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Investigation of Serum Nuclear Factor

Erythroid 2-Related Factor 2 Levels, Oxidative

Stress Parameters, and Thiol-Disulfide
Homeostasis in Patients with Fibromyalgia

ABSTRACT

Background/Aims: In order to delineate the involvement of oxidative stress
in fiboromyalgia syndrome (FMS), this investigation analyzed systemic bio-
markers—including nuclear factor erythroid 2 (Nrf2), total antioxidant
status (TAS), total oxidant status (TOS) and thiol-disulfide equilibrium—in
female patients with FMS and a reference group of healthy subjects. It
was investigated how the patient group’s clinical characteristics, oxidative
stress metrics, and Nrf2 levels related to one another. To date, no published
studies have assessed serum Nrf2 levels in patients with FMS.

Materials and Methods: The study enrolled 50 healthy female participants
and 60 FMS patients. Participants were evaluated using the Visual Analog
Scale (VAS), Fibromyalgia Impact Questionnaire (FIQ), Beck Depression
Scale (BDS), Beck Anxiety Scale (BAS), Pittsburgh Sleep Quality Index (PSQI),
Fatigue Severity Scale (FSS), the DN4 Neuropathic Pain Questionnaire, and
the count of tender points (TP). Nrf2 level was measured by Enzyme-linked
immunosorbent assay method, TAS, TOS, native thiol (NT), total thiol (TT),
and disulfide levels were measured by spectrophotometric method.

Results: In comparison with the reference group of healthy subjects,
patients with FMS displayed significantly elevated values in TP count, FIQ,
BDS, BAS, PSQI, FSS, VAS, DN4, TAS, and TOS (P < .001). Conversely, levels
of serum Nrf2 were markedly reduced in the FMS group (P < .001). The
DN4 scores were negatively and significantly correlated with Nrf2 concen-
trations (P=.049).

Conclusion: The results point to a possible role for Nrf2 in the pathophysi-
ology of FMS and may help identify and treat the condition, especially in
individuals with neuropathic pain complaints. These findings are promis-
ing, as they indicate that the use of Nrf2 activators may be considered in
patients with low Nrf2 levels. The potential utility of Nrf2-activating agents
in such subgroups warrants further investigation.

Keywords: Fibromyalgia, musculoskeletal system disorders, nuclear factor
erythroid 2-related factor 2, thiol-disulfide balance, total antioxidant status

Introduction

Fibromyalgia syndrome is a long-standing disorder marked by widespread
pain affecting muscles and joints, heightened tenderness at particular ana-
tomical points, and a range of associated symptoms such as sleep-related
problems, impaired concentration and memory, and fatigue.! Although its
precise pathophysiology remains elusive, contributing factors are believed
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to include neurohormonal and environmental influ-
ences, genetic predisposition, stress, trauma, infections,
and particularly, oxidative stress.?2 Multiple studies have
reported enhanced oxidative damage and impaired anti-
oxidant responses in individuals with FMS.34

Nuclear factor erythroid 2-related factor 2 (Nrf2), a key
transcription factor, modulates the expression of genes
responsible for the production of antioxidative proteins
and detoxification enzymes within the cell. This pathway
is fundamental to protecting cells from oxidative injury
and ensuring their survival. Nuclear factor erythroid 2-
related factor 2 is continuously degraded in the cytoplasm
by inhibition of the Keapl protein, but during oxidative
stress, oxidative alteration of the cysteine 151 residue of
Keapl and/or phosphorylation of the serine 40 region of
Nrf2 via protein kinase C disrupts the Keapl-Nrf2 interac-
tion. Upon disruption of this interaction, the released Nrf2
moves into the nucleus, where it associates with the anti-
oxidant response element region and then triggers the
transcription of genes it governs. This mechanism pro-
tects cells from oxidative stress, free radical damage, and
apoptosis, thereby supporting cellular survival.®

It has been shown that impairments in Nrf2 activity may
additionally take part in the etiopathogenesis of vari-
ous additional chronic pain and inflammatory diseases.
Hence, it is considered that systemic Nrf2 responses may
be effective in FMS through similar mechanisms. In par-
ticular, the well-established imbalance in FMS between
increased oxidative stress and insufficient antioxidant
defense suggests that Nrf2 levels may serve as a bio-
chemical marker reflecting this dysregulation. In this
context, measuring serum Nrf2 levels not only provides
indirect insight into the activation status of the antioxi-
dant response but may also provide deeper insight into
the role of this factor in the underlying mechanisms of
FMS.® However, to date, serum Nrf2 concentrations have
not been evaluated in individuals with FMS in any pub-
lished studies.

The present work intended to assess serum Nrf2 con-
centrations and oxidative stress parameters in those
diagnosed with FMS and to explore the potential associa-
tions between these biomarkers and the clinical features
of the condition. The findings are intended to enhance
the understanding of the oxidative mechanisms in FMS

MAIN POINTS

- Levels of serum Nrf2 were found to be markedly
reduced in the FMS group.

- Nrf2 values were inversely correlated with DN4 neu-
ropathic pain scores.

- It is considered that Nrf2 contributes to understand-
ing the underlying mechanisms of FMS and may
help in the diagnostic evaluation and management
of this condition, particularly in individuals with neu-
ropathic pain complaints.
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and offer a foundation for developing novel diagnostic or
therapeutic strategies.

Materials and Methods

Fifty healthy female controls and 60 female patients
with FMS, diagnosed based on the 2016 ACR criteria,
were enrolled in this cross-sectional research. Subjects
were enrolled through the Physical Medicine and
Rehabilitation and Rheumatology outpatient clinics at
Gaziantep University Research and Application Hospital
in 2023. All participants completed an “Informed
Consent Form” following their education about the
project. The 2008 Helsinki Declaration was followed
throughout the conduct of the investigation. Ethical
approval was granted by the Ethics Committee of
Gaziantep University Faculty of Medicine on 11.05.2022
with decision number 2022 136. The Scientific Research
Projects Unit of Gaziantep University provided funding
for thiswork (Project Number: TF.UT.22.78). The following
were the study’s exclusion criteria: chronic renal failure,
nephrotic syndrome, malnutrition, chronic liver disease,
or other diseases that could cause significant hypoalbu-
minemia and affect the thiol pool, such as those that
could influence oxidative parameters; inflammatory
rheumatologic diseases; endocrinological diseases like
arterial hypertension and diabetes mellitus; a history of
malignancy; local or systemic infections experienced in
the last 3 months; smoking and alcohol consumption;
pregnancy and breastfeeding; and the use of vitamin
supplements known to have antioxidant effects, such as
vitamins A, C, D, E, and omega-3 fatty acids, within the
past month.

The study only included female participants because
the prevalence of FMS is considerably higher in females,
and male participants were excluded in order to control
for the effects of biological differences such as hormone
levels.” In addition, this study enrolled exclusively female
participants given that the condition exhibits more evi-
dent clinical features in women. This restriction is impor-
tant for methodological consistency.

The demographic data and information such as anthro-
pometric measurements of the participants were docu-
mented in the “Participant Information Form.” Pain levels
in all participants were scored according to the VAS;
disease burden was evaluated using the FIQ; emotional
status was evaluated using the BDS and BAS; sleep dis-
turbances were measured using the PSQI; fatigue levels
were evaluated with the FSS; and neuropathic pain sever-
ity was determined using the Douleur Neuropathique
4 (DN4) guestionnaire. Additionally, the number of TP
for each participant was recorded by a single physician
using digital palpation with a pressure of 4 kg/cm’8

Visual Analog Scale, a reliable and valid assessment tool
that is frequently used in clinical studies, was used to
assess pain. Absence of pain was evaluated with a score
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of O and the most severe pain was evaluated with a
score of 10. Subjects were requested to assess their pain
level via this scale.® The psychometric properties of the
Turkish version of the FIQ, demonstrated by Sarmer
et al, evaluates aspects including physical abilities,
sense of wellness, inability or difficulty in working, sever-
ity of pain, fatigue (including morning fatigue), and psy-
chological symptoms such as depression and anxiety.”®
The BDI was used to identify the existence of depression
in patients and to assess its severity. A Turkish version
was developed by Hisli in 1989." The BAS was devel-
oped in 1988 by Beck et al to measure anxiety levels in
patients. It was translated and culturally adapted for use
in Turkish in 1998 by Ulusoy et al.”? The PSQI was devel-
oped in 1989 by Buysse et al to measure sleep quality
and sleep-related disturbances.” Its psychometric prop-
erties in Turkiye were studied in 1996 by AJdargun et al,
and it was adapted into Turkish.* The psychometric
properties of the FSS, which was developed to measure
fatigue in individuals, were studied by Armutlu et al and
adapted into Turkish.” A study assessing its psychomet-
ric properties in TUrkiye was carried out by Cevik et al.
The DN4 questionnaire is used in the evaluation of neu-
ropathic pain.'®

Biochemical Analysis

Venous blood samples collected from both groups were
collected in EDTA-containing tubes and centrifuged
at 4000xg in the biochemistry laboratory. The resulting
serum samples were transferred to Eppendorf tubes and
stored in a deep freezer at -80°C until analysis.

Total Antioxidant Status Assay

The total antioxidant status (TAS) was measured via a
completely automated technique introduced by Erel.
In this assay, the Fe*-O-dianisidine complex reacts with
hydrogen peroxide (HO)) via a Fenton-type reaction
to generate hydroxyl radicals. At low pH, these radicals
oxidize the colorless o-dianisidine molecule, leading
to the formation of yellow-brown dianisidyl radicals.
Antioxidants present in the sample inhibit this oxidation,
reducing color development. TAS levels were determined
spectrophotometrically using an automated analyzer
(Beckman Coulter AU480) with a commercial TAS kit
(Rel Assay DC, Gaziantep, Turkiye), and outcomes were
reported as mmol Trolox equivalents per liter.

Total Oxidant Status Assay

The assessment of total oxidant status (TOS) was car-
ried out using Erel's completely automated colorimet-
ric technique. In this technique, oxidative agents in the
specimen oxidize the Fe™-O-dianisidine complex into
ferric ions, which then react with xylenol orange in an
acidic environment to generate a colored compound.
The intensity of color, proportional to oxidant levels, was
measured spectrophotometrically. The TOS was reported
as pmol H O, equivalent per liter using a commercial kit
(Rel Assay DC, Gaziantep, Turkiye) on a Beckman Coulter
AU480 analyzer.
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Measurement of Serum Thiol-Disulfide Homeostasis
Parameters

Serum thiol-disulfide homeostasis parameters were evalu-
ated using a completely automated technique developed
by Erel and Neselioglu. Analyses were conducted on a
Beckman Coulter AU480 autoanalyzer using commercial
kits for TT and NT measurement (Rel Assay DC, Gaziantep,
TuUrkiye). This technique involves the reduction of dynamic
disulfide bonds to active thiol groups via sodium boro-
hydride (NaBH)). Surplus NaBH, is eliminated using
formaldehyde. TT and NT groups react with 5,5-dithio-
bis-(2-nitrobenzoic acid) (DTNB), and disulfide levels are
computed as half the difference between TT and NT con-
centrations. Findings were expressed in umol/L. Disulfide/
NT, disulfide/TT, and NT/TT ratios were further computed.

Nrf2 concentrations were measured using a competi-
tive enzyme-linked immunosorbent assay technique. (BT
LAB, Jiaxing Korain Biotech Co., Ltd, Jiaxing, Zhejiang,
China 314021; Cat. No: E3244Hu).

Statistical Analysis

The G*Power 39.1 software (Heinrich Heine University
DuUsseldorf; Dusseldorf, Germany) was used for power
analysis, and a moderate effect size (Cohen's d=.5), based
on serum Nrf2 levels, was assumed with a significance
level of 0.05 and a power of 80%. Additionally, effect sizes
(Cohen’s d) were calculated for significant between-
group comparisons.

Descriptive statistics are summarized as mean * stan-
dard deviation for continuous variables and as frequen-
cies (percentages) for categorical data. The Shapiro-Wilk
test was applied to check the normality of numerical
variables. Group comparisons were carried out using the
independent-samples t-test for normally distributed vari-
ables and the Mann-Whitney U test for non-normal data.
Differences between categorical variables were examined
using the chi-square test. Correlations among numerical
parameters were analyzed with Spearman’s rank correla-
tion coefficient. All analyses were conducted using IBM
SPSS Statistics for Windows, version 22.0 (IBM SPSS Corp;
Armonk, NY, USA). A P-value < .05 was regarded as statis-
tically significant. No Al tool was used during the prepara-
tion of the manuscript.

Results

Participants had a mean age of 42.53 + 8.45 years (range:
37-48.5) in the patient group and 39.34 + 9.4 years (range:
32-44) in the reference group of healthy subjects, with no
significant difference between them (P=.063). Similarly,
the median body mass index (BMI) values were 26.76 (IQR:
24.52-30.84) in the FMS group and 25.87 (IQR: 23.74-29.24)
in controls (P=.193), indicating no significant intergroup
difference in BMI (Table 1). The duration of iliness among
patients averaged 76.3 + 64.32 months (range: 24-120).

Table 2 summarizes the comparisons between the
groups regarding oxidative stress markers and clinical
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Table 1. The Age (in Years) and Body Mass Index of Individuals in the Patient and Control Groups

Patient Control
Variables Mean * SD Median (Q1-Q3) Mean * SD Median (Q1-Q3) P
Age (years) 4253 + 845 43 (37-485) 3934 + 9.4 38.5 (32-44) 0638
BMI 2812 + 524 26.76 (24.52-30.84) 26.69 *+ 4.33 25.87 (23.74-29.24) 193#

BMI, body mass index.
fMann-Whitney U-test.
SStudent’s t-test.

*P < .05.

assessment scores. No statistically significant differences
were detected in oxidative stress index (OSlI), TT, NT, disul-
fide levels, or in the ratios of NT/TT, disulfide/TT, and NT/
disulfide (P > .05 for all).

Conversely, significant group differences were found
in a range of clinical and biochemical parameters,
including the total of TP, symptom severity scale (SSS),
widespread pain index (WPI), Fibromyalgia Severity
Scale (FMSS), FIQ, BDS, BAS, PSQI, FSS, DN4 question-
naire, VAS pain scores, TAS, TOS, and Nrf2 levels (P < .05
for all). Median values for these variables were nota-
bly higher in the patient group, except for Nrf2 levels,

which were significantly reduced as opposed to con-
trols (P < .001).

Within-group correlation analyses further indicated no
significant correlations between Nrf2 levels and TAS,
TOS, OSI, TT, NT, disulfide, or related ratios in the patient
group (P > .05). However, in the control group, Nrf2 con-
centrations showed significant correlations with the NT/
TT, disulfide/TT, and NT/disulfide ratios (P < .05), as shown
in Table 3.

Among patients, a significant but weak inverse correla-
tion was identified between DN4 scores and Nrf2 levels

Table 2. Findings of the Comparison of Clinical and Oxidative Stress Parameters Between the Patient and Control Groups

Patient Control
Variables Mean + SD Median (Q1-Q3) Mean + SD Median (Q1-Q3) P Cohen’s d
TP 13.75 + 3.96 14.5 (12-17) 4.32 294 <.00T
SSS 10.02 + 1.77 10 (9-1) 3.66 +223 <.007%
WPI 1318 £ 3.72 14 (10-16) 228 £+ 0.97 <.007%#
FMSS 232+ 473 24.5 (19-27) 594 +2.66 4.5 <.007% 4.50
FIQ 68.69 +15.44 69.57 (59.94-78.46) 33.85 + 21.01 1.89 <.007% 1.89
BDS 23.08 £11.23 20 (14.5-30.5) 9.24 +7.03 <.007%
BAS 30.53+13.88 30 (18.5-43) 1.24 +9.07 <.007%
PSQI 897 + 411 8 (6.5-11) 51+314 <.00T*#
FSS 6.07 +1.18 6.56 (5.5-7) 3.82+1.86 <.00T*
DN4 417 £2.08 4 (3-6) 152 +1.57 1.44 <.007% 1.44
VAS 8+1.62 8 (7-10) 168 +2.21 3.26 <.007% 3.26
TAS (millimol/L) 16 £ 0.37 1.55(1.36-1.73) 132+ 0.23 0.91 <.007% 0.91
TOS (micromole/L) 9.77 +1.31 9.85 (8.68-10.7) 811+ 153 117 <.007% 117
oSl 0.63+0.13 0.62 (0.53- 0.72) 0.62 +0.14 7845
TT 37711 £ 80.4 358.9 (320.35- 408.7) 363.19 + 71.33 479
NT 207.34 + 35.22 199.15 (186.15-219.9) 206.46 + 33.07 .986*
Disulfide (-S-S-) 84.88 + 33.53 78.83 (61.45- 105.85) 78.36 + 31.96 368¢
NT/TT (%) 54.98 + 973 58.06 (48.79- 61.6) 5815 +10.67 3468
Disulfide/TT (%) 22.50 + 4.86 20.97 (19.2- 25.6) 20.92 + 534 3468
NT/Disulfide (%) 24427 £12975  276.94 (190.6- 320.806) 317.26 £173.51 346%
Nrf2 (ng/mL) 17.98 + 12.97 12.64 (10.28-18.1) 30.79 + 20.45 0.75 <.0071% 0.75

BAS, Beck Anxiety Scale; BDS, Beck Depression Scale; BMI, body mass index; DN4, Douleur Neuropathique 4 questionnaire; FIQ, Fibromyalgia
Impact Questionnaire; FMSS, Fibromyalgia Severity Scale; FSS, Fatigue Severity Scale; Nrf2, nuclear factor erythroid 2-related factor 2; NT,
native thiol; OSI, oxidative stress index; PSQI, pittsburgh sleep quality index; SSS, symptom severity scale; TT, total thiol; TAS, total antioxidant
status; TOS, total oxidant status; TP, tender points; VAS, Visual Analog Scale; WPI, widespread pain index.

FMann-Whitney U test; §Student’s t-test.
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Table 3. Findings Regarding the Relationship Between
Nrf2 Levels and Oxidative Stress Parameters in the Control
Group

Nrf2 (ng/mL)

TAS (millimol/L) r 018
P 902
TOS (micromole/L) r -.073
P 615
oSl r -159
P .270
TT r -.192
P 181
NT r 108
P 457
Disulfide (-S-S-) r -.241
P .091
NT/TT (%) r 287+
P 044
Disulfide/TT (%) r 287+
P 044
NT/disulfide (%) r 287*
P 044

NT, native thiol; OSI, oxidative stress index; TAS, total antioxidant sta-
tus; TT, total thiol; TOS, total oxidant status.
*P < .05: Spearman correlation analysis.

(r=-.255, P=.049), indicating that higher neuropathic pain
severity was modestly associated with reduced Nrf2 levels.

Discussion

This present research revealed decreased serum Nrf2 lev-
els among FMS patients when contrasted with healthy
participants. As Nrf2 was assessed exclusively at the sys-
temic serum level, this finding should be interpreted as
an indicator of altered antioxidant regulation rather than
evidence of a specific genetic or intracellular molecular
mechanism. To the best of knowledge, this is the first
study to investigate serum Nrf2 concentrations in indi-
viduals with FMS, thereby contributing novel data to the
existing literature. Although previous studies have exam-
ined parameters such as TAS, TOS, OSI, NT, and TT, the
assessment of Nrf2 provides a novel and valuable contri-
bution to the existing knowledge.31"®

The presence of neuroinflammation in FMS has been
investigated in numerous previous studies. As demon-
strated in research performed by Gur et al, significantly
elevated circulating concentrations of IL-8 and IL-2 recep-
tors were found in 81 patients with FMS relative to the
reference group of healthy subjects.” Similarly, Backryd
et al (2017) demonstrated increased concentrations of
IL-6 and IL-8 in both cerebrospinal fluid (CSF) and plasma
of FMS patients, providing evidence for coexisting neu-
roinflammatory and systemic inflammmatory processes.?°
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Furthermore, Albrecht et al (2019) reported increased con-
centrations of [11C] PBR28 in the cortex of FMS patients,
a finding indicative of heightened microglial and astro-
cytic activity.? Although inflammatory mediators were
not directly assessed in the present study, these findings
provide relevant background for interpreting systemic
alterations in redox-related biomarkers observed in FMS.

The Nrf2-Keapl signaling cascade plays a pivotal role
in protecting cells from oxidative injury. Nrf2 is widely
recognized as a regulator of antioxidant responses and
redox homeostasis.® The effects of Nrf2 on neuroinflam-
mation have been extensively investigated in the litera-
ture.In an animal study conducted in 2008, wild-type and
Nrf2-knockout mice exposed to lipopolysaccharide (LPS)-
induced inflammation were compared. Marked eleva-
tions in F4/80 mRNA and protein levels, together with
iINOS, IL-6, and TNF-a, were detected in Nrf2-deficient
mice. Additionally, sulforaphane (SFN), a natural activator
of Nrf2, was shown to reduce microglia-derived neuroin-
flammation and cytokine levels. The data demonstrate
that Nrf2 deficiency increases susceptibility to inflamma-
tion, and that Nrf2 activation may represent a potential
therapeutic strategy.?

Thereisstrong evidence indicating the existence of a neu-
ropathic pain element in the underlying mechanisms of
FMS. This evidence includes reductions in inhibitory neu-
rotransmitters (serotonin, dopamine, norepinephrine),
elevations in mediators of nociceptive signaling such as
substance P and glutamate, manifestations of periph-
eral and central sensitization, 3" and dysfunction within
the autonomic nervous system.*® Additionally, impaired
nerve conduction, small fiber neuropathy, and elevated
scores on neuropathic pain evaluation scales have been
reported in FMS patients.*°% In a study comparing 27 FMS
patients and a reference group of 30 healthy subjects,
small fiber neuropathy was identified in 41% of patients,
and both Michigan Neuropathy Screening Instrument
and Utah Early Neuropathy Scale scores were markedly
elevated compared with controls.’™

The findings of the study revealed a marked reduction in
serum Nrf2 levels in FMS patients compared with healthy
controls (between-group comparison, P < .001). In addi-
tion to Nrf2, significant between-group differences were
observed across a broad range of clinical parameters,
including FIQ, VAS pain scores, BDS, BAS, PSQI, FSS, DN4,
TAS, and TOS (all P <.001). These group-level differences
indicate that FMS patients exhibited not only greater oxi-
dative stress and lower antioxidant-related Nrf2 levels but
also substantially higher disease burden in terms of pain
intensity, functional impairment, depressive and anxiety
symptoms, sleep disturbance, and fatigue compared
with healthy controls. The co-occurrence of elevated oxi-
dative stress markers and heightened clinical severity
in FMS patients is consistent with the broader literature
suggesting that oxidative imbalance may contribute to
the multidimensional symptom burden of FMS. When
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within-group correlation analyses were performed in the
patient group to examine whether serum Nrf2 levels were
directly associated with individual clinical variables, a sig-
nificant but weak inverse correlation was identified only
between Nrf2 levels and DN4 neuropathic pain scores
(r=-.255, P=.049). It is important to note that, unlike the
significant between-group differences observed for mul-
tiple clinical variables, the within-group correlation analy-
ses did not reveal significant correlations between serum
Nrf2 levels and other clinical or psychometric measures,
including fatigue (FSS), anxiety (BAS), depressive symp-
toms (BDS), overall disease impact (FIQ), or general pain
intensity (VAS) within the FMS group. This distinction
is critical: while FMS patients as a group displayed sig-
nificantly higher scores on these scales and significantly
lower Nrf2 levels compared with healthy controls, the
individual variation in Nrf2 levels within the patient group
was not significantly associated with variations in these
clinical parameters. The absence of within-group correla-
tions does not contradict the observed between-group
differences; rather, it suggests that although Nrf2 reduc-
tion is a feature of FMS at the group level, its degree of
reduction within the patient group appears to be specifi-
cally related to the neuropathic pain component rather
than to the overall symptom burden. This pattern implies
a degree of clinical specificity, suggesting that the neu-
ropathic pain dimension of FMS, as assessed by the DN4
guestionnaire, may be more closely linked to altered
serum Nrf2 levels than to other symptom domains. 3¢

Serum Nrf2 levels and thiol/disulfide ratios in the con-
trol group showed minor relationships with borderline
statistical significance. The low correlation coefficient,
however, implies that the strength of this association
is constrained. In healthy individuals, oxidative stress
markers are generally well regulated, and parallel
changes between different redox parameters may not
be expected. In addition, the relatively small sample size
and the use of single time-point serum measurements
may have contributed to the weak correlations observed.
Therefore, these findings should be interpreted with cau-
tion and considered exploratory, and they do not change
the main interpretation of the study, which is focused on
disease-related alterations in the FMS group.

In the literature, oxidative stress and inflammation have
been shown to serve critical functions in the underlying
mechanism of neuropathic pain, and Nrf2 has been iden-
tified as a modulator of both pathways. Therefore, inves-
tigating the Nrf2 pathway in FMS subgroups exhibiting
a neuropathic pain profile is crucial for elucidating the
pathogenesis and developing novel therapeutic strate-
gies. However, causal correlations or mechanistic infer-
ences cannot be proven because of the cross-sectional
design and the exclusive evaluation of serum biomarkers.

One of the major limitations of the study is the assess-
ment of Nrf2 levels exclusively in serum, without evalu-
ating tissue-level expression. It is anticipated that future
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studies incorporating tissue-level analyses may provide
more meaningful insights. Additionally, the inclusion
of only female participants, the cross-sectional design,
and the limited number of molecular markers reduce
the generalizability of the findings. Nevertheless, as the
first study to investigate this issue, it is expected to guide
future comprehensive research.

In conclusion, serum Nrf2 levels may represent a measur-
able biomarker that could be used in the diagnosis and
therapeutic management of FMS patients, particularly
those with a neuropathic pain component. Accordingly,
further comparative studies involving larger and more
diverse patient populations, as well as evaluations of
both serum and tissue levels, are warranted. Moreover,
well-designed controlled trials assessing the therapeutic
efficacy of Nrf2 activators are needed, as they may pro-
vide significant contributions to the literature and open
new avenues in patient management.

Data Availability Statement: The data that support the find-
ings of this study are available on request from the correspond-
ing author.

Artificial Intelligence Usage Statement: The authors declared
that no Artificial Intelligence tool was used in the preparation of
the manuscript.

Ethics Committee Approval: Ethical committee approval was
received from the Ethics Committee of Gaziantep University
Faculty of Medicine (Approval No.: 2022/136; Date: May 11, 2022).

Informed Consent: Written informed consent was obtained
from the patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — M.Y,, A.G.; Design — M.Y,, A.G.;
Supervision — A.G., Resources - M.Y., Materials - M.Y,; Data
Collection and/or Processing — M.Y, E.B. Analysis and/or
Interpretation - A.G., M.S.A.,, O.A.; Literature Search - E.B, M.S.A,,
A.G., OA,; Writing - M.Y, O.A, A.C, MS.A, E.B.; Critical Review
-A.C.

Declaration of Interests: The authors have no conflicts of inter-
est to declare.

Funding: This study was supported by the Scientific Research
Projects Unit of Gaziantep University (Project Number:
TF.UT.22.78).

References

1. Jones EA, Asaad F, Patel N, et al. Management of fibromy-
algia: an update. Biomedicines. 2024;12(6) 1266. [CrossRef]

2. Buskila D, Atzeni F, Sarzi-Puttini P. Etiology of fibromyalgia:
the possible role of infection and vaccination. Autoimmun
Rev. 2008;8(1):41-43 [CrossRef]

3. Altindag O, Celik H. Total antioxidant capacity and the sever-
ity of the pain in patients with fibromyalgia. Redox Rep.
2006;11(3):131-135. [CrossRef]

4. Neyal M, Yimenicioglu F, Aydeniz A, et al. Plasma nitrite
levels, total antioxidant status, total oxidant status, and


https://dx.doi.org/10.3390/biomedicines12061266
https://dx.doi.org/10.1016/j.autrev.2008.07.023
https://dx.doi.org/10.1179/135100006X116628

Asik et al. NRF2 Levels in Fibromyalgia

20.

21.

oxidative stress index in patients with tension-type head-
acheandfibromyalgia. Clin Neurol Neurosurg.2013;115(6):736-
740 [CrossRef]

Kaspar JW, Niture SK, Jaiswal AK. Nrf2:INrf2 (Keapl) signaling
in oxidative stress. Free Radic Biol Med. 2009;47(9):1304-1309
[CrossRef]

Petrikonis K, Bernatoniene J, Kopustinskiene DM, et al. The
antinociceptive role of Nrf2 in neuropathic pain: fromm mech-
anisms to clinical perspectives. In: Pharmaceutics.
2024:16(8):1068. [CrossRef]

Wolfe F, Brahler E, Hinz A, et al. Fibromyalgia prevalence,
somatic symptom reporting, and the dimensionality of poly-
symptomatic distress: results from a survey of the general
population. Arthritis Care Res. 2013,65(5):777-785. [CrossRef]
Wolfe F, Smythe HA, Yunus MB, et al. The American College
of Rheumatology 1990 criteria for the classification of fibro-
myalgia. Report of the multicenter criteria committee.
Arthritis Rheum. 1990;33(2):160-172. [CrossRef]

Price DD, McGrath PA, Rafii A, et al. The validation of visual
analogue scales as ratio scale measures for chronic and
experimental pain. Pain. 1983;17(1):45-56. [CrossRef]

Sarmer S, Ergin S, Yavuzer G. The validity and reliability of
the Turkish version of the Fibromyalgia Impact Question-
naire. Rheumatol Int. 2000;20(1):9-12. [CrossRef]

Hisli N. The validity and reliability of the Beck Depression
Inventory for university students. J Psychol. 1989;7(23):3-13.
Ulusoy M, Sahin NH, Erkmen H. Turkish version of the Beck
Anxiety Inventory: psychometric properties. J Cogn Psy-
chother. 1998;12(2):163.

Buysse D3J, Reynolds CF, Monk TH, et al. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric
practice and research. Psychiatry Res. 1989;28(2):193-213.
[CrossRef]

Mihcioglu I, Malakcioglu C, Mutlu HH. The validity and reli-
ability of Turkish version of basic scale on insomnia com-
plaints and quality of sleep uykusuzluk Sikayetleri ve uyku
Kalitesi Temel Olceginin Tirkce gecerlilik ve Guvenirligi.
Erisim Adresi. 2021;15(4):620-627. www.tjffmpc.gen.tr
Armutlu K, Keser |, Korkmaz N, et al. Psychometric study of
Turkish version of Fatigue Impact Scale in multiple sclerosis
patients. J Neurol Sci. 2007;255(1-2):64-68. [CrossRef]
Unal-Cevik |, Sarioglu-Ay S, Evcik D. A comparison of the
DN4 and LANSS guestionnaires in the assessment of neu-
ropathic pain: validity and reliability of the Turkish version of
DN4. J Pain 2010;11(11):1129-1135. [CrossRef]

Akkus S, Naziroglu M, Eris S, et al. Levels of lipid peroxidation,
nitric oxide, and antioxidant vitamins in plasma of patients
with fibromyalgia. Cell Biochemistry and Function: cellular
biochemistry and its modulation by active agents or dis-
ease. Cell Biochem Funct. 2009;27(4):181-185.
Assavarittirong C, Samborski W, Grygiel-Goérniak B. Oxida-
tive stress in fibromyalgia: from pathology to treatment.
Oxid Med Cell Longev. 2022;2022(1):1582432. [CrossRef]

GUr A, Karakog M, Nas K, et al. Cytokines and depression in
cases with fibromyalgia. J Rheumatol. 2002;29(2):358-361
Backryd E, Tanum L, Lind AL, Larsson A, Gordh T. Evidence
of both systemic inflammation and neuroinflammation in
fibromyalgia patients, as assessed by a multiplex protein
panel applied to the cerebrospinal fluid and to plasma. J
Pain Res. 2017;10:515-525 [CrossRef]

Albrecht DS, Forsberg A, Sandstrom A, et al. Brain glial acti-
vation in fibromyalgia - A multi-site positron emission

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

Archives of Rheumatology 2026 [epub ahead of print]

tomography investigation. Brain Behav Immun. 2019;75:72-
83 [CrossRef]

Innamorato NG, Rojo Al, Garcia-YagUe AJ, et al. The tran-
scription factor Nrf2 is a therapeutic target against brain
inflammation. J Immunol. 2008;181(1):680-689 [CrossRef]
Maletic V, Raison CL. Neurobiology of depression, fibromy-
algia and neuropathic pain. Front Biosci (Landmark Ed).
2009;14(14):5291-5338 [CrossRef]

Russell 13, Raphael KG. Fibromyalgia syndrome: presenta-
tion, diagnosis, differential diagnosis, and vulnerability [pres-
entation]. CNS Spectr. 2008;13(3):6-11 [CrossRef]

Sarchielli P, Di Filippo M, Nardi K, et al. Sensitization, gluta-
mate, and the link between migraine and fibromyalgia. Curr
Pain Headache Rep. 2007;11(5):343-351 [CrossRef]

Herrero JF, Laird IJM, Lépez-Garcia JA. Wind-up of spinal
cord neurones and pain sensation: much ado about some-
thing? Prog Neurobiol. 2000;61(2):169-203 [CrossRef]
Dufourny L, Warembourg M. Estrogen modulation of neu-
ropeptides: somatostatin, neurotensin and substance P, in
the ventrolateral and arcuate nuclei of the female guinea
pig. Neurosci Res. 1999;33(3):223-228 [CrossRef]

Bennett RM. Adult growth hormone deficiency in patients
with fibromyalgia. Curr Rheumatol Rep. 2002;4(4):306-312
[CrossRef]

Mahdi AA, Fatima G, Das SK, et al. Abnormality of circadian
rhythm of serum melatonin and other biochemical param-
eters in fibromyalgia syndrome. Indian J Biochem Biophys.
2011:48(2):82-87

Viceconti A, Geri T, De Luca S, et al. Neuropathic pain and
symptoms of potential small-fiber neuropathy in fibromyal-
gic patients: a national on-line survey. Jt Bone Spine.
2021;88(4):105153 [CrossRef]

Akaltun MS, Altindag O, Akyol A, et al. Neuropathic pain and
its relationship with clinical findings in patients with fibro-
myalgia. Noro Psikiyatr Ars. 2022;59(1):44-47 [CrossRef]
Schwarz MJ, Spath M, Muller-Bardorff H, et al. Relationship
of substance P, 5-hydroxyindole acetic acid and tryptophan
in serum of fibromyalgia patients. Neurosci Lett.
1999:259(3):196-198 [CrossRef]

Giannoccaro MP, Donadio V, Incensi A, et al. Small nerve
fiber involvement in patients referred for fibromyalgia. Mus-
cle Nerve. 2014;49(5):757-759 [CrossRef]

Oaklander AL, Herzog ZD, Downs HM, et al. Objective evi-
dence that small-fiber polyneuropathy underlies some ill-
nesses currently labeled as fibromyalgia. Pain.
2013;154(11):2310-2316 [CrossRef]

Bhargava J, Hurley JA. Fibromyalgia. StatPearls. Treasure
Island (FL) ineligible companies. Disclosure: John Hurley
Declares no Relevant Financial Relationships with Ineligi-
ble Companies.: StatPearls Publishing Copyright © 2024.
StatPearls Publishing LLC,; 2024.

Basu P, Averitt DL, Maier C, et al. The effects of nuclear factor
erythroid 2 (NFE2)-related Factor 2 (Nrf2) activation in pre-
clinical models of peripheral neuropathic pain. Antioxidants
(Basel). 2022;11(2) 430. [CrossRef]

Zhou YQ, Liu DQ, Chen SP, et al. Nrf2 activation ameliorates
mechanical allodynia in paclitaxel-induced neuropathic
pain. Acta Pharmacol Sin. 2020;41(8):1041-1048 [CrossRef]
Khan A, Wang F, Shal B, et al. Anti-neuropathic pain activity
of Ajugarin-I| via activation of Nrf2 signaling and inhibition
of TRPV1/TRPMS8 nociceptors in STZ-induced diabetic neu-
ropathy. Pharmacol Res. 2022;183:106392 [CrossRef]


https://dx.doi.org/10.1016/j.clineuro.2012.08.028
https://dx.doi.org/10.1016/j.freeradbiomed.2009.07.035
https://dx.doi.org/10.3390/pharmaceutics16081068
https://dx.doi.org/10.1002/acr.21931
https://dx.doi.org/10.1002/art.1780330203
https://dx.doi.org/10.1016/0304-3959(83)90126-4
https://dx.doi.org/10.1007/s002960000077
https://dx.doi.org/10.1016/0165-1781(89)90047-4
https://dx.doi.org/10.1016/j.jns.2007.01.073
https://dx.doi.org/10.1016/j.jpain.2010.02.003
https://dx.doi.org/10.1155/2022/1582432
https://dx.doi.org/10.2147/jpr.s128508
https://dx.doi.org/10.1016/j.bbi.2018.09.018
https://dx.doi.org/10.4049/jimmunol.181.1.680
https://dx.doi.org/10.2741/3598
https://dx.doi.org/10.1017/s1092852900026778
https://dx.doi.org/10.1007/s11916-007-0216-2
https://dx.doi.org/10.1016/s0301-0082(99)00051-9
https://dx.doi.org/10.1016/s0168-0102(99)00009-7
https://dx.doi.org/10.1007/s11926-002-0039-4
https://dx.doi.org/10.1016/j.jbspin.2021.105153
https://dx.doi.org/10.29399/npa.25092
https://dx.doi.org/10.1016/s0304-3940(98)00937-9
https://dx.doi.org/10.1002/mus.24156
https://dx.doi.org/10.1016/j.pain.2013.06.001
https://dx.doi.org/10.3390/antiox11020430
https://dx.doi.org/10.1038/s41401-020-0394-6
https://dx.doi.org/10.1016/j.phrs.2022.106392

