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Abstract

Fibromyalgia is a multifaceted disease. The clinical picture of fibromyalgia covers numerous comorbidities. Each comorbid-
ity stands as a distinct condition. However, common pathophysiologic factors are occupied in their background. Along with
the genetic, environmental and neuro-hormonal factors, inflammation has been supposed to have role in the pathogenesis of
fibromyalgia. The aim of the present article was to review the current literature regarding the potential role of inflammation
in the pathogenesis and treatment of fibromyalgia. A literature search was conducted through PubMed/MEDLINE and Web
of Science databases using relevant keywords. Recent evidence on this highly studied topic indicates that fibromyalgia has
an immunological background. Cytokines/chemokines, lipid mediators, oxidative stress and several plasma-derived factors
underlie the inflammatory state in fibromyalgia. There are potential new therapeutic options targeting inflammatory pathways
in fibromyalgia patients. In conclusion, there is evidence to support the inflammation-driven pathways in the pathogenesis
of fibromyalgia. However, further research is required to fully understand the network of inflammation and its possible role

in diagnosis and/or treatment of fibromyalgia.
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Introduction

Fibromyalgia is a chronic rheumatic condition characterized
by widespread pain and various comorbidities. The preva-
lence of fibromyalgia ranges between 2 and 8% depending
on the criteria used for diagnosis. Fibromyalgia is seen either
alone or as a comorbidity in other rheumatic diseases such
as rheumatoid arthritis, osteoarthritis and systemic lupus
erythematosus. Main clinical features of fibromyalgia are
generalized pain, sleep impairment, mood disorders, irrita-
ble bowel syndrome, headache, genitourinary symptoms and
fatigue. Although each seems as a distinct condition, they
are connected closely to each other like pieces of a “jigsaw
puzzle” [1-4].

Due to its over-complicated nature, treatment is often
challenging in fibromyalgia. Chronic generalized pain is
the primary target of management. Nevertheless, numerous
comorbidities in fibromyalgia require a more comprehensive
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look [1-4]. Since, not only chronic pain, but also fatigue,
psychological comorbidities and sleep disturbances might
contribute to functional limitation, absence from work and
social isolation in patients with fibromyalgia.

What is the trigger of these events in fibromyalgia? There
are many factors identified and many still being studied.
These are classified as (1) genetic, (2) environmental, (3)
hormonal and (4) neural factors [1, 5]. There might also
be immunological alterations that consequently lead to an
inflammatory state in fibromyalgia [5—8]. Over the past dec-
ade, extensive research has been conducted on the immu-
nologic background of fibromyalgia. Findings, in general,
contradict with the knowledge that ‘fibromyalgia is a non-
inflammatory rheumatic condition’ [9—14]. What is the role
of inflammation in fibromyalgia pathogenesis? Does it stand
at the very beginning of the disease? Does it relate to the
comorbid conditions? Does it provide new insights to the
treatment of fibromyalgia?

With these questions in mind, the objective of the pre-
sent article is to review the current knowledge regarding
the potential role of inflammation in the pathogenesis and
management of fibromyalgia.
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Search strategy

The present article followed the search strategy recom-
mended for narrative reviews [15]. Accordingly, PubMed/
MEDLINE and Web of Science databases were searched
through MeSH-recognized terms including “fibromyalgia”
and “inflammation”. Observational studies, randomized
controlled trials and case—control studies written in Eng-
lish and published within the past 7 years till 9th Sep-
tember, 2018 were included. Case reports, animal stud-
ies, review articles, editorials, letters, conference papers
and unpublished data were excluded. Reference lists of
included articles were scanned. Articles were added if they
met the inclusion criteria and were not included in earlier
stages of the review (Fig. 1).

What is inflammation?

Inflammation is a defensive process that is necessary for
human life. Without inflammation, response to endoge-
nous/exogenous insults and tissue repair after any kind of
injury would not be possible. The crosstalk among innate/
adaptive immunity, coagulative/fibrinolytic pathways and
the nervous system is necessary for proper inflammatory
cascade. This crosstalk is enabled with messengers called
‘inflammatory mediators’. Mediators of inflammation can
be classified as cell-derived and plasma-derived mediators
[16, 17]. Several cells including macrophages, leucocytes,
lymphocytes, endothelial cells, mast cells and platelets
play role in inflammation. Cell-derived mediators vary
in nature and include the cytokines (interleukins, tumor
necrosis factor, and chemokines), lysosomal components
(proteases, collagenase, and elastase), arachidonic acid
derives (cyclooxygenase and lipoxygenase), oxygen-
derived free radicals, reactive oxygen species, nitric oxide,
neuropeptides, growth factors, platelet-activating factor,
lipid mediators (adiponectin, leptin, and endocannabi-
noids), and vasoactive amines (serotonin and histamin).
On the other hand, plasma-derived inflammatory media-
tors are synthesized in the liver and include the coagula-
tion factors, acute phase proteins and complement proteins
[17].

Cell-derived inflammatory mediators
in fibromyalgia

Cell-driven inflammatory pathways in fibromyalgia are
illustrated in Fig. 2.
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Fig. 1 Flowchart of the narrative review

Cytokines

Cytokines are small polypeptides released from both
immune (monocytes, T cells, and macrophages) and
non-immune cells (Schwann cells, fibroblasts, micro-
glias, and astrocytes) [18, 19]. Cytokines are classified
as anti-inflammatory and pro-inflammatory cytokines. In
fibromyalgia, the balance between pro- and anti-inflam-
matory cytokines is suggested being disrupted in favor
of pro-inflammatory cytokines. Distinct gene variants are
supposed to be associated with cytokine release and the
inflammatory state in fibromyalgia [20-22]. The upregula-
tion of pro-inflammatory cytokines including TNF, IL-1,
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Fig.2 Cell-driven inflammation in fibromyalgia (Illustrated by the Author Ilke Coskun Benlidayi; MCP-I monocyte chemoattractant protein-1,

BDNF brain-derived neurotrophic factor, NGF nerve growth factor)

IL-6, and IL-8 might be related to several disease-related
comorbidities in fibromyalgia.

Cytokines act their role through peripheral or central
mechanisms. They modify the peripheral neuroimmune
interactions, as well as the neuroinflammation process in
the spinal cord and brain. Central neuroinflammation and
central sensitization are connected closely in fibromyal-
gia [18]. Central neuroinflammation is triggered by the
increased levels of cytokines and neurotrophic factors in
cerebrospinal fluid. Substance P, brain-derived neurotrophic
factor, glutamate, nerve growth factor and several inflam-
matory mediators activate glial cells. Activated glial cells
produce pro-inflammatory cytokines and lead to neuroin-
flammation. This phenomenon increases the central pro-
cessing of nociceptive input and contributes to chronic pain,
allodynia and hyperalgesia in fibromyalgia. As an evidence
of central neuroinflammation, intrathecal concentration of
IL-8 is elevated in fibromyalgia patients when compared
to healthy controls [9]. However, similar increase is not the
case for IL-1p which is another pro-inflammatory cytokine.
The increase in IL-8 level might be related to glial cell acti-
vation, which is an important determinant of central sen-
sitization and hyperalgesia, since glial cells are activated
by the excitatory substances of the central nervous system
or by pro-inflammatory cytokines released from peripheral

immune cells. This vicious cycle can be amplified by stress
and can explain the stress-induced symptom aggravation
in fibromyalgia. While IL-8 production is mediated by the
activation of sympathetic nervous system, IL-1p is related to
the cyclooxygenase activity. The elevated IL-8 concentration
with the lack of IL-1f increase indicates that symptoms in
fibromyalgia are mediated by sympathetic nervous system,
instead of the prostaglandin-related pathways [9, 10]. The
combination of autonomic dysfunction and elevated stress
levels in fibromyalgia is also in line with this finding [10].
Management in fibromyalgia should take these sympatheti-
cally mediated disease features into consideration. Medica-
tions targeting beta-adrenergic receptors should be preferred
instead of non-steroidal anti-inflammatory drugs targeting
the cyclooxygenase pathway.

Several studies focused on serum/plasma cytokine con-
centrations in fibromyalgia [11, 12, 23, 24]. A number
of studies showed elevated levels of IL-6, IL-8, IL-1f or
TNF-alpha in fibromyalgia [11-14]. However, there are
studies with conflicting results as well [23, 25, 26]. Ran-
zolin et al. found no difference in biomarker levels (except
for IL-10) between fibromyalgia patients and controls. No
correlation was detected between biomarkers and disease
severity [23]. On the other hand, there is evidence that
IL-10 level increases in fibromyalgia [13, 23]. IL-10 is an
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anti-inflammatory cytokine also known as human cytokine
synthesis inhibitory factor. High IL-10 levels in fibromyalgia
patients may be related to the effort on compensating the
inflammatory state [13].

Cytokines may involve in comorbidities related to fibro-
myalgia [11]. Supporting this hypothesis, IL-6 showed
positive correlation with the severity and sensation of
pain in fibromyalgia [12]. Patients with fibromyalgia also
revealed increased plasma levels of IL-17 when compared
to healthy controls. Moreover, IL.-17 was found to be corre-
lated with other pro-inflammatory cytokines including TNF,
IFNy, IL-2, IL-4 and IL-10 [24]. On the other hand, T2
cytokines including IL-4, IL-5 and IL-13 are suppressed in
fibromyalgia. Analgesic properties of IL-4 and IL-13 high-
light the potential role of Ty;1-Ty2 imbalance in generalized
pain [27]. A microdialysis study evaluated the inflamma-
tory response to repetitive dynamic muscle contraction in
fibromyalgia patients. Samples were collected from the most
painful point of the vastus lateralis and analyzed in terms
of pro-inflammatory cytokine (IL-1p, IL-6, IL-8, and TNF)
concentrations. The results revealed no correlation between
cytokine level and pain or fatigue [19].

Mast cells are implicated in allergy and immunity. These
cells have also been considered as potential contributors of
inflammation in fibromyalgia [2]. IL-6 and TNF-alpha, two
main pro-inflammatory cytokines secreted from mast cells
are significantly higher in fibromyalgia patients when com-
pared to controls. Serum levels of neuropeptides such as
neuropeptide Y, corticotropin-releasing hormone, substance
P and its structurally related hemokinin-1 levels are also
elevated in fibromyalgia. These peptides can stimulate mast
cells to secrete cytokines. Pro-inflammatory cytokines can
further stimulate neurons to release more neuropeptides [28,
29]. Thus, a vicious cycle of inflammation is established in
fibromyalgia through neuron-inflammatory cell interaction.

Monocytes are precursors of pro-inflammatory cytokines.
At the beginning of an inflammatory process, monocyte
count increases in peripheral circulation. As cells migrate
in tissues to produce pro-inflammatory cytokines, monocyte
number shows a decrease. Taylor et al. examined the poten-
tial role of monocytes in fibromyalgia. Total percentage of
circulating monocytes was not different from that in healthy
controls. However, percentages of circulating monocyte sub-
types (intermediate and classical) were inversely correlated
with perceived pain [30].

Chemokines

Chemokines are small cytokines produced by various stim-
uli. Chemokines are divided in four categories as CC-,
CXC-, CX;C- and XC- chemokine ligands. Chemokine
receptors are highly distributed in glial cells, neurons,
neural progenitor cells and leukocytes. Chemokines play
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role in pain modulation and regulation through direct or
indirect mechanisms. Direct action is related to the acti-
vation of neurons, whereas indirect action is due to leu-
kocyte activation. Both peripheral and central nervous
system cells can be activated by chemokines. Therefore,
chemokines play important role in peripheral and central
sensitization [31]. This phenomenon might be of value
for the pathogenesis of fibromyalgia, as there is some evi-
dence that the chemoattractant chemokine levels are higher
than healthy population [32]. Wallace et al. undertook a
comparative analysis as to test the cytokine/chemokine
profile in fibromyalgia [33]. Concentrations of IL-6 and
IL-8, macrophage inflammator cerebrospinal fluid y pro-
tein-1 alpha and beta were combined to a single score and
compared among patients with fibromyalgia, rheumatoid
arthritis, systemic lupus erythematosus and healthy con-
trols. Each group revealed distinct cytokine/chemokine
profile and fibromyalgia group demonstrated less response
to mitogenic stimulation. The unique cytokine/chemokine
pattern in fibromyalgia showed diagnostic sensitivity and
specificity [33]. Instead of examining a limited number of
predetermined chemokines/cytokines, Bickryd et al. used
a multiplex protein panel to simultaneously analyze 92
inflammation-related proteins in fibromyalgia [34]. Neu-
roinflammation and systemic inflammation were assessed
in cerebrospinal fluid and plasma, respectively. High levels
of fractaline (a chemokine released from the first-order
neurons) and IL-8 in cerebrospinal fluid certified central
inflammation in fibromyalgia. On the other hand, high
plasma IL-8 level was consistent with systemic inflam-
mation [34].

Neutrophils participate as mediators of inflammation.
There is some evidence that neutrophil count is higher in
patients with fibromyalgia than that in healthy population
[35]. These cells secrete a variety of cytokines, chemo-
attractants and tissue-damaging molecules [36]. The neu-
trophil to lymphocyte ratio (NLR) is proposed as a prog-
nostic marker for systemic inflammation. Patients with
fibromyalgia have significantly higher NLR than healthy
population, indicating the potential role of neutrophil-related
inflammation in fibromyalgia [37, 38]. Endothelial cells
and endothelium-derived cytokines are other modulators of
inflammation. A study by Mertoglu et al. showed that level
of endocan, a proteoglycan produced by endothelial cells,
was significantly higher in patients with fibromyalgia when
compared to healthy controls [39].

Cytokine/chemokine profile in fibromyalgia should be
evaluated within the framework of aging, since inflamma-
tory response changes in elderly/older adults regardless of
fibromyalgia. On the other hand, menopause is another mile-
stone in female-specific cytokine production. In postmeno-
pausal women with fibromyalgia, pain catastrophizing, pain-
related anxiety and depression are correlated with IL-8 level
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[40]. Therefore, researchers should pay specific attention on
age-related factors including current menstrual status.

Lipid mediators

Adipokines have crucial role in immune response and
inflammation. Passing through the brain-blood barrier,
adipokines can also modulate central activity and cen-
tral pain regulation. Adiponectin is considered as an anti-
inflammatory adipokine. Visfatin, lesitin and leptin have
been described to have pro-inflammatory features [41].
Leptin increases the number and vitality of T lymphocytes
and also attracts macrophages via monocyte chemoattractant
protein-1 [42]. Moreover, leptin enhances pain sensitivity
through neuropeptide Y-dependent mechanism and consid-
ered as a pro-nociceptive adipokine. In patients with fibro-
myalgia, cerebrospinal leptin level is higher and adiponectin
level is lower than serum levels [41]. This finding can be
important for explaining central-mediated comorbidities in
fibromyalgia.

Adipocytes are sources of adipokines and chemokines.
Therefore, adipocytes bear a great potential to enhance
inflammatory response [43]. Adipose tissue that is com-
posed of preadipocytes, adipocytes and immune cells has
been considered as a regulator of pain and inflammation
in fibromyalgia. However, the recent literature has conflict-
ing results with increased, decreased and unchanged levels
of leptin in patients with fibromyalgia [42, 44—46]. Studies
showed no correlation between leptin level and clinical vari-
ables (pain threshold, tender point count, quality of life, and
mood) or inflammatory parameters (monocyte chemoattract-
ant protein-1 and C-reactive protein) [42, 44]. On the other
hand, smoking is associated with higher pain experience in
fibromyalgia. This effect is partly driven by the deregulation
of leptin-neuropeptide Y interaction [41].

Endocannabinoid system modulates immune cell func-
tion. Stensson et al. evaluated the relation between endocan-
nabinoidome lipid mediators and symptoms of fibromyalgia.
The results revealed higher levels endocannabinoid lipids
in patients with fibromyalgia when compared to controls.
However, their biologic roles on comorbidities remained
uncertain [47].

Reactive oxygen species and free radicals

Oxidative stress and inflammation are interconnected. In
inflammatory disease, inflammation increases the energy
demand and contributes to a hypoxic state. On the other
hand, mitochondrial dysfunction in inflammatory diseases
leads to an increase in reactive oxygen species. Oxidative
damage causes further inflammation, creating a vicious cycle
[48]. With their high-lipid content, neural cells are sensible
to reactive oxygen species and lipid peroxidation. Therefore,

oxidative stress can be regarded as a confounder of neuro-
inflammation [49]. Several studies showed increased levels
of oxidative stress markers in fibromyalgia [50, 51]. Mito-
chondrial dysfunction, impaired bioenergetics and reduced
anti-oxidant enzyme levels are considered as underlying
factors of oxidative stress and inflammation in fibromyalgia
[50]. Blood mononuclear cells of fibromyalgia patients have
reduced mitochondrial DNA content and coenzyme Q10 and
contain high levels of reactive oxygen species [51]. Reactive
oxygen species lead to lipid peroxidation and increase in
oxidative products such as lysophosphocolines. Lysophos-
phocolines, acting through platelet-activating factor recep-
tor, can contribute to inflammation and pain [52]. Adenosine
monophosphate-activated protein kinase (AMPK) plays reg-
ulatory role in all these events [50]. Modulation of AMPK
can reduce inflammatory response by inhibiting the NOD-
like receptor family, pyrin domain containing 3 (NLRP3)
inflammasome [53].

Skin is a tissue that is involved in nociception. Skin-
related symptoms are associated with small fiber neuropathy
in fibromyalgia. Besides, skin biopsies from fibromyalgia
patients reveal mitochondrial dysfunction, decreased coen-
zyme Q10 level, reduced mitochondrial DNA content and
enzyme activity [54]. Damaged mitochondrial DNA accu-
mulation in a cell leads to an innate inflammatory response.
Accordingly, mitochondrial DNA content in fibromyalgia is
inversely correlated with TNF-alpha levels.

Plasma-derived inflammatory mediators
in fibromyalgia

Plasma-derived mediators of inflammation include the com-
plements, coagulation factors and acute phase proteins:

Complements and coagulation factors

Evidence regarding the role of complement and coagulation
systems in fibromyalgia pathogenesis is relatively limited.
A recent study examined the plasma proteome profile of
patients with fibromyalgia. Moreover, the study analyzed
the molecular network/pathways related to the overexpressed
proteins in fibromyalgia. Researchers determined 33 differ-
ently expressed proteins, majority of which were related to
inflammatory pathways such as coagulation system, com-
plements and acute phase response signaling [34]. As an
important finding, the results highly overlapped with those
reported by Gerdle et al. in their cross-sectional study on
chronic widespread pain [55].

Complement and coagulation systems play crucial roles
in inflammation. Pathways related to complement proteins
are mainly triggered by immunoglobulin M- and G-antigen
complexes. High immunoglobulin M level in patients with
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fibromyalgia is consistent with this knowledge [5]. Several
coagulation factors are overexpressed in fibromyalgia and
most of these proteins can activate the complement cascade.
The extrinsic and intrinsic plasminogen-activating systems
are related to these coagulation factors. Therefore, fibromy-
algia can be considered as a pro-coagulant condition. Higher
expression of fibrinogen and alterations in platelet distribu-
tion in fibromyalgia support this theory [5, 37].

Acute phase proteins

Acute phase proteins are categorized as positive and nega-
tive acute phase reactants. As indicators of inflammation,
positive acute phase reactants are upregulated in fibromyal-
gia, while negative acute phase proteins are decreased. As an
indirect measure of this finding, there is some evidence that
erythrocyte sedimentation rate is higher in fibromyalgia than
that in healthy controls [5]. However, there is also evidence
showing that erythrocyte sedimentation rate is unchanged in
patients with fibromyalgia [25, 37, 56]. Data on C-reactive
protein are also conflicting [13, 25, 37, 57, 58]. A study with
a large sample size revealed a positive association between
C-reactive protein and fibromyalgia. However, this asso-
ciation was attenuated after adding body mass index and
comorbidities in the model. Sleep impairment and mood
disorders also attenuated, but did not eliminate this relation-
ship [57]. The results revealed that obesity and comorbid
conditions are partly responsible for the inflammatory status
in fibromyalgia [25, 57, 59].

Platelets are positive acute phase reactants that are highly
produced in response to inflammatory conditions, whilst
decreased lymphocyte number is related to an uncontrolled
inflammatory state. Therefore, platelet to lymphocyte ratio
might be considered as an indicator of inflammation. As
a sign of inflammatory status, platelet to lymphocyte ratio
shows increase in fibromyalgia [38].

Fig. 3 Potential therapeutic
options targeting inflammation
in fibromyalgia (ROS reactive
oxygen species, MBSR mind-
fulness-based stress reduction,
WBT whole-body cryotherapy,
SNRI serotonin and norepineph-
rine reuptake inhibitor)

Potential therapeutic options targeting
inflammation

The clinical importance of inflammation in fibromyalgia
is related to its potential role in diagnostic and therapeu-
tic decision making. Certain cytokines (IL-6, IL-8 and
TNF-alpha), cytokine/chemokine profile, acute phase reac-
tants and adipokines are suggested as diagnostic markers
in fibromyalgia. There are also cell-based markers such as
NLR, platelet count, platelet to lymphocyte ratio and mito-
chondrial DNA content. Each can provide some insight on
the inflammatory state in fibromyalgia patients. However,
knowledge so far indicates that none of these inflammation
markers alone are diagnostic/predictive biomarkers for fibro-
myalgia. As for management of the patient, there are several
potential therapeutic options targeting inflammation-related
pathways in fibromyalgia (Fig. 3).

Anti-cytokine therapy

Pro-inflammatory cytokines are main confounders of inflam-
mation. These molecules can also contribute to the initia-
tion/progression of comorbidities such as generalized pain,
fatigue, sleep impairment and mood disorders in fibromy-
algia. Therefore, pro-inflammatory cytokines have been
considered as potential targets of treatment. Mastrangelo
et al. suggested that anti-inflammatory cytokines such as
IL-37 could serve therapeutic benefits by inhibiting IL-1
and TNF-alpha [2]. However, literature so far does not spec-
ify any monoclonal antibodies or other biologic drugs in
fibromyalgia treatment. Future research is needed to evalu-
ate the potential role of biologics in the management of
fibromyalgia.

Evidence so far confirms that low-dose naltrexone has
beneficial effects in patients with fibromyalgia [60, 61].
Baseline inflammatory status defined by erythrocyte sedi-
mentation rate, predicts the response to naltrexone [60].

*

Potential
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MBSR
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Therefore, a potential immunomodulatory effect of naltrex-
one might be possible. Confirming this suggestion, a single-
blind, crossover trial revealed that 8§ weeks administration of
low-dose naltrexone was related to the reduction of cytokine
levels in plasma. It is noteworthy to state that the cytokines
most suppressed by low-dose naltrexone were those involved
in nociception, allodynia and hyperalgesia [61].

Palmitoylethanolamide is a fatty acid amine that provides
anti-inflammatory effects by inhibiting mast cell degranu-
lation, release of cytokines and immune-related activation
of glial cells. An open-label non-randomized, non-blinding
study showed that palmitoylethanolamide therapy in com-
bination to pregabaline and duloxetine provided additional
benefit in terms of pain relief [62]. As potent inhibitors of
inflammation, glucocorticoids might be considered to have
therapeutic effect in fibromyalgia. However, a clinical study
on fibromyalgia showed reduced sensitivity of circulating
monocytes to the immunosuppressive effects of glucocorti-
coids [35]. Besides, it was shown that higher dexamethasone
dose was required to inhibit IL-6 production in fibromyal-
gia patients. This finding is in line with the hypothesis that
main clinical features of fibromyalgia (fatigue and pain) are
associated with disturbed glucocorticoid receptor signaling
pathway, instead of reduced glucocorticoid levels, as the
reduction in glucocorticoid sensitivity is accompanied by
increased fatigue frequency [35]. On the other hand, reduced
sensitivity of monocytes to the immune-suppressive effects
of glucocorticoids has also potential importance for treat-
ment strategies in fibromyalgia. Although glucocorticoids
are potent anti-inflammatory molecules, disturbed gluco-
corticoid receptor signaling pathway blocks this potency in
fibromyalgia.

Serotonin and norepinephrine reuptake inhibitors are
recommended treatment options for fibromyalgia [63].
Researchers have focused on their anti-inflammatory poten-
tials through serotonin- and noradrenaline-related pathways
[64]. Milnacipran, a dual reuptake inhibitor, acts its thera-
peutic effect partly by targeting glial activation and thereby
inhibiting neuroinflammation. It reduces ventricular lactate,
which serves as a proxy for central inflammation [65].

In terms of non-pharmacological treatment options,
lifestyle modifications (smoking cessation, regular physi-
cal activity and healthy dieting) would be of value. Since,
gastrointestinal dysbiosis, vitamin D insufficiency/defi-
ciency and obesity are potential contributors of inflam-
matory diseases [66]. Dietary weight loss alone can reduce
IL-6 levels in fibromyalgia [67]. Whole-body cryotherapy
has been suggested as a therapeutic modality for inflam-
matory conditions. Research on fibromyalgia revealed
favorable results, as well. In a comparative study by Bet-
toni et al., patients treated with cryotherapy reported more
improvement in pain perception, fatigue and quality of
life than those in the non-cryotherapy group [68]. The

effectiveness might be in part related to the immunomodu-
latory effects of cold therapy. On the other hand, a number
of studies showed that mud-bathing therapy and/or bal-
neotherapy were effective in reducing inflammatory mark-
ers in patients with fibromyalgia [69, 70]. Acupuncture
is another non-pharmacological option for fibromyalgia.
Acupuncture was shown to drive its pain modulatory effect
by decreasing neuropeptide Y levels in patients with fibro-
myalgia [29]. Overall, further research is needed to sup-
port the limited evidence regarding non-pharmacological
therapies.

Stress induces pro-inflammatory cytokine production.
Therefore, mindfulness-based stress reduction might be a
reasonable therapeutic option for suppressing inflamma-
tion in patients with fibromyalgia. Mindfulness meditation
improves psychological comorbidities in fibromyalgia. It
has been proven that mindfulness-based stress reduction
reduces anger and anxiety, thereby improves mood and
social isolation in fibromyalgia. Mindfulness meditation
can also be beneficial in relieving generalized pain [71,
72]. However, further studies are required to clarify the bio-
logic background of mindfulness-based symptom relief in
fibromyalgia.

Anti-oxidants and mitochondrial protector drugs

Mitochondrial dysfunction is supposed to play crucial role
in fibromyalgia pathogenesis. Mitochondrial biogenesis
activators and mitochondrial protector drugs may serve as
new therapeutic options. AMPK is one of the regulators of
oxidative stress and peripheral sensitization of nociceptors.
Therefore, new therapeutic strategies such as metformin and
caloric restriction might help restoring this master regula-
tory molecule. Since, it was already shown that metformin
and caloric restriction enhance AMPK function and improve
defense against oxidative stress [50]. Besides, in a series
of fibromyalgia patients, oral supplementation of coenzyme
Q10 (a powerful free radical scavenger) was found effective
in reducing TNF-alpha levels and improving clinical out-
comes including headache and pain [51, 73]. This finding
might be related to the inhibitory effect of coenzyme Q10 on
NLRP3 inflammasome [74]. Melatonin and its precursor ser-
otonin are also important in removing oxygen radicals [75].
A phase II, randomized, double-dummy, controlled trial
showed that 10 mg/day melatonin potentiated the inhibitory
endogenous pain-modulating system, with better responses
than amitriptyline alone in improving pain [76]. Hyperbaric
oxygen therapy is supposed as a new therapeutic option in
fibromyalgia. A prospective, active control, crossover trial
revealed that hyperbaric oxygen was effective in relieving
symptoms, improving quality of life and rectifying abnormal
brain activity in patients with fibromyalgia [77].
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Exercise

Exercise is strongly recommended as a non-pharma-
cological treatment option for fibromyalgia [63]. There
are several underlying mechanisms of exercise-related
benefits. The potential role of exercise on inflammation
has attracted attention in recent years [78—83]. Research
mainly focused on aerobic exercise [78—80]. Even a sin-
gle bout moderate cycling enabled decrease in IL-8, cor-
tisol and heat shock protein levels, as well as in neutro-
phil chemotaxis and monocyte’s cytokine release [80].
Results regarding aquatic exercise are also favorable [82,
83]. Aquatic exercise for 8§ months (two sessions per week,
60 min per session) provided a neuro-immuno-endocrine
adaptation as evaluated through neutrophil chemotaxis,
monocyte’s cytokine production, IL-8, C-reactive protein
and noradrenaline levels [82, 83]. Contradicting these
findings, no anti-inflammatory effect was obtained by
progressive resistance exercise [84]. However, response
to resistance exercise was prominent in lean patients, with
significant changes in IGF-1 and leptin levels following
15 weeks of exercise program [79]. A recent study evalu-
ated the effect of a single session of whole-body vibration
on inflammatory biomarkers. Adiponectin and soluble
TNF receptor 1 levels reduced after treatment. This find-
ing is consistent with the exercise-enhanced adaptation to
stress response [85].

Concluding remarks

Fibromyalgia has a multifaceted pathophysiology. Research
so far confirms that immune system is an important part
of this complex pathogenesis. Pro-inflammatory cytokines,
reactive oxygen species and plasma-derived inflammatory
factors play distinct roles in inflammatory response. There
have been attempts to find new therapeutic options target-
ing the inflammatory network and potential confounders of
inflammation. Further research is required to clarify the role
of inflammation in fibromyalgia-related comorbidities, as
well as to shed light on potential therapeutic options.
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