. These pa-
tients were recruited from the Physical Ther-
apy and Rehabilitation (PTR) clinic at the 
University of Health Sciences, Sultan 2, Ab-
dulhamid Han Health Application and Re-
search Center, between August and Decem-
ber 2022. The FM patient group consisted of 
adults aged 18 years and older, with a con-
firmed FM diagnosis, chronic widespread 

pain for at least 3 months, and a minimum 
pain intensity score of 3 on a 0-10 scale.
For the healthy control group, individuals 
aged 18 years and older without chronic 
medical conditions, diagnosed diseases, 
mental health disorders, or smoking history 
within the past year were included. Exclu-
sion criteria for both groups encompassed 
chronic conditions, mental health disorders, 
smoking, medication use, and pregnancy or 
breastfeeding. The healthy control group 
was matched with the FM patients for age. 
The demographic and clinical characteris-
tics of FM patients and controls are shown 
in Table I.
The pain localization of the patients was dis-
tributed as follows: left-lower leg (14%), left-
upper leg (14%), right-upper leg (20%), 
right-lower leg (20%), left-upper arm (26%), 
right-upper arm (22%), right-shoulder girdle 
(22%), left-shoulder girdle (26%), lower 
back (84%), upper back (72%), left hip (but-
tock, trochanter) (18%), chest (66%), abdo-
men (66%), and right jaw (22%). 
The results of TAS, TOS, and OSI in FM pa-
tients are presented in Figure 1. The findings 
indicate significant differences in TAS, 
TOS, and OSI levels between FM patients 
and the control group. In comparison to the 
control group, individuals diagnosed with 
FM exhibited statistically lower levels of se-

Table I - Clinical and descriptive statistics of healthy control group and patients 
with fibromyalgia.

Variables Control FM Patients

Age (years) 55.12±9.97¥ 55.12±7.21¥

Duration of disease (years) – 11.84±7.46¥

BMI (kg/m2) 27.34±3.79¥ 27.36±4.19¥

WPI (score 0-19) – 4.98±1.49¥ 

Gender Female 29 29

Education

Primary school 13 12

Junior high school 8 10

High school 18 17

University 1 11

Marital status Married 42 42

Alcohol No 50 32

Smoking No 50 29

¥Mean ± standard deviation; FM, fibromyalgia; BMI, body mass index; WPI, widespread pain index.
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rum total antioxidants, and higher levels of 
serum oxidants. Moreover, the FM patients 
displayed higher values of OSI when com-
pared to the control group (p<0.001).
The concentrations of TT, NT, and DIS in 
FM patients and the healthy control group 
are shown in Table II. In our study, a statisti-
cally significant difference in NT, TT, and 
DIS variables emerged between patients 
and controls. NT and TT values were found 
to be higher in the control group than in the 
FM patient group. FM patients showed 
higher DIS values compared to controls 
(p<0.001).
No significant correlation was observed be-
tween the WPI and oxidative stress parame-

ters in our study. Furthermore, there were no 
clinically significant differences identified 
in the routinely assessed parameters in the 
hospital setting.

n	 DISCUSSION  
AND CONCLUSIONS

FM patients exhibited reduced antioxidant 
levels and elevated oxidant levels compared 
to the healthy control group. On the other 
hand, FM patients exhibited lower levels of 
TT and NT compared to the control group 
while showing higher levels of DIS. These 
findings provide evidence supporting the in-
volvement of oxidative stress in the patho-

Figure 1 - A) Total antioxidant status; B) Total oxidant status; C) Oxidative stress index levels in fibromyal-
gia (FM) group and controls (***p<0.001).

A B

C

Table II - Serum thiol and disulfide concentrations (mean ± standard deviation) and ratios compared be-
tween patients with fibromyalgia and the healthy control group.

Control (n=50) FM (n=50) p value

NT μM 414.88±39.98 305.66±38.65 0.001

TT μM 509.38±56.43 446.65±34.16 0.001

DIS μM 50.88±26.23 70.49±27.91 0.001

DIS/NT % 12.69±7.07 24.57±13.57 0.001

DIS/TT % 9.63±4.41 15.53±5.38 0.001

NT/TT % 78.77±8.06 68.95±10.76 0.001

FM, fibromyalgia; DIS, disulphide; NT, native thiol; TT, total thiol. Differences in FM compared to the healthy control group (independ-
ent sample t-test).
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physiology of FM. The etiology of pain in 
fibromyalgia remains complex and multi-
factorial. Previous research has demonstrat-
ed an imbalance in pro-oxidant and oxidant 
levels among individuals experiencing spe-
cific types of pain (19).
ROS might be regarded as one of the under-
lying causes of most diseases because of the 
damage it can cause to the body. Sequential 
processes can be disrupted by oxygen radi-
cals produced as a result of mitochondrial 
dysfunction. In FM disease, these disrup-
tions might be the source of symptoms, in-
cluding pain, sleep disorders, and chronic 
physical soreness. Despite the growing 
body of information about the role of oxida-
tive stress in various conditions, measuring 
ROS remains a challenge (20, 21). In some 
circumstances, excess oxidants cause a de-
crease in antioxidants in organisms, result-
ing in an oxidation-reduction imbalance, 
which is thought to be the underlying cause 
of many disorders and causes oxidative 
stress in cells (21-23). Low to intermediate 
ROS concentrations affect cell signaling 
cascades, whereas high ROS concentrations 
can harm lipids, enzymes, and nucleic acids 
in an unspecific manner. Ascorbate creates a 
unique relationship between ROS produc-
tion/elimination and cell death. It is an ef-
fective antioxidant at low concentrations 
and plays a key role in ROS removal (24). In 
their study, Bagis et al. found that oxidant/
antioxidant balances were altered and ele-
vated free radical levels were linked to FM. 
They supported the idea that oxidative stress 
causes FM (25). In their study, Cetinkaya et 
al. stated that while TAS levels were not sig-
nificant, TOS and OSI values were signifi-
cantly higher than those in the control group 
(26). Additionally, in the study by Karatas et 
al., NT levels were found to be high in pa-
tients with FM (27). 
It is worth noting that in numerous diseases, 
the presence of reactive oxygen species 
leads to the generation of oxidative stress. 
However, research is ongoing to elucidate 
the role of oxidative stress in the pathophys-
iology of FM. Mercedes et al. showed that 
FM patients have oxidative dysfunction. 
Weak enzymatic antioxidant activity can 
cause oxidative stress by oxidizing DNA 

and proteins, negatively impacting FM pa-
tients’ health (28). In the study by Tuzcu et 
al., NT levels were found to be low in FM 
patients, and DIS ratios were found to be 
high (29). 
Natural compounds frequently include thiol 
and DIS groups. They can be present in pro-
teins (hormones, enzymes, antibiotics), 
cysteine-containing peptides, and tiny com-
pounds like lipoic acid, glutathione, and 
thiamine. Thiol and DIS groups are unmis-
takably linked to either strong chemical re-
activity or the stabilization of peptide and 
protein structures in all of these compounds. 
The thiol and DIS groups are often not em-
ployed as substituents in quantitative struc-
ture-activity relationship investigations in 
medicinal chemistry because they are high-
ly reactive. On occasion, aromatic rings are 
subjected to methylthio substitution, al-
though even then, the resulting thioethers 
are very reactive. They can quickly be trans-
formed into sulfoxides, or the other way 
around. Copper, mercury, zinc, and lead are 
all efficiently chelated by penicillamine (D-
β,β-dimethylcysteine, a drug that contains 
thiol groups), which encourages the excre-
tion of these metals in urine. Rheumatoid 
arthritis, Wilson’s disease, and heavy metal 
toxicity are among the conditions for which 
it is clinically administered (30). This 
knowledge can be used to create novel com-
pounds that target or include thiol groups. 
These chemicals can be examined for their 
role in the mechanism of pain.
Transient receptor potential (TRP) channels 
may play a role in a variety of activities, in-
cluding the production of inflammatory me-
diators and the activity of neurotransmitters 
in the spinal cord. These features clearly 
imply that pain relief will be facilitated by 
the targeted and selective reduction of TRP 
channel activity. Given that TRP channels 
serve as receptors for irritants originating 
from plants, such as capsaicin, menthol, and 
the spicy components in mustard and garlic 
plants, isothiocyanates, and thiosulfinates, 
their significant functions are probably not 
unexpected. TRPA1 is a particularly intrigu-
ing member of this group in terms of envi-
ronmental irritants. This is due to the fact 
that TRPA1 reacts with substances that are 
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structurally different, but are all capable of 
forming covalent adducts with thiol groups. 
For instance, membrane-permeable electro-
philes like allyl isothiocyanate or allicin can 
activate TRPA1 by covalently altering 
cysteine residues in the channel’s amino-
terminal cytoplasmic domain (31, 32). In 
order to reduce the severity of pain, these 
channels might be considered. Therefore, 
research on thiol groups and TRP channels 
is thought to potentially provide a pathway 
for pain management and treatment strate-
gies in FM patients.
In conclusion, there are some findings indi-
cating the presence of oxidative stress and 
an imbalance in thiol-disulfide levels in FM 
patients. However, the exact role of oxida-
tive stress and thiol groups in the pathophys-
iology of FM is still not fully understood. 
Further research and data collection are 
needed in this regard. Understanding the in-
volvement of thiol groups and oxidative 
stress in the mechanisms underlying FM 
can help identify new targets for pain man-
agement and treatment strategies.
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