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Chapter 12
The Functional Syndromes
as Fibromyalgia Comorbidities

Fabiola Atzeni, Elisabetta Gerratana, Ignazio Francesco Masala,
and Alessandra Alciati

Introduction

Fibromyalgia (FM) is a condition characterized by chronic widespread pain (CWP)
associated with sleeping and cognitive disorders, fatigue, and many other symptoms
which alter the quality of life [1].

Its diagnosis can be difficult due to the unavailability of specific diagnostic mark-
ers, and the symptom of CWP can be also found in other conditions. For years, the
American College of Rheumatology (ACR) classification criteria published in 1990
have been used in clinical practice. These criteria required the presence of CWP for
at least three consecutive months on both sides and on the superior and inferior part
of the body, in addition to the positivity of at least 11 out of 18 specific points on the
body resulting tender on palpation [2]. It is clear how the ACR 1990 criteria were
focused only on the concept of peripherical pain [3].

The most recent ACR 2010 classification criteria define CWP as a condition
associated with other systemic and somatic symptoms such as fatigue, sleeping, and
cognitive disorders, and require the use of the widespread pain index (WPI), the
evaluation of the number of painful body areas, the assessment of the somatic symp-
toms, and a somatic symptoms scale to evaluate the severity of these symptoms, in
particular with regard to fatigue, sleeping, and cognitive alterations [4, 5].
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Therefore, these ACR 2010 criteria switch from the concept of FM as a “periph-
eral pain-defined disease” to a “systemic symptom-based disease” [3].

The formulation of new classification criteria is based on the concept that the
fibromyalgia syndrome (FMS) is not only a condition characterized by peripheral
chronic pain but also a more complex clinical condition. If on the one hand the ACR
1990 classification criteria risked to underestimate its diagnosis, on the other hand
the new criteria conversely risk to overestimate it, defining as FM also other condi-
tions included within the functional somatic syndromes (FSS) [6]. However, FMS
itself belongs to the wide category of FSS with whom frequently is associated and
shares part of the etiopathogenetic hypotheses. Some authors also consider FMS as
the “whole-body variant” of FSS [6].

FSS are clinical conditions where the typical symptoms of each syndrome are
always accompanied by chronic pain. Amongst them, in addition to FM, there is the
irritable bowel syndrome (IBS), chronic fatigue syndrome (CES), vulvodynia, inter-
stitial cystitis, chronic migraine, temporomandibular disorder, chronic lower back
pain, chronic pelvic pain and all those conditions characterized by the presence of
not clinically justifiable chronic pain. In fact, in this context pain is not supported by
clinical or laboratory abnormalities, peripheral tissue alterations, or alterations of
those peripheral nerves involving the body areas where the patient reports pain [7].

However, pain is not the only key symptom they have in common, and other
symptoms are fatigue, sleeping disorders, cognitive problems, physical dysfunction,
and affective disorders (i.e., anxiety, anger, depression) [8].

Moreover, several disorders belonging to FSS are frequently associated with
each other in the same individual, and some authors define these as “chronic over-
lapping pain conditions” (COPCs)” [8, 9].

FMS, in addition to be frequently associated with other FSS and sharing some of
their characteristics, also shares with them several etiopathogenetic hypotheses,
including the concept of central sensitization. Some authors, such as Yunus, prefer
the definition “central sensitivity syndromes” (CSSs), underlining the pathogenetic
role undertaken by “central sensitization” [10] a condition which has been opera-
tionally defined as heightened generalized pain sensitivity due to pathological noci-
ceptive processing within the central nervous system (CNS). The concept that CSSs
are associated with FMS is based on the fact that they: (a) cluster in the same patient
groups more frequently than in an appropriate control group; (b) share many clinical
features; (c) are not associated with microscopic or macroscopic tissue damage; (d)
respond to a similar group of centrally acting medications; and (e) share similar
central and neuroendocrine alterations.

However, although central sensitization appears to have a key role as a pathoge-
netic mechanism, it does not seem to be the only one involved.

Pathogenesis

From a pathogenetic point of view, many authors justify the occurrence of FSS
through the biopsychosocial model [8], where multiple generic factors, if associated
with environmental exposures (such as injuries, infections, physical and



12 The Functional Syndromes as Fibromyalgia Comorbidities 133

Fig. 12.1 Chronic pain
and risk factors

Chronic pain

High psychological

distress I | High pain amplification

neuroendocrine and
autonomic functions
impaired pain regulation
Inflammation

mood, anxiety
stress response —
somatization

psychological trauma), increase the susceptibility to FFS through heightened sensi-
tization to pain and/or through impaired psychological vulnerability [7, 8, 11]
(Fig. 12.1).

Genetic Predisposition

Pain and cognitive and affective responses associated with it are regulated by physi-
ological processes. Subjects developing a pain hypersensitivity mechanism and
having a psychosocial vulnerability to pain itself appear to have a genetic predispo-
sition. This predisposition would be determined by polymorphisms affecting genes
involved in the synthesis of proteins responsible for regulating pain and the affective
response connected to it. When this genetic predisposition interacts with environ-
mental factors such as physical or emotional stress, leads to the phenotype that is
vulnerable to the development of FSS.

Examples of genes involved in pain sensitivity include the adrenergic receptor 2
[12], catechol-O-methyltransferase [13-15], dopamine D4 receptor [16],
guanosine-5’-triphosphate cyclohydrolase 1 [17], p-opioid receptor [18, 19], and
serotonin transporter [20]. However, these genes are also involved in those mecha-
nisms regulating the emotional sphere. In fact, certain polymorphisms affecting
them are also associated with a greater risk for the development of psychological
disorders such as depression [12, 21, 22], anxiety [12, 23], and stress response
[24-26].

This suggests that the emotional sphere and the mechanism of pain transmission
share some mechanisms and this would explain the association that is often found
between psychological/psychiatric disorders and chronic pain syndromes. For
example, the single nucleotide polymorphism of codon 158 (Val '*®Met) of the
catechol-O-methyltransferase gene is associated with pain amplification [27], risk
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of developing TMD [14] and FM [28], as well as to develop certain affective disor-
ders [29]. The common polymorphisms in the serotonin transporter gene promoter
are associated with depression, susceptibility to stress [30], anxiety [31], somatiza-
tion, and risk of TMD [32].

However, it should be stressed that a variation of a single gene is not considered
necessary or sufficient to determine a genetic predisposition for the development of
one or more FSS, but necessary is the association of polymorphisms affecting mul-
tiple genes [8].

Psychosocial Factors

The increased psychosocial vulnerability represents an additional risk factor for the
development of FSS. In fact, many patients tend to have anxiety disorders, depres-
sion, and increased susceptibility to stress [8]. Patients with Fibromyalgia syndrome
have a higher prevalence of psychiatric disorders than the general population, such
as anxiety and mood disorders. This increased prevalence has been also found in
other syndromes associated with chronic pain [33]. A 2004 study observed, in fibro-
myalgia patients with anxiety disorder, a strong association with symptoms attribut-
able to post-traumatic stress syndrome and sexual or physical abuse, while
fibromyalgia patients with mood disorders (first of all depression), showed affective
disorders [33].

Psychosocial factors also seem to be involved in other FSS, such as irritable
bowel syndrome [34], chronic low back pain [35], or temporomandibular syndrome
[36]. In fact, there is evidence in favor of a link between the experience of abuse in
childhood and the development of conditions characterized by chronic pain [37-41].

In this context, the so-called “sensitization hypothesis” was formulated. According
to this hypothesis, individuals who experienced traumatic experiences in childhood,
subsequently present more intense responses to stress factors [42], partly also due to
a dysregulation of the Hypothalamic—pituitary—adrenal (HPA) axis in response to
stress [43]. Furthermore, childhood adversity is assumed to be related to “pro-
inflammatory tendencies,” a condition that continues to sustain itself throughout life,
representing a risk factor for the development of chronic painful conditions [44, 45].
Childhood adversity is also associated with the manifestation in adulthood of cogni-
tive disorders of various extent [46, 47]. For instance, abuse by parental figures is
associated with a state of hypervigilance which can favor the development of states
of cognitive distortions, altering in turn the pain sensitivity threshold [48, 49].

Environmental Factors

Patients who develop FSS generally report an acute event during their lives preced-
ing the onset of a chronic pain syndrome. Physical stress such as surgeries, physical
injuries, or road accidents have been described as precipitating factors in patients
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with FM [50]. In patients with chronic fatigue syndrome/myalgic encephalomyelitis
(CFS/ME), the most frequent acute events preceding the onset of CFS/ME are:
infectious episodes (64%) mainly affecting the respiratory tract and more frequently
caused by herpes virus and parvovirus B19, accidents (39%) and exposure to envi-
ronmental toxins (20%) [51].

As previously mentioned, an association between emotional trauma caused by
psychological, physical, or sexual abuse and the risk of developing FSS has been
also observed. A meta-analysis reported a risk 2.7 higher of developing an FSS in
subjects who underwent emotional trauma compared to subjects who did not suffer
from it [52].

Increased Sensitisation to Pain

The increased sensitization to pain seems to be a distinguishing feature of FSS [10].
However, it is not clear yet whether it represents a determining factor in the onset of
one of the FSS or if it is a maintenance mechanism consolidating the chronic and
persistent perception of the painful experience [8]. The results of a study aimed at
assessing chronic pain in patients who develop a temporomandibular disorder sug-
gest that the amplification of pain plays a more relevant role in maintenance and
chronicization than in the onset of FSS [53]. Central sensitization (CS) manifests
with the presence of hypersensitization of the subject to various types of stimuli,
both harmful (such as pressure and heat) and non-harmful, such as touch [54]. In
other words, the subject presents hyperalgesia (excessive sensitivity to normally
painful stimuli, such as pressure), allodynia (pain to usually painless stimuli, such
as touch), spatial extension of pain (pain is felt in larger areas than the terminations
nerves involved in the stimulus), temporal extension (the painful impulse is trans-
mitted longer), and finally the persistence of unpleasant sensations such as numb-
ness or tingling after the painful stimulus has been removed [10].

This situation is determined by an abnormal and intense “enhancement” of pain
caused by the central nervous system (CNS) [54].

Physiologically, the presence of harmful stimuli determines the activation of
peripheral nociceptors, expressed both viscerally and somatically [55]. The gener-
ated nociceptive signal reaches the dorsal horns of the spinal cord via the A-delta
and C fibers, where the second-order neurons are present. The A-delta fibers trans-
mit acute, pungent, and well-localized pain (primary pain), while the slower C fibers
transmit a less localizable and deeper pain sensation (secondary pain), and are
involved in chronic pain. Second-order neurons are of two types: nociceptive spe-
cific (NS), which respond specifically to painful stimuli, and those with wide
dynamic range (WDR: Wide Dynamic Range), which respond to stimuli of varying
intensity. In fact, the latter integrates impulses from A-delta and C fibers, but also
from A-beta fibers which transmit non-nociceptive impulses [54]. In the presence of
intense activation of nociceptive fibers, the surrounding non-nociceptive fibers can
also be activated, which are usually stimulated by the A-delta fibers. In this way, a
painless stimulus, such as touch, is perceived as a painful sensation [10].
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Second-order neurons transmit the stimulus to the thalamus, hypothalamus, lim-
bic system, and finally to the somatosensory cortex. These supra-spinal structures
are involved in the elaboration of the different dimensions of pain such as sensory,
evaluative, and affective dimensions [55-57].

Once activated, the nociceptive C fibers, in correspondence with their terminal
afferent portion in the dorsal horns of the medulla, release a series of neurotrans-
mitters/neuromodulators such as substance P (SP), glutamate, and the nerve growth
factor (NGF). These substances interact with receptors on post-synaptic second-
order neurons, leading to their activation. For example, SP activates the
Neurokinin-1 (NK-1) receptor, glutamate activates the N-methyl-D-aspartate
(NMDA), «-amino-3-hydroxy-5-methyl-4-isoxazoleproprionate (AMPA), and
metabotropic glutamine (mGlu) receptors, while NFG activates the tyrosine kinase
B receptor.

Some of these substances and receptors seem to be involved in the CS mecha-
nism. Amongst these, SP is believed to play an important role. In the presence of
CS, SP, which is involved in the mechanisms of transmission and amplification of
pain, recruits also silent receptor structures present on second-order neurons, lead-
ing to their hyperexcitability. In addition, SP can spread causing the activation of
other adjacent neurons, leading to an anatomical expansion of the painful area [55—
57]. Therefore, the excessive release of SP and other neurotransmitters such as NFG
and glutamate in the synaptic space determines the hyperexcitability of second-
order neurons [57]. This neuronal hyperexcitability is at first functional, with time
causing neuroplasticity, and as a final result leading to an excessive amplification of
peripheral stimuli. Consequently, a harmless stimulus such as touch is perceived as
pain. Amongst the post-synaptic receptors, those mainly involved in these mecha-
nisms seem to be NMDA [57].

Dopamine also appears to play a role in amplifying nociception in CS. It has two
opposite functions in the context of neuronal excitability: On the one hand, it has an
excitatory effect if binding to D1-like receptor structures, whereas, on the other
hand, it has an inhibitory effect if binding to D2-like receptors. To reinforce the
hypothesis of a role of dopamine in CS, the results of a double-blind study reports
that piraxone (D2-like receptor agonist drug) has shown positive effects in fibromy-
algia patients [58].

In addition to the hyperexcitability of the ascending pathways responsible for the
transmission and processing of pain, an inhibitory mechanism of the pain inhibitory
descending pathways also appears to have a role, which is the physiological task of
modulating and attenuating the physiological stimulus [59].

In summary, in the presence of CS, there is a general hyperexcitation of the CNS
neurons responsible for the transport of peripheral stimuli. This general hyperexci-
tation can also explain hypersensitivity to many environmental (i.e., noise, weather,
stress) and chemical (i.e., pesticides and drugs) stimuli. With time, due to neuro-
plasticity phenomena, CS becomes self-sufficient without further stimuli, and it is
probably accentuated by the presence of chronic diseases [54]. Hence, initially
harmful stimuli may increase neuronal sensitivity to a level where further stimuli,
even non-harmful, may be sufficient to support and perpetuate hyperalgesia and
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allodynia [60, 61]. The affective dimension of pain, such as unpleasantness and
emotional reactions, is mediated by spinal pathways toward the limbic structures,
the medial thalamic nuclei, and by the anterior insular cortex, the anterior cingulate
cortex, and the somatosensory cortical areas [62].

Fibromyalgia and Functional Syndromes

The association between fibromyalgia syndrome and other FSS, or in general the
mutual association between them, was observed as early as 1981 [63]. Below we
analyze the association of fibromyalgia with the main FSS most often associated
with this syndrome (Table 12.1).

Fibromyalgia and Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is a fairly frequent and widely spread condition
characterized by abdominal pain associated with alterations of the bowel function
which cannot be justified by anatomical, structural, or metabolic alterations.
Nonspecific symptoms such as nausea, bloating, flatulence, and fecal urgency are
often present [64, 65]. The diagnosis is made when the Rome IV criteria for the
diagnosis and treatment of functional gastrointestinal disorders are met. These
define IBS as a condition characterized by recurrent abdominal pain (at least one
day a week), present for at least 3 months, and related to at least 2 of the 3 following
conditions: defecation, alterations in the frequency of the bowel function, altera-
tions in the consistency of feces [66, 67].

The pathogenetic mechanism leading to IBS is not entirely clear, although the
hypothesis of a dysregulation of the intestine-brain axis seems to be the most
favored [68]. The dysregulation is probably multifactorial, with multiple elements
contributing to the development of IBS: impaired intestinal motility, visceral hyper-
sensitivity, alterations of the intestinal mucosa and of immunological functions,
changes in the intestinal microbiota, and altered processing of the intestinal sensory
input by the CNS [69, 70].

Numerous studies have shown an increased prevalence of IBD in patients with
fibromyalgia [71, 72]. According to these results, other studies have observed a
higher frequency of fibromyalgia in patients with IBD [73, 74].

Whitehead et al. reported a prevalence of fibromyalgia in patients with IBD of
32.5% (range: 28—65%) and a prevalence of IBS in patients with fibromyalgia syn-
drome of 48% (range: 32-77%) [75].

In a study conducted in Oslo aimed at studying a group of patients who reported
food hypersensitivity, most of them presented with IBD, and extra-gastrointestinal
symptoms indicative of fibromyalgia syndrome were found in 71% of these
patients [72].
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Slim et al. [76] in their work focused the attention on the gastrointestinal symp-
toms reported by fibromyalgia patients, observing a high incidence rate of IBD
among patients with FMS. In a national prospective cohort study, Yang et al. [71]
compared 33,729 patients with FMS and 134,915 controls. During the follow-up
period from 2000 to 2011, they found an overall incidence of IBS higher in FM
patients than in patients without FM (7.47 vs. 4.42 per 1000 person/year), with an
index of crude risk of 1.69 (95% CI 1.59-1.79). After adjustment for age, sex, and
comorbidities, FM was associated with a 1.54-fold increased risk of IBS.

FM and IBS share numerous aspects: a predominance in women, the association
with sleep disorders, chronic fatigue, anxiety, and/or depression as comorbidities
[77]. Both disorders alter the quality of life of the affected patients and represent a
major health care cost. Their onset is often associated with stressful or traumatic
events, and they have similar therapeutic schemes such as psychotherapy, cognitive-
behavioral therapy, and the use of antidepressant drugs [77, 78]. Both FM and IBS
are categorized within the “central sensitivity disorders” (preferred terminology by
some to identify FSS), since in both cases the presence of CS is assumed. In the case
of IBS, there is chronic visceral hyperalgesia, while in FM the chronic pain is
somatic [76].

Their coexistence in the same individual can be explained by the fact that some
visceral and somatic pain fibers affect the same areas at the level of the spinal cord
and brain. For instance, the anterior cingulate cortex, which modulates the affective
response and induces pain, receives both visceral and somatic inputs, and is believed
to be an area involved in the pain processing of both disorders [77-79]. The insula
and the somatosensory cortex also play an important role in the processing of pain
in both FM and IBS [80]. Furthermore, in both syndromes, the attenuation of the
pain inhibition mechanisms by the descending pathways is hypothesized [77].
Finally, both in patients with FM and in patients with IBS, a pronounced hyperalge-
sia at the lumbosacral level has been observed, which could also explain the
increased thermal sensitivity and visceral hypersensitivity that has been observed in
patients with IBS or FM plus IBS, compared to healthy controls [81]. Probably, the
coexistence of visceral and somatic hyperalgesia at this level is due to an anatomical
convergence of both somatic and visceral nociceptive fibers within a common pool
of neurons at the level of the spinal cord [81].

Fibromyalgia and Chronic Pelvic Pain

Chronic pelvic pain (CPP) is a non-cyclical pain, lasting at least six months, involv-
ing the pelvic region, the anterior abdominal wall below the navel, and posteriorly
the lumbosacral region, with an extent of the pain such to alter the quality of life of
those affected [82]. In some cases, it can be associated with the coexistence of
organic conditions with endometriosis and the presence of adhesions as the most
frequent [83, 84]. However, after laparoscopic surgical treatment of these associated
organic conditions (i.e., endometriosis), in 30-40% of cases, a resolution of the pain
was not observed [85, 86], assuming independence from the presence or absence of
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organic conditions, and considering them at most as triggering elements in the con-
text of a multifactorial genesis. Conversely, in other cases, there is no association
with organic pathologies [83]. Specifically, after laparoscopic evaluation of patients
with CPP, no underlying causes could be identified in 30% of cases [84]. For this
reason, CPP is considered to belong to the functional somatic syndromes, being not
associated with damages or pathologies of the affected tissues, and often presenting
hypersensitivity to pain [83]. It affects women more than man and is related to his-
tories of sexual or physical abuse and to states of anxiety or depression [84].
Furthermore, as with other FSS, it can coexist in the same individual with other
conditions of chronic pain, such as IBS, FM, temporomandibular syndrome, and
migraine [82—-84].

Fibromyalgia is frequently associated with chronic pelvic pain (CPP). Depending
on the studies considered, from 12 to 65% of fibromyalgia patients complain of CPP
[87, 88].

Furthermore, 44% of patients with FM report vulvodynia, and 48% of these pres-
ent pelvic floor hypertonicity [89]. Women with both these conditions have a greater
intensity of widespread chronic pain, and they are more prone to anxiety and depres-
sion disorders. Furthermore, FM in the presence of CPP has a more severe presenta-
tion than in patients with FM alone. Conversely, patients with CPP have a higher
prevalence of fibromyalgia and other FSS [83]. CPP also shares some etiopathoge-
netic hypotheses with fibromyalgia and other FSS, including psychosocial factors,
such as histories of abuse, anxiety disorders or depression, and the central sensitiza-
tion hypothesis, triggered following an insult of various nature, but which persists
even after the removal of this. In consideration of these etiopathogenetic similari-
ties, according to some authors, CPP reflects a “visceral sensitization,” and could be
defined as “pelvic fibromyalgia” [90].

Fibromyalgia and Interstitial Cystitis/Painful Bladder Syndrome

Painful bladder syndrome/interstitial cystitis (PBS/IC) is defined by the European
Society for the Study of Interstitial Cystitis as a “chronic condition of pelvic pain,
pressure or discomfort perceived in the bladder and with at least one urinary symp-
tom such as urinary urgency or increased urinary frequency” [91]. The presence of
glomerulations or “Hunner’s ulcers” are present in less than a third of the cases [92].
There is no precise estimate of its prevalence, but according to some studies, it
affects 2% of the general population with a female—male ratio of 9:1 [91, 93]. PBS/
IC is a condition frequently associated with other syndromes characterized by
chronic regional or widespread pain including fibromyalgia, irritable bowel syn-
drome, migraine, and temporomandibular disorder [94]. Literature data have shown
that 11-17% of patients with PBS/IC have FM. Nickel et al. reported the presence
of FM in 17.7% of patients with PBS/CI compared with 2.6% of controls [95-97].
Hamed et al. evaluated the presence of symptoms related to the presence of PBS
using the “Fibromyalgia Bladder Index (FBI)” in women with fibromyalgia [98].
The FBI presents 2 types of assessments: one aimed at assessing bladder pain and
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urinary urgency (UP), and the other one at assessing urinary frequency and nocturia
(FN). The mean UP score was significantly higher in the FM patient group
(10.29 £ 5.61) than in controls (1.65 = 2.65; p = 0.001). The FN score was also
significantly higher in patients with FM (9.93 + 5.37) compared to controls
(2.95 +3.27, p = 0.001). Numerous etiological factors have been hypothesized as
involved in the onset of PBS/IC, such as urinary infections, inflammatory or autoim-
mune processes, abnormalities of the bladder mucosa, the role of urinary toxins, or
the presence of local neurological dysfunctions. However, to date, the actual etio-
pathogenetic mechanisms leading to the development of PBS/IC are largely
unknown [99]. According to some authors, it could be considered a functional
somatic syndrome or a manifestation of an FSS, also considering the frequency of
association with other FSS, first of all, fibromyalgia and IBS [94, 100]. Even in this
case, amongst the various pathogenetic mechanisms proposed, there is the develop-
ment of central sensitization [97-100]. PBS/IC may be the result of a central sensi-
tization in the lower spinal cord. This CS may also be triggered by other chronic
pain syndromes unrelated to the bladder, which would initiate spinal sensitization
with subsequent spatial expansion to the point that the bladder would also be per-
ceived as a site of pain. Once the CS is triggered, also when the noxious stimulus is
removed, the pain perceived in the organ persists, since even non-painful stimuli are
perceived as such [99]. This may also explain why patients with PBS/IC have sig-
nificant discomfort with very small bladder volumes compared to normal subjects,
and why these patients still have pain after cystectomy [101, 102].

Fibromyalgia and Temporomandibular Disorders

The term “temporomandibular disorders” refers to a set of different clinical condi-
tions affecting the masticatory muscles or the temporomandibular joint. These are
mainly characterized by the presence of joint and muscle pain, and dysfunctions
such as reduced motility or joint noises are also often associated, as well as earache,
headache, dizziness, or tinnitus. TMDs can be of a congenital nature, resulting from
neoplasms, inflammatory processes, or trauma. However, in a percentage of cases,
an underlying organic cause is not recognized, thus defining this disorder as func-
tional TMD. In this case, the etiology is still unknown, but a multifactorial genesis
is hypothesized [103]. TMD is diagnosed when the “Research Diagnostic Criteria
for Temporomandibular Disorders” (RDC/TMD) are met [104]. Functional TMD is
considered an FSS [52], and as with other FSS, it is often associated with symptoms
such as sleep disturbances, cognitive problems, gastrointestinal disorders, and dif-
fuse myalgias, which alter the patient’s quality of life, as well as tending to coexist
with other functional chronic pain conditions [105]. Some epidemiological studies
have shown a strong association between FM and TMD. It is estimated that 71-94%
of fibromyalgia subjects have a TMD with a component of myofascial pain [106—
108]. Conversely, when temporomandibular pain has an arthrogenic origin, the
prevalence of TMD in fibromyalgia sufferers drops to 19% [109-111]. Amongst
those patients diagnosed with TMD, the prevalence of FM ranges from 10 to 18.4%
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[112-114]. As for the other FSSs, the functional temporomandibular disorder, espe-
cially if with a myofascial component, shares some etiopathogenetic hypotheses
and risk factors recognized in FM, such as the association with some polymor-
phisms in genes encoding for molecules involved in the transmission of painful
impulse and the emotional processing of this, as well as the association with physi-
cal or emotional trauma, or with the concept of central sensitization [105].

Fibromyalgia, Chronic Migraine, and Chronic
Tension-Type Headache

Chronic migraine (CM) and chronic tension-type headache (CTTH) are both very
common types of headache [115]. An increased prevalence of FM in patients with
these types of headaches is a well-established fact in the literature [116, 117].

The prevalence of FM (diagnosed with the aid of the ACR 1990 criteria) amongst
patients with migraine varies from 11% to 22% [117-119]. Furthermore, one study
observed that the frequency of FM increases to 35.6% when the association with
transformed migraine is evaluated (a term previously used to describe a form of
CM) [119]. The frequency of FM is even higher in patients with chronic tension-
type headache (CTTH) with values ranging from 35% to 59% [117, 120]. One study
evaluated the prevalence of FM diagnosed by following the ACR 2010 criteria in
patients with CM and CTTH. In this study, the prevalence of fibromyalgia was
much higher (69.9%) in patients with CM than in those with CTTH (25.7%) [115].
It was also observed that in patients with CM more frequently than in patients with
CTTH, there was an association with anxiety disorder, depression, and somatic
symptoms. Conditions that, as previously stated, often coexist also in patients with
FM [115]. FM also shares with CM and CTTH the pathogenetic hypothesis of cen-
tral sensitization. In fact, it is believed that the cephalic allodynia reported by
migraine patients may be caused by a central sensitization mechanism in the second-
order neurons of the spinal trigeminal nucleus [121]. The trigeminal neurons are
subjected to sensitization following the constant painful impulse transmitted by the
perivascular meningeal painful fibers [122]. In addition to the cephalic level, the
presence of chronic pain in extra-cephalic areas has also been reported by patients
with CM, underlining that central sensitization in these patients can be widespread
[115]. Furthermore, skin allodynia appears to be more severe in patients with CM
than in those with recurrent CTTH [123].

Fibromyalgia and Multiple Chemical Sensitivity

Multiple chemical sensitivity (MCS) is a chronic condition that has been found in
6% of adults in California [124]. Its reproducible symptoms involving multiple
organ systems are caused by low levels of exposure to multiple chemically unre-
lated substances and improve or resolve when the chemical agents are removed
[125]. Chemical avoidance has been found to be effective in 93% of patients [126].
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MCS is common in patients with CES and/or FMS. In a sample of 33 Gulf War
veterans with CFS, 42% had concurrent MCS and 6% concurrent FMS [127].
Brown and Jason [128] studied 114 men and women with CFS, finding that 43.9%
of them met the criteria for CFS alone, 23.7% the criteria for CFS and MCS, 15.8%
the criteria for CFS and FMS, and 16.7% the criteria for all the three conditions. The
CFS/MCS/FMS patients were more disabled than those with CFS alone in terms of
physical functioning, general health, and bodily pain, indicating that having more
than one illness exacerbates disability beyond CFS alone.

Fibromyalgia and Chronic Fatigue Syndrome

Fatigue is a frequent symptom in the general population, being reported by up to
50% of the respondents to large-scale surveys [129, 130]. It is attributable to
underlying systemic diseases such as diabetes, cardiopulmonary disease, or rheu-
matoid arthritis, but may also accompany psychiatric conditions such as depres-
sion, panic disorder, or somatization. When fatigue cannot be explained by a
medical condition such as depression, cancer, infections, or inflammatory disor-
ders, it may be due to myalgic encephalomyelitis/chronic fatigue syndrome (ME/
CFS). In fact, a clinical diagnosis of ME/CFS can only be made when all the other
possible etiologies of fatigue have been excluded [131-133]. Although consider-
able progress has been made, there is still no unifying construct concerning some
of the major pathogenetic mechanisms of ME/CFS. Current research is investigat-
ing the involvement of the immune and adrenal systems, genetics, stress-related
syndromes, and impaired neuropsychological functions. As many of the symptoms
are the same as those of viral infections, some physicians have hypothesized a
post-infectious etiology [134].

Genetic susceptibility is supported by the findings of one study showing that
patients with exercise-induced CFS differently express certain genes that play a role
in metabolism and immune responses [135], and another study has shown a correla-
tion between specific gene mutations, ME/CFS, and some viral infections associ-
ated with CFS [136]. The fact that ME/CEFS is often associated with depression has
led many physicians to believe that it is a purely somatic illness [137], but there is
no evidence supporting this conclusion. The risk of developing ME/CFS may be
increased as much as six times by a childhood trauma, which may reduce resilience
and also increase the risk of adrenal system dysfunction [138]. ME/CFS may be
considered one of the central sensitivity syndromes (CSS) [54]. It is therefore pos-
sible that specific peripheral fatigue and pain pathways in ME/CFS patients are
sensitized by still unknown mechanisms (infections and physical and/or psycho-
logical stressors) [139-141], continuous inputs from which maintaining the state of
chronic fatigue and chronic widespread pain. Chronic fatigue syndrome (CFS) fre-
quently overlaps with FMS [142], and therefore it is possible that the same patient
may simultaneously meet the diagnostic criteria for more than one CSS. It has been
estimated that between 20% and 70% of patients with FMS meet the criteria for
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CFS and that 35-70% of those with CFS also have FMS [143]. Many people suffer-
ing from FMS have those symptoms generally observed in CFS. Patients who meet
the criteria for both FMS and CFS have a worse overall health status [142].

Conclusions

It is known that FMS and dysfunctional syndromes may coexist:

FMS is not a distinctive disease entity, but a complex spectrum of problems with
frequently overlapping symptoms. It also substantially overlaps functional
somatic syndromes.

The symptoms of FMS vary from patient to patient, as does their severity.

All patients with chronic widespread pain should be assessed for FMS on the
basis of their medical history (including psychosocial factors) and TPs.

In conclusion, in patients suffering from widespread pain and fatigue, it is neces-

sary to rule out the presence of any medical condition or disease that is known to
cause these symptoms.

References

. Bazzichi L, Giacomelli C, Consensi A, et al. One year in review 2020: fibromyalgia. Clin Exp
Rheumatol. 2020;38 Suppl 123(1):3-8.

2. Wolfe F, Smythe HA, Yunus MB, et al. The American College of Rheumatology 1990 criteria

for the classification of fibromyalgia. Report of the multi-center criteria committee. Arthritis
Rheum. 1990;33(2):160-72.

3. Sarzi-Puttini P, Atzeni F, Masala IF, et al. Are the ACR 2010 diagnostic criteria for fibromy-

algia better than the 1990 criteria? Autoimmun Rev. 2018;17(1):33-5.

4. Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, et al. The American College of

Rheumatology preliminary diagnostic criteria for fibromyalgia and measurement of symp-
tom severity. Arthritis Care Res. 2010;62(5):600-10.

5. Wolfe F, Clauw DJ, Fitzcharles MA, et al. Fibromyalgia criteria and severity scales for clini-

cal and epidemiological studies: a modification of the ACR preliminary diagnostic criteria for
fibromyalgia. J Rheumatol. 2011;38(6):1113-22.

6. Egloff N, von Kinel R, Miiller V, et al. Implications of proposed fibromyalgia criteria across

other functional pain syndromes. Scand J Rheumatol. 2015;44(5):416-24.

7. Diatchenko L, Nackley AG, Slade GD, et al. Idiopathic pain disorders—pathways of vulner-

ability. Pain. 2006;123:226-30.

8. Maixner W, Fillingim RB, Williams DA, et al. Overlapping chronic pain conditions: implica-

tions for diagnosis and classification. J Pain. 2016;17(9 Suppl):T93-T107.

9. Veasley C, Clare D, Clauw DJ, et al. Impact of chronic overlapping pain conditions on public

health and the urgent need for safe and effective treatment: 2015 analysis and policy recom-
mendations. Chronic Pain Research Alliance.

10. Yunus MB. Central sensitivity syndromes: a new paradigm and group nosology for fibro-

myalgia and overlapping conditions, and the related issue of disease versus illness. Semin
Arthritis Rheum. 2008;37(6):339-52.



146

11

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

F. Atzeni et al.

. Baliki MN, Apkarian AV. Nociception, pain, negative moods, and behavior selection. Neuron.
2015;87:474-91.

Diatchenko L, Anderson AD, Slade GD, et al. Three major haplotypes of the beta2 adren-
ergic receptor define psychological profile, blood pressure, and the risk for development
of a common musculoskeletal pain disorder. Am J] Med Genet B Neuropsychiatr Genet.
2006;141B:449-62.

Diatchenko L, Nackley AG, Tchivileva IE, et al. Genetic architecture of human pain percep-
tion. Trends Genet. 2007;23:605-13.

. Diatchenko L, Slade GD, Nackley AG, et al. Genetic basis for individual variations in pain per-
ception and the development of a chronic pain condition. Hum Mol Genet. 2005;14:135-43.
Zubieta J, Heitzeg M, Smith Y, et al. COMT vall58met genotype affects mu-opioid neu-
rotransmitter responses to a pain stressor. Science. 2003;299:1240-3.

Ho AM, Tang NL, Cheung BK, et al. Dopamine receptor D4 gene —521C/T polymorphism
is associated with opioid dependence through cold-pain responses. Ann N Y Acad Sci.
2008;1139:20-6.

Tegeder I, Costigan M, Griffin RS, et al. GTP cyclohydrolase and tetrahydrobiopterin regu-
late pain sensitivity and persistence. Nat Med. 2006;12:1269-77.

Fillingim RB, Kaplan L, Staud R, et al. The A118G single nucleotide polymorphism of the
mu-opioid receptor gene (OPRM1) is associated with pressure pain sensitivity in humans. J
Pain. 2005;6:159-67.

Shabalina SA, Zaykin DV, Gris P, et al. Expansion of the human mu-opioid receptor gene
architecture: novel functional variants. Hum Mol Genet. 2009;18:1037-51.

Lindstedt F, Karshikoff B, Schalling M, et al. Serotonin-1A receptor polymorphism (rs6295)
associated with thermal pain perception. PLoS One. 2012;7:e43221.
Fernandez-de-Las-Penas C, Ambite-Quesada S, Gil-Crujera A, et al. Catechol-O-
methyltransferase Vall58Met polymorphism influences anxiety, depression, and dis-
ability, but not pressure pain sensitivity, in women with fibromyalgia syndrome. J Pain.
2012;13:1068-74.

Reinelt E, Barnow S, Stopsack M, et al. Social support and the serotonin transporter genotype
(5-HTTLPR) moderate levels of resilience, sense of coherence, and depression. Am J Med
Genet B Neuropsychiatr Genet. 2015;168B:383-91.

Baumann C, Klauke B, Weber H, et al. The interaction of early life experiences with COMT
vall58met affects anxiety sensitivity. Genes Brain Behav. 2013;12:821-9.

Alexander N, Osinsky R, Mueller E, et al. Genetic variants within the dopaminergic sys-
tem interact to modulate endocrine stress reactivity and recovery. Behav Brain Res.
2011;216:53-8.

Armbruster D, Mueller A, Moser DA, et al. Interaction effect of D4 dopamine receptor gene
and serotonin transporter promoter polymorphism on the cortisol stress response. Behav
Neurosci. 2009;123:1288-95.

Valderas JM, Starfield B, Sibbald B, et al. Defining comorbidity: Implications for understand-
ing health and health services. Ann Fam Med. 2009;7:357-63.

Rakvag TT, Klepstad P, Baar C, et al. The Vall158Met polymorphism of the human catechol-
O-methyltransferase (COMT) gene may influence morphine requirements in cancer pain
patients. Pain. 2005;116:73-78. 84.

Gursoy S, Erdal E, Herken H, et al. Significance of catechol-O-methyltransferase gene poly-
morphism in fibromyalgia syndrome. Rheumatol Int. 2003;23:104-7.

Oroszi G, Goldman D. Alcoholism: genes and mechanisms. Pharmacogenomics.
2004;5:1037-48.

Caspi A, Sugden K, Moffitt TE, et al. Influence of life stress on depression: Moderation by a
polymorphism in the 5-HTT gene. Science. 2003;301:386-9.

Gordon JA, Hen R. Genetic approaches to the study of anxiety. Annu Rev Neurosci.
2004;27:193-222.



12

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

The Functional Syndromes as Fibromyalgia Comorbidities 147

Herken H, Erdal E, Mutlu N, et al. Possible association of temporomandibular joint pain and
dysfunction with a polymorphism in the serotonin transporter gene. Am J Orthod Dentofac
Orthop. 2001;120:308-13.

Thieme K, Turk DC, Flor H. Comorbid depression and anxiety in fibromyalgia syndrome:
Relationship to somatic and psychosocial variables. Psychosom Med. 2004;66:837—44.
Nicholl BI, Halder SL, Macfarlane GJ, et al. Psychosocial risk markers for new onset
irritable bowel syndrome-results of a large prospective population-based study. Pain.
2008;137(1):147-55.

Linton SJ. A review of psychological risk factors in back and neck pain. Spine.
2000;25:1148-56.

Slade GD, Diatchenko L, Bhalang K, et al. Influence of psychological factors on risk of tem-
poromandibular disorders. J Dent Res. 2007;86:1120-5.

Brown J, Berenson K, Cohen P. Documented and self-reported child abuse and adult pain in
a community sample. Clin J Pain. 2005;21(5):374-7.

Davis DA, Luecken LJ, Zautra AJ. Are reports of childhood abuse related to the experi-
ence of chronic pain in adulthood? A meta-analytic review of the literature. Clin J Pain.
2005;21(5):398-405.

Green CR, Flowe-Valencia H, Rosenblum L, Tait AR. The role of childhood and adulthood
abuse among women presenting for chronic pain management. ClinJ Pain. 2001;17(4):359-64.
Irish L, Kobayashi I, Delahanty DL. Long-term physical health consequences of childhood
sexual abuse: a meta-analytic review. J Pediatr Psychol. 2010;35(5):450-61.

Sachs-Ericsson N, Kendall-Tackett K, Hernandez A. Childhood abuse, chronic pain, and
depression in the National Comorbidity Survey. Child Abuse Negl. 2007;31(5):531-47.
Cromer KR, Sachs-Ericsson N. The association between childhood abuse, PTSD, and the
occurrence of adult health problems: moderation via current life stress. J Trauma Stress.
2006;19(6):967-71.

Heim C, Newport DJ, Bonsall R, Miller AH, Nemeroff CB. Altered pituitary-adrenal
axis responses to provocative challenge tests in adult survivors of childhood abuse. Am J
Psychiatry. 2001;158(4):575-81.

Miller GE, Chen E, Parker KJ. Psychological stress in childhood and susceptibility to the
chronic diseases of aging: moving toward a model of behavioral and biological mechanisms.
Psychol Bull. 2011;137(6):959-97.

Singh T, Newman AB. Inflammatory markers in population studies of aging. Ageing Res Rev.
2011;10(3):319-29.

Gibb BE, Alloy LB, Abramson LY, et al. Cognitive vulnerability to depression: a taxometric
analysis. J Abnorm Psychol. 2004;113(1):81-9.

Sachs-Ericsson N, Verona E, Joiner T, Preacher KJ. Parental verbal abuse and the mediating
role of self-criticism in adult internalizing disorders. J Affect Disord. 2006;93(1-3):71-8.
Arnow BA, Hart S, Hayward C, Dea R, Barr TC. Severity of child maltreatment, pain com-
plaints and medical utilization among women. J Psychiatr Res. 2000;34(6):413-21.
Asmundson GJ, Katz J. Understanding pain and posttraumatic stress disorder comorbidity:
do pathological responses to trauma alter the perception of pain? Pain. 2008;138(2):247-9.
Yavne Y, Amital D, Watad A, et al. A systematic review of precipitating physical and psy-
chological traumatic events in the development of fibromyalgia. Semin Arthritis Rheum.
2018;48(1):121-33.

Chu L, Valencia 1J, Garvert DW, Montoya JG. Onset patterns and course of myalgic encepha-
lomyelitis/chronic fatigue syndrome. Front Pediatr. 2019;7:12.

Afari N, Ahumada SM, Wright LJ, et al. Psychological trauma and functional somatic syn-
dromes: a systematic review and meta-analysis. Psychosom Med. 2014;76(1):2-11.

Slade GD, Sanders AE, Ohrbach R, et al. Pressure pain thresholds fluctuate with, but do
not usefully predict, the clinical course of painful temporomandibular disorder. Pain.
2014;155(10):2134-43.



148

54

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

F. Atzeni et al.

. Yunus MB. Fibromyalgia and overlapping disorders: the unifying concept of central sensitiv-
ity syndromes. Semin Arthritis Rheum. 2007;36(6):339-56.

Cohen SA. Physiology of pain. In: Warfield CA, Bajwa ZH, editors. Principles and practice
of pain medicine. New York: McGraw-Hill; 2004. p. 35-48.

Besson JM. The neurobiology of pain. Lancet. 1999;35:1610-5.

Staud R. The neurobiology of chronic musculoskeletal pain (including chronic regional
pain). In: Wallace DJ, Clauw DJ, editors. Fibromyalgia and other central pain syndromes.
Philadelphia: Lippincott, Williams and Wilkins; 2005. p. 45-62.

Holman AJ, Myers RR. A randomized, double-blind, placebocontrolled trial of pramipex-
ole, a dopamine agonist, in patients with fibromyalgia receiving concomitant medications.
Arthritis Rheum. 2005;52:2495-505.

Julien N, Goffaux P, Arsenault P, Marchand S. Widespread pain in fibromyalgia is related to
a deficit of endogenous pain inhibition. Pain. 2005;114(1-2):295-302.

Woolf CJ. Central sensitization: implications for the diagnosis and treatment of pain. Pain.
2011;152(3 Suppl):S2-S15.

Yunus MB. The prevalence of fibromyalgia in other chronic pain conditions. Pain Res Treat.
2012;2012:584573.

Price DD. Psychological and neural mechanisms of the affective dimension of pain. Science.
2000;288:1769-72.

Yunus M, Masi AT, Calabro J1J, et al. Primary fibromyalgia (fibrositis): clinical study of 50
patients with matched normal controls. Semin Arthritis Rheum. 1981;11(1):151-71.

Brandt LJ, Chey WD, Foxx-Orenstein AE, et al. An evidence-based position statement
on the management of irritable bowel syndrome. Am J Gastroenterol. 2009;104(Suppl
1):S1-35.

Chang JY, Talley NJ. An update on irritable bowel syndrome: from diagnosis to emerging
therapies. Curr Opin Gastroenterol. 2011;27(1):72-8.

Tack J, Drossman DA. What’s new in Rome IV? Neurogastroenterol Motil. 2017;29(9).
Whitehead WE, Palsson OS, Simre’n M. Irritable bowel syndrome: what do the new Rome
IV diagnostic guidelines mean for patient management? Expert Rev Gastroenterol Hepatol.
2017;11(4):281-3.

Mayer EA, Tillisch K. The brain-gut axis in abdominal pain syndromes. Annu Rev Med.
2011;62:381-96.

Mayer EA, Labus JS, Tillisch K, et al. Towards a system view of IBS. Nat Rev Gastroenterol
Hepatol. 2015;12(10):592-605.

Spiller R, Aziz Q, Creed F, et al. Guidelines on the irritable bowel syndrome: mechanisms
and practical management. Gut. 2007;56(12):1770-98.

Yang T-Y, Chen C-S, Lin C-L, et al. Risk for irritable bowel syndrome in fibromyalgia
patients: a national database study. Medicine (Baltimore). 2015;94:e616.

Berstad A, Undseth R, Lind R, Valeur J. Functional bowel symptoms, fibromyalgia and
fatigue: a food-induced triad? Scand J Gastroenterol. 2012;47:914-9.

Erbasan F, Cekin Y, Coban DT, et al. The frequency of primary Sjogren’s syndrome and
fibromyalgia in irritable bowel syndrome. Pak J Med Sci. 2017;33(1):137-41.

Heidari F, Afshari M, Moosazadeh M. Prevalence of fibromyalgia in general population
and patients, a systematic review and meta-analysis. Rheumatol Int. 2017; 37:1527-1539.
33:137-141.

Whitehead WE, Palsson O, Jones KR. Systematic review of the comorbidity of irritable bowel
syndrome with other disorders: what are the causes and implications? Gastroenterology.
2002;122(4):1140-56.

Slim M, Calandre EP, Rico-Villademoros F. An insight into the gastrointestinal component of
fibromyalgia: clinical manifestations and potential underlying mechanisms. Rheumatol Int.
2015;35:433-44.

Schatz RA, Moshiree B. Gastrointestinal and hepatic disease in fibromyalgia. Rheum Dis
Clin N Am. 2018;44(1):131-42.



12

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

The Functional Syndromes as Fibromyalgia Comorbidities 149

Chang F-Y. Irritable bowel syndrome: the evolution of multi-dimensional looking and multi-
disciplinary treatments. World J Gastroenterol. 2014;20(10):2499-514.

Jensen KB, Srinivasan P, Spaeth R, et al. Overlapping structural and functional brain
changes in patients with long-term exposure to fibromyalgia pain. Arthritis Rheum.
2013;65(12):3293-303.

Tracey I, Mantyh PW. The cerebral signature for pain perception and its modulation. Neuron.
2007:55(3):377-91.

Moshiree B, Price DD, Robinson ME, et al. Thermal and visceral hypersensitivity in irritable
bowel syndrome patients with and without fibromyalgia. Clin J Pain. 2007;23(4):323-30.
Steege JF, Siedhoff MT. Chronic pelvic pain. Obstet Gynecol. 2014;124(3):616-29.
Johnson CM, Makai GEH. Fibromyalgia and irritable bowel syndrome in female pelvic pain.
Semin Reprod Med. 2018;36(2):136—42.

Warren JW, Morozov V, Howard FM. Could chronic pelvic pain be a functional somatic
syndrome? Am J Obstet Gynecol. 2011;205(3):199.e1-199.e1995.

Deguara CS, Pepas L, Davis C. Does minimally invasive surgery for endometriosis improve
pelvic symptoms and quality of life? Curr Opin Obstet Gynecol. 2012;24:241-4.

Zullo F, Palomba S, Zupi E, et al. Effectiveness of presacral neurectomy in women with
severe dysmenorrhea caused by endometriosis who were treate with laparoscopic conser-
vative surgery: a l-year prospective randomized double-blind controlled trial. Am J Obstet
Gynecol. 2003;189:5-10.

Hughes L. Physical and psychological variables that influence pain in patients with fibromy-
algia. Orthop Nurs. 2006;25(02):112-9. quiz 120-121

Jones KD, Maxwell C, Mist SD, et al. Pelvic floor and urinary distress in women with fibro-
myalgia. Pain Manag Nurs. 2015;16(06):834—40.

Ghizzani A, Di Sabatino V, Suman AL, et al. Pain symptoms in fibromyalgia patients with
and without provoked vulvodynia. Pain Res Treat. 2014;2014:457618.

Ploteau S, Labat JJ, Riant T, et al. New concepts on functional chronic pelvic and perineal pain:
pathophysiology and multidisciplinary management. Discov Med. 2015;19(104):185-92.
Meijlink JM. Interstitial cystitis and the painful bladder: a brief history of nomenclature,
definitions and criteria. Int J Urol. 2014;21:4-12.

Patnaik SS, Lagana AS, Vitale SG, et al. Etiology, pathophysiology and biomarkers of inter-
stitial cystitis/painful bladder syndrome. Arch Gynecol Obstet. 2017;295:1341-59.

Davis N, Brady C, Creagh T. Interstitial cystitis/painful bladder syndrome: epidemiology,
pathophysiology and evidence based treatment options. Eur J Obstet Gynecol Reprod Biol.
2014;175:30-17.

Nickel JC, Tripp DA, Pontari M, et al. Interstitial cystitis/painful bladder syndrome and asso-
ciated medical conditions with an emphasis on irritable bowel syndrome, fibromyalgia and
chronic fatigue syndrome. J Urol. 2010;184(4):1358-63.

Rodriguez MA, Afari N, Buchwald DS. Evidence for overlap between urological and nonu-
rological unexplained clinical conditions. J Urol. 2009;182:2123.

Alagiri M, Chottiner S, Ratner V, et al. Interstitial cystitis: unexplained associations with
other chronic disease and pain syndromes. Urology. 1997;49:52.

Clauw DJ, Schmidt M, Radulovic D, et al. The relationship between fibromyalgia and inter-
stitial cystitis. J Psychiatr Res. 1997;31:125.

Hamed N, Rida MA, Uthman I, et al. The Fibromyalgia Bladder Index in 100 con-
secutive women with fibromyalgia. Int Urogynecol J. 2020; https://doi.org/10.1007/
$00192-019-04199-y.

McLennan MT. Interstitial cystitis: epidemiology, pathophysiology, and clinical presentation.
Obstet Gynecol Clin N Am. 2014;41(3):385-95.

Warren JW. Bladder pain syndrome/interstitial cystitis as a functional somatic syndrome. J
Psychosom Res. 2014;77(6):510-5.

Warren JW, Jackson TL, Langenberg P, et al. Prevalence of interstitial cystitis in first-degree
relatives of patients with interstitial cystitis. Urology. 2004;63(1):17-21.


https://doi.org/10.1007/s00192-019-04199-y
https://doi.org/10.1007/s00192-019-04199-y

150

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

F. Atzeni et al.

Warren JW, van de Merwe JP, Nickel JC. Interstitial cystitis/bladder pain syndrome and non-
bladder syndromes: facts and hypotheses. Urology. 2011;78(4):727-32.

Moreno-Fernandez AM, Jiménez-Castellanos E, Iglesias-Linares A, et al. Fibromyalgia syn-
drome and temporomandibular disorders with muscular pain. A review. Mod Rheumatol.
2017;27(2):210-6.

Schiffman E, Ohrbach R, Truelove E, et al. Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) for Clinical and Research Applications: recommendations of the
International RDC/TMD Consortium Network and Orofacial Pain Special Interest Group+. J
Oral Facial Pain Headache. 2014;28(1):6-27.

Lorduy KM, Liegey-Dougall A, Haggard R, et al. The prevalence of comorbid symptoms of
central sensitization syndrome among three different groups of temporomandibular disorder
patients. Pain Pract. 2013;13(8):604—13.

Balasubramaniam R, de Leeuw R, et al. Prevalence of temporomandibular disorders in fibro-
myalgia and failed back syndrome patients: a blinded prospective comparison study. Oral
Surg Oral Med Oral Pathol Oral Radiol. 2007;104:204-16.

Salvetti G, Manfredini D, Bazzichi L, et al. Clinical features of the stomatognathic involve-
ment in fibromyalgia syndrome: a comparison with temporomandibular disorders patients.
Cranio. 2007;25:127-33.

Pimentel MJ, Gui MS, Martins de Aquino LM, Rizzatti-Barbosa CM. Features of temporo-
mandibular disorders in fibromyalgia syndrome. Cranio. 2013;31:40-5.

Leblebici D, Pektas ZO, Ortancil O, et al. Coexistence of fibromyalgia, temporomandibular
disorder, and masticatory myofascial pain syndromes. Rheumatol Int. 2007;27:541-4.
Thorp JN, Ritzline PD. Fibromyalgia is not a predictor variable for a successful outcome
following surgical correction of internal derangement of the temporomandibular joint. J Oral
Maxillofacial Surg. 2011;69:19-27.

Fraga BP, Santos EB, Farias JP, Macieira JC, Quintans LJ, Onofre AS, De Santana JM,
Martins PR, Bonjardim LR. Signs and symptoms of temporomandibular dysfunction in fibro-
myalgic patients. J Craniofac Surg. 2012;23:615-8.

Fricton JR. The relationship of temporomandibular disorders and fibromyalgia: implication
for diagnosis and treatment. Curr Pain Headache Rep. 2004;8:355-63.

Velly AM, Look JO, Shiffman E, et al. The effect of fibromyalgia and widespread pain on
the clinically significant temporomandibular muscle and joint pain disorders—a prospective
18-month cohort study. J Pain. 2010;11:1155-64.

Da Silva LA, Kazyiama HH, de Siqueira JT, et al. High prevalence of orofacial complaints in
patients with fibromyalgia: a case-control study. Oral Surg Oral Med Oral Pathol Oral Radiol.
2012;114:e29-34.

Cho SJ, Sohn JH, Bae JS, et al. Fibromyalgia among patients with chronic migraine and
chronic tension-type headache: a multicenter prospective cross-sectional study [published
correction appears in Headache. 2018 Feb;58(2):357]. Headache. 2017;57(10):1583-92.

de Tommaso M, Federici A, Loiacono A, Delussi M, Todarello O. Personality profiles
and coping styles in migraine patients with fibromyalgia comorbidity. Compr Psychiatry.
2014;55:80-6.

de Tommaso M, Sardaro M, Serpino C, et al. Fibromyalgia comorbidity in primary head-
aches. Cephalalgia. 2009;29(4):453-64.

Valeriani M, de Tommaso M, Restuccia D, et al. Reduced habituation to experimental pain in
migraine patients: a CO (2) laser evoked potential study. Pain. 2003;105:57-64.

Peres MF, Young WB, Kaup AO, Zukerman E, Silberstein SD. Fibromyalgia is common in
patients with transformed migraine. Neurology. 2001;57:1326-8.

de Tommaso M, Federici A, Serpino C, et al. Clinical features of headache patients with
fibromyalgia comorbidity. ] Headache Pain. 2011;12:629-38.

Bernstein C, Burstein R. Sensitization of the trigemino vascular pathway: perspective and
implications to migraine pathophysiology. J Clin Neurol. 2012;8:89-99.

Buse DC, Greisman JD, Baigi K, Lipton RB. Migraine progression: a systematic review.
Headache. 2019;59(3):306-38.



12

123.

124.

125.

126.
127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

The Functional Syndromes as Fibromyalgia Comorbidities 151

Bigal ME, Ashina S, Burstein R, et al. Prevalence and characteristics of allodynia in headache
sufferers: a population study. Neurology. 2008;70:1525-33.

Kreutzer R, Neutra R, Lashuay N. The prevalence of people reporting sensitivities to chemi-
cals in a population-based survey. Am J Epidemiol. 1999;150:1-12.

Bartha L, Baumzweiger W, Buscher DS, Callender T, Dahl KA, Davidoff A, Donnay A, et al.
Multiple chemical sensitivity: a 1999 consensus. Arch Environ Health. 1999;54:147-9.
Lawson L. Staying well in a toxic world. Chicago: The Noble Press; 1993.

Pollet C, Natelson BH, Lange G, et al. Medical evaluation of Persian Gulf veterans with
fatigue and/or chemical sensitivity. ] Med. 1998;29:101-13.

Brown MM, Jason LA. Functioning in individuals with chronic fatigue syndrome: increased
impairment with co-occurring multiple chemical sensitivity and fibromyalgia. Dyn Med.
2007;6:6.

Pawlikowska T, Chalder T, Hirsch SR, Wallace P, Wright DJ, Wessely SC. Population based
study of fatigue and psychological distress. BMJ. 1994;308:763-6.

Chen MK. The epidemiology of self-perceived fatigue among adults. Prev Med.
1986;15:74-81.

Moss-Morris R, Deary V, Castell B. Chronic fatigue syndrome. Handb Clin Neurol.
2013;110:303-14.

Prins JB, van der Meer JW, Bleijenberg G. Chronic fatigue syndrome. Lancet.
2006;367:346-55.

Dérr J, Nater U. Fatigue syndromes—an overview of terminology, definitions and classifica-
tory concepts. Psychother Psychosom Med Psychol. 2013;63:69-76.

Mawle AC, Nisenbaum R, Dobbins JG, et al. Seroepidemiology of chronic fatigue syndrome:
a case-control study. Clin Infect Dis. 1995;21:1386-9.

Whistler T, Jones JF, Unger ER, Vernon SD. Exercise responsive genes measured in periph-
eral blood of women with chronic fatigue syndrome and matched control subjects. BMC
Physiol. 2005;5:5.

Zhang L, Gough J, Christmas D, et al. Microbial infections in eight genomic subtypes of
chronic fatigue syndrome/myalgic encephalomyelitis. J Clin Pathol. 2010;63:156—64.
Christley Y, Duffy T, Everall IP, Martin CR. The neuropsychiatric and neuropsycho-
logical features of chronic fatigue syndrome: revisiting the enigma. Curr Psychiatry Rep.
2013;15:353.

Heim C, Nater UM, Maloney E, Boneva R, Jones JF, Reeves WC. Childhood trauma and
risk for chronic fatigue syndrome: association with neuroendocrine dysfunction. Arch Gen
Psychiatry. 2009;66:72-80.

Light AR, Hughen RW, Zhang J, Rainier J, Liu Z, Lee J. Dorsal root ganglion neurons inner-
vating skeletal muscle respond to physiological combinations of protons, ATP, and lactate
mediated by ASIC, P2X, and TRPV 1. J Neurophysiol. 2008;100:1184-201.

Light AR, Vierck CJ, Light KC. Myalgia and fatigue. In: Kruger L, Light AR, editors.
Translational pain research: from mouse to man. Boca Raton, FL: CRC Press; 2010.
p. 150-72.

Rayhan RU, Stevens BW, Timbol CR, Adewuyi O, Walitt B, VanMeter JW, Baraniuk
JN. Increased brain white matter axial diffusivity associated with fatigue, pain and hyperal-
gesia in Gulf War illness. PLoS One. 2013;8:e58493.

Aaron LA, Buchwald D. Chronic diffuse muscoloskeletal pain, fibromyalgia and co-morbid
unexplained clinical condition. Best Pract Res Clin Rheumatol. 2003;17:563-74.
Wysenbeek AJ, Shapira Y, Leibovici L. Primary fibromyalgia and the chronic fatigue syn-
drome. Rheumatol Int. 1991;10:227-9.



	Chapter 12: The Functional Syndromes as Fibromyalgia Comorbidities
	Introduction
	Pathogenesis
	Genetic Predisposition
	Psychosocial Factors
	Environmental Factors
	Increased Sensitisation to Pain

	Fibromyalgia and Functional Syndromes
	Fibromyalgia and Irritable Bowel Syndrome
	Fibromyalgia and Chronic Pelvic Pain
	Fibromyalgia and Interstitial Cystitis/Painful Bladder Syndrome
	Fibromyalgia and Temporomandibular Disorders
	Fibromyalgia, Chronic Migraine, and Chronic Tension-Type Headache
	Fibromyalgia and Multiple Chemical Sensitivity
	Fibromyalgia and Chronic Fatigue Syndrome

	Conclusions
	References


