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This book is a compilation of chapters, of which two chapters review the treatment 
strategies for fibromyalgia syndrome (FMS), and one chapter describes the role of 

mitochondrial dysfunction and related pathology in the FMS pathogenesis and reviews 
the appropriate treatment moieties. This book chapter reviews the phenotypic changes 
that alter the diagnostic criteria and disease activity measures when FMS is comorbid 

in three potentially painful selected rheumatic diseases. The introductory preface 
takes the form of an editorial in which I challenge the concept that inflammation, 

measured as cytokine activity, plays a prominent role in the FMS pathogenesis.

All of these chapters and the Preface are authoritative and accomplished discussions 
that provide novel perspectives on rarely addressed FMS topics.
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Preface

I began my career in rheumatology in 1971. As an intern, I took over the rheumatology clinic on
Wednesday mornings for indigent patients staffed by an intelligent, recently graduated rheu‐
matologist. He knew all the latest about rheumatic diseases. In hindsight, it was not much.

In those days, we had an anemic treatment arsenal for most rheumatic diseases, including
rheumatoid arthritis (RA) that, in fact, barely worked. Antimalarials, parenteral gold, corti‐
costeroids, d-penicillamine, and the relatively new prostaglandin inhibitors such as ibupro‐
fen were included among them [1]. The science of RA was also relatively primitive [2]. We
knew that RA was an inflammatory disease, but immunology was in its infancy and consist‐
ed chiefly of T cells, B cells, serum complement, and a few circulating inflammatory pro‐
teins, one of which was associated with malignancy and caused wasting called cachectin,
later named tumor necrosis factor-alpha.

Even more so for fibromyalgia syndrome (FMS), it was then known as fibrositis. Although a
great many etiopathologic hypotheses existed, a “functional condition” was largely consid‐
ered; that is, function was subjectively impaired, but no pathophysiologic abnormalities
were evident [3]. Most local practitioners considered it as imaginary, prescribed “a sedative”
or an opiate, and sent the patient away without follow-up [4].

Today, we have made fantastic strides in both understanding the pathophysiology and
treating RA. We have identified various biochemical players in what we now know to be an
extensive, redundant inflammatory cascade and blocked their activity. Remission or near-re‐
mission is now an achievable outcome [5].

Alternatively, although we understand some of the factors that play an etiopathologic role
in FMS such as depression, anxiety, helplessness, disordered sleep, and poor physical condi‐
tioning, the biochemistry underlying and connecting these factors remains mysterious [6].
And unfortunately, even when we therapeutically manipulate a few mechanistic factors that
we do understand such as serotonin or norepinephrine, the response is very limited [7].

Back in the early 1970s, most RA experts were opposed to the use of antineoplastic drugs or
a combination of agents to improve inflammation in rheumatoid arthritis [8]. From my per‐
spective, a rheumatology fellow who was being taught by Art Schebrel to use methotrexate
and other cytotoxic agents in 1974 to treat various rheumatic diseases, I learned through
contemporary literature, as well as angry calls and letters that the rheumatology community
viewed this kind of treatment metaphorically as “A bull looking for a china shop.” Antici‐
pated unacceptably, high toxicity was the major issue [9]. Fortunately, those dire prophecies
failed to materialize.
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In retrospect, maybe the rheumatology community should have been a little more intellectu‐
ally curious about new therapies for RA and novel etiopathogenic hypotheses. They also
should have allowed themselves to be more skeptical about the results of contemporary
treatment, the very modest outcomes associated with prevailing therapies, and the flawed
etiopathogenic hypotheses. Had attitudes been a little more opened-minded, the treatment
outcomes of RA and its science might have progressed more rapidly.

Our understanding of FMS pathogenesis and treatment remains relatively rudimentary
compared to that of RA. So, it is in our and our patients’ best interest to adopt those atti‐
tudes that were largely missing in understanding RA in 1970. We must remain open-mind‐
ed manifested as curiosity a skepticism if the science of FMS and its treatment for FMS and
its science is to progress. To that end, this book is useful.

Skepticism is the prominent intellectual attitude adopted in the first chapter. Because FMS is
classified among autoimmune diseases and because most of the signs and symptoms includ‐
ing pain and fatigue are due to inflammatory autoimmune mechanisms, it might follow that
the signs and symptoms of FMS are also due to inflammation. While it is true that inflamma‐
tory cytokines have been reported to be elevated in FMS in a few studies, the serologic concen‐
trations in FMS are trivial compared to levels in active RA. It has also been shown that
treatment with agents that nonspecifically lower serum cytokine concentrations do not im‐
prove signs and/or symptoms in FMS. Finally, primary depression, sleep disturbance, and
other core FMS symptoms have been reported to be associated with similar low-level cytokine
elevation that has been suggesting multifactorial etiology for any cytokine elevation in FMS.

In the second chapter, which is an exercise in curiosity, the authors present plausible hy‐
potheses and provide preliminary data to show that oxidative stress plays at least a partial
role in FMS etiopathogenesis.Dysfunction of both the endocrine and autonomic nervous sys‐
tems is common in FMS, the etiology of which can be CNS damage from oxidation by free
radicals. They invoke mitochondrial dysfunction as a primary explanation for this damage
and show that antioxidants such as CoQ10 improve signs and symptoms associated with
this damage. A curious attitude concludes that this concept begs further elucidation.

Chapter 3 should appeal to the skeptics. Western theories of treatment development are often
reductionist, that is, discover the occult biological mechanisms underlying signs and symp‐
toms, modify them, and expect reciprocal change. The skeptic might ask, “Why make it so
difficult?” For instance, helplessness worsens the pain of FMS. Education reduces helpless‐
ness. Simple. Sleep is disrupted in FMS. Sleep hygiene is taught. Simple. The third chapter
examines the studies that have shown empirical benefit from these practical interventions.

The fourth chapter appeals primarily to intellectual curiosity. The biological effects of sub‐
stances that are “natural” can be mild-to-profound, beneficial, or not so much. Consider, for
example, acetylsalicylic acid, on the positive side, and arsenic as an alternative. The authors
provide well-referenced discussions of various natural products, efficacy trials, and clear de‐
scriptions of the beneficial effects and toxicities. They also address the mechanisms of action
in the context of presumed FMS pathophysiology. We should expect that as these natural
products are refined, just as digitalis leaf yielded a safer and more effective digoxin, new
FMS medicines should emerge.

The last chapter invokes both skepticism and curiosity; skepticism is about the validity of
outcome measures for some autoimmune diseases, in which pain and fatigue are the pri‐
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mary symptoms, and curiosity is about the phenotypic alterations by comorbid FMS. What
does such a modification do to diagnostic criteria and measures of disease activity? As it
turns out, when FMS is comorbid, the validity of outcome measures in the primary disease
is modified, and diagnostic phenotypic changes are considerable. This is particularly true of
indices that consist of subjective, patient-only-report measures. The resulting diagnostic and
treatment considerations are discussed.

The science and treatment of FMS, when compared to that of RA, have much catching up to
do. This little book about unusual FMS topics is a step in the right direction.

William S. Wilke MD,
Senior Staff Physician

Rheumatology Department, Orthopedic and Rheumatology Institute (retired)
Cleveland Clinic, Cleveland, OH, USA
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Fibromyalgia
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1. Introduction

Among the chapters in this monograph are those that examine the treatment of fibromyalgia 
syndrome (FMS) using nonpharmacologic natural products and other relatively novel agents 
[1–3]. Although the modes of therapy described are diverse, a role for disordered immune 
mechanisms is implicit in each of the three chapters. These include reference to sulfur springs 
considered to inhibit interleukin-2 and interferon-gamma [1], introductory explanations of 
FMS pathogenesis that invokes inflammatory dysfunction [2], and mention of inflamma-
tory cytokine production associated with autonomic nervous system dysfunction-stimulated 
microglial and astrocyte cell activation [3]. The discussion in the fourth chapter about the 
impact of FMS on the evaluation of inflammatory diseases assumes the opposite that clini-
cally significant inflammation is not a feature of FMS [4].

2. Case (should have been previously) closed

Face validity favoring a major pathogenic role for cytokine-mediated inflammation in FMS 
has been addressed in the past. Although initial reports of intermuscular fibrous tissue inflam-
mation by Stockman led Gowers to name the condition “fibrositis,” [5, 6], contemporary light 
and magnetic resonance imaging histological reports showed no evidence for peripheral mus-
cle inflammation [7, 8]. These data should have closed the book on inflammation as a promi-
nent etiopathogenic mechanism in FMS. Then along came inflammatory mediators.

In some contemporary reviews of FMS pathogenesis, inflammation is referenced in passing, 
as it is in these three chapters [9]. Whether this is done for “completeness,” after all, FMS is 

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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often misclassified as a “connective tissue disease” (a misnomer), most of which are inflam-
matory in nature, or that such reference adds a sort of “scientific patina” to the discussion is 
unclear.

This review examines the validity of the concept that cytokine- and chemokine-driven inflam-
mation is relevant to the pathogenesis of FMS.

3. Background

At least three observations have been used to provide circumstantial or hypothesis-generating 
evidence to advance a role for inflammatory pathogenesis:

1. The symptoms and signs of “sickness behavior” observed in FMS can be experimentally 
induced by inflammatory cytokines [10].

2. Similar alteration of the hypothalamic–pituitary axis and autonomic nervous system ob-
served in FMS has been etiopathogenically linked to elevated inflammatory cytokines, in-
cluding interleukin-1 (IL-1), in a variety of clinical settings other than FMS [11–14].

3. Symptoms of disordered sleep, hyperalgesia, and cognitive dysfunction much like FMS 
were observed when patients with renal cell carcinoma were treated with interleukin-2 
lymphokine-activated killer (IL-2 LAK) cell therapy and when chronic hepatitis patients 
were treated with interferon alpha [15].

4. Experimental evidence for cytokine/chemokine pathogenesis

1. Previous inconsistent reports have demonstrated that C-reactive protein (CRP) can be 
marginally higher in FMS subjects than in parallel healthy controls [16]. In this analysis, 
however, serum inflammatory cytokines were not higher than in healthy controls.

2. Inconsistent elevation of a variety of serum cytokines has, however, been observed in some 
studies [16–24]. In a meta-analysis of 25 FMS studies, 1255 FMS, and 800 healthy controls 
(HC), interleukin-1 receptor antagonist (IL-1ra), interleukin-6 (IL-6), and interleukin-8 (IL-8) 
were the most likely inflammatory cytokines to be elevated [25].

Three integrated reviews, although acknowledging discrepancies in the literature, attempted 
to associate cytokine abnormalities with core FMS symptoms [26–28]. The first concluded, 
“There are discrepant findings related to whether pro-inflammatory and anti-inflammatory 
cytokines are elevated or reduced in persons with FMS and whether they correlate with core 
symptoms.” [26]. The second [27] critiqued one of the more persuasive analysis, “….. may 
have cytokine driven abnormalities to explain their pain…IL-1ra and IL-6 were significantly 
higher after stimulating PBMC of FMS patients compared to controls [29].” The results of this 
study were not corroborated in a second study [24].

Discussions of Unusual Topics in Fibromyalgia2

The third review of 12 separate analyses reported increased inflammatory cytokines IL-1ra, 
IL-6, and IL-8, and anti-inflammatory interleukin-10 (IL-10) or low anti-inflammatory inter-
leukin-4 (IL-4) and IL-10 [24]. Among the inflammatory chemokines also linked to signs and 
symptoms, monocyte chemoattractant protein-1 (MCP-1), eotaxin among others, were elevated.

Two potentially innovative separate controlled analyses described cytokine and chemokine 
concentrations in the supernatant after mitogen stimulation of cultured monocytes, using a 
logistical regression model to achieve statistically determined weighting for each chemokine 
and cytokine, and offered this score as diagnostic test for FMS [30, 31]. Of interest, the inflamma-
tory cytokines and chemokines including IL-6 were lower in concentration compared to healthy 
controls or individuals with autoimmune disease. These findings suggest increased damping 
control of inflammation in FMS. The authors of both these studies, however, failed to determine 
the prevalence of depression or analyze its potential effects on cytokine concentrations.

Among the most novel analyses was a report of elevation of intrathecal IL-8 derived from glia 
cells supporting the hypothesis that FMS symptoms might be mediated by glial cell activation 
through sympathetic nervous system mechanisms [32].

In summary, in individuals with FMS, peripheral blood IL-6, IL-1ra, and IL-8 concentrations 
may be a bit higher and IL-4 and IL-10 lower, and IL-8 may be relatively higher in the cerebral 
spinal fluid than in healthy controls. Inflammatory chemokines may also be higher than in 
healthy control patients.

5. Depression and inflammation

Depression and FMS are very often comorbid and show a bidirectional association [19, 33–38]. 
The prevalence of depression in FMS has been estimated to range from 20 to 80% in a detailed 
review [39]. Furthermore, the severity of comorbid depression correlates with FMS severity 
measures [40–42]. We have reported that depression, with a 73% prevalence, correlated better 
with core FMS symptoms than did any other variable in a cohort of 305 FMS patients [43].

As in FMS, similar mild elevation of CRP and inflammatory cytokines and chemokines have 
been demonstrated in depressed individuals in controlled analyses [44–53]. Many primary 
analyses of FMS inflammation [15, 30, 31, 54–56] and reviews [23, 28], however, failed to con-
trol for depression. This is an unfortunate omission.

Maes and colleagues evaluated the serum concentrations of inflammatory cytokines in rela-
tionship to depression among 21 FMS patients compared to 33 healthy controls [57].

Serum soluble gp130, an important inflammatory cytokine signal transducer, and a soluble 
interleukin-6 receptor, Il-1 ra, were significantly higher in FMS patients with a Hamilton 
Depression Rating Scale score >16 than in FMS patients with scores of 16 or lower or in healthy 
controls. In the opinion of the Menzies’ integrated review, which included the Maes analysis, 
higher inflammatory cytokines in FMS, including IL6, were related to the degree of depression, 
although inconsistencies were common [26].
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Of interest, higher body mass index partially explained cytokine differences as has been 
shown in depression [18, 52]. Therefore, inflammation in FMS, measured as higher serum 
concentrations of cytokines and chemokines, is multifactorial and not necessarily due solely 
to FMS pathophysiology.

Serum inflammatory cytokine concentrations correlate with the degree of depression and fall 
with effective treatment of depression [58]. Not surprisingly, inflammatory cytokine concentra-
tions have also been shown to correlate with pain symptoms in primary depression alone [59].

This phenomenon even occurs when the treatment is nonpharmacological, suggesting an 
intrinsic etiopathophysiologic relationship of inflammatory cytokines with depression [46]. 
This analysis also demonstrated that despite a significant fall of cytokine concentration from 
baseline, the CRP was not significantly lower.

In summary, these two analyses demonstrate a pain symptom signature integral to depres-
sion and that cytokines, while slightly higher in depression than in healthy controls, are in fact 
trivial with respect to overall inflammation measured as CRP.

6. Different process mechanisms: RA versus FMS/depression

6.1. RA

In rheumatoid arthritis (RA) comorbid FMS is associated with disproportionately higher values 
for the subjective components, patient global assessment (PtGA), and tender joint count (TJC), 
which in turn inflate the disease activity score (DAS). This phenomenon is largely mediated 
by higher patient assessed pain, fatigue, and especially poor mood, and variables that define 
the criterion, distress, and the etiopathogenesis of FMS [60–64]. As a potential explanation, 
depression alone can disproportionately increase pain sensitivity, the tender joint count (TJC), 
and a patient’s sense of wellbeing, such as PtGA in RA [19, 65]. Higher subjective signs and 
symptoms then inflate the DAS. It is important to note that concomitant FMS and depression 
in RA are not associated with obvious, clinically significant increases of CRP or erythrocyte 
sedimentation rate [42, 62, 65].

Differential response to the treatment of the so-called subjective versus objective variables is 
a hallmark of comorbid FMS and/or depression in RA. In a prospective analysis of 668 RA 
patients, 18% with comorbid FMS had higher DAS and Health Assessment Disability Index 
at baseline compared to patients without FMS [66]. The TJC and PtGA were significantly 
higher, but the objective factors, ESR, and swollen joint count (SJC) were significantly lower in 
patients with FMS compared to patients with RA alone. Achievement of low disease activity 
and remission were significantly less likely in the comorbid FMS cohort. Others have con-
firmed these observations [67].

A very instructive, early, placebo-controlled trial showed that the pain of FMS did not respond 
to the treatment with prednisone 15 mg/day [68]. So too, unlike dose-related reduction of 
objective signs in RA such as the swollen joint count (SJC) and CRP, FMS-related inflated 
subjective signs and symptoms are resistant to aggressive anti-immune, anti-inflammatory 
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RA treatment [69–71]. In fact, a treatment response resulting in remission in RA comorbid 
with FMS should not be expected because the higher, poorly responsive PtGA and TJC are not 
due to RA biological disease activity, but in fact to poorly responsive noninflammatory FMS 
central pain mechanisms [69].

7. Differential magnitude of inflammatory response

Mean CRP values, although reported elevated in some FMS populations compared to control 
populations, are still within the range of normal CRP [72]. Given this observation, it is both 
instructive and necessary to consider whether cytokines follow this same pattern.

7.1. Rewrite cytokine section

In RA, serum concentrations of IL-6 measured by enzyme immunoassay (ELISA) [73] in >900 
patients demonstrated mean ~ 43 pg/ml, for all, and ~54–84 pg/ml for those with active dis-
ease [55]. In another population of 66 RA patients, using a similar assay, IL-6 levels declined 
to 22.5 pg/ml in low disease activity [74].

Contrast these serum levels with serum levels in depression and FMS. Using a different more sen-
sitive ELISA assay, Grosse reported mean IL-6 serum concentration of 1.17 ± 2.59 for 214 patients 
with major depression disorder (MDD) and 0.66 ± 1.94 for healthy controls (HC) [50]. In another 
analysis of 64 MDD patients and 80 healthy controls, IL-6 levels were reported statistically higher 
in depression than in controls, 1.39 ± 0.35 versus 0.45 ± 0.28 pg/ml using yet another ELISA [47].

These same comparatively low serum levels were reported in FMS, with IL-6 in the range of 
16 pg/ml in FMS and 1 pg/ml in healthy controls using yet another ELISA assay [75]. Although 
higher than HCs, the levels are very low when compared to those in RA.

This discussion apparently shows that inflammatory cytokines, even when relatively elevated 
in FMS, are much lower than in mildly active RA. If this is true, then the elevations in FMS 
may not be sufficiently high to initiate clinical signs or symptoms. Unfortunately, as can be 
seen, diverse assays that produce diverse serum and cellular concentrations and the lack of 
control for diurnal variation make precise comparisons between diseases difficult.

Fortunately, two papers do allow comparison. The authors of both studies used very simi-
lar ELISA methods. In 16 RA patients with varying disease activity, overnight IL-6 values 
ranged from a mean of ~40 pg/ml at 11 PM to a peak of ~60 at 8 AM with large individual 
variations [76].

In FMS, although the mean values for IL-6 were statistically significantly higher in FMS 
patients than in healthy controls at night (2.94 versus 2.14 pg/ml), these serum concentrations 
were at least 10 times lower in FMS than in RA [56]. Are these meager elevations of IL-6, ~0.80 
pg/ml in FMS compared to HCs, sufficiently high enough to explain clinical differences?

Let us postulate that mildly elevated cytokines in the CNS such as IL-6 and IL-8 [32] produced 
by microglial and/or astrocyte cells are sufficient to interfere with processing and produce 
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with major depression disorder (MDD) and 0.66 ± 1.94 for healthy controls (HC) [50]. In another 
analysis of 64 MDD patients and 80 healthy controls, IL-6 levels were reported statistically higher 
in depression than in controls, 1.39 ± 0.35 versus 0.45 ± 0.28 pg/ml using yet another ELISA [47].

These same comparatively low serum levels were reported in FMS, with IL-6 in the range of 
16 pg/ml in FMS and 1 pg/ml in healthy controls using yet another ELISA assay [75]. Although 
higher than HCs, the levels are very low when compared to those in RA.

This discussion apparently shows that inflammatory cytokines, even when relatively elevated 
in FMS, are much lower than in mildly active RA. If this is true, then the elevations in FMS 
may not be sufficiently high to initiate clinical signs or symptoms. Unfortunately, as can be 
seen, diverse assays that produce diverse serum and cellular concentrations and the lack of 
control for diurnal variation make precise comparisons between diseases difficult.

Fortunately, two papers do allow comparison. The authors of both studies used very simi-
lar ELISA methods. In 16 RA patients with varying disease activity, overnight IL-6 values 
ranged from a mean of ~40 pg/ml at 11 PM to a peak of ~60 at 8 AM with large individual 
variations [76].

In FMS, although the mean values for IL-6 were statistically significantly higher in FMS 
patients than in healthy controls at night (2.94 versus 2.14 pg/ml), these serum concentrations 
were at least 10 times lower in FMS than in RA [56]. Are these meager elevations of IL-6, ~0.80 
pg/ml in FMS compared to HCs, sufficiently high enough to explain clinical differences?

Let us postulate that mildly elevated cytokines in the CNS such as IL-6 and IL-8 [32] produced 
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centrally mediated pain. We are still left with the lack of clinical response to moderate daily 
prednisone and even more aggressive antirheumatic, anti-inflammatory treatments which 
have been shown to reduce inflammation due to cytokines [67, 68, 71, 77].

There is little question that FMS does associate with mild cytokine change, such as reduced 
diurnal variation of IL-6 compared to healthy individuals [56]. Forensic objectivity, how-
ever, would seem to indicate that the described modest changes in inflammatory mediators, 
whether primary or secondary, do not seem sufficient to be responsible for clinically relevant 
FMS symptoms. Furthermore, in some very legitimate contemporary hypotheses of FMS etio-
pathogenesis, there is no role for chronic cytokine-mediated processes [78, 79].

8. Conclusions

The key points from this discussion are:

1. Although a minority of studies found CRP elevated in FMS compared to healthy controls, 
the mean high value was still within the normal range.

2. Depression, which is very often comorbid with FMS, was not well controlled in many 
cytokine/chemokine analyses. When it was, it was shown to significantly contribute to 
higher cytokine values.

3. Fibromyalgia symptoms, whether as the primary diagnosis or as comorbid in RA, do not 
respond to anti-inflammatory, anti-immune therapy.

4. Both stimulated and unstimulated cytokine and chemokine studies have employed a variety 
of methods of measurements that make cytokine levels difficult to analyze between diseases. 
A few comparisons have shown relatively trivial values in FMS compared to proven inflam-
matory disease such as RA.
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Abstract

Fibromyalgia (FM) is a syndrome that presents primarily in women and is characterized 
by generalized pain, muscle rigidity, poor quality of sleep, fatigue, cognitive dysfunc-
tion, anxiety, episodes of depression, overall sensitivity, and deterioration in the perfor-
mance of day-to-day activities. In the pathophysiology of fibromyalgia neuroendocrine 
factors, anomalies of the autonomous nervous system, genetic characteristics, and envi-
ronmental and psychosocial factors are implicated. Alterations to the cells of the central 
nervous system that are present in fibromyalgia are due to the toxic effects of free radi-
cals by the high concentrations of polyunsaturated fatty acids of the membranes that are 
easily oxidized and the low level of protective antioxidant enzymes. In FM, defects are 
produced in any part of the cycle in the generation of adenosine-5′-triphosphate (ATP) 
by the mitochondria, which can alter energy production by the mitochondria and cause 
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1. Introduction

1.1. Fibromyalgia

Fibromyalgia (FM) is a syndrome characterized by generalized pain, muscle rigidity, poor 
quality of sleep, fatigue, cognitive dysfunction, anxiety, episodes of depression, overall sen-
sitivity, and deterioration in the performance of day-to-day activities [1, 2]. The incidence of 
FM is higher in women than in men in all decades of life, and it generally appears between 
30 and 35 years of age [3, 4]. The prevalence of FM increases with age, reaching a maximum 
peak around the seventh decade. Fibromyalgia affects about 5% of the population worldwide 
[5]. According to the classification of the American College of Rheumatology, the definition of 
FM encompasses two variables: (a) bilateral pain above and below the waist with centralized 
pain and (b) chronic generalized pain for 3 months with pain on palpation in at least 11 of 18 
specific body sites (sensitive spots) [6]. In the presentation of FM alterations to the central and 
autonomous nervous system, and alterations to the neurotransmitters, hormones, the external 
immune system, psychiatric conditions, and stress factors are involved [7]. Along with pain 
there are frequent disturbances in sleep, fatigue, morning rigidity, a subjective sensation of 
the accumulation of bodily fluids, paresthesias of the extremities, depression, headache, diz-
ziness, and intestinal disturbances, which cause a decrease in quality of life [8]. The current 
review describes the oxidative stress, mitochondrial alterations, autophagy, antioxidants, and 
alternatives to the pharmacological management of FM.

1.2. Etiology

The etiology and the pathophysiological mechanisms of FM are still unknown and continue 
to be a challenging clinical entity for researchers and clinicians [9]. Some studies suggest 
that the involvement of the hypothalamus-pituitary–adrenal axis and the autonomic nervous 
system in response to stress is present in patients who are vulnerable to suffering with FM 
or its symptoms [10]. Neuroendocrine factors, anomalies of the autonomic nervous system, 
genetic characteristics, environmental changes, psychosocial changes, and oxidative stress 
are involved in the pathophysiology of FM [11]. There is a high prevalence of FM among 
relatives of patients who also suffer from it, which is attributed to the combination of envi-
ronmental and genetic factors [12]. Genetic studies suggest that the association with poly-
morphisms of the serotoninergic, dopaminergic, and catecholaminergic pathways found is 
implicated in the transmission and modulation of pain [11]. One theory of etiology suggests 
that infections are capable of activating inflammatory cytokines that could modify the central 
and peripheral perception of pain in FM. FM is characterized by chronic pain of unknown 
origin. Evidence suggests that sensitized neurons in the spinal cord of the dorsal horn are 
responsible for processing increased pain from peripheral nociceptive signals, glial activa-
tion, apparently by cytokines and excitatory amino acids that could play a role in the ini-
tiation and perpetuation of the pain due to acute or repetitive tissue injury [13]. Three FM 
subgroups have been described based on the predominant symptoms, depending on the 
following domains: psychosocial (depression/anxiety), cognitive (catastrophic/pain control), 
and neurobiology (sensitivity) [14]. The proportion of new patients with FM varies between 
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10 and 20% in clinics for patients with rheumatic diseases, while in clinics not specialized 
for rheumatic illnesses the prevalence is >2.1–5.7% [15]. Amitriptyline is the most common 
prescription drug for the management of FM. Amitriptyline has the ability to influence the 
autonomic nervous system [16].

2. Oxidative stress

Oxygen is used by the eukaryotic cells for metabolic transformations and the production of 
energy by the mitochondria. Under physiologic conditions, there is a beneficial endogenous 
production of reactive oxygen species (ROS) and reactive nitrogen species (RNS) that interact 
as signaling molecules in multiple physiological mechanisms (Figure 1). The ROS have bac-
tericide activity of the phagocytes, act in the transduction of signals, and in the regulation of 
cellular growth and the redox state of the cell, among other mechanisms [17]. When the ROS 
or RNS are produced in excess or are not eliminated by the antioxidants, the oxidative stress 
with the capacity to damage the macromolecules (carbohydrates, proteins, lipids, DNA, and 
organelles) is produced [18, 19]. In relation to FM, it is important to mention that the cells 
of the central nervous system are highly vulnerable to the toxic effects of free radicals when 

Figure 1. Formation of reactive oxygen and nitrogen species in mitochondria. The process is mediated by oxidative 
phosphorylation and the activity of the mitochondrial NO synthase: In physiological conditions, the production of ROS 
and RNS is reduced by multiple enzymatic scavengers that involved SOD, GPx, and catalase. When the mitochondria 
suffer an insult, the increase of the leakage of electrons to the matrix leads to an overload to the capacity of the enzymatic 
systems and leads to toxicity of the cell. Vectors of reactions and products. The physiological pathway for formation of 
oxidative stress. Leakage of electron to matrix. Pathophysiological pathway for formation of ROS and RNS.
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compared to other organs in the body because they have a high index of oxidative meta-
bolic activity and a low level of protector antioxidant enzymes, with an anatomical neuronal 
network that is vulnerable to interruption and high concentrations of polyunsaturated fatty 
acids of the membrane that are easily oxidized [20]. One of the primary enzyme sources of the 
superoxide anion (O2.−) is the xanthine oxidase. The purine nucleotides are degraded where 
the phosphate group is lost by the action of the 5′-nucleotidase. The adenosine is deaminated 
to inosine by the adenosine deaminase (ADA). The inosine is hydrolyzed to produce the 
purine base hypoxanthine, which is subsequently oxidized to xanthine and later to uric acid 
by the xanthine oxidase. The xanthine oxidase is an important enzyme that contains iron 
and molybdenum. The enzyme exists primarily in the form of xanthine dehydrogenase and 
can convert into xanthine oxidase through diverse conditions including proteolysis, homog-
enization, and the oxidation of sulfhydryl [21]. Oxidative stress appears to be involved in 
the severity of symptoms in FM; thus, the antioxidant therapy should be investigated as a 
possible alternative to adjunct management of FM. Blockage of the production of ROS by the 
mitochondria offers a new therapeutic strategy to diminish the symptoms of FM and other 
inflammatory states.

2.1. Lipoperoxides in fibromyalgia

The overproduction of ROS favors lipid peroxidation (LPO) that leads to the oxidative 
destruction of the polyunsaturated fatty acids, components of the cellular membranes, and 
favors the production of cytotoxic metabolites and aldehyde reactives [malondialdehyde 
(MDA) and 4-hydroxynonenal (HNE)] [22]. The MDA and HNE produced in relatively large 
quantities have an important capacity for diffusion from their site of origin and attack distant 
objects to form covalent bonds with diverse molecules [23]. Measuring MDA is one popular 
method in the search for LPO in bodily fluids or cell lysates. In one study reported in 2011, 
the authors found increased levels of LPO in mononuclear cells associated with the plasma 
levels of LPO and clinical symptoms of FM, within the pathophysiology of FM [24]. Research 
in LPO is highly important since the deleterious effects of oxidative stress could be prevented 
through control of the underlying pathology and the administration of antioxidants or free 
radical scavengers.

2.2. Nitric oxide in fibromyalgia

The production of nitric oxide (NO) occurs from the L-arginine by the nitric oxide synthase 
(NOS) (Figure 2). The NOS has four isoforms: neuronal (nNOS), inducible (iNOS), endothe-
lial (eNOS), and mitochondrial (mtNOS) [25]. The NO is implicated in physiological processes 
like: vasodilation, modulation of nociception, immune function, neurotransmission, and exci-
tation-contraction coupling [26]. The NO is considered an atypical neurotransmitter and a 
second messenger in the nervous system [27] or as a hormone [28]. The majority of the effects 
of NO are mediated through the activation of the guanylate-cyclase enzyme that produces 
cyclic guanosine-3,5-monophosphate (cGMP) [29]. The NO has pro-nociceptor properties in 
the neural crest and in the dorsal root ganglia that positively regulate as a result of cutane-
ous or visceral inflammation and by the peripheral lesions of the fibers. This effect could be 

Discussions of Unusual Topics in Fibromyalgia16

potentiated or inhibited by the NO donors [29]. In addition, a decrease in capillary volume 
of the blood vessels, structural disorganization of the capillary endothelium, and structural 
abnormalities of the mitochondria in histopathology studies of muscles have been reported 
in FM [30]. The structural damages can contribute to poor oxygen diffusion, less oxidative 
phosphorylation, and a decrease in the synthesis of ATP, which can increase oxidative stress 
and LPO of the membrane [31]. Abnormal microcirculation of the skin above sensitive spots 
in patients with FM has been reported with the use of the laser Doppler flowmetry technique 
[32]. The results support that local hypoxia and the possible decrease in concentrations of 
high-energy phosphate result in oxidative stress and LPO of the membrane. Therefore, abnor-
mal microcirculation can be a result of the abnormal regulation of capillary blood flow [33].

3. Mitochondrial alterations in fibromyalgia

Mitochondrial myopathies are disturbances that are characterized by morphological anoma-
lies of the mitochondria in muscles. Mitochondrial problems are found in the most common 
inherited metabolic illnesses. The patients who suffer from mitochondrial myopathies can 

Figure 2. Mechanisms involved in the presentation of fibromyalgia. The alterations involved in the presentation of 
fibromyalgia. The etiology and symptomatology of the appearance of fibromyalgia and events may be the cause or 
consequence of having FM.
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present symptomatology characterized by muscle weakness, pain, fatigue, and exercise intol-
erance that progressively worsen over time, similar to what happens in patients with FM 
[34]. Defects in any part of the cycle in the generation of ATP by the mitochondria can alter 
mitochondrial energy production and cause symptoms [35]. Oxidative stress is implicated in 
the pathogenesis of FM, which indicates that mitochondrial dysfunction can be associated 
with FM [36]. In fact, a decrease in the quantity of mitochondrial mass and the coenzyme 
Q10 (CoQ10) in the production of mitochondrial ROS in mononuclear blood cells has been 
detected in patients who suffer from FM [37]. Reports of muscle biopsies from the trape-
zius muscle have shown inflammatory markers, abnormal mitochondria, accumulation of 
sub-sarcolemma mitochondria, higher incidence of irregular red fibers, and defects of the 
cytochrome-c oxidase (Complex IV of oxidative phosphorylation) [38]. In addition, the impli-
cation of mitochondrial oxidative stress in peripheral nociception described as a predominant 
symptom mediated by the inflammatory state in FM has been previously reported [39].

4. Autophagy

Autophagy is the process of cellular recycling that promotes energy efficiency through the 
generation of ATP and mediates damage control through the elimination of organelles and 
nonfunctional proteins, in regulating the degradation of cytosolic components by the lipo-
somes [40]. Autophagy is the main catabolic pathway through which macromolecules and 
organelles of the eukaryotic cells are degraded and recycled. This pathway is activated under 
conditions of environmental stress and during the development of diverse pathologic situ-
ations. Autophagy plays an essential role in the cellular differentiation, development, and 
response to stress. It is activated during amino acid deprivation and is associated with neuro-
degenerative illnesses, cancer, pathogenic infections, and myopathies [41]. Autophagy can be 
induced by diverse causes: mitochondrial dysfunctions, infections of intracellular pathogens, 
and intrinsic cellular signals. Folded or damaged proteins, the organelles, and the intracel-
lular pathogens are isolated by double membrane vesicles forming autophagosomes, which, 
on fusing with the lysosomes, convert into autolysosomes to be degraded [42]. Autophagy is 
an active process that plays the role of cleansing in maintaining the integrity of the intracel-
lular organelles and proteins; however, autophagy is strongly induced by starvation, as in 
the case of cellular hypoxia, and is a key component in the adaptive response of the cells and 
organisms to the lack of nutrients, in order to promote cellular survival until the nutrients are 
made available once more [43]. Thirty-two different genes have been identified in relation 
to autophagy, obtained by genetic screening in yeasts. Many of these genes can be found in 
mold, plants, worms, flies, and in mammals, emphasizing, through phylogeny, the impor-
tance of the autophagy process in response to starvation [44]. Three types of autophagy that 
promote proteolytic degradation of the cytosolic components in lysosomes have been defined:

a. Macroautophagy: the cytoplasmic load is given to the lysosomes through a vesicle with a 
double-layered membrane called an autophagosome, which fuses with the lysosome to 
form the autolysosome. Macroautophagy is capable of engulfing large structures through 
selective and nonselective mechanisms.
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b. Microautophagy: the cytosolic components are absorbed directly by the lysosome through 
engulfment by the lysosomal membrane. In microautophagy, large structures can also be 
ingested through selective and nonselective mechanisms.

c. Chaperone-mediated autophagy: targeted proteins are translocated through the lysosomal 
membrane forming a complex with protein chaperones (i.e., Hsc-70) that are recognized 
by the membrane protein 2A associated with the lysosomes of the lysosomal membrane, 
causing unfolding and degradation [45].

The autophagy mechanism begins with an isolation membrane (phagophore), probably 
derived from the lipid bilayer originating in the endoplasmic reticulum (ER), and/or through 
the Golgi apparatus and endosomes [46]. The phagophore expands to engulf intracellu-
lar components, isolating protein aggregates, organelles and ribosomes, and forming an 
autophagosome with a double membrane. The autophagosome matures through fusion with 
the lysosome, promoting the degradation of the autophagosome content by acidic lysosome 
proteases. The lysosomal permeases and transporters export amino acids and by-products 
of degradation to the cytoplasm, where they can be reused for the construction of macro-
molecules and for metabolism [47]. Selective degradation of the mitochondria mediated by 
autophagy is called mitophagy [48]. It seems the absence of functional mitochondria pro-
duced by metabolic deregulation and autophagy obligates the muscle cells to gain energy 
without the participation of the Krebs cycle, in comparison to intact mitochondria. The mito-
chondrial degradation dependent on autophagy or mitophagy is an important process to 
maintain the critical integrity of the mitochondria and to limit the production of ROS [49]. The 
deregulation of autophagy and mitochondrial dysfunction could represent key aspects in the 
pathophysiology of FM [50]. The authors demonstrate that CoQ deficient fibroblasts exhibite 
increased levels of lysosomal markers (beta-galactosidase, cathepsin, LC3, and Lyso Tracker), 
and enhanced expression of autophagic genes at both transcriptional and translational levels, 
indicating the presence of autophagy [51]. CoQ10 deficiency apparently induces autophagy 
activation in mononuclear blood cells (BMCs) of FM patients by finding increased levels of 
acid vacuoles in BMCs identified by Lysotracker fluorescence and flow cytometry analysis. 
The authors suggest restoring mitochondrial functionality with CoQ10 supplementation as 
demonstrated in in vitro studies with decreased lysosomal activity following treatment with 
CoQ10 [52]. Autophagy is an attractive, strategic target for investigation of bodily fluids or 
muscle biopsies in patients who suffer FM (Figure 2).

5. Managing fibromyalgia

Treatment for FM is a challenge and often requires nonpharmacological and pharmacologi-
cal treatment [53]. The dietary habits of FM patients are important, and diverse studies have 
demonstrated improvement of symptoms with the ingestion of healthy, balanced diets [54]. 
However, the heterogeneity of symptoms that presents in FM deserves individualized treat-
ment. Therapy should include physiotherapy, psychotherapy, pharmacotherapy, and edu-
cate the patient on the pathology of FM [55].
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b. Microautophagy: the cytosolic components are absorbed directly by the lysosome through 
engulfment by the lysosomal membrane. In microautophagy, large structures can also be 
ingested through selective and nonselective mechanisms.
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molecules and for metabolism [47]. Selective degradation of the mitochondria mediated by 
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The authors suggest restoring mitochondrial functionality with CoQ10 supplementation as 
demonstrated in in vitro studies with decreased lysosomal activity following treatment with 
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Treatment for FM is a challenge and often requires nonpharmacological and pharmacologi-
cal treatment [53]. The dietary habits of FM patients are important, and diverse studies have 
demonstrated improvement of symptoms with the ingestion of healthy, balanced diets [54]. 
However, the heterogeneity of symptoms that presents in FM deserves individualized treat-
ment. Therapy should include physiotherapy, psychotherapy, pharmacotherapy, and edu-
cate the patient on the pathology of FM [55].
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5.1. Amitriptyline in fibromyalgia

Amitriptyline is a tricyclic antidepressant known to inhibit the reuptake of serotonin and 
norepinephrine, and it has been used for a long period of time in the management of neuro-
pathic pain and FM [56]. Amitriptyline is the pharmacological treatment with the most solid 
evidence in FM management, although exhaustive follow-up for secondary effects is recom-
mended [57]. The administration of the medication is recommended for short periods to con-
trol pain. It was previously reported that the administration of 50 mg/day of amitriptyline at 
bedtime, for 9 weeks, in patients with FM, significantly improved pain, muscle rigidity, and 
sleep, compared to patients treated with placebo [58]. In another study, 62 patients with FM 
received 25 mg/day of amitriptyline at bedtime with an additional 500 mg of naproxen x2 
daily, or a placebo for 6 weeks. Those who received amitriptyline had significant improve-
ments in pain, sleep disturbances, and fatigue on waking, compared to those who received 
placebo. The authors did not find significant differences in improvement of pain among 
patients who only received amitriptyline or amitriptyline with naproxen [59]. The guidelines 
of the European League Against Rheumatism (EULAR) suggest that the management of FM 
with low doses of amitriptyline of 25 mg/day improves pain, sleep, and fatigue at 6–8 weeks 
without finding evidence that the use of 50 mg/day was superior [60]. However, the toxic-
ity induced by amitriptyline implies the early activation of the mitofagia that subsequently 
changes to apoptosis. Amitriptyline induces mitochondrial dysfunction and oxidative stress 
in HepG2 cells. Amitriptyline specifically inhibits mitochondrial complex III activity that is 
associated with decreased mitochondrial membrane potential (ΔΨm) and increased ROS 
production. Transmission electron microscopy studies revealed structurally abnormal mito-
chondria that were engulfed by double membrane structures resembling autophagosomes. 
Pharmacological or genetic inhibition of autophagy exacerbated the deleterious effects 
of amitriptyline on hepatoma cells and leads to increased apoptosis. These results suggest 
that mitophagy acts as a mechanism of initial adaptation of cell survival. However, persis-
tent mitochondrial damage induces extensive and lethal mitophagy, autophagic stress, and 
autophagic permeabilization leading to cell death by apoptosis [61].

5.2. Pregabalin

The postsynaptic NMDA receptors can alter the presynaptic transport of the vesicles that con-
tain neurotransmitters through the NO pathway that diffuses to the presynaptic membrane 
and alters traffic of the vesicles [67].

5.3. Co-enzyme Q10 (CoQ10)

The CoQ10, a small lipophilic molecule located in the internal mitochondrial membrane, 
transfers reducing equivalents of the complexes I and II to the complex III of the mitochon-
drial respiratory chain. The CoQ10 is crucial for the efficiency of the mitochondrial chain, and 
there is existing evidence that reports CoQ10 as affecting the expression of genes involved in 
the inflammatory pathways [62]. The presence of mitochondrial dysfunction has been pro-
posed as a relevant fact in the pathogenesis of FM [63]. The mitochondria generate energy 
primarily in the form of an electrochemical proton gradient that fuels the production of ATP, 
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ion  transport, and metabolism. The mitochondria are the primary sources of ROS in the com-
plexes I and III, together with CoQ10 [64]. Management with CoQ10 could be useful as an 
alternative treatment in FM; however, more studies are needed to confirm whether the ben-
eficial effect is real. More detailed studies through analysis in double blind placebo-controlled 
clinical trials are required on the effect of CoQ10 in bodily fluids and/or muscle biopsies [65]. 
In a study by Alcocer-Gomez E et al. included four patients with FM who measured the visual 
analogue scale (pain, fatigue and sleep), the Generalized Pain Index, the symptom severity 
scale and the Scl-90-R using the FM Impact Questionnaire High-performance liquid chroma-
tography the CoQ10 content of patients with FM, and the authors found that CoQ10 in the 
four patients had defiecincy before the treatment, and after the treatment with CoQ10 patients 
showed significant improvement in clinical symptoms [66].

6. Antioxidants

Antioxidants, like the superoxide dismutase (SOD), catalase, and the glutathione peroxi-
dase (GPx), are enzymes of the defense system that work to prevent oxidative stress through 
inactivation of the ROS. The SOD enzyme eliminates the damaging effects of the free radi-
cals through the conversion of the radical O2.− into hydrogen peroxide (H2O2), and the GPx 
converts H2O2 into oxygen and water [67]. The principle intracellular antioxidant enzymes, 
copper, zinc-SOD (Cu-Zn-SOD) in the cytoplasm, and the manganese-SOD (MnSOD) in the 
mitochondria, specifically reduce the O2.− radicals to H2O2. Normally, there is an equilibrium 
between the ROS and the antioxidants in the cell, in the membranes, and in the extracellular 
space. However, the antioxidants are overwhelmed by the excessive production of ROS. The 
ROS attack the polyunsaturated fatty acids of the membrane producing LPO, resulting in 
alteration to the membrane permeability and changes to the membrane potential. The mea-
surement of thiobarbituric acid reactive substances (TBARS), MDA, or 4-hydroxynonenal is 
the most common method applied to measure LPO [68]. The central nervous system is espe-
cially sensitive to ROS due to its high content of lipids compared to other areas of the body 
(Figure 1) [34].

6.1. Melatonin

Pain is a dynamic phenomenon resultant of the activity of the endogenous system of excita-
tion and inhibition of pain. The efficiency of the system in FM has been related to the quality 
of sleep [69]. The relationship between pain and quality of sleep is supported on a neurobio-
logical basis by the neurotransmitters involved: norepinephrine, serotonin, and dopamine 
[70]. The effect of melatonin on pain has been demonstrated in studies on inflammatory pain 
in experimental animals with neuropathic pain [71, 72] and in acute and chronic pain in clini-
cal studies [73, 74]. Since the most frequent complaints in patients with FM are sleep altera-
tions, fatigue, and chronic pain, these symptoms could be a consequence of the disruption 
of melatonin secretion [75]. Additionally, there is information that the serum levels of the 
precursors to melatonin (tryptophan and serotonin) are diminished in patients with FM [76]. 
The deficiency of melatonin in FM could explain the lack of reparative sleep and could be a 
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mechanism involved in the regulation of dysfunctional pain [77]. There have been reports 
of studies which suggest that melatonin increases the effect of the descending pain inhibi-
tory system, which involves anatomical connections between cortical regions and the brain-
stem in the human brain [78]. Therefore, the restoration of melatonin could be an additional 
mechanism to explain the discrepancy of its effect compared to amitriptyline. In a phase II 
randomized controlled clinical trial, it was demonstrated that the exogenous administration 
of 10 mg every 24 h of melatonin augmented the endogenous inhibitory system of pain regu-
lation, evaluated by a numerical scale (0–10), and demonstrated that the association between 
melatonin with amitriptyline gave better results than the amitriptyline alone, as determined 
by the visual analog pain scale [79]. Another randomized trial demonstrated that the admin-
istration of melatonin alone or in combination with fluoxetine (3–5 mg/day) was efficient in 
treating FM [80]. However, clear and conclusive evidence from clinical trials or prospective 
cohorts with prolonged follow-up on the effect of melatonin in patients suffering from FM is 
still lacking. Melatonin behaves as a free radical scavenger and therefore as a potent antioxi-
dant. Melatonin has physical–chemical advantages over other antioxidant molecules. It is a 
hormone that is found naturally in the body. Melatonin molecules enter all subcellular organs 
and compartments. Melatonin detoxifies up to 10 Free Radicals [81]. Compared with other 
antioxidants, melatonin has equal or better efficacy in the protection of tissues from oxida-
tive lesions such as vitamin C and E. Another inherent feature of melatonin is mitochondrial 
membrane selectivity and may be the most interesting advantage of pineal hormone [82]. 
Even melatonin is an effective antioxidant in the prevention of hepatotoxicity induced by 
amitriptyline [83].

7. Vitamins

Vegetarian diets seem to alleviate some symptoms of FM due to a low content of fat and pro-
teins, high levels of fiber, vitamin C, beta-carotenes, minerals (magnesium, potassium, zinc, 
and selenium), and antioxidants [49].

In the first controlled pilot study to establish the safety and feasibility of intravenous treat-
ment of micronutrients based on water-soluble vitamins and minerals in FM (Myer’s cock-
tail), the authors reported that the majority of subjects experienced alleviation compared to 
baseline symptomatology, but they did not observe significant differences between the ther-
apy and the placebo, considering the relationship uncertain between the placebo and micro-
nutrients in FM [84]. According to the Brazilian Society of Rheumatology, the ingestion of 
sugar, salt, fat, and alcohol should be reduced, and the ingestion of fiber, fruits, vegetables, 
and fluids increased, in order to avoid the appearance of chronic degenerative illnesses and 
obesity [85]. Specific micronutrients like calcium (Ca) and magnesium (Mg) are important for 
proper muscular contraction, and the increase in tryptophan intake can be beneficial in the 
synthesis of serotonin [86]. The combination of vitamins and minerals can reduce the doses 
of analgesics and improve the sensation of pain in patients with FM [87]. In the majority of 
subjects with FM, an inadequate intake of vitamin C is observed. In 2003, Richard et al. dem-
onstrated that the prolonged use of analgesics can augment the excretion of potassium and 
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vitamin C  causing anemia from iron deficiency [88]. In the study by Sakarya et al., the authors 
evaluated blood levels of antioxidant vitamins and Mg in FM patients, and they correlated 
them with clinical parameters without finding a correlation between the levels of vitamins A, 
C, E, and Mg with pain severity, functional capacity, and depression. The authors suggest that 
based on the results, the poor intake of these nutrients does not necessarily signify low blood 
levels [89]. Folate and vitamin B12 are essential for the regulation of the central nervous sys-
tem, and their deficiency can result in peripheral neuropathic pain. Vitamin C deficiency can 
cause myalgia and bone pain, and a deficiency of vitamin D can cause muscle-skeletal pain 
[90]. The fatigue present in FM seems to have similarities to the manifestations of mild thia-
mine deficiency [91]. Various similarities have been reported between FM and thiamine defi-
ciency, which include irritability, frequent headache, fatigue, muscular weakness, irritable 
bowel syndrome, and sleep disturbances. Studies have been published where anomalies in 
thiamine metabolism have been demonstrated in FM, and investigating thiamine deficiency 
together with the consumption of alcohol has been suggested in FM patients [92]. The admin-
istration of large quantities of oral thiamine increases the blood concentration to levels where 
the passive transport restores the normal glucose metabolism, and then the normal glucose 
metabolism of all the organs returns to normal values and symptoms are reduced. It is recom-
mended to prescribe the permanent use of high doses of thiamine in FM [93]. Vitamins A, E, 
and C are potent nonenzymatic antioxidants [94]. Vitamins A and E are essential fat-soluble 
vitamins, are the primary chain antioxidants in body tissues, are considered the first line of 
defense against LPO, they protect the cell membranes early on when the activity of free radi-
cals increases [95]. Vitamin C is the main water-soluble vitamin and is a free radical purifier 
that transforms vitamin E to its active form [96]. Magnesium (Mg) is a mineral that plays an 
important role in ATP synthesis and functions in adequate muscle metabolism [97]. Serum 
levels of Mg have been investigated in FM to reveal etiopathology [98]. Vitamin C is capable 
of accelerating the degradation of intra- and extracellular proteins targeting lysosomal lumen 
by autophagic and heterophagic pathways. Vitamin C decreased and stabilized the intra-lyso-
somal acid pH at values that resulted in maximal activation of the lysosomal hydrolases [99].

7.1. Vitamin D

Vitamin D is a hormone essential for maintaining homeostasis of the muscle-skeletal system. 
Vitamin D deficiency has been proposed as a factor associated with generalized chronic pain. 
The majority of vitamin D is produced naturally in the skin after exposure to ultraviolet B 
light (UVB) producing 25-hydroxyvitamin D (25-OHD). Vitamin D undergoes hydroxylation 
of the active form 1,25-dihydroxyvitamin D (1,25-OHD) in the liver and kidneys. Age, lati-
tude, time of day, season, skin pigmentation, adiposity, smoking, and amount of exposure to 
sunlight directly affect the production of vitamin D in the skin [100]. People who are at risk of 
vitamin D deficiency include people with dark skin, obesity, the elderly, those with chronic 
degenerative illnesses, or those with disabilities who have little exposure to sunlight [101]. 
The active form of vitamin D, 1,25-OHD, acts in the cell nucleus (genomic effects caused by 
gene over-regulation) and the cell membranes (nongenomic effects that cause rapid response) 
in more than 30 tissues and organs [102]. The muscles are a target organ for the metabolites 
of vitamin D because they contain receptors for vitamin D identified in the muscle tissues in 
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humans and animals on producing genomic effects that alter calcium, phosphate, and the 
metabolism of phospholipids [103]. These changes are important for the normal, functional 
development of the skeletal musculature. There is evidence that the ingestion of vitamin D 
improves muscle strength and functional capacity. It should be considered that vitamin D 
decreases in elderly populations, and supplementation is necessary [104]. Recent studies have 
centered on the potential therapeutic implications of vitamin D and its deficiency, in the regu-
lation of chronic pain processing in FM, through the interactions of central and peripheral 
complexes. The primary functional scenario of the interaction is based on the presence of the 
vitamin D receptor and the 1α-hydroxylase (enzyme that converts the 25-hydroxyvitamin 
D by hydroxylation to the active 1,25 di-hydroxyl-vitamin D (1,25 (OH) 2D3) in many areas 
of the human central nervous system, among which are: the prefrontal cortex, the amyg-
dala, the raphe, the gelatinous substance, the cerebellum, the hippocampus, the cingulate 
cortex, the substance nigra, the thalamus, and the hypothalamus [105]. Both the receptor and 
the enzyme have been found in neuronal and glial cells [106]. The general characteristics of 
hypovitaminosis D are body pain, especially in the shoulder, the thoracic cavity, and lumbar 
and pelvic regions. The biological relationship between generalized chronic pain and vitamin 
D deficiency continues to be an interesting investigative topic. Patients with FM could have 
vitamin D deficiencies due to the characteristics of their pain, poor mobility, or the associated 
depression that decreases free time exposed to sunlight, or by the increase in adiposity that 
favors the decrease in vitamin D synthesis. Therefore, the participation of the 1,25-OHD in 
the regulation of the immune system could be involved in vitamin D deficiency and mus-
cular pain [107]. A systematic review that sought evidence of an association between FM 
and vitamin D deficiency was inconclusive, without finding improvement in muscular pain 
after supplementation. However, patients with concurrent risk factors between FM and other 
pathologies like osteoporosis should be tested in case a vitamin D deficiency is found that 
would favor muscle strength [108]. The search between vitamin D deficiency and the pres-
ence of FM remains an inconclusive matter.

8. Conclusion

In conclusion, oxidative stress, mitochondrial dysfunction, autophagy, multivitamin deficien-
cies, and the imbalance between oxidants and antioxidants are an intriguing and clinically 
attractive topic to elucidate the state and progression of FM. Pharmacological treatment alone 
is insufficient for the majority of patients who suffer from FM syndrome. It is recommended 
to approach treatment in a multidisciplinary way in clinical practice. Moderate physical activ-
ity and the supplementation/ingestion of antioxidants could be beneficial in regulating the 
oxidative state.
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Abstract

Fibromyalgia is a common musculoskeletal pain condition associated with chronic
widespread pain, tenderness at various points on the body, fatigue, and sleep abnormal-
ities. Individuals with fibromyalgia often have comorbid anxiety, depression, and/or
other pain syndromes. Research into pharmacologic remedies for fibromyalgia has
demonstrated efficacy for a variety of agents, but pharmacology is only one piece of the
puzzle when it comes to successful management of fibromyalgia. Nonpharmacological
treatments, complementary and alternative medicines, and therapies can support allevi-
ating fibromyalgia symptoms.There are many studies with regard to these treatment
options.

Keywords: fibromyalgia, nonpharmacologic treatment

1. Introduction

Fibromyalgia (FM) has been defined as a chronic and common pain disorder and is associated
with comorbid symptoms such as fatigue, nonrestorative sleep, poor balance, cognition and
memory problems, psychological distress, and physical function impairment [1]. The life
quality is also reduced in FM [2]. It is affecting approximately 2% of the general population [3].
FM is also an expensive and controversial condition. It has been associated with significantly
higher costs for the individual and society [4]. However, current data do not enable identifica-
tion of distinct factors in the etiology and pathophysiology of fibromyalgia syndrome [5]. Also,
an important problem in FM patients is the low compliance rate which, in the case of most
patients, depends on an inadequate clinical response and on the difficulty in making a correct
clinical characterization of patients [6]. Among the treatment options for FM management,
there are pharmacological as well as nonpharmacologic therapies (supplementary and alterna-
tive medical treatments included) [7]. Numerous studies were reported about different
nonpharmacologic treatment options [8–10].
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In this chapter, nonpharmacological treatment options will be explained in light of the last
published guidelines.

2. Education and goal setting

The diagnosis of FM has positive influences on the management of this disease and leads to
decrease in primary care visit, diagnostic tests and prescriptions. The nest stage is the training
of patients. When the patient is convinced that the disease is not life-threatening, the anxiety
will decrease [11]. The training and detailed goal setting are extremely important. Training on
the treatment must be provided to the patient and his/her family as well. Acknowledging of
the pain and the effects of this pain in his/her life is important. The patient must also be told to
be active in his/her rehabilitation period, and it must be emphasized that she/he is not alone in
this process. In this step, concrete goals must be set during the treatment period [12]. Mention-
ing the positive expectations from the treatment period and the prognosis and the participa-
tion of the patient are, again, extremely important. It is also useful to tell patients that there will
be good days and bad days and that the treatment will decrease the effects of the symptoms
but not completely eliminate the disease. It is extremely important that the patients are careful
about the sleep hygiene, exercise schedule and some other nonpharmacologic modalities [11].

Strong evidence shows that patient training is effective in the FM management. In a
randomized-controlled study, untreated controls were compared with trained FM patients
and positive outcomes were reported [13]. The training was generally provided in groups like
lectures with printed materials, discussions with groups and demonstrations. The duration of
the trainings lasted between 6 and 17 sessions. The positive outcomes of the trainings included
improvement in pain, sleep quality, fatigue, self-efficacy, and quality of life. Positive outcomes
lasted between 3 and 12 months. In a study in which 100 patients were included, a multidis-
ciplinary training program was applied for 1–1/2 days, and important positive improvements
were reported it terms of Fibromyalgia Impact Questionnaire (FIQ) total score, pain scores,
fatigue, morning tiredness, stiffness, anxiety, and depression in the 1-month follow-up [13, 14].

According to some clinicians, labeling FM in itself would deteriorate the symptoms, but a
prospective study showed that the labeling, i.e., the diagnosis, did not have any adverse
effects, on the contrary, it improved function over 18 months [15].

There are several studies in which well-controlled trials were reported as well as some other
studies that reported that they could not find statistically significant superiority over other
intervention methods when compared with the trained control group [16]. Burckhardt et al.
[17] provided training to FM patients in one group, physical training condition and training to
another group, and included delayed treatment waitlist controls in another third group [17].
They reported improved measurements in terms of physical activity in the active treatment
groups [18].

If the patients are prone to be trained on self-management of the FM, a training and multipro-
fessional or multimodal program is the most important first-step action to involve the patients
in the planned therapeutic activities. If such a program is not possible, an informed physician
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can provide patient education, and for detailed nonpharmacologic treatments, a specialist may
also be consulted [18, 19].

3. Exercises

McLoughlin et al. [20] reported that many female patients with FM are active at a less level
when compared with healthy women whose ages match [20]. They have low perceived func-
tional ability. They also demonstrate impaired physical performance [21]. There are many
reports that described positive effects of various types or combined exercises on patients with
FM [22]. Pain in FM patients may be associated with the central nervous system (CNS) pain-
processing abnormalities including central sensitization and insufficient pain inhibition,
peripheral tissues, as well as muscles, which might contribute to chronic pain via initiating
and/or maintaining central sensitization [23]. In this way, exercise is expected to contribute to
pain via muscle microtrauma process, repair and adaptation, which are associated with
normal-acute exercise and exercise training. It has been reported in previous studies that there
are metabolic outcomes in muscle tissues, which is consistent with deconditioning [24]. Some
of these findings might be normalized by aerobic and strength training-induced metabolic
adaptations, which contribute to improvements in pain [25]. In addressing conditions experi-
enced by FM patients, exercise training was reported to be used successfully [8].

Although there are studies mentioning the efficiency of short-term aerobic exercises, the level
of evidence for these studies is low. Effects on pain and tender points were determined to be at
an insignificant level in statistical terms. In terms of the secondary outcomes such as depres-
sion, fatigue and sleep, the evidence is not clear on the effects of aerobic exercise on depression
(in this respect, two studies reported medium/large effects [26]). There is no evidence that
aerobic exercise prescribed at American College of Sports Medicine levels had effects on
fatigue in FM patients [27]. Despite the fact that a meta-analysis shows that aerobic exercise
has a positive effect on well-being and physical function, several factors moderated our
appraisal. It has been demonstrated that aerobic and strength training improves depression in
individuals that have depression at clinical level [28]. Moderate exercise can be beneficial for
sleep in people with sleep complaints. It is also visible in training-related improvements in
cardiorespiratory fitness. This situation suggests that fatigue may also be improved because as
the maximal aerobic capacity of a person improves, that person will perform daily life activi-
ties at lower absolute percentages of maximal capacity [22]. Kurt et al. conducted a random-
ized study and reported that the FIQ score, sleep quality, total myalgic score, and depression
scores of the group that received only aerobic exercise treatment improved after 15 sessions;
however, in the third month follow-up, it was observed that the measurements regressed to
the values that were present before the treatment. In recent studies, it has been reported that
especially combined exercises or the combinations of exercise and other treatment options are
more efficient [29].

According to a Cochrane compilation conducted on the efficiency of resistance exercises in FM
patients, it has been reported that moderate- and moderate- to high-intensity resistance training
improves pain, tenderness, muscle strength, and multidimensional function in FM patients, and
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it is obvious that the level of evidence for these studies is low. In addition, it has also been
reported that resistance exercises are superior to flexibility exercises in terms of wellness, FM
symptoms, and physical fitness; however, aerobic exercises are more successful than resistance
exercises [8]. In an 8-week exercise program in which aerobic exercises andmuscle strengthening
exercises were compared, it was reported that fitness, depression, pain, sleep, fatigue, tender
point count, and quality of life were improved in FM patients in both exercise groups, and no
differences at statistically significant level were observed between the two exercise types [30].

There are exercise recommendations given in the past years such as American Pain Society
(APS: 2005), (2) Association of the Scientific Medical Societies in Germany (AWMF: 2012),
(3) Canadian Pain Society (CPS: 2013; also used in the United Kingdom), and (4) European
League Against Rheumatism (EULAR: 2016) guidelines related to FM. APS, CPS, and AWMF
assigned the highest ranking of recommendation for aerobic exercises [31]. In EULAR 2016 FM
management guide, the proof levels of aerobic and stretching exercises are given as A in Ia
Proof Level. However, according to the previous studies, it has also been reported that none of
the two exercises was superior to the other one [10].

Besides these, especially in the last decade, extensive research was conducted on low-impact
aerobics, flexibility, stretching, strength training exercise technique spectra, and some tradi-
tional exercise techniques such as Tai Chi, chi gong, yoga, and Nordic walk. In a more recent
cohort study, it has been reported that Tai-Chi exercises could be an efficient rehabilitation
method for FM in case it was done with the supervision of an expert [32]. It has been reported
that Ai-Chi exercises, which are a form of Tai-Chi movements in water, led to reduced pain and
improved life quality as well as physical-mental health in FM patients in a 10-week aquatic
therapy program [33].

In two randomized-controlled studies, it was reported that Tai Chi had a potential as a useful
method in the multidimensional treatment of FM [34]. Furthermore, studies showed improve-
ment at a statistically significant level in static and dynamic balance, and timed get-up-and-go.
According to these results, it was shown that functional mobility decreased the falling risk
with Tai Chi in functional measurements and minimized difficulties in performing essential
daily physical activities [35]. The German Pain Society 2017 guideline in “Complementary and
alternative procedures for fibromyalgia syndrome” strongly recommends Qigong, Tai Chi,
and yoga for the FM treatment [36].

Fischer-White et al. [37] conducted a compilation study and reported that there was a need for
comprehensive yoga instructions, and they stated that the use of yoga in FM was investigated
by a limited number of researchers, although there were no adequate proofs [37]. The yoga
programs included traditional yoga postures, breathing exercises and meditation. In a study in
which 22 FM women patients were included in an 8-week yoga program, improvements were
observed in fibromyalgia symptoms and functional deficit [38]. In a controlled study
conducted by Ide et al. [39] pranayama (a breathing technique in yoga) was utilized in
combination with a range of motion and relaxation exercises in aquatic medium for female
FM patients (sessions lasted for 1 h, four times a week, and 4 weeks). Important improvements
were shown on several SF-36 and FIQ components together with global pain and dyspnea
scores [39].
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In recent years, Pilates has become a popular exercise form for healthy people and for people
who need rehabilitation. Pilates exercises focus on core strengthening, posture, and coordina-
tion of breathing with movement and combines Asian and Western techniques. In 2009, Altan
et al. [40] conducted a study and examined the effects of Pilates in 49 female FM patients. They
showed improvements in pain scores and FIQ results compared to the control group (home
relaxation and stretching exercises); but after an extra 12-week follow-up, no differences were
detected between the groups [40]. In a recent randomized controlled study, the Visual Ana-
logue Scale, algometry, Anxiety Inventory, FIQ, and Quality of life score were showed to
improve in patients with FM [41].

In a study in which moderate-to-high intensity aerobic exercise by means of Nordic walking
and low-intensity walking exercises applied twice a week (in 15 weeks) was compared, the
former was found to be a feasible mode of exercise and resulted in improved functional
capacity and a decreased level of activity limitations [42]. Mannerkorpi et al. [43] conducted a
randomized-controlled study and reported similar results [43]. In a meta-analysis in which the
effect of Qigong, which is a Chinese medical exercise combining static/dynamic physical
exercises, breathing exercises, and meditation on FM was investigated, it was reported that
there were little number of patients and studies on the topic, and although there was a low-
quality evidence, Qigong might be a useful approach for FM patients in terms of pain, life
quality, and sleep improvements [44].

In a Cochrane compilation in which the aquatic exercise studies were compiled, it was
reported in studies that compared study groups and control groups that improvements could
be achieved in aquatic exercise group in terms of pain, involvement, and physical functions.
When aquatic exercises were compared with land exercises, it was reported that there were no
differences at a statistically significant level between the groups, and when aquatic exercises
were compared with the Ai-Chi exercises, it was reported that Ai Chi was superior to aquatic
exercises for stiffness [45]. Recently, a randomized-controlled study, which includes both
aquatic therapy and land-based therapy (warm-up, proprioceptive exercises, stretching, and
relaxation periods), was reported. In a program of the study being applied for 3 days a week
for 3 months, improvements were determined in both groups in terms of pain and balance, but
no significant differences were detected between the groups [46]. Andrade et al. [47] reported
that aquatic physical training with standardized intensities did not cause significant changes in
body composition but was effective in promoting increased VO2 at peak cardiopulmonary
exercise test in women with FM [47]. The purposes of physical activity and exercise training
include improving physical fitness and function together with the symptoms of fibromyalgia,
and optimizing health, because a sedentary lifestyle and deconditioning are associated with
the symptoms of fibromyalgia [20]. Moreover, a lower percentage of maximum capacity may
be achieved in daily activities with more efficiency and the symptoms are less likely to
increase [48]. Furthermore, targets depend on baseline body functions and the severity of the
symptoms together with individual preferences and motivations [49]. In contrast, in a study, it
was reported that nearly 2% of the competitive sport players had FM, which shows that people
with FMmay be extremely active. Although regular exercises (i.e., aerobic, strength, flexibility)
are among the most important elements in the FM management, it is also important that the
intensity, duration, incidence, and type of any adverse effects and frequency must be
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be achieved in aquatic exercise group in terms of pain, involvement, and physical functions.
When aquatic exercises were compared with land exercises, it was reported that there were no
differences at a statistically significant level between the groups, and when aquatic exercises
were compared with the Ai-Chi exercises, it was reported that Ai Chi was superior to aquatic
exercises for stiffness [45]. Recently, a randomized-controlled study, which includes both
aquatic therapy and land-based therapy (warm-up, proprioceptive exercises, stretching, and
relaxation periods), was reported. In a program of the study being applied for 3 days a week
for 3 months, improvements were determined in both groups in terms of pain and balance, but
no significant differences were detected between the groups [46]. Andrade et al. [47] reported
that aquatic physical training with standardized intensities did not cause significant changes in
body composition but was effective in promoting increased VO2 at peak cardiopulmonary
exercise test in women with FM [47]. The purposes of physical activity and exercise training
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be achieved in daily activities with more efficiency and the symptoms are less likely to
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are among the most important elements in the FM management, it is also important that the
intensity, duration, incidence, and type of any adverse effects and frequency must be
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prescribed [50]. Prescribing exercises for FM patients requires extreme care. After a detailed
assessment that includes cardiovascular system, a personal exercise program for the target is
designed [48]. Although the most prominent exercises are aerobics and stretching exercises in
many studies, there is no such thing as “the most proper treatment.” Different exercises may be
combined in the same séance or in different séances. However, the evidence level on flexibility
exercises is low, and they are generally combined with stretching exercises [51].

It has been reported by many authors that the frequency of exercises must be increased
gradually starting from low intensity (by using the “start-low & go-slow” technique) to achieve
at least moderate intensity [52]. Strengthening exercises must be started at lower resistance
level of the normal values according to the age. If pain, fatigue and other FM symptoms
increase, the duration of exercise session must be decreased. Also, the intensity of the exercises
should be increased by 10% within 2 weeks of exercise (without exacerbating the symptoms)
[48]. In recent studies, a formula that was computed with heartbeat according to the age in FM
patients was developed. In terms of the target heartbeat zones for aerobic training within the
anaerobic threshold, a training intensity range was shown to improve cardiorespiratory fit-
ness. In previous studies, authors reported that maximum heartbeat could be predicted by
using either (208 � (0.7 � age)) or (220 � age). They also suggested sedentary individuals with
FM to train within the anaerobic threshold at 52–60% of the heartbeat reserve or at 75–85% of
the predicted maximum heartbeat [53].

4. Physical treatment modalities

The definition of physical therapies involves all treatments in which a physical activity or
technique is used to have therapeutic effects. Such techniques are mostly used in the context
of rehabilitation and are used on the basis of their ascertained mechanisms of action (i.e., the
activation of the spinal gate, release of endogenous opiates, local metabolic action, etc.) Phys-
ical therapies have several types such as thermal (hot and cold), mechanical, light, electrical,
and magnetic stimulation. Each of these has its own mechanism of action; however, peer-
reviewed evidence of their effectiveness in FM is missing. Recent reviews have reported
nonhomogeneous results, while some reviews are cautious in stating efficacy based only on
few randomized-controlled trials. It is strongly suggested to conduct more studies to show a
long-term, effective intervention for managing the FM symptoms [54]. Other reviews that have
anecdotal evidence or small-scale observational physiotherapy studies report that physical
therapies can be effective for various symptoms [55, 56].

4.1. Heat and cold

Although local cold therapy application with ice cubes or cooling sprays is useful in other
muscle pains, they do not have any influence in FM. Cold sprays are applied with stretch-
spray techniques. On the other hand, whole body cryotherapy at �67�C seems to have some
short-term effect on some active trigger points and on the intensity of the pain. There are no
data available about the long-term efficacy [56, 57].
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Superficial heat and deep infrared heat, ultrasound application and the local thermal effect
induced by stroking massages were reported to be useful for FM patients [58, 59]. The real
efficacy of both superficial and deep heat is still a topic for further studies [56].

4.2. Balneotherapy, mud-pack/bath, hydrotherapy

The exact mechanisms of immersion of the body in mineral/thermal water or applying mud,
which alleviates FM symptoms, are not understood adequately. It is considered that this effect
stems from a combination of mechanical, thermal and chemical factors [60].

To discriminate between nonspecific mechanisms of simple bathe in hot water (hydrotherapeutic,
in a broader sense), specific mechanisms (hydromineral and crenotherapeutic) depending on
chemical and physical properties of the water are used. Buoyancy, resistance, immersion, and
temperature together play important roles in this mechanism. Hot stimuli increase the threshold
of pain and produce analgesia on nerve endings. A relief in muscle spasms is achieved via gamma
fibers in muscle spindles and the descending pain inhibitory system is activated. The “Gate
Theory” claims that relief in pain may stem from the temperature and hydrostatic pressure of
water on the skin [61]. The absorption of minerals dissolved in thermal waters may be influential
in the mechanism of balneotherapy [61, 62].

Some previous studies reported that sulfur baths had anti-inflammatory effects. Spa water that
includes sulfur is thought to inhibit the production of cytokines especially IL-2 and interferon
gamma. It has been claimed by some authors that memory T-cells are the principal targets of
waters that are rich in sulfur because they are mainly produced by CD4 lymphocytes. Sulfur-
containing water reduces the capacity of memory T-cells to proliferate and therefore the
cytokine production, which alters immune response [63].

The exact mechanism of balneotherapy on fibromyalgia is not clear yet. Ardiç et al. [64]
showed decreased levels of anti-inflammatory markers interleukin 1 (IL-1), prostaglandin E2,
and leukotriene B4 after 15 sessions of balneotherapy in 44 FM patients [64]. Furthermore, heat
and mineral contents of water have useful effects on body (especially in musculoskeletal,
endocrinologic system, and in pain pathways). They also contain increased plasma endorphin
and cortisol levels, and are responsible for the activation of diencephalic-pituitary-adrenal axis
and decreased plasma levels of several inflammatory mediators (IL-1, IL-6, prostaglandin E2,
leukotriene B4, tumor necrosis factor alpha) [29, 61]. Balneotherapy is recommended strongly
by AWMF, APS and EULAR for the FM treatment [31]. In EULAR recommendations, it has
been stated that without balneotherapy and exercise, hydrotherapy would not have any
superiority and both were recommended with weak recommendation level [10]. In a recent
comprehensive meta-analysis that investigated the efficiency of balneotherapy in FM patients,
it was reported that there was weak evidence on the efficiency of balneotherapy; however, it
could be applied as a supplementary treatment together with the basic treatment. It has been
observed that the frequency and duration of treatment were taken in different terms in many
different studies. There is no standardization on this [65].

In a 2-week study in which Bağdatlı et al. [66] compared the efficiency of balneotherapy and
mud-pack, it was reported that Balneotherapy was a more efficient treatment in terms of
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4. Physical treatment modalities

The definition of physical therapies involves all treatments in which a physical activity or
technique is used to have therapeutic effects. Such techniques are mostly used in the context
of rehabilitation and are used on the basis of their ascertained mechanisms of action (i.e., the
activation of the spinal gate, release of endogenous opiates, local metabolic action, etc.) Phys-
ical therapies have several types such as thermal (hot and cold), mechanical, light, electrical,
and magnetic stimulation. Each of these has its own mechanism of action; however, peer-
reviewed evidence of their effectiveness in FM is missing. Recent reviews have reported
nonhomogeneous results, while some reviews are cautious in stating efficacy based only on
few randomized-controlled trials. It is strongly suggested to conduct more studies to show a
long-term, effective intervention for managing the FM symptoms [54]. Other reviews that have
anecdotal evidence or small-scale observational physiotherapy studies report that physical
therapies can be effective for various symptoms [55, 56].

4.1. Heat and cold

Although local cold therapy application with ice cubes or cooling sprays is useful in other
muscle pains, they do not have any influence in FM. Cold sprays are applied with stretch-
spray techniques. On the other hand, whole body cryotherapy at �67�C seems to have some
short-term effect on some active trigger points and on the intensity of the pain. There are no
data available about the long-term efficacy [56, 57].

Discussions of Unusual Topics in Fibromyalgia40

Superficial heat and deep infrared heat, ultrasound application and the local thermal effect
induced by stroking massages were reported to be useful for FM patients [58, 59]. The real
efficacy of both superficial and deep heat is still a topic for further studies [56].

4.2. Balneotherapy, mud-pack/bath, hydrotherapy

The exact mechanisms of immersion of the body in mineral/thermal water or applying mud,
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stems from a combination of mechanical, thermal and chemical factors [60].

To discriminate between nonspecific mechanisms of simple bathe in hot water (hydrotherapeutic,
in a broader sense), specific mechanisms (hydromineral and crenotherapeutic) depending on
chemical and physical properties of the water are used. Buoyancy, resistance, immersion, and
temperature together play important roles in this mechanism. Hot stimuli increase the threshold
of pain and produce analgesia on nerve endings. A relief in muscle spasms is achieved via gamma
fibers in muscle spindles and the descending pain inhibitory system is activated. The “Gate
Theory” claims that relief in pain may stem from the temperature and hydrostatic pressure of
water on the skin [61]. The absorption of minerals dissolved in thermal waters may be influential
in the mechanism of balneotherapy [61, 62].

Some previous studies reported that sulfur baths had anti-inflammatory effects. Spa water that
includes sulfur is thought to inhibit the production of cytokines especially IL-2 and interferon
gamma. It has been claimed by some authors that memory T-cells are the principal targets of
waters that are rich in sulfur because they are mainly produced by CD4 lymphocytes. Sulfur-
containing water reduces the capacity of memory T-cells to proliferate and therefore the
cytokine production, which alters immune response [63].

The exact mechanism of balneotherapy on fibromyalgia is not clear yet. Ardiç et al. [64]
showed decreased levels of anti-inflammatory markers interleukin 1 (IL-1), prostaglandin E2,
and leukotriene B4 after 15 sessions of balneotherapy in 44 FM patients [64]. Furthermore, heat
and mineral contents of water have useful effects on body (especially in musculoskeletal,
endocrinologic system, and in pain pathways). They also contain increased plasma endorphin
and cortisol levels, and are responsible for the activation of diencephalic-pituitary-adrenal axis
and decreased plasma levels of several inflammatory mediators (IL-1, IL-6, prostaglandin E2,
leukotriene B4, tumor necrosis factor alpha) [29, 61]. Balneotherapy is recommended strongly
by AWMF, APS and EULAR for the FM treatment [31]. In EULAR recommendations, it has
been stated that without balneotherapy and exercise, hydrotherapy would not have any
superiority and both were recommended with weak recommendation level [10]. In a recent
comprehensive meta-analysis that investigated the efficiency of balneotherapy in FM patients,
it was reported that there was weak evidence on the efficiency of balneotherapy; however, it
could be applied as a supplementary treatment together with the basic treatment. It has been
observed that the frequency and duration of treatment were taken in different terms in many
different studies. There is no standardization on this [65].

In a 2-week study in which Bağdatlı et al. [66] compared the efficiency of balneotherapy and
mud-pack, it was reported that Balneotherapy was a more efficient treatment in terms of
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nonrefreshed awaking, pain intensity, FIQ score, fatigue, stiffness, anxiety, and depression
subscales of FIQ in the follow-up measurements 1 month after the treatment [66]. The effi-
ciency of balneotherapy and mud-bath was compared in another randomized-controlled
study, and it was reported that both the treatments were influential on FM symptoms; how-
ever, the effect of mud-bath lasted more [67]. In a study conducted by Neumann et al., it was
reported that balneotherapy had useful effects on FM symptoms and on the life quality of the
patients [68].

After the treatment, Evcik et al. [69] reported important improvements in three parameters. It
was reported in their study that there were low FIQ scores and some painful points at the sixth
month follow-up assessments when they compared the baseline. However, Beck depression
scores were increased to near-baseline level [69]. Dönmez et al. [70] also conducted a study and
reported that balneotherapy was influential on FIQ scores, sleep disturbance, and on some
painful points when compared to the baseline values in the sixth month [70]. In a randomized-
controlled study in which combined treatment approaches were compared, it was reported
that when balneotherapy and aerobic exercises were applied together with the existing treat-
ment, the FIQ, depression scale, sleep quality, and total myalgic scores were better when
compared to the exercise + balneotherapy group, and in addition, the effect duration could last
as long as 3 months in terms of sleep quality in a combined therapy [29].

4.3. Electrical stimulation: TENS

Electrical current is the most frequently used physical therapy technique in pain management.
Transcutaneous electrical nerve stimulation (TENS) is an electrical current for pain relief
applied by means of superficial electrodes applied on skin. Investigators have found positive
results with fibromyalgia using TENS [71]. In one review article, it was reported that TENS
was a useful methodology to control specific symptoms like localized musculoskeletal
pain [55]. On the other hand, it is possible to claim that TENS and related techniques can be
useful in treating specific, contingent and localized pains, but they do not have obvious effects
on generalized pain syndromes like FM [56].

4.4. Transcranial direct current stimulation (tDCS) and transcranial magnetic stimulation
(TMS)

The possibility of central mechanisms in the pathogenesis of FM has led to the idea that
transcranial stimulation treatments can be performed. Thus, studies were conducted in FM
patients. The tDCS procedure applies a weak current to the scalp, while TMS therapy uses
electrical current to produce a magnetic field. Then this magnetic field penetrates to skull to
generate an electrical field in the brain of the patient. Stimulation of the primary motor cortex
produces antinociceptive effects, while stimulation of the dorsolateral prefrontal cortex has
antidepressant effects.

In a review that examined the effectiveness of tDCS and TMS, decrease in pain scores was
reported after these treatments, but different results were reported in the number of tender
points, in functional assessments, and in depression scales [72]. In a guideline about therapeu-
tic use of tDCS, level B evidence (probable efficacy) was found for FM [73]. In a more recent
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meta-analysis about the effectiveness of tDCS in FM, it is more likely to control pain and
improve general FM-related function in FM patients than sham tDCS [74].

4.5. Laser

The data on using laser in FM are few and conflicting; however, there are some rare studies
reporting efficacy. In some studies, it has been reported that there were no effects [75, 76] while
in some others, it has been reported that there is a statistically significant reduction in both
spontaneous and mechanical pain [77]. It is difficult to compare various treatment protocols
because of the varying lengths of emission wave and power across different and nonstandard-
ized protocols [56].

4.6. Biofeedback

There are numerous studies in the literature on biofeedback approaches. Buckelew et al. [78]
conducted a study and compared electromyogram (EMG) biofeedback, exercise training, com-
bination treatment (biofeedback and exercise) and an educational/attention control group [78].
Compared to the control group, they reported that patients in the treatment groups showed
improvements in some functional and clinical scores. Another controlled trial was conducted
in which patients were assigned to either a fitness program or surface EMG, and the authors
could not show significant improvement compared to the control group [79]. Although there
are contrary results, the findings that are mostly positive suggest that EMG biofeedback may
be a preferred treatment option for some patients with FM [18].

In the revised recommendations of EULAR for managing FM, there were two reviews that
were conducted about biofeedback. Glombiewski et al. [80] reviewed 7 studies with 321
participants. Treatment sessions varied from 6 to 22. The control therapy consisted of sham
biofeedback, attention control, medication and treatment as usual. Biofeedback was influential
in reducing the intensity of the pain, although all trials showed poor quality. EULAR has weak
opposition about biofeedback [10].

5. Cognitive behavioral therapies

Cognitive behavioral therapies (CBTs) are a combination of cognitive + behavioristic therapies.
In cognitive part, such a therapy will ensure that there will occur changes in emotions and
behaviors [18]. In this way, several drawbacks like overgeneralizing, magnifying negative
aspects, minimizing positive ones and catastrophizing will be eliminated. Such drawbacks will
be replaced with realistic and effective considerations, which will eventually decrease emo-
tional stress and self-defeating behavior. Specifically, in FM, the consideration or the expecta-
tion of the worst possible outcome has been associated with the severity of the pain, decreased
functioning and affective distress in FM [81, 82]. In cognitive therapy step, worries like “This is
the worst pain, and I cannot do anything” are replaced with statements such as “Although my pain
is worse, there are still things I can do to lessen it.” Behavioral therapy, on the other hand, unlike
the cognitive one, is based on the claim that thoughts and feelings are not as important as
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controlled study in which combined treatment approaches were compared, it was reported
that when balneotherapy and aerobic exercises were applied together with the existing treat-
ment, the FIQ, depression scale, sleep quality, and total myalgic scores were better when
compared to the exercise + balneotherapy group, and in addition, the effect duration could last
as long as 3 months in terms of sleep quality in a combined therapy [29].

4.3. Electrical stimulation: TENS

Electrical current is the most frequently used physical therapy technique in pain management.
Transcutaneous electrical nerve stimulation (TENS) is an electrical current for pain relief
applied by means of superficial electrodes applied on skin. Investigators have found positive
results with fibromyalgia using TENS [71]. In one review article, it was reported that TENS
was a useful methodology to control specific symptoms like localized musculoskeletal
pain [55]. On the other hand, it is possible to claim that TENS and related techniques can be
useful in treating specific, contingent and localized pains, but they do not have obvious effects
on generalized pain syndromes like FM [56].

4.4. Transcranial direct current stimulation (tDCS) and transcranial magnetic stimulation
(TMS)

The possibility of central mechanisms in the pathogenesis of FM has led to the idea that
transcranial stimulation treatments can be performed. Thus, studies were conducted in FM
patients. The tDCS procedure applies a weak current to the scalp, while TMS therapy uses
electrical current to produce a magnetic field. Then this magnetic field penetrates to skull to
generate an electrical field in the brain of the patient. Stimulation of the primary motor cortex
produces antinociceptive effects, while stimulation of the dorsolateral prefrontal cortex has
antidepressant effects.

In a review that examined the effectiveness of tDCS and TMS, decrease in pain scores was
reported after these treatments, but different results were reported in the number of tender
points, in functional assessments, and in depression scales [72]. In a guideline about therapeu-
tic use of tDCS, level B evidence (probable efficacy) was found for FM [73]. In a more recent
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meta-analysis about the effectiveness of tDCS in FM, it is more likely to control pain and
improve general FM-related function in FM patients than sham tDCS [74].
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The data on using laser in FM are few and conflicting; however, there are some rare studies
reporting efficacy. In some studies, it has been reported that there were no effects [75, 76] while
in some others, it has been reported that there is a statistically significant reduction in both
spontaneous and mechanical pain [77]. It is difficult to compare various treatment protocols
because of the varying lengths of emission wave and power across different and nonstandard-
ized protocols [56].

4.6. Biofeedback

There are numerous studies in the literature on biofeedback approaches. Buckelew et al. [78]
conducted a study and compared electromyogram (EMG) biofeedback, exercise training, com-
bination treatment (biofeedback and exercise) and an educational/attention control group [78].
Compared to the control group, they reported that patients in the treatment groups showed
improvements in some functional and clinical scores. Another controlled trial was conducted
in which patients were assigned to either a fitness program or surface EMG, and the authors
could not show significant improvement compared to the control group [79]. Although there
are contrary results, the findings that are mostly positive suggest that EMG biofeedback may
be a preferred treatment option for some patients with FM [18].

In the revised recommendations of EULAR for managing FM, there were two reviews that
were conducted about biofeedback. Glombiewski et al. [80] reviewed 7 studies with 321
participants. Treatment sessions varied from 6 to 22. The control therapy consisted of sham
biofeedback, attention control, medication and treatment as usual. Biofeedback was influential
in reducing the intensity of the pain, although all trials showed poor quality. EULAR has weak
opposition about biofeedback [10].

5. Cognitive behavioral therapies

Cognitive behavioral therapies (CBTs) are a combination of cognitive + behavioristic therapies.
In cognitive part, such a therapy will ensure that there will occur changes in emotions and
behaviors [18]. In this way, several drawbacks like overgeneralizing, magnifying negative
aspects, minimizing positive ones and catastrophizing will be eliminated. Such drawbacks will
be replaced with realistic and effective considerations, which will eventually decrease emo-
tional stress and self-defeating behavior. Specifically, in FM, the consideration or the expecta-
tion of the worst possible outcome has been associated with the severity of the pain, decreased
functioning and affective distress in FM [81, 82]. In cognitive therapy step, worries like “This is
the worst pain, and I cannot do anything” are replaced with statements such as “Although my pain
is worse, there are still things I can do to lessen it.” Behavioral therapy, on the other hand, unlike
the cognitive one, is based on the claim that thoughts and feelings are not as important as
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operant behaviors, and tries to increase adaptive behavior via positive-negative reinforcement.
Behavioral therapy also extinguishes maladaptive behaviors by punishing the patient in such
cases. There are several behavioral techniques that might be applied in FM like behavioral
activation (getting patients move again), graded exercises (initiating exercise and then activi-
ties increasing slowly), activity pacing (not overdoing it on the days when the patient feels well
and remaining active on days when the patient feels bad), pain-reducing behaviors (not
reinforcing behaviors related with secondary gain), sleep hygiene (identifying the behaviors
that are known to disrupt sleep), and learning relaxation techniques for the purpose of lower-
ing stress (for example imagery, breathing, muscle relaxation, etc.) [18].

In general, applying CBT for FM has three steps [83]. Step 1 consists of training in which the
participation of the patient in pain management is focused on and the nature of the pain is
dealt with. In step 2, there is skill training on pain reduction to improve functional status and
sleep quality, etc. In Step 3, these skills are applied in real-life situations. CBT also involves
homework assignments to learn and practice these skills. The “Booster Sessions” also aim the
same thing and help to sustain the effects for longer durations [84].

In the revised recommendations of EULAR for managing FM there were 5 reviews that
included 30 trials and at least 2031 participants about CBT. Although the quality of individual
trials was reported as being weak in general, in one quality review, there were 23 trials
comprising >2000 patients [85]. Cognitive behavioral therapies (CBTs) were effective in reduc-
ing pain and disability after the treatment when compared with the controls. The results lasted
for longer durations. EULAR proposes behavioral therapies as weak [10].

6. Traditional and complementary medicine

The requirement of traditional and complementary medicine (TCM) processes is very common in
patients with chronic diseases for which conventional therapies have failed to obtain a cure all
around the world. The rheumatologic disorders are one of the most common causes of admission
to the TCM practitioners. The TCM usage rate of patients with FM reaches almost 100% [86, 87].

6.1. Acupuncture

Acupuncture is a traditional Chinese medicine form. Needles are placed at various predefined
points on the body. It has many effects including reducing pain. It is claimed to work by
reducing the inflammation, causing endorphin release, and creating a calmer mind [88]. Many
studies showed its use in reducing pain in FM and other pain types when compared to no
treatment or sham acupuncture [89]. It has been shown that acupuncture decreases the num-
ber and intensity of painful spots. It also modifies neurohormonal parameters [56].

In a clinical study, 70 patients underwent electroacupuncture. It was reported that there was
70% improvement in some parameters in the intervention group against 4% in the sham
acupuncture group [90].

In the revised recommendations of EULAR for managing FM, there were eight reviews about
acupuncture. In one high-quality review, it was reported that acupuncture, when used
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together with the standard therapy, resulted in a 30% improvement in pain scores. Electric
acupuncture was also associated with improvements in pain and fatigue. Some mild and
transient adverse events were also reported. The active mechanism of acupuncture has not
been clarified, and the evidence supporting the use of real vs. sham acupuncture is less
consistent. EULAR proposes acupuncture as weak [10].

6.2. Manual therapy/massage/chiropractic

Manual treatments are hands-on therapies used to increase motion range and to decrease pain
and swelling. Tissue and muscles relaxation along with stretching exercises is the commonly
used manual treatments. Proprioceptive neuromuscular facilitation is used to increase range of
motion and strength. Pain leads to immobilization, which further leads to soft tissue (fascia,
tendons, ligaments etc.) restriction that can create abnormal strain pattern that can crowd or
pull the osseous structures out of proper alignment resulting in compression of joints, which
produces pain and/or dysfunction. Neural and vascular structures can also be compressed
causing neurological or ischemic conditions. Shortening of the myofacial fasicle can limit its
functional length, reducing its strength contractile potential or deceleration capacity facilitat-
ing positive changes in this system by therapeutic intervention like myofascial release. Mobi-
lizing the restricted fissure can reverse the effects of immobilization provided that it does not
last for an excessive period. Movement encourages the collagen fibers to align themselves
along the lines of structural stress and improves the balance of glycosaminoglycans and
lubricates and hydrates the corrective tissues [91].

Massage is commonly used in TCM therapy in FM patients. Based on the patient survey data,
the intervention has been reported with the highest satisfaction levels [18].

A systematic review and meta-analysis examined fatigue, anxiety, depression, and sleep dis-
turbance. They also included studies investigating traditional Chinese massage that was not
extensively reviewed previously. Their main result was that massage therapy that lasted more
than 5 weeks gave significant improvement in pain, anxiety, and depression [89, 92].

In the revised recommendations of EULAR for managing FM, there were 6 reviews reported
including 1 meta-analysis in which there are 9 trials and 404 patients. Methodological prob-
lems were noted with all of the studies, only four were at low risk of bias in terms of random
allocation. EULAR has a weak opposition about massage [10].

Chiropractic treatments, like massage therapy, have also become a popular modality in FM
patients. Few randomized-controlled trials were reported in FM patients using chiropractic
modalities [18, 56]. In the revised recommendations of EULAR for managing FM, there were
three reviews about chiropractics. The most recent compilation summarized three studies [93].
The studies were of poor quality and lacked robust data. EULAR has strong opposition about
chiropractic treatments [10].

6.3. Meditative movement/mindfulness/mind-body therapy

“Mind and body therapy” is a heterogeneous term that means as “meditative movement
therapy” or “complementary and alternative exercise.” The goal is to improve the flow of qi
(the life energy) through the body with purposeful hand and body movements. A review of
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operant behaviors, and tries to increase adaptive behavior via positive-negative reinforcement.
Behavioral therapy also extinguishes maladaptive behaviors by punishing the patient in such
cases. There are several behavioral techniques that might be applied in FM like behavioral
activation (getting patients move again), graded exercises (initiating exercise and then activi-
ties increasing slowly), activity pacing (not overdoing it on the days when the patient feels well
and remaining active on days when the patient feels bad), pain-reducing behaviors (not
reinforcing behaviors related with secondary gain), sleep hygiene (identifying the behaviors
that are known to disrupt sleep), and learning relaxation techniques for the purpose of lower-
ing stress (for example imagery, breathing, muscle relaxation, etc.) [18].

In general, applying CBT for FM has three steps [83]. Step 1 consists of training in which the
participation of the patient in pain management is focused on and the nature of the pain is
dealt with. In step 2, there is skill training on pain reduction to improve functional status and
sleep quality, etc. In Step 3, these skills are applied in real-life situations. CBT also involves
homework assignments to learn and practice these skills. The “Booster Sessions” also aim the
same thing and help to sustain the effects for longer durations [84].

In the revised recommendations of EULAR for managing FM there were 5 reviews that
included 30 trials and at least 2031 participants about CBT. Although the quality of individual
trials was reported as being weak in general, in one quality review, there were 23 trials
comprising >2000 patients [85]. Cognitive behavioral therapies (CBTs) were effective in reduc-
ing pain and disability after the treatment when compared with the controls. The results lasted
for longer durations. EULAR proposes behavioral therapies as weak [10].

6. Traditional and complementary medicine

The requirement of traditional and complementary medicine (TCM) processes is very common in
patients with chronic diseases for which conventional therapies have failed to obtain a cure all
around the world. The rheumatologic disorders are one of the most common causes of admission
to the TCM practitioners. The TCM usage rate of patients with FM reaches almost 100% [86, 87].

6.1. Acupuncture

Acupuncture is a traditional Chinese medicine form. Needles are placed at various predefined
points on the body. It has many effects including reducing pain. It is claimed to work by
reducing the inflammation, causing endorphin release, and creating a calmer mind [88]. Many
studies showed its use in reducing pain in FM and other pain types when compared to no
treatment or sham acupuncture [89]. It has been shown that acupuncture decreases the num-
ber and intensity of painful spots. It also modifies neurohormonal parameters [56].

In a clinical study, 70 patients underwent electroacupuncture. It was reported that there was
70% improvement in some parameters in the intervention group against 4% in the sham
acupuncture group [90].

In the revised recommendations of EULAR for managing FM, there were eight reviews about
acupuncture. In one high-quality review, it was reported that acupuncture, when used
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together with the standard therapy, resulted in a 30% improvement in pain scores. Electric
acupuncture was also associated with improvements in pain and fatigue. Some mild and
transient adverse events were also reported. The active mechanism of acupuncture has not
been clarified, and the evidence supporting the use of real vs. sham acupuncture is less
consistent. EULAR proposes acupuncture as weak [10].

6.2. Manual therapy/massage/chiropractic

Manual treatments are hands-on therapies used to increase motion range and to decrease pain
and swelling. Tissue and muscles relaxation along with stretching exercises is the commonly
used manual treatments. Proprioceptive neuromuscular facilitation is used to increase range of
motion and strength. Pain leads to immobilization, which further leads to soft tissue (fascia,
tendons, ligaments etc.) restriction that can create abnormal strain pattern that can crowd or
pull the osseous structures out of proper alignment resulting in compression of joints, which
produces pain and/or dysfunction. Neural and vascular structures can also be compressed
causing neurological or ischemic conditions. Shortening of the myofacial fasicle can limit its
functional length, reducing its strength contractile potential or deceleration capacity facilitat-
ing positive changes in this system by therapeutic intervention like myofascial release. Mobi-
lizing the restricted fissure can reverse the effects of immobilization provided that it does not
last for an excessive period. Movement encourages the collagen fibers to align themselves
along the lines of structural stress and improves the balance of glycosaminoglycans and
lubricates and hydrates the corrective tissues [91].

Massage is commonly used in TCM therapy in FM patients. Based on the patient survey data,
the intervention has been reported with the highest satisfaction levels [18].

A systematic review and meta-analysis examined fatigue, anxiety, depression, and sleep dis-
turbance. They also included studies investigating traditional Chinese massage that was not
extensively reviewed previously. Their main result was that massage therapy that lasted more
than 5 weeks gave significant improvement in pain, anxiety, and depression [89, 92].

In the revised recommendations of EULAR for managing FM, there were 6 reviews reported
including 1 meta-analysis in which there are 9 trials and 404 patients. Methodological prob-
lems were noted with all of the studies, only four were at low risk of bias in terms of random
allocation. EULAR has a weak opposition about massage [10].

Chiropractic treatments, like massage therapy, have also become a popular modality in FM
patients. Few randomized-controlled trials were reported in FM patients using chiropractic
modalities [18, 56]. In the revised recommendations of EULAR for managing FM, there were
three reviews about chiropractics. The most recent compilation summarized three studies [93].
The studies were of poor quality and lacked robust data. EULAR has strong opposition about
chiropractic treatments [10].

6.3. Meditative movement/mindfulness/mind-body therapy

“Mind and body therapy” is a heterogeneous term that means as “meditative movement
therapy” or “complementary and alternative exercise.” The goal is to improve the flow of qi
(the life energy) through the body with purposeful hand and body movements. A review of
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studies demonstrated improvements after 6 months compared to baseline in patients with FM.
However, the studies had significant methodological issues and variability [94]. Tai Chi is
another mind-body technique with specific movements. A meta-analysis that included seven
studies evaluated Tai Chi for FM that showed improvements in some symptoms [89, 95].

In the revised recommendations of EULAR for managing FM, there were six reviews focusing
on qigong, yoga, Tai Chi, or a combination of them. However, there was inadequate evidence
for individual recommendations. EULAR proposes meditative movement as weak [10].

There were 6 reviews that included 13 trials and 1209 participants about mindfulness/mind-
body therapy in the EULAR revised recommendations. One recent review provided evidence
that mindfulness-based stress reduction resulted in improvements in pain compared with usual
care. However, these effects were considered to be biased. EULAR proposes mindfulness/
mind-body therapy as weak [10].

6.4. Guided imagery/hypnotherapy

Although hypnosis is one of the oldest therapies for pain, interest in hypnosis for controlling
chronic pain rose only in the last decade. Hypnosis is defined as a state of consciousness
involving focused attention and reduced peripheral awareness and is characterized by an
enhanced capacity for response to suggestion [96]. Imagery is defined as a dynamic, psycho-
physiological process in which a person imagines and experiences an internal reality in the
absence of external stimuli. These images can be initiated by the patient or guided by a therapist.
In a systematic review conducted on evaluating the efficacy, acceptability and safety of guided
imagery/hypnosis (GI/H) in FM, randomized-controlled trials comparing GI/H with controls
were analyzed. The main outcomes were ≥50% pain relief, ≥20% improvement of health-related
quality of life, psychological distress, disability, acceptability and safety at the end of therapy and
a 3-month follow-up. There were 7randomized controlled trials (RCTs) with 387 subjects that
were included into a comparison of GI/H vs. controls. There was a benefit from GI/H compared
to the controls at the end of the therapy [97]. In the revised recommendations of EULAR for
managing FM, hypnotherapy evaluation was considered weak [10].

7. Conclusion

FM is a common musculo-skeletal disorder and is otherwise known by unexplained chronic
widespread pain, a lower pain threshold, high tender point count (tenderness on examination
at specific, predictable anatomic sites known as tender points), sleep disturbances, fatigue,
headache, irritable bowel syndrome, morning stiffness, paresthesia of the extremities, frequent
psychological distress, and depressed mood [98]. For these reasons, FM has a negative effect
on work capacity, family life, social functions, and life quality [7]. Typically, management of
fibromyalgia is multidisciplinary. Furthermore, the treatment of the patients must be orga-
nized individually after the detailed examination. There are many nonpharmacologic treat-
ment options available in the treatment of fibromyalgia. When this disease is thought to last for
a lifetime, increasing the quality of life of patients should be the primary goal. It should
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concentrate first on nonpharmacologic modalities. This is in view of accessibility, cost, safety
and patient preference. It is considered that in addition to the existing standard treatment
modality of the patient, the treatment may be more efficient and the burden of medication
might be reduced with the selection of the best nonpharmacologic treatment option for the
patient.

Among these nonpharmocologic treatment methods, exercise therapy, balneotherapy, cogni-
tive behavioral therapies, acupuncture, and meditative movement/mindfulness/mind-body
therapies are more effective treatment methods according to the evidence-based medicine
approach. These are summarized in Table 1. In case of severe disability, combination therapies
should be performed.

Author details

Fatmanur Aybala Koçak and Emine Eda Kurt*

*Address all correspondence to: eedakurt@gmail.com

Medical Faculty, Department of Physical Medicine and Rehabilitation, Ahi Evran University,
Kırşehir, Turkey

Nonpharmacologic therapies Which symptoms improved after treatment

Exercise therapy

Aerobic exercise Pain [10, 29, 30], physical functions [10, 29], global well-being [30], emotional
distress/depression [28–30], fatigue [22, 30], number of tender points [29, 30],
sleep disturbance [29, 30], decreased quality of life [30]

Strengthening exercise Pain [8, 10, 30], physical functions [8, 10], global well-being [8, 30], emotional
distress/depression [28, 30], fatigue [22, 30], number of tender points [8, 29, 30],
sleep disturbance [29, 30], decreased quality of life [30]

Tai Chi exercises/Ai-chi exercises/yoga Pain [32, 39],decreased quality of life [32, 33, 39], loss of balance [35], physical
functions [39]

Balneotherapy Pain [10, 66–70], fatigue [66–68], stiffness [66], physical functions [66, 67, 69, 70],
emotional distress/depression/anxiety [66, 68, 69], decreased quality of
life [67, 68], sleep disturbance [67, 68, 70], headache/gastrointestinal
disturbances [67, 68], number of tender points [67, 69]

Cognitive behavioral therapies Pain [10, 18], disability [10, 18], emotional distress/depression/anxiety/
maldaptive thoughts [18], fatigue [18]

Acupuncture Pain [10, 56, 88, 89], fatigue [10, 88], stiffness [88, 89], global well-being [88],
number of tender points [89]

Meditative movement/
mindfulness/mind-body therapies

Sleep disturbance [10, 89, 94, 95], fatigue [10, 94, 95], emotional distress [10, 94],
pain [10, 89, 94, 95]

*According to the evidence-based results of guidelines, systematic reviews and meta-analyses.

Table 1. Most effective* nonpharmacological therapies for fibromiyalgia.
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an economic impact through lost workdays. This pain syndrome is a common cause of 
chronic widespread pain and is characterized by reduced pressure pain thresholds with 
hyperalgesia and allodynia, nonrestorative sleep, fatigue, cognitive dysfunction, and 
mood disturbances. The pharmacological treatment strategies for FM include the use 
of antidepressants, calcium channel modulators, muscle relaxants, and analgesics but 
have shown limited efficacy and therapeutic adherence. Thus, researchers have been 
seeking potential substances (new chemical entities or through drug repositioning) 
that could be used for FM treatment. In this context, natural products (NPs) have been 
shown to be promising pharmacological tools due to the variety of their pharmacologi-
cal activity and the number of molecular sites available as possible active targets. Recent 
clinical and preclinical studies have been conducted to verify the possible applicability 
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of NPs such as essential oils (EOs), plants extracts, terpenes, sapogenins, and alkaloids 
in the treatment of FM. The results have shown that natural products have an analgesic 
effect in different animal models of FM, probably by activation of inhibitory descending 
pathways, such as the periaqueductal gray and rostroventromedial medulla. Natural 
products and their secondary metabolites could therefore be a promising source for FM 
management. However, translational studies that seek to validate the preclinical studies 
are scarce, incipient, and lacking an approach focused on the traditional pharmaceutical 
market.

Keywords: natural products, muscle pain, chronic pain, fibromyalgia, pain

1. Introduction

Fibromyalgia (FM) is a painful syndrome caused by changes in the central nervous sys-
tem. This syndrome is chronic in nature and is present in about 5% of the world popu-
lation. Generalized musculoskeletal pain and changes in sensitivity, as well as fatigue 
in the absence of any organic disease, are presented as clinical aspects. Other important 
symptoms may manifest in patients with FM such as sleep disturbances and cognitive 
problems, as well as a variety of psychosomatic symptoms. Patients with FM often com-
plain of tingling, numbness, burning, cutaneous hyperalgesia, momentary pain attacks, 
and depression [1].

Pathophysiological factors are genetic predisposition, autonomic and emotional dysfunc-
tions, physical or environmental stresses, and neurohormonal and inflammatory dysfunc-
tions [2]. Besides that, ischemia and muscular microtraumas, which result in pain during 
and after exercise, can be considered favorable for the onset of pain in FM. Elvin et al. [3] 
studied 10 female fibromyalgic patients and 11 female patients in the control group, using 
Doppler ultrasound in the infraspinatus muscle during low-intensity exercise. Experimental 
patients presented muscle ischemia when compared to control patients, perhaps because 
they evoked reflexes in the muscular sympathetic nervous activity, resulting in vasocon-
striction. This may be contributed to pain in FM, which could be resulting from possible 
microtraumas. An abrupt increase in muscle vascularization during and after dynamic 
exercise was also observed for patients with FM, which did not occur with static exercise 
when compared to the control patients. Thus, increased muscle sympathetic nerve activity 
in the FM group may have resulted in imbalance between vasodilation and sympathetic 
vasoconstriction.

Areas of the descending pathway of pain, such as the periaqueductal gray (PAG) and ros-
troventromedial area (RVM), which have mainly opioid and serotonergic activation, respec-
tively, may act in endogenous analgesia. These two areas make connections with the dorsal 
horn of the spinal cord, modulating the transmission of nociceptive messages [3, 4]. Changes 
in these areas of the central nervous system (CNS) probably occur due to a neurochemi-
cal imbalance, with the glutamatergic, 5-HTergic and opioidergic systems being important 
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targets to control this neurotransmitter fluidity. This results in the classification of FM as 
a central pain syndrome, also known as “dysfunctional pain,” where there are changes in 
sensitivity such as allodynia (pain due to a stimulus that normally does not cause pain) and 
hyperalgesia (increased pain of a stimulus that usually causes pain), without any tissue or 
nervous injury [5–7].

Due to the complexity of its pathophysiology, the treatment of FM is very difficult. Only 
30% of the medicines used to treat FM have some positive effect. Some drugs have high costs 
(financial or in terms of side effects), being possible triggers of collateral effects such as nausea, 
edema, tachycardia, and with poor therapeutic efficacy [1, 2, 8–12]. In order to better under-
stand the physiopathology as well as to investigate new treatment options for FM, animal 
models have been developed that mimic some symptoms of this syndrome. Scientists have 
used a combination of repetitive stimuli applied to the muscle, coupled with stress added to 
the nociceptive stimuli applied in the muscle to trigger lasting hyperalgesia, which mimics 
FM (Table 1) [13–16].

In the search for new sources of more effective drugs with fewer side effects, scientists have 
been focusing on the study of different pharmacological approaches including natural prod-
ucts (NPs) due to their promising effects on the CNS. NPs are considered the main source of 
new chemical entities in the search for new medicines and may be fundamental to the discov-
ery of new drugs for diseases or syndromes that still do not respond adequately to the current 
available treatments. In this context, an important approach to discover new painkillers has 
been developed with NPs such as medicinal plants or their secondary metabolites that could 
modulate painful conditions, including FM [17].

Medicinal plants (MPs) are natural products that have been used in the control of several 
diseases by the world’s population for thousands of years. Popular knowledge about 
the use of these plants has directed scientists to conduct new research seeking drugs 
that act on specific targets or multiple molecular sites such as the pathophysiology of 
FM usually presents [18, 19]. Many drugs that are commonly used in clinical treatment 
are derived directly or indirectly from MPs and include analgesics such as aspirin (anti-
inflammatory nonsteroidal derived from salicylic acid, which was initially extracted from 
Salix alba) and morphine (opioid analgesic derived from Papaver somniferum) [20]. As evi-
dence of the importance of natural products, between 2005 and 2010, the Food and Drug 
Administration (FDA) and the European Medicines Agency (EMA) approved 19 medi-
cines derived from NPs, including trabectedin (Yondelis™) and cannabidiol (Sativex®), 
for cancer and pain treatment, respectively [21, 22]. Moreover, the growing number of 
patents to protect new formulations containing NPs demonstrates the importance of these 
compounds [23].

In relation to FM, some classes of bioactive compounds extracted from medicinal plants have 
presented analgesic activity described in the literature, such as essential oils [24–26], extracts 
[27, 28], monoterpenes [29–31], sesquiterpenes [32], saponins [33], and alkaloids (Figure 1 and 
Table 2) [34].
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Author Animal model Induction Similarities with the 
clinical condition

Limitations of the model

Sluka, Kalra, 
Moore [35]

Acid saline-induced 
pain

Two injections of 
acid saline (pH 4; 
im) separated by 2–5 
days

Widespread 
and generalized 
hyperalgesia 
including the 
bilateral hind limbs, 
muscles, paws, and 
viscera, and anxiety

It is not clear if there are 
comorbidities such as 
depression, anxiety, fatigue, 
or sleep disturbances, 
as in FM. Unlike what is 
observed in FM, the model 
is sensitive to opioids 
intrathecally

Dina, Levine, 
Green [36]; 
Dina, Green, 
Levine [37]

Hyperalgesic priming 
model

An acute 
inflammatory insult 
(carrageenan or IL-6) 
followed by PGE2 
injection into the 
same muscle

Long duration of 
hyperalgesia may 
indicate differential 
processing of 
muscular or 
cutaneous pain by 
peripheral or central 
pathways

Pharmacological and non-
pharmacological treatments 
for FM or comorbidities, as 
well as changes in the CNS, 
have not yet been studied 
in this model

Yokoyama et 
al. [38]

Fatigue-enhanced 
muscle pain

Running wheel for 
2 h followed by two 
injections of acid 
saline (pH 5)

Muscle fatigue may 
increase hyperalgesia 
produced by low-
intensity agents

Pharmacological and 
non-pharmacological 
treatments for FM or 
comorbidities have not yet 
been determined

Nagakura et 
al. [39]

Biogenic amine 
depletion model

Repeated 
administration of 
reserpine (1 mg/kg/
day, for 3 consecutive 
days; sc)

Animals show signs 
of comorbidities 
as depression and 
anxiety

It is unclear how changes 
in the serotonergic 
system contribute 
to the maintenance 
of hyperalgesia. All 
studies so far have been 
performed only on males. 
It is not known if there are 
differences between males 
and females

Nishiyori et al. 
[40]

Cold stress model Maintenance in cold 
room (−3 to +4°C) 
overnight for 3 days 
and transfer between 
normal room 
temperature (24°C) 
and a cold room 
every 30 min during 
the day

Pharmacological 
treatments directed 
to FM also have an 
effect in this model, 
with the exception 
of opioids, which 
are not effective 
in FM and reduce 
hyperalgesia in the 
model cited

Comorbidities such as 
anxiety and depression are 
not developed

Khasar et al. 
[41]

Sound stress model Exposure to pure 
tones of 5, 11, 15, 
and 19 kHz, with 
amplitudes between 
20 and 110 dB in 
random times each 
minute, lasting from 
5 to 10 s, on days 1, 
3, and 4

Anxiety is developed 
as comorbidity

All studies so far have been 
performed only on males. 
It is not known if there are 
differences between males 
and females

Note: CNS, central nervous system; FM, fibromyalgia.

Table 1. Summary of major animal models of fibromyalgia.
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Natural product Dose/route Type of study Sample Molecular 
mechanism

References

Essential oils

Hyptis pectinata 0.3 ml/mouse 
(5%); sc

Preclinical Male Swiss mice 
(n = 8/group)

Opioid, 
serotoninergic, 
cholinergic, and 
reduction of SP, 
with involvement 
in the descending 
pain pathway

Quintans-Júnior 
et al. [24]

Ocimum basilicum 25, 50, and 100 
mg/kg; po

Preclinical Male Swiss mice 
(n = 8/group)

Opioid, 
glutamatergic, 
TRPV1, and 
reduction of SP, 
with involvement 
in the descending 
pain pathway

Nascimento et 
al. [25]

O24™ Not described; to Clinical 133 subjects of 
either sex

Stimulation of 
A-beta sensory 
fibers and 
inhibition of 
bradykinin, 
histamine, and 
prostaglandins

Ko et al. [26]

Figure 1. General structures of different categories of bioactive plant compounds studied for the treatment of FM: 
alkaloids (A1 and A2); monoterpenes (B); sesquiterpenes (C); and triterpenes, saponins, and steroids (D) (adapted from 
Azmir et al. [42]).
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Natural product Dose/route Type of study Sample Molecular 
mechanism

References

Plant extracts

Phyllanthus 
amarus and 
Phyllanthus 
fraternus

400 mg/kg; ip Preclinical Male Wistar rats 
(n = 5/group)

Opioid Chopade and 
Sayyad [27]

Ginkgo biloba 200 mg/day; po Clinical 25 subjects of 
either sex

Antioxidant Lister et al. [28]

Terpenes

Linalool 25 mg/kg; po Preclinical Male Swiss mice 
(n = 8/group)

Opioid, 
glutamatergic, 
and blocking 
of neuronal 
excitability

Nascimento et 
al. [29]

Citronellal 50 mg/kg; po Preclinical Male Swiss mice 
(n = 7/group)

Opioid, 
glutamatergic, 
SP pathway, 
TRPV1 receptor, 
involvement in 
the descending 
pain pathway, 
and blocking of 
sodium channels

Santos et al. [30]

α-Terpineol 25, 50, and 100 
mg/kg; po

Preclinical Male Swiss mice 
(n = 8/group)

Opioid, 
serotoninergic, 
glutamatergic, 
TRPV1, and 
reduction of SP, 
with involvement 
in the descending 
pain pathway

Oliveira et al. [31]

β-Caryophyllene 10 and 20 mg/
kg; po

Preclinical Male Swiss mice 
(n = 8/group)

Opioid and 
cannabinoid

Quintans-Júnior 
et al. [32]

Saponin

Hecogenin 
acetate

20 mg/kg; po Preclinical Male Swiss mice 
(n = 8/group)

Opioid, SP, 
ATP-sensitive K 
(+) channel, with 
involvement in 
the descending 
pain pathway

Quintans et al. 
[33]

Alkaloid

Capsaicin 0.075% (3 times/
day); to

Clinical 126 women and 
4 men

TRPV1 and 
reduction of SP

Casanueva et 
al. [34]

*All preclinical studies used the chronic muscle pain model induced by acid saline.
Note: ATP, adenosine triphosphate; ip, intraperitoneal; po, oral administration; sc, subcutaneous; SP, substance P; to, 
topically; TRPV1, transient receptor potential vanilloid 1.

Table 2. Summary of studies involving bioatctive compounds aimed at the treatment of fibromyalgia and their main 
mechanisms of action.
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2. Pharmacology of bioactive compounds

Bioactive compounds, produced by plants, are designated secondary metabolites. Metabolites 
can be divided into primary and secondary. Primary metabolites are those involved in growth 
and development, such as carbohydrates, amino acids, proteins, and lipids, while secondary 
metabolites, which often have unusual chemical structures, are not required for primary met-
abolic processes and are believed to support plant survival with respect to local challenges. 
Thus, the production of secondary metabolites of a given species will be related to their need 
for survival. Among the secondary metabolites, some compounds have an effect on biological 
systems, being considered bioactive, which defines them as secondary metabolites of plants 
that induce pharmacological or toxic effects in humans or animals [42].

Bioactive compounds can be extracted from various parts of the plant, such as the leaves, 
seeds, flowers, bark, roots, and fruits [43]. These compounds form the essential oil of the 
plant, resin, or other plant products, which can be extracted in a concentrated form (contain-
ing secondary metabolites) or by means of solvents, such as water, ethanol, methanol, chlo-
roform, dichloromethane, ether, and acetone [42]. The best solvent or extraction procedure 
will depend on the botanical material to be used as well as of the type of secondary metabo-
lites being obtained. In addition, various substances can be isolated from the essential oil or 
chemical extracts, such as terpenes, flavonoids, alkaloid, and steroids that already have some 
known property that can be used in the treatment of FM [43].

2.1. Essential oils

Essential oils (EOs) are derived from the secondary metabolism of aromatic plants and are 
mainly terpene compounds. They are volatile and usually have a strong and characteristic 
smell. In nature, they perform plant protection functions against predators and help attract 
certain animals for pollination. In industry, they are used for numerous purposes including 
in perfume, as antiseptics, and food preservatives but also have numerous pharmacological 
properties [44]. They are mixtures and may contain 20–60 compounds (or more) in varying 
concentrations. Usually, each EO is characterized by its major components, which may be 
number two or three and usually be between 20 and 70% of the oil [45].

Although the biological effect of EOs are thought to be due to the major components which 
define their pharmacological profiles, synergism between the molecules present in each oil, 
even those that are in a smaller quantity, can modulate the effects of the major components [45].

2.2. Plant extracts

Based on non-pharmacological studies and holistic or alternative medicine with the use of 
medicinal plants (and related products), several researchers have sought to evaluate the 
effects of materials obtained through NPs in clinical and preclinical studies. This research 
has been based on the popular and potentially dangerous belief given the chemical diversity 
of NPs that “what is natural, cannot do you harm.” The innovative pharmacological effects 
that these products are able to produce are promising but due to possible side effects remain 
challenging at the same time [50–52]. One way to evaluate possible pharmacological effects 
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Natural product Dose/route Type of study Sample Molecular 
mechanism
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abolic processes and are believed to support plant survival with respect to local challenges. 
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systems, being considered bioactive, which defines them as secondary metabolites of plants 
that induce pharmacological or toxic effects in humans or animals [42].

Bioactive compounds can be extracted from various parts of the plant, such as the leaves, 
seeds, flowers, bark, roots, and fruits [43]. These compounds form the essential oil of the 
plant, resin, or other plant products, which can be extracted in a concentrated form (contain-
ing secondary metabolites) or by means of solvents, such as water, ethanol, methanol, chlo-
roform, dichloromethane, ether, and acetone [42]. The best solvent or extraction procedure 
will depend on the botanical material to be used as well as of the type of secondary metabo-
lites being obtained. In addition, various substances can be isolated from the essential oil or 
chemical extracts, such as terpenes, flavonoids, alkaloid, and steroids that already have some 
known property that can be used in the treatment of FM [43].
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smell. In nature, they perform plant protection functions against predators and help attract 
certain animals for pollination. In industry, they are used for numerous purposes including 
in perfume, as antiseptics, and food preservatives but also have numerous pharmacological 
properties [44]. They are mixtures and may contain 20–60 compounds (or more) in varying 
concentrations. Usually, each EO is characterized by its major components, which may be 
number two or three and usually be between 20 and 70% of the oil [45].

Although the biological effect of EOs are thought to be due to the major components which 
define their pharmacological profiles, synergism between the molecules present in each oil, 
even those that are in a smaller quantity, can modulate the effects of the major components [45].

2.2. Plant extracts

Based on non-pharmacological studies and holistic or alternative medicine with the use of 
medicinal plants (and related products), several researchers have sought to evaluate the 
effects of materials obtained through NPs in clinical and preclinical studies. This research 
has been based on the popular and potentially dangerous belief given the chemical diversity 
of NPs that “what is natural, cannot do you harm.” The innovative pharmacological effects 
that these products are able to produce are promising but due to possible side effects remain 
challenging at the same time [50–52]. One way to evaluate possible pharmacological effects 
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and examine their use in folk medicine is to study plant extracts obtained through the use of 
several solvents [53–55]. The extraction of biological products using solvents is mainly used 
with fragile or delicate flower materials, which do not tolerate the heat of steam distillation. 
Examples of solvents which may be used to produce plant extracts are acetone, hexane, ether, 
methanol, or ethanol [43]. These extracts, in turn, can have a limited use due to their high vis-
cosity, facilitating aggregation and precipitation, or the presence of proteins that induce false 
results, causing better ways of obtaining and fractionating the crude extracts to be sought 
[54].

2.3. Terpenes

Terpenes are the largest group of secondary metabolites obtained through natural products, 
being made from isoprene units (five carbons (C5)). They exhibit a wide variety of structures 
and are the most common class of chemical compounds found in essential oils [43, 46–48]. 
Essential oils contain mainly monoterpenes (C10) and sesquiterpenes (C15), which are gener-
ally hydrocarbons of the general formula (C5H8)n. At a lower concentration, they are pres-
ent in essential oils as diterpenes (C20), triterpenes (C30), and tetraterpenes (C40), which 
are larger molecules. Terpenoids are oxygen compounds that can be derived from terpenes. 
These compounds may present predominantly as phenols, monoterpene alcohol, sesquiter-
pene alcohol, aldehydes, ketones, esters, oxides, lactones, and ethers [43].

Although monoterpenes are smaller molecules than sesquiterpenes, the structure and func-
tional properties of these groups are similar [43, 49]. Most monoterpenes are colorless, vola-
tile, and lipophilic, which promote greater penetration through the membrane [49]. Among 
the activities already described, the antinociceptive properties of these compounds have 
received a lot of attention [50–52].

2.4. Saponin

Triterpenoid or steroidal aglycones linked to portions of oligosaccharides are called saponins. 
Saponins are amphipathic because of the combination of the aglycone, having hydropho-
bic characteristics, and sugar molecules, with a hydrophilic profile. These compounds have 
been studied for use in the pharmaceutical, cosmetic, agronomic, and food industries [53]. 
Saponins present some therapeutic activities including powerful membrane-permeabilizing 
agents with hypocholesterolemic, immunostimulatory, anti-inflammatory, antimicrobial, 
anticarcinogenic, antiprotozoan, molluscicides, and antioxidant properties [54]. The majority 
of plant species-producing saponins are dicotyledonous and accumulate mainly triterpenoid 
saponins. The monocotyledon type mainly synthesizes saponins of the steroidal type [55].

2.5. Alkaloids

Alkaloids are complex compounds that contain nitrogen. These compounds have been used 
in the production of various drugs, such as metronidazole (derived from azomycin) and 
bedaquiline (derived from quinolone) [56–60]. Capsaicin is an alkaloid derived from hot chili 
peppers from the Capsicum. This alkaloid interacts with afferent nociceptors by means of the 
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vanilloid receptors, resulting in increased sensitivity, which is perceived as pruritus, stinging, 
or burning. This happens due to selective activation of type C afferent fibers, release of sub-
stance P, and cutaneous vasodilation. Capsaicin-based topical creams have been used in the 
treatment of painful disorders such as musculoskeletal or neuropathic disorders, probably 
functioning by depletion of substance P in the afferent nerve endings [34, 61–63].

3. Preclinical studies

Recently, Quintans-Júnior et al. [24] evaluated pretreatment with the EO from Hyptis pecti-
nata loaded in a nanoemulsion thermoreversible gel in an animal model of noninflammatory 
chronic muscular pain, an experimental model for FM. This pharmaceutical formulation con-
taining EO and Pluronic F127-based hydrogel produced a long-lasting and consistent anti-
hyperalgesic effect for 10 days after a single subcutaneous application, which was reversed 
by naloxone (opioid antagonist) and methysergide (serotoninergic antagonist). In addition, 
the formulation produced a significant reduction in substance P (SP) levels in the spinal cord. 
Moreover, it was also shown to increase neuron activation, by Fos protein expression, in the 
periaqueductal gray (PAG), the nucleus raphe magnus (NRM), and the locus coeruleus (LC), 
the CNS areas reported to be involved in the descending pathway of pain, so it appears that 
the formulation acts by improving the endogenous analgesia mechanism (Figure 3). Other 
studies have demonstrated that H. pectinata essential oil exhibits antinociceptive effects, prob-
ably mediated by the opioid and cholinergic receptors [64, 65].

Nascimento et al. [25] demonstrated in the same FM animal model that Ocimum basilicum 
essential oil, rich in monoterpenes such as linalool, has an important anti-hyperalgesic profile 
when complexed or noncomplexed with β-cyclodextrin (β-CD). Moreover, the complexed oil 
produced a long-lasting anti-hyperalgesic effect when compared to the oil alone, demonstrat-
ing that the complexation process allows greater stability and bioavailability of the oil or its 
main compounds, such as monoterpenes. In this paper, the authors also assessed Fos protein 
expression in the brains of mice and found that this oil promoted the activation of the PAG, 
NRM, and LC, which are encephalic regions that participate in the antinociceptive effect by 
the activation of the pain inhibitory descending pathway.

The results obtained for the O. basilicum essential oil may be due to its action on the inhibi-
tion of SP or through blocking the neurokinin-1 receptor and the vanilloid receptor (TRPV1). 
Indeed, this oil also acts by glutamatergic system inhibition or by the inhibition of inflam-
matory pathways, because it was able to produce a reduction in orofacial nociception when 
caused by formalin, capsaicin, and glutamate in mice [66]. Furthermore, when assessed using 
an electrophysiological approach, this oil was able to inhibit an orthodromic response in the 
dentate hippocampal gyrus, similar to DNQX (a glutamatergic drug), an AMPA and kainate 
receptor antagonist. In addition, another study carried out by Venâncio et al. [67] demon-
strated that the peripheral and central antinociceptive effects of O. basilicum essential oil are 
related to the inhibition of the biosynthesis of pain mediators, such as prostaglandins and 
prostacyclins, and its ability to interact with opioid receptors.
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ally hydrocarbons of the general formula (C5H8)n. At a lower concentration, they are pres-
ent in essential oils as diterpenes (C20), triterpenes (C30), and tetraterpenes (C40), which 
are larger molecules. Terpenoids are oxygen compounds that can be derived from terpenes. 
These compounds may present predominantly as phenols, monoterpene alcohol, sesquiter-
pene alcohol, aldehydes, ketones, esters, oxides, lactones, and ethers [43].

Although monoterpenes are smaller molecules than sesquiterpenes, the structure and func-
tional properties of these groups are similar [43, 49]. Most monoterpenes are colorless, vola-
tile, and lipophilic, which promote greater penetration through the membrane [49]. Among 
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the CNS areas reported to be involved in the descending pathway of pain, so it appears that 
the formulation acts by improving the endogenous analgesia mechanism (Figure 3). Other 
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NRM, and LC, which are encephalic regions that participate in the antinociceptive effect by 
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The results obtained for the O. basilicum essential oil may be due to its action on the inhibi-
tion of SP or through blocking the neurokinin-1 receptor and the vanilloid receptor (TRPV1). 
Indeed, this oil also acts by glutamatergic system inhibition or by the inhibition of inflam-
matory pathways, because it was able to produce a reduction in orofacial nociception when 
caused by formalin, capsaicin, and glutamate in mice [66]. Furthermore, when assessed using 
an electrophysiological approach, this oil was able to inhibit an orthodromic response in the 
dentate hippocampal gyrus, similar to DNQX (a glutamatergic drug), an AMPA and kainate 
receptor antagonist. In addition, another study carried out by Venâncio et al. [67] demon-
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Some studies using plant extracts for the treatment of FM have been performed. Chopade 
and Sayyad [27] used aqueous, methanolic, hydromethanolic, and hydroethanolic extracts of 
the genus Phyllanthus in an animal model of FM induced by acid saline. It was observed that 
the extract was able to reduce hyperalgesia without causing tolerance. Extracts of these plants 
have shown an antinociceptive effect, including in the hot-plate test [68]. In addition, there are 
indications these extracts depressed the CNS without apparently causing nervous toxicity or 
altering motor coordination, which may have corroborated with the anti-hyperalgesic effect 
obtained in the FM animal model [69].

The variability of the pharmacological mechanisms of terpenes and related compounds is 
shown in Figure 2, especially when incorporated into pharmaceutical formulations which 
improve their pharmacological properties. Moreover, β-caryophyllene, a major compound of 
H. pectinata leaf essential oil (HpEO), complexed with β-cyclodextrin decreased Fos protein 
expression in the superficial dorsal horn, which seems to involve the descending inhibitory 
pain system in an animal model of FM (Figure 2(C)). Germacrene D, another major component 

Figure 2. (A) Effect of nanoemulsion pharmaceutical formulation containing Hyptis pectinata leaf essential oil (NE-EOH; 
sc), tramadol (TRM, 10 mg/kg; ip), or vehicle (sc) on mechanical sensitivity induced by acidic saline in mice. Each point 
represents the mean ± SEM (n = 8, per group) of the ipsilateral paw withdrawal threshold. *p < 0.05 and **p < 0.01 
vs. control group (ANOVA followed by Tukey’s test). (B) Hydrophobic map of germacrene D (a major compound of 
Hyptis pectinata leaf essential oil) and μ-opioid receptor (μ-OR). Blue, hydrophobic region; red, hydrophilic region. (C) 
Fos-positive neurons in the lumbar spinal cord lamina I. Vehicle or β-caryophyllene-β-cyclodextrin (20 mg/kg) was 
administered orally, and, after 90 min, the animals were perfused (adapted from Quintans-Júnior et al. [25, 33]).
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of HpEO, has a strong interaction with the μ-opioid receptor (Figure 2(B)). A more interesting 
aspect was that when the HpEO was incorporated in a nanoemulsion thermoreversible plu-
ronic F127-based hydrogel, it produced a long-lasting and consistent anti-hyperalgesic effect 
(Figure 2(A)), suggesting that essential oils and their major components are promising tools 
for managing FM.

Some studies involving the effects of monoterpenes in FM experimental models have been 
undertaken due to their possible molecular effects on pain (Figure 3) [52]. Nascimento et al. 
[29] used linalool (Figure 4), a monoterpene present in plant species of the family Lamiaceae, 
complexed and noncomplexed in β-CD, in an animal model of FM and observed that both 

Figure 3. Schematic illustration of descending pain pathway and cyclodextrin complexation with monoterpenes 
(adapted from Quintans-Júnior et al. [24]).
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aspect was that when the HpEO was incorporated in a nanoemulsion thermoreversible plu-
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undertaken due to their possible molecular effects on pain (Figure 3) [52]. Nascimento et al. 
[29] used linalool (Figure 4), a monoterpene present in plant species of the family Lamiaceae, 
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formulations had an anti-hyperalgesic effect, with the complexed form being more effective 
and producing a longer-lasting effect (for 24 h after administration). Previous studies have 
shown the analgesic effect of linalool on acute central nociception (hot plate), visceral (acetic 
acid) [70] and chronic pain models of neuropathic origin [71, 72], and the opioid and gluta-
matergic systems probably being involved in this action [73]. Moreover, linalool was able to 
reduce the action potential amplitude assessed using an isolated nerve in the single sucrose-
gap technique, showing it blocked neuronal excitability [74].

The possible benefits of the complexation of apolar compounds (such as terpenes) with CDs 
have been explored by the pharmaceutical industry and by researchers seeking improvements 
in pharmacological properties such as increased bioavailability, efficacy, and optimization of 
therapeutic doses (which reduces toxicity and adverse effects) [75, 76]. Clinical and preclini-
cal evidence has shown that the pharmacological effects of analgesic and anti-inflammatory 
drugs are improved when complexed with CDs [76–78].

Santos et al. [30] evaluated the effect of citronellal (Figure 4), a monoterpene present in Citrus 
and Cymbopogon plants, complexed in β-CD as a potential agent against FM symptoms. It was 
observed that complexation in CD improved the anti-hyperalgesic effect when compared to 
noncomplexed citronellal. This effect probably involves activation of descending pain path-
way areas, such as the PAG and rostroventromedial (RVM) areas, with possible interaction 
with the glutamate receptors, investigated by a docking study. Citronellal has already pre-
sented an antinociceptive effect on capsaicin, glutamate, and formalin-induced orofacial pain, 
showing that this terpene may be acting via SP and TRPV1 receptors or in the glutamatergic 
pathway [79]. In addition, the analgesic effect of citronellal was reversed by naloxone in hot-
plate tests, which strongly suggests its action on the opioid receptors and its ability to reduce 
neuronal excitability through blocking sodium channels [51, 79].

Another study, also using the chronic noninflammatory widespread pain model in mice (an 
FM animal model), evaluated the effect of α-terpineol (Figure 4), both pure and complexed in 
β-CD, as CDs are useful tools in improving the pharmacological properties of terpenes [77, 80]. 
The authors observed an anti-hyperalgesic effect, possibly related to the action of α-terpineol 
on the opioid and serotonergic receptors; visualized with the use of naloxone and ondanse-
tron antagonists; and confirmed by docking studies [31]. Similarly to citronellal, α-terpineol 
also showed antinociceptive effect in the capsaicin, glutamate, and formalin-induced orofacial 

Figure 4. Structure of terpenes studied for the treatment of FM (adapted from Guimarães et al. [23, 52]).
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nociception tests [81], indicating other possible mechanisms of action of this monoterpene. In 
summary, it has been shown that monoterpenes complexed in β-cyclodextrin reduce hyper-
algesia induced by chronic muscle pain, activating the descending pathway, as described in 
Figure 3.

Sesquiterpenes occur in nature as hydrocarbons or in oxygenated forms including lactones, 
alcohols, acids, aldehydes, and ketones. Biosynthesis of sesquiterpenes can occur by the 
mevalonic acid and the deoxyxylulose phosphate pathway. These compounds have various 
pharmacological activities including antileishmanial, antimalarial, antifungal, antibacterial, 
antiviral, anti-inflammatory, and antinociceptive properties and the ability to inhibit the pro-
duction of nitric oxide and eliminate hydroxyl radicals [82].

β-Caryophyllene (Figure 4) is a bicyclic sesquiterpene compound found in the EO of the 
Eugenia caryophyllata (cloves) and Piper nigrum (black pepper) plant species. In an experimen-
tal study conducted in an FM model in mice, this compound, complexed in β-CD, reduced 
primary and secondary hyperalgesia as well as inhibited the superficial dorsal horn of the 
spinal cord, possibly by activation of descending pain pathway [32]. Antagonism studies, in a 
capsaicin-induced nociception test, showed that the antinociceptive effect of β-caryophyllene 
was reversed by naloxone, β-funaltrexamine (a μ-opioid receptor antagonist), and AM630 (a 
CB2 receptor antagonist) [83]. In addition, in a neuropathic pain model, β-caryophyllene had 
an effect on thermal hyperalgesia and mechanical allodynia, reducing spinal neuroinflamma-
tion. The oral administration of β-caryophyllene was more effective than the subcutaneously 
injected synthetic CB2 agonist JWH-133 [84].

Quintans et al. [33] evaluated the effect of hecogenin acetate (HA), an acetylated steroidal sapo-
nin, complexed with β-CD in a chronic noninflammatory widespread pain model. Hecogenin 
is already used in the pharmaceutical industry to synthesize some oral contraceptive agents. 
The effect of noncomplexed or complexed HA caused an increase in the nociceptive threshold 
and primary and secondary hyperalgesia compared to the vehicle control group. However, 
the HA/β-CD complex was superior in producing an analgesic profile using lower nominal 
doses of the active principle (HA). In addition, the interaction of the HA with opioid receptors 
and a decrease in SP levels in the lumbar spinal cord were verified, which indicate participa-
tion of this substance in the descending inhibitory pain pathway [33, 85].

The antinociceptive effect of HA was previously observed in the tail-flick test. This effect 
was reversed by naloxone, CTOP (μ-opioid receptor antagonist), nor-BNI (κ-opioid receptor 
antagonist), naltrindole (δ-opioid receptor antagonist), and glibenclamide (ATP-sensitive K (+) 
channel blocker). Mice pretreated with HA had increased neuronal activation in the PAG area, 
suggesting the participation of the endogenous analgesia pathway in the hecogenin mecha-
nism of action [85].

Some clinical studies with EOs have been developed in humans with FM. O24™ is a blend of 
six essential oils: aloe vera, eucalyptus, lemon/orange, camphor, rosemary, and peppermint. 
This mixture is marketed for the relief of pain. In a double-blinded randomized clinical trial, 
Ko et al. [26] demonstrated the benefits of using this oil, topically, for FM pain relief. Males 
and females were recruited for the study through newspapers and internet communications. 
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formulations had an anti-hyperalgesic effect, with the complexed form being more effective 
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and Cymbopogon plants, complexed in β-CD as a potential agent against FM symptoms. It was 
observed that complexation in CD improved the anti-hyperalgesic effect when compared to 
noncomplexed citronellal. This effect probably involves activation of descending pain path-
way areas, such as the PAG and rostroventromedial (RVM) areas, with possible interaction 
with the glutamate receptors, investigated by a docking study. Citronellal has already pre-
sented an antinociceptive effect on capsaicin, glutamate, and formalin-induced orofacial pain, 
showing that this terpene may be acting via SP and TRPV1 receptors or in the glutamatergic 
pathway [79]. In addition, the analgesic effect of citronellal was reversed by naloxone in hot-
plate tests, which strongly suggests its action on the opioid receptors and its ability to reduce 
neuronal excitability through blocking sodium channels [51, 79].

Another study, also using the chronic noninflammatory widespread pain model in mice (an 
FM animal model), evaluated the effect of α-terpineol (Figure 4), both pure and complexed in 
β-CD, as CDs are useful tools in improving the pharmacological properties of terpenes [77, 80]. 
The authors observed an anti-hyperalgesic effect, possibly related to the action of α-terpineol 
on the opioid and serotonergic receptors; visualized with the use of naloxone and ondanse-
tron antagonists; and confirmed by docking studies [31]. Similarly to citronellal, α-terpineol 
also showed antinociceptive effect in the capsaicin, glutamate, and formalin-induced orofacial 
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nociception tests [81], indicating other possible mechanisms of action of this monoterpene. In 
summary, it has been shown that monoterpenes complexed in β-cyclodextrin reduce hyper-
algesia induced by chronic muscle pain, activating the descending pathway, as described in 
Figure 3.

Sesquiterpenes occur in nature as hydrocarbons or in oxygenated forms including lactones, 
alcohols, acids, aldehydes, and ketones. Biosynthesis of sesquiterpenes can occur by the 
mevalonic acid and the deoxyxylulose phosphate pathway. These compounds have various 
pharmacological activities including antileishmanial, antimalarial, antifungal, antibacterial, 
antiviral, anti-inflammatory, and antinociceptive properties and the ability to inhibit the pro-
duction of nitric oxide and eliminate hydroxyl radicals [82].

β-Caryophyllene (Figure 4) is a bicyclic sesquiterpene compound found in the EO of the 
Eugenia caryophyllata (cloves) and Piper nigrum (black pepper) plant species. In an experimen-
tal study conducted in an FM model in mice, this compound, complexed in β-CD, reduced 
primary and secondary hyperalgesia as well as inhibited the superficial dorsal horn of the 
spinal cord, possibly by activation of descending pain pathway [32]. Antagonism studies, in a 
capsaicin-induced nociception test, showed that the antinociceptive effect of β-caryophyllene 
was reversed by naloxone, β-funaltrexamine (a μ-opioid receptor antagonist), and AM630 (a 
CB2 receptor antagonist) [83]. In addition, in a neuropathic pain model, β-caryophyllene had 
an effect on thermal hyperalgesia and mechanical allodynia, reducing spinal neuroinflamma-
tion. The oral administration of β-caryophyllene was more effective than the subcutaneously 
injected synthetic CB2 agonist JWH-133 [84].

Quintans et al. [33] evaluated the effect of hecogenin acetate (HA), an acetylated steroidal sapo-
nin, complexed with β-CD in a chronic noninflammatory widespread pain model. Hecogenin 
is already used in the pharmaceutical industry to synthesize some oral contraceptive agents. 
The effect of noncomplexed or complexed HA caused an increase in the nociceptive threshold 
and primary and secondary hyperalgesia compared to the vehicle control group. However, 
the HA/β-CD complex was superior in producing an analgesic profile using lower nominal 
doses of the active principle (HA). In addition, the interaction of the HA with opioid receptors 
and a decrease in SP levels in the lumbar spinal cord were verified, which indicate participa-
tion of this substance in the descending inhibitory pain pathway [33, 85].

The antinociceptive effect of HA was previously observed in the tail-flick test. This effect 
was reversed by naloxone, CTOP (μ-opioid receptor antagonist), nor-BNI (κ-opioid receptor 
antagonist), naltrindole (δ-opioid receptor antagonist), and glibenclamide (ATP-sensitive K (+) 
channel blocker). Mice pretreated with HA had increased neuronal activation in the PAG area, 
suggesting the participation of the endogenous analgesia pathway in the hecogenin mecha-
nism of action [85].

Some clinical studies with EOs have been developed in humans with FM. O24™ is a blend of 
six essential oils: aloe vera, eucalyptus, lemon/orange, camphor, rosemary, and peppermint. 
This mixture is marketed for the relief of pain. In a double-blinded randomized clinical trial, 
Ko et al. [26] demonstrated the benefits of using this oil, topically, for FM pain relief. Males 
and females were recruited for the study through newspapers and internet communications. 
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FM diagnosis was confirmed before the patients enrolled in the study. The authors reveal 
that the main mode of action is as a counterirritant to the pain sensation. The mixture of oils 
promotes stimulation of A-beta sensory fibers, causing inhibition of the A-delta and C fibers. 
Moreover, the local effects of O24™ include the inhibition of bradykinin, histamine, and pros-
taglandins, which do not seem to be directly related to the analgesic effect in FM, so it is more 
reasonable to propose its effect indirectly in the pathways of pain modulation.

Rutledge and Jones [86] also investigated the topical effect of O24 in a double-blind randomized 
clinical trial associated with exercises multilevel for 12 weeks. Twenty patients with FM and 
23 patients of the sham group were submitted to the study. There was no statistical difference 
between the groups regarding the pain and physical function, but there was improvement of 
the physical function, without statistical difference, when compared before and after the treat-
ment, keeping the effect of O24 on the FM symptoms unknown. This result for O24 differs from 
that described by Ko et al. [26], which may result from the small sample and the type of exercise 
used, since some exercises may contribute to the maintenance of pain in patients with FM [3].

The effect of Ginkgo biloba extract and the coenzyme Q10 was evaluated in 23 fibromyalgic 
patients, before and after the treatment, by oral administration, for 12 weeks, with 64% of 
patients reporting an improvement in quality of life through the application of question-
naires. The improvement observed by these patients may be related in parts to the antioxidant 
activities described for both coenzyme Q10 and Ginkgo biloba [28].

Due to the properties attributed to capsaicin, Casanueva et al. [34] evaluated the short-term 
efficacy of topical capsaicin treatment in 130 patients with fibromyalgia who were already 
using drug therapy. Patients were randomly divided into a control group (same medical 
treatment that they received before randomization) and topical capsaicin group (medical 
treatment that they received before randomization + 0.075% capsaicin) by a computer-gener-
ated sequence. After 6 weeks, it was observed that the additional topical treatment reduced 
the myalgia score and improved the quality of life of these patients, showing that capsaicin 
was also effective in this syndrome.

4. Final considerations

Fibromyalgia is the second most common rheumatologic disorder, being characterized by 
the manifestation of widespread pain with sensory changes. The treatment strategies for the 
management of the FM include both pharmacological products (such as duloxetine, prega-
balina, and tramadol for pain and amitriptyline, cyclobenzaprine, and pregabalina for sleep 
disturbance) and non-pharmacological therapies (such as exercise and psychological thera-
pies) [87]. Despite this, fibromyalgia remains difficult to treat and is an important challenge 
for modern medicine, as the treatments for these conditions are still ineffective with a large 
number of side effects, making the search for new treatments ever more urgent.

In this context, one important approach to the discovery of new medicines with analge-
sic activity is research with natural products. For thousands of years, scientists and the 
pharmaceutical industry have used natural products as a source for new drugs or their 
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precursors, aimed at treating diseases or symptomatology that had no effective treatment. 
Despite of the animal models described for FM, some limitations can be observed, such as 
the reversion of the pain with opioid treatment and the absence of other signs and symp-
toms observed in humans. However, these models are the most resembled FM in humans, 
being tools used in the search for new treatment options. Nowadays, many natural sub-
stances have been studied, clinically and preclinically, for their analgesic potential with 
respect to fibromyalgia. In this context, essential oils, plant extracts, terpenes, and alkaloids 
are major sources of natural products.

These substances have been shown to have an analgesic effect in animal models of fibromyal-
gia, acting through different pathways, including activation of the descending inhibitory pain 
pathway—specifically the opioid, glutamatergic, cannabinoid, and serotoninergic systems; 
inhibition of SP in the superficial dorsal horn of the spinal cord; blockage of peripheral fibers; 
and antioxidant activity. In addition, clinical studies have shown the importance of NPs in the 
pain management of FM, improving their quality of life. The effective use of these products 
in the clinic, without reports of considerable adverse effects, describes the advances in the use 
of NPs in the treatment of FM. These finding make natural products a promising source of 
treatments for the management of chronic pain.
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FM diagnosis was confirmed before the patients enrolled in the study. The authors reveal 
that the main mode of action is as a counterirritant to the pain sensation. The mixture of oils 
promotes stimulation of A-beta sensory fibers, causing inhibition of the A-delta and C fibers. 
Moreover, the local effects of O24™ include the inhibition of bradykinin, histamine, and pros-
taglandins, which do not seem to be directly related to the analgesic effect in FM, so it is more 
reasonable to propose its effect indirectly in the pathways of pain modulation.

Rutledge and Jones [86] also investigated the topical effect of O24 in a double-blind randomized 
clinical trial associated with exercises multilevel for 12 weeks. Twenty patients with FM and 
23 patients of the sham group were submitted to the study. There was no statistical difference 
between the groups regarding the pain and physical function, but there was improvement of 
the physical function, without statistical difference, when compared before and after the treat-
ment, keeping the effect of O24 on the FM symptoms unknown. This result for O24 differs from 
that described by Ko et al. [26], which may result from the small sample and the type of exercise 
used, since some exercises may contribute to the maintenance of pain in patients with FM [3].

The effect of Ginkgo biloba extract and the coenzyme Q10 was evaluated in 23 fibromyalgic 
patients, before and after the treatment, by oral administration, for 12 weeks, with 64% of 
patients reporting an improvement in quality of life through the application of question-
naires. The improvement observed by these patients may be related in parts to the antioxidant 
activities described for both coenzyme Q10 and Ginkgo biloba [28].

Due to the properties attributed to capsaicin, Casanueva et al. [34] evaluated the short-term 
efficacy of topical capsaicin treatment in 130 patients with fibromyalgia who were already 
using drug therapy. Patients were randomly divided into a control group (same medical 
treatment that they received before randomization) and topical capsaicin group (medical 
treatment that they received before randomization + 0.075% capsaicin) by a computer-gener-
ated sequence. After 6 weeks, it was observed that the additional topical treatment reduced 
the myalgia score and improved the quality of life of these patients, showing that capsaicin 
was also effective in this syndrome.

4. Final considerations

Fibromyalgia is the second most common rheumatologic disorder, being characterized by 
the manifestation of widespread pain with sensory changes. The treatment strategies for the 
management of the FM include both pharmacological products (such as duloxetine, prega-
balina, and tramadol for pain and amitriptyline, cyclobenzaprine, and pregabalina for sleep 
disturbance) and non-pharmacological therapies (such as exercise and psychological thera-
pies) [87]. Despite this, fibromyalgia remains difficult to treat and is an important challenge 
for modern medicine, as the treatments for these conditions are still ineffective with a large 
number of side effects, making the search for new treatments ever more urgent.

In this context, one important approach to the discovery of new medicines with analge-
sic activity is research with natural products. For thousands of years, scientists and the 
pharmaceutical industry have used natural products as a source for new drugs or their 
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precursors, aimed at treating diseases or symptomatology that had no effective treatment. 
Despite of the animal models described for FM, some limitations can be observed, such as 
the reversion of the pain with opioid treatment and the absence of other signs and symp-
toms observed in humans. However, these models are the most resembled FM in humans, 
being tools used in the search for new treatment options. Nowadays, many natural sub-
stances have been studied, clinically and preclinically, for their analgesic potential with 
respect to fibromyalgia. In this context, essential oils, plant extracts, terpenes, and alkaloids 
are major sources of natural products.

These substances have been shown to have an analgesic effect in animal models of fibromyal-
gia, acting through different pathways, including activation of the descending inhibitory pain 
pathway—specifically the opioid, glutamatergic, cannabinoid, and serotoninergic systems; 
inhibition of SP in the superficial dorsal horn of the spinal cord; blockage of peripheral fibers; 
and antioxidant activity. In addition, clinical studies have shown the importance of NPs in the 
pain management of FM, improving their quality of life. The effective use of these products 
in the clinic, without reports of considerable adverse effects, describes the advances in the use 
of NPs in the treatment of FM. These finding make natural products a promising source of 
treatments for the management of chronic pain.
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Abstract

The prevalence of comorbid fibromyalgia syndrome in autoimmune rheumatic diseases 
is clinically significantly higher than is fibromyalgia syndrome in the general  population. 
By increasing pain sensitivity and fatigue, it disproportionately inflates subjective signs 
and symptoms, thereby obfuscating composite indices used to measure biological  disease 
activity, the degree of disability, and the quality of life. By modifying primary disease 
phenotype, it also interferes with diagnostic precision. This review documents its effects 
on rheumatoid arthritis, the spondyloarthropathies, and systemic lupus erythematosus; 
and offers a general remedial strategy.

Keywords: fibromyalgia, disease activity, diagnosis, outcomes

1. Introduction

Subjective symptoms such as patient global assessment of health (PtGA), fatigue,  tenderness 
of joints at palpation (TJC), and even patient report of functional ability encountered in 
the evaluation of rheumatic diseases are very important not only because they reflect the 
 individual patient’s impression of disease activity and degree of disability, but also because 
patients place great faith in them [1]. Patients’ estimation of pain, fatigue, and distress, which 
drive those subjective measures, is multidimensional, due to both biological disease activ-
ity as well as factors unrelated to disease-specific biological inflammation. Some of these 
factors include mechanical damage from comorbid osteoarthritis or disease-specific joint 
 destruction and neuropathy from other disease, psychosocial factors, and even idiopathic 
poor sleep  disorder. All of these factors can result in disproportionately higher subjective 
symptoms [2–4].
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Composite indices such as the disease activity score (DAS) models are widely used to 
 determine disease activity in clinical trials and everyday practice. Unfortunately, they may be 
misleading when used to evaluate apparent inflammatory activity in patients with comorbid 
chronic pain syndromes often coupled with psychological distress, which are synonymous 
with fibromyalgia syndrome (FMS). Comorbid FMS is associated with relative overestimation 
of subjective symptoms, which then inappropriately inflate the DAS models.

Fibromyalgia syndrome is comorbid in all rheumatic disease with prevalence as high as 
25% in rheumatoid arthritis (RA), and 30% in systemic lupus erythematosus (SLE) and the 
 spondyloarthropathies (SpA) [5–8]. The focus of this review will be on RA, SpA, and SLE.

1.1. Rheumatoid arthritis

In the past, when I spoke to rheumatologists about FMS, they often responded, “Why should 
I see patients with fibro? So many symptoms. And these patients with their personality 
 disorders on top of anxiety and depression just wear me down. They’re the worst.”

The easy moral response might be, “Because these patients come to you for care, and you took 
an oath.”

“I know, but why me?”

There are at least two other responses, both persuasive. The first appeals to the intellect. 
Fibromyalgia syndrome is a symptom complex at the severe end of a pain-distress spectrum 
[4, 9, 10]

It is a fascinating illness: a primary response to distress with demonstrated secondary process 
factors and dysfunction related to the endocrine [11] autonomic system[12], central nervous 
system [13], sleep quality [14], and arguably, even the immune system [15].

These process factors give rise to a plethora of symptoms including diffuse pain, fatigue, 
cognitive dysfunction, sleep disturbances, more severe morning stiffness, irritable bowel 
 syndrome (IBS), headaches, Raynaud-like phenomenon, sicca symptoms, paresthesias, 
 auditory dysfunction, bladder dysfunction, and among others [16–18].

The second is a practical response. The prevalence of FMS in the general population ranges 
from 2 to 8% [19–22]. As previously noted, the prevalence in rheumatic diseases is much 
higher. With practice, the clinician will become familiar with the FMS phenotype and be 
able to recognize it as a comorbidity in autoimmune rheumatic diseases. The reason that 
 recognition is so important is, as we will see, that comorbid FMS, is often associated with 
psychological difficulties, that in concert with FMS can modify both the apparent phenotypic 
presentation and severity of clinical disease by inflating subjective symptoms.

For years, working at the Cleveland Clinic Foundation, a tertiary care practice, I  evaluated 
RA patients who were referred because they were refractory to treatment, so-called 
“ resistant arthritis” [23]. At final diagnosis, I could usually classify these patients into 
three categories:
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The majority either had only FMS, or did have RA, but the resistant symptoms were unrelated 
to RA and consistent with bursitis, tendinitis, OA, and especially FMS. In the third category, 
a very few had truly resistant RA disease activity.

At first blush, we might ask, “How is this possible?” When we learn that most  rheumatologists 
no longer perform joint counts at office evaluation, we might better understand [24]. By 
 failing to perform joint counts, they rely heavily on subjective symptoms such as the patient 
global assessment (PtGA) and patient evaluation of joint pain. Even when joint counts are 
included in the evaluation, mistakes can be made. Diffuse pain is by definition nonarticular, 
but can also include the joints [25–27], manifesting as a higher TJC. Comorbid FMS is also 
associated with increased duration and severity of morning stiffness, lower values for func-
tion measured as the Health Assessment Questionnaire-Disability Index (HAQ-DI), and the 
physical components of the SF-36 as well as diminished quality of life measured by the mental 
 components of the same instrument [28, 29]. It is important to note a key diagnostic find-
ing; in these reports, comorbid FMS did not usually associate with or obfuscate the  swollen 
joint count (SJC) or acute phase reactants such as erythrocyte sedimentation rate (ESR), or 
c-reactive protein (CRP).

Comorbid FMS gives rise to enhanced pain sensitivity. The mechanism responsible for 
enhanced pain sensitivity is mediated in the central nervous system, facilitated by  depression/
anxiety [30–33]. In a cross-sectional analysis of a cohort of 305 FMS patients, depression 
showed the highest association with core FMS signs and symptoms [34]. The degree of 
depression showed a dose relationship with life-long numbers of TPs [35] and was responsi-
ble for the process of comorbid FMS in RA [36]. In a unique analysis using advanced Bayesian 
filtering of 247 diseases among 117,392 participants, depression was shown to be a primary 
comorbidity associated with FMS [37].

In summary, the effects of comorbid FMS on RA disease activity measures are many. It is asso-
ciated with disproportionate elevation of PtGA and TJC [26, 28, 29, 38, 39]. The  elevation of the 
subjective components of the DAS model indices inflates the total score. It is not  surprising 
that in a recent analysis of change in disease status in patients with multiple comorbidities, 
PtGA best correlated with the other subjective variables, pain, and fatigue, which are also 
disproportionately elevated by comorbid FMS [40].

1.2. The spondyloarthropathies (SpA)

Diagnostic confusion is a larger problem in patients with SpA. An editorial reviewed the 
 similarities between SpA and FMS, which included overlap of disease activity measures, 
found in patients with presumed enthesitis [41]. They asserted that FMS tender points (TPs) 
were anatomically located near or at enthesitis sites, which was confirmed in a separate 
study [8].

Because, as will be described, comorbid FMS disproportionately increases the Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI), Ankylosing Spondylitis Disease Activity Score 
(ASDAS), Bath Ankylosing Spondylitis Functional Index (BASFI), and Ankylosing Spondylitis 
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Quality of Life (ASQoL), it not only increases diagnostic confusion, but also interferes with 
accurate assessment of disease activity, disability, and quality of life. A strong case can be 
made for including FMS in the differential diagnosis of SpA.

Similarity between the two conditions was confirmed by Ablin and colleagues who 
approached the problem from the other perspective [42]. They carefully evaluated 99 patients 
who met 1990 ACR criteria for FMS, to determine whether some might also be classified as 
SpA. Ten patients fulfilled ASAS criteria for the diagnosis of axial SpA: eight of whom ful-
filled the criteria based on MRI findings diagnostic of sacroiliitis, while two patients with 
negative MRI results fulfilled ASDAS criteria based on a positive HLA–B27 and the presence 
of SpA features.

One of the first studies to analyze phenotypic modification of ankylosing spondylitis by 
comorbid FMS was a cross-sectional study of 36 patients, 18 of each gender [43]. About 50% of 
women satisfied the criteria for comorbid FMS, whereas no males did. In this study, FMS cor-
related with the mean number of enthesitis sites. Higher BASDAI in women showed strong 
association with both the FMS incidence and a higher number of tender points. The perceived 
disability measured by BASFI was also significantly increased in patients with comorbid 
FMS. No association was found for the presence of FMS and the severity of physical findings 
or the ESR.

Interference with outcome measures was probably best demonstrated in an earlier study by 
Heikkila and colleagues [44]. They administered the BASDAI and BASFI, among other com-
posite measures, to 24 women with SpA and 70 patients with FMS. The BASFI function dem-
onstrated greater disability in the FMS group compared to SpA women.

If one is to rely on any one test in SpA with comorbid FMS, the ASDAS has been shown to be 
less obfuscated by comorbid FMS [45, 46]. These relationships to disease activity measures 
and a prevalence of FMS as high as 30% were largely confirmed by other studies [47–49]

The relatively high prevalence of FMS is not surprising, given the high prevalence of 
 psychiatric problems in the SpA’s estimated to be 40–50% [50]. When present, they similarly 
obfuscate measures of severity [50, 51]. “Patients with high risk for depression and anxiety 
had higher scores in BASDAI, BASFI, ASDAS-CRP, and also poorer scores for the pain visual 
analog scale (PVAS) and ankylosing spondylitis quality of life score” [51].

In summary, comorbid FMS complicates both diagnosis and estimation of disease activity 
in SpA. It follows that treatment decisions may also be obfuscated when FMS falsely inflates 
the BASDAI, PtGA, and BASFI [47]. This may lead to more frequent but inappropriate use of 
biologic agents, as it did in RA [52].

1.3. SLE

As discussed in the introduction, the prevalence of FMS in SLE has been reported to be at least 
as high as in RA ranging from five to 65% with a mean of ~30% [31, 53–65]. The core symp-
toms of FMS, diffuse pain, fatigue (low energy), cognitive difficulties, sleep disturbance, and 
depression will, of course, always be encountered in FMS comorbid disease.
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Fatigue is present in at least 80% of patients with FMS. In a cross-sectional analysis of 100 
SLE patients, fatigue correlated best with the presence of FMS, followed by depression and 
 elevated PtGA [63]. In a very careful prospective blisibimod trial in SLE, improvement of 
fatigue was not clinically significant and correlated weakly only with SLE disease activity [66]. 
They hypothesized that, “…fatigue in SLE is multifactorial, with the ‘non- SLE’  component 
(including depression and fibromyalgia) less amenable to change during the trial.”

Depression is a common comorbidity in unselected SLE cohorts ranging from 17 to 71% 
[31, 67]. The high prevalence of depression in SLE may help to explain the high prevalence 
of FMS. In a cohort study of 84 SLE patients, comorbid FMS was associated with anxiety 
and depression [60]. In a larger cohort of 276 SLE patients, the strongest association with 
both FMS and SLE/FM-like manifestations was a self-reported history of anxiety or affective 
 disorder [65].

Quality of life (QoL) is closely associated with anxiety and depression in SLE [67]. In a study 
specifically designed to analyze health-related quality of life (HRQOL) in 138 SLE patients, 
all disease-specific HRQOL domains were significantly inversely correlated with disease 
 activity, damage, depression, and the presence of FMS [59]. Comorbid FMS and depression 
was also shown to diminish QoL in two additional large SLE cohorts [68, 69].

Most analyses of health status in SLE have demonstrated that comorbid FMS is associated 
with increased disability [57, 60, 61, 65]. In a particularly important analysis, the number of 
tender points correlated with increasing disability demonstrating a dose effect [62].

Just as in RA and SpA, comorbid FMS modifies SLE disease activity measures. Sometimes, 
older papers are the best. In a study, published in 1994, the authors reported and analyzed 
differences in a cross-sectional analysis of 102 SLE patients [61]. “Twenty-two SLE patients 
(22%) met the American College of Rheumatology criteria for FMS, and another 24 (23%) had 
clinical FMS but did not meet the classification criteria,” SLE patients with FMS and prob-
able FMS (6–10 TPs) presented significantly higher Systemic Lupus Activity Measure (SLAM) 
scores. When the SLAM was modified by removing all subjective symptoms, neither category 
scored higher than SLE without FMS. This was also true for laboratory tests. Finally, patients 
who met criteria for FMS were much more likely to be unable to perform daily activities. 
By modifying components of disease severity composite indices, this early paper prefigured 
recent work in RA that employed the objective M-DAS or subjective DAS28-P [70, 71].

In the same year, Morand and colleagues reported the same phenomena in 87 SLE patients, 
22, with FMS [57]. Manifestations of biological SLE disease activity, measured by the severity 
of specific organ system involvement, showed no difference between groups. The Systemic 
Lupus Activity Measurement scores were not significantly different. However, frequency 
of glucocorticoid use, antibodies to double-stranded DNA, the presence of at least four 
ACR  criteria for SLE, and physician’s global assessment (PhGA) were higher in the patients 
 without FMS indicating more severe objective, biological disease in this subset. This analysis 
suggested that comorbid FMS in SLE can inappropriately increase the SLAM score.

Other indices appear to be relatively unaffected. In a cross-sectional analysis of 119 SLE 
patients, patients with FMS showed no effect on Systemic Lupus Erythematosus Activity 
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Index (SLEDAI) or Damage index, but did show poorer scores in all eight domains of the 
Short Form-36 [58]. The SLEDAI SLE disease activity score was also not influenced by FMS in 
another cohort of 100 SLE patients [63]. In another analysis of a much larger population of 458 
SLE patients, comorbid FMS did not affect the 16-item SLE Symptom Scale [72]. These authors 
did not evaluate other composite indices.

Comorbid FMS signs and symptoms may also complicate the diagnostic process. For 
instance, when 149 presumed SLE patients with up to 5 years of disease duration were 
 rigorously analyzed, 22 (14.3%) had only FMS with positive antinuclear antibodies (ANA) [73]. 
Depression, anxiety, fatigue, and sleep disturbance were the prominent symptoms in this 
group. Symptoms that indicated SLE included swollen joints, skin lesions, alopecia, renal 
disease, and serositis [72, 73].

The anti-nuclear antibody (ANA) test can be very confusing from the perspective of  diagnosis. 
The high sensitivity of most and relatively low specificity of some ANA tests is  problematic. 
Nonspecific (+) ANA in any titer can be found in roughly 30% of the general population, more 
likely in women and individuals 65 years and older [74–77]. Even titers as high as 1:320 are 
likely to be false positive in some settings, such as hospitalized patients [77]. The ANA is posi-
tive in low titer in at least 38% of individuals with FMS alone [78]. Furthermore, FMS patients 
with positive ANA tests are no more likely to have symptoms of autoimmune  rheumatic disease 
than ANA-negative patients [53, 79], nor are they likely to later develop symptoms of an autoim-
mune disease in the future [80].

In summary, comorbid FMS inappropriately inflates some measures of SLE biological 
 disease and, when patient with FMS have positive ANA testing, can interfere with diagnos-
tic precision.

1.3.1. Parsing comorbid FMS: the RA models

Comorbid FMS in other diseases is not necessarily occult. It can be discovered both by clinical 
maneuvers and the use of validated questionnaires.

A very important study provided a basis for these maneuvers. The DAS28 was administered 
to 62 patients with RA and 26 patients with FMS alone [81]. Both groups had total scores 
 consistent with moderate RA disease activity. But the component values were very different; 
the RA patients scored uniformly high for all components while the FMS cohort scored very 
high for the subjective TJC and PtGA and low on the objective SJC and ESR.

One clinical maneuver, which can be applied in RA, makes use of that observation;  comorbid 
FMS disproportionally raises the TJC relative to the SJC. Comorbid FMS is likely to be 
 present if the numerical difference is ≥7 when the SJC is subtracted from the TJC (39 Pollard). 
Alternatively, ratios of the TJC compared to the SJC may be used [30, 82]. In the third of 
these studies, depression, and by inference, pain, was shown to be a mediator of higher 
tender-to-swollen joint ratios [30].

To summarize, these last few studies have demonstrated that when the TJC is disproportion-
ally higher than the SJC in RA: (1) comorbid pain amplification/FMS is a likely comorbidity, 
(2) biological RA disease activity, measured as the SJC and CRP/ESR, may be lower than  
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indicated by the DAS28 composite score, and (3) joint count discordance should initiate a 
search for depression or other comorbidities that contribute to pain.

Two other RA studies created clinical maneuvers by modification of the DAS-model indices. 
In the first, the models were changed by removing the TJC and PTGA and adding the PhGA 
[70]. This “objective” DAS, termed the M-DAS, correlated better than the original DAS model 
with longitudinal magnetic resonance imaging (MRI) and radiographic outcome, providing 
better construct validity.

An alternative modification, DAS28-P, was created to reflect the proportion of the DAS28 
derived from the PtGA and TJC [71]. This “subjective” index model correlated with higher 
articular and nonarticular pain pressure thresholds, fatigue, poorer mental health, and most 
importantly, the presence of FMS.

Another instrument that has been specifically designed to recognize FMS alone or as a comor-
bid condition is the Polysymptomatic Distress Score (PSD) [83]. This instrument incorporates 
questions about pain and core symptoms of FMS, and has been demonstrated to measure 
comorbid FMS prevalence and severity in RA [84].

In summary, both comorbid FMS and depression disproportionately inflate symptoms of 
pain and fatigue which, in turn, amplify PtGA and other subjective patient-report-only indi-
ces. These disproportionately higher subjective components then raise the total score of the 
composite index, falsely indicating higher biological disease. Biological disease activity is not 
worsened by comorbid FMS; it is only the measures, the ratings, that are obfuscated by FMS.

1.3.2. Remedies

One appropriate approach to the comorbid FMS problem in all of these diseases might be 
to construct two separate indices: one comprised of symptoms that arise from patient per-
ceptions of pain, distress, and fatigue (PtGA, TJC, number of enthesitis sites, disability) and 
the other measures of objective inflammatory burden (acute phase reactants, SJC) and target 
organ damage. If these two separate indices are discordant, those symptoms and signs of FMS 
or autoimmune biological disease activity are treated separately and differently. Treatments 
for FMS and psychological disorders versus biological disease activity are distinctly different. 
This strategy should limit potential inappropriate over-treatment of the primary disease and 
provide better control of pain, distress, and fatigue, factors that are not necessarily intrinsi-
cally related to biological disease activity.
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