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Background: Fibromyalgia (FM) is a centralized pain state that until recently has been shrouded in mystery and question-
able as a disease entity in the eyes of many physicians, who considered it purely psychogenic. Fibromyalgia is
now thought of as a discrete diagnosis with a clustering of symptoms characterized by central nervous system
pain amplification along with anergia, memory loss, disturbances of mood, and sleep disruption. The condition
is present in approximately 2% to 8% of the population.

Material/Methods: We review the link between inflammatory mechanisms and FM from a neuropsychiatric perspective.
Results: Recent studies are pointing to a neuroinflammatory etiology that may open up more effective treatment strat-
egies in the future.

Conclusions: Better conceptualization of FM may also elucidate a neuropsychiatric understanding of how nociception, dys-
thymia, and suicidality co-develop and feed off one another.
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Background

Fibromyalgia (FM) is a disorder characterized by aberrant cen-
tral afferent processing [1]. Patients with FM complain of mul-
tifocal pain, fatigue, insomnia, and cognitive dysfunction. Pain
is the predominant finding; allodynia and hyperalgesia are
common. Severe fatigue, impaired cognition, and nonrestorative
sleep are also found, along with a host of other somatic com-
plaints [2,3]. These patients also present with mood changes,
decreases in libido, and changes in social and occupational
functioning [3,4]. Its pathophysiology is not fully understood.
Past research that included neuroimaging studies have sug-
gested alterations in neurotransmitters and altered peripheral
and central pain processing [1]. A dampening of the so-called
diffuse noxious inhibitory control (DNIC) mechanism may pre-
dispose to pain sensitization [5].

In 1990, the American College of Rheumatology (ACR) estab-
lished research diagnostic criteria for FM [6]. Their criteria in-
cluded a history of chronic and widespread pain, along with
11 or more out of 18 areas of point tenderness. Qualifying for
chronic widespread pain required pain in the left side and the
right side of the body; pain above the waist; and pain below
the waist. In addition, axial skeletal pain had to be present.
Pain duration needed to be for 3 months or more. For tender
points to be considered positive, the patient had to perceive the
palpation with pressures of 4 kg/cm? or less to be painful [7].

It became increasingly clear with time that focusing on tender
points was not helpful. In 2010, a multicenter study of 829 pre-
viously diagnosed FM patients and controls focused on a wide-
spread pain index (WPI) as a measure of the number of pain-
ful body regions [8]. Based on physician physical and interview
examinations and statistical analyses, a case definition of FM
was developed. This led to new preliminary ACR diagnostic
criteria, and a symptom severity (SS) scale. It turned out that
the most important diagnostic variables were WPI and cate-
gorical scales for cognitive symptoms, nonrestorative sleep,
fatigue, and number of somatic symptoms. The SS scale con-
sisted of the summed categorical scales. By combining the SS
scale and the WPI, a new case definition of fibromyalgia con-
sisting of a WPI >7 plus a SS >5 was suggested [7]. In 2016,
the ACR revised the criteria further (Table 1) [9].

Fibromyalgia is a complex disorder and it requires a multidisci-
plinary approach to treatment. The treatment approach to FM
nowadays emphasizes self-care education of the patient com-
bined with cognitive behavioral therapy (CBT), exercise, and
pharmacotherapy. In terms of medications, antidepressants
(tricyclic antidepressants and serotonin-norepinephrine reup-
take inhibitors [SNRIs] (duloxetine and milnacipran)), and o2-6
ligands (gabapentin and pregabalin) have shown some efficacy
in reducing pain complaints. Dopamine agonists (pramipexole),
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tramadol, and other opioids, and cannabinoids (nabilone) have
been tried, with anecdotal success [2]. Further evidence-based
trials using complementary treatments are needed [10], and
treatment advances will be reliant on a deeper understanding
of the pathophysiology of FM. Neuroinflammation offers a re-
search approach that may provide an organizing focus for fu-
ture studies. Despite increasing research interest in FM, recent
reviews have been broad in scope, focusing on neuroinflam-
matory findings in several chronic pain disorders. Accordingly,
this review examines the clinical and preclinical data linking
neuroinflammation to FM, the proposed neurobiologic mecha-
nisms underlying this association from a neuropsychiatry per-
spective, and directions for future research.

Microglial Activation in FM

The neuroimmune system is involved in structural brain
development, neurobehavioral function, aging, and neu-
rodegeneration. There is research suggesting that neuro-
inflammation is prominent in the FM central sensitization
syndrome [11,12]. Elevated cerebrospinal fluid (CSF) cytokine
levels have been reported in FM, and chemokines have also
been implicated [11-15]. However, no study has provided di-
rect evidence of CNS glial activation in FM.

Albrecht et al. (2019) conducted a positron emission tomog-
raphy (PET) study using the ligand [*'C] PBR28, which binds
to a protein that is upregulated in activated microglia and as-
trocytes, called the translocator protein (TSPO). The research-
ers combined datasets that were collected independently at
2 sites (Massachusetts General Hospital [MGH] and Karolinska
Institute [KI]). Thirty-one FM patients and 27 healthy con-
trols (HC) were studied using [*'C] PBR28 PET. In an important
sub-study, the researchers at the Kl looked a smaller sample
of 11 FM and 11 HC subjects in an attempt to clarify the rel-
ative contributions of microglia and astrocytes to FM. These
subjects were PET scanned at KI with another ligand, called
[*1C]- -deprenyl-D,, which is assumed to primarily signal as-
trocytic activity [16].

PET markers were compared across groups, and differences
were compared against clinical variables. Translocator protein
density by distribution volume (TSPO VT) is increased in acti-
vated microglia; an indication of neuroinflammation. The FM
subjects, compared to HC subjects, showed widespread cor-
tical elevations and no decreases in [11C] PBR28 distribution
volume (VT), and standardized uptake value (SUV) images cal-
culated by normalizing images by injected dose/body weight.
A voxel-based morphometry analysis showed brain areas with
significantly higher SUVR in FM patients. In these same regions
there was generally higher VT. The regions of interest cited were
the dorsolateral and dorsomedial prefrontal cortex (dIPFC and
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Table 1. Fibromyalgia criteria — 2016 revision.

Fibromyalgia Criteria - 2016 revision

A patient satisfies modified 2016 fibromyalgia criteria if the following 3 conditions are met:

2) Generalized pain, defined as pain in at least 4 of 5 regions, must be present. Jaw, chest, and abdominal pain are not included in
generalized pain definition

A diagnosis of fibromyalgia is valid, irrespective of other diagnoses. A diagnosis of fibromyalgia does not exclude the presence of
other clinically important illnesses.

Widespread pain index (WPI)

Note the number of areas in which the patient has had pain over the last week. In how many areas has the patient had pain?
(Score range 0-19)

Region 5 (Axial region) Neck, upper back, lower back, chest*, abdomen*
Symptom severity scale (SSS)
— Fatigue

The symptom severity scale (SSS) score is the sum of the severity scores of the 3 symptoms (fatigue, waking unrefreshed, and
cognitive symptoms) (0-9) plus the sum (0-3) of the number of the following symptoms the patient has been bothered by that
occurred during the previous 6 months:

The final symptom severity score is between 0 and 12.

Fibromyalgia severity scale (FS)

The fibromyalgia severity (FS) scale is the sum of the WPI and SSS.

The FS scale is also known as the polysymptomatic distress (PSD) scale. * Not included in generalized pain definition. Table adapted
from Wolfe, 2016 [9].

dmPFC), primary sensory and motor cortices (S1/M1), precu-  anterior midcingulate (aMCC), posterior MCC (pMCC), and fron-
neus, posterior cingulate cortex (PCC), supplementary motor toinsular anterior insular (Al) cortex. There were no regions
area (SMA), and superior parietal lobule (SPL), as well as the where SUVR was significantly higher in HCs [16].
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In essence, microglial activation was most pronounced in the
mediolateral walls of the frontal and parietal lobes, with ele-
vated [*'C] PBR28 VT and SUVR correlated spatially and in mag-
nitude. In contrast, there were no areas with significant group
differences in [''C]- -deprenyl-D, signal, suggesting that astro-
cytic stimulation was not prominent in FM subjects. In a pro-
vocative if exploratory set of findings, FM subject ratings of
their fatigue were associated with higher [*'C] PBR28 SUVR in
the aMCC and pMCC (both p<0.03) [16].

Microglial activation appears to stimulate TSPO elevation in
the regions mentioned above, and thus appears to be key in
FM pathophysiology. This raises the possibility that modulat-
ing microglial activation will open a possible therapeutic niche
in FM. Larger studies will be needed to clarify whether astro-
cytes contribute to FM pathophysiology and whether they too
would need modulation.

Fatigue is a classic symptom in FM. It is therefore notable that
in chronic fatigue syndrome (CFS), the binding of *'C-(R)-(2-
chlorophenyl)-N-methyl-N-(1-methylpropyl)-3-isoquinoline-
carbox-amide (*'C-(R)-PK11195), as a ligand of PET for a trans-
locator protein, is significantly elevated in the cingulate cortex,
as well as in the hippocampus, amygdala, thalamus, midbrain,
and pons of CFS subjects compared to healthy controls [17].

Microglia, first described a century ago, are key neuroimmune
cells and have 3 essential functions: a sentinel function involved
in constant sensing of environmental changes, a housekeep-
ing function that promotes neuronal well-being and normal
operation, and a defense function necessary for responding to
threats and providing neuroprotection. Microglia use a menu
of gene expression options to perform these tasks. In response
to specific stimuli, microglia also have the capacity to damage
and kill neurons. Injury to neurons in Alzheimer’s, Parkinson’s,
Huntington’s, and prion diseases, as well as in amyotrophic
lateral sclerosis, frontotemporal dementia, and chronic trau-
matic encephalopathy, results from disruption of the sentinel
or housekeeping functions and dysregulation of the defense
function, leading to neuroinflammation [18]. Pathways associ-
ated with such injury include several sensing and housekeep-
ing pathways such as the Trem2, Cx3cr1, and progranulin path-
ways, which act as immune checkpoints to keep the microglial
inflammatory response under control, and the scavenger re-
ceptor pathways, which promote clearance of injurious mate-
rials. Peripheral interference from systemic inflammation or
the gut microbiome can also alter progression of such injury.
Initiation or exacerbation of neurodegeneration results from
an imbalance between these microglial functions; correcting
such an imbalance may be a potential mode for therapy [18].

Neurodegenerative diseases cause progressive loss of cog-
nitive and/or motor function and pose major challenges for
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societies with rapidly aging populations [19]. Microglial activa-
tion, for example, has been implicated in Alzheimer’s disease
(AD) pathogenesis. In a recent study, the TSPO tracer [(11)C]
PBR28 was used as a marker for microglial activation in the
5XFAD mouse model of AD [20]. Following intravenous admin-
istration of [(11)C] PBR28 in 6-month-old 5XFAD mice and in
wild-type controls, PET scans with the ligand were obtained.
In addition, autoradiography with [(3)H] PBR28 was carried out
in the same subjects to more clearly establish the distribution
of the ligand, and immunohistochemistry was performed to
evaluate TSPO co-localization with microglia. Results showed
brain uptake of [(11)C] PBR28 in 5XFAD mice was higher than
that of control mice, and [(3)H] PBR28 binding was enhanced
in the same areas of the cortex and hippocampus where there
was staining of microglial Iba-1 and amyloid deposits. The re-
searchers stressed that co-localization of TSPO was with mi-
croglia and not with astrocytes [20].

Human genetics studies have shown that disease-causing
rare mutations and risk-associated common alleles overlap
in different neurodegenerative disorders. Shared pathologi-
cal mechanisms include defective protein quality-control and
degradation pathways, dysfunctional mitochondrial homeo-
stasis, and lack of mitonuclear collaboration, stress granules,
and maladaptive innate immune responses [19]. To the list of
neurodegenerative neuropsychiatric diseases associated with
microglial-activated neuroinflammation we can now add FM.

Comorbid Depression in FM

Depression is a common comorbid condition in FM and a major
contributor to poor quality of life and disability [21]. However,
depression can be difficult to assess in patients with FM due
to overlapping somatic symptoms. Almost all diagnostic sur-
vey instruments struggle with criteria contamination bias due
to somatic symptoms of FM patients with chronic pain and
fatigue. There is some evidence that symptom overlap re-
flects a common etiology in the brain. Regardless, many stud-
ies establish that even sub-threshold mood dysfunction can
worsen pain and socioeconomic functioning in FM patients.
There is a need for careful depression screening and proper
management in FM. Several studies have used the Structured
Clinical Interview (SCID), as it is currently the gold standard
instrument to detect psychiatric disorders comorbidities in
FM [22,23]. Veltri et al. (2012) recommend using the Mood
Spectrum Self-Report [MOODS-SR] for subsyndromal phenom-
enology in FM. It has been validated and used also in patients
with other medical diseases. The MOODS-SR can be useful in
screening FM patients because it permits recognition of sub-
threshold mood symptoms, with minimal contamination by
somatic conditions [21].
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Major depressive disorder (MDD) is associated with elevated
peripheral inflammatory markers. The neuroinflammatory hy-
pothesis of MDD is supported by several main findings. First,
in humans and animals, activation of the immune system causes
sickness syndrome behaviors that present during a major depres-
sive episode (MDE), such as low mood, anhedonia, anorexia, and
weight loss. Second, peripheral inflammatory markers are often
found in MDD. Third, neuroinflammatory disorders are associ-
ated with high rates of major depressive episodes (MDEs) [21].

However, to date scanty evidence for CNS inflammation during
MDE has existed limiting the neuroinflammatory hypothesis.
A recent PET study looked at TSPO VT in the prefrontal cortex
(PFC), ACC, and insula in patients with an MDE secondary to
MDD [24]. In MDE subjects (n=20), TSPO VT was significantly
elevated by 26% in the PFC, 32% in the ACC, and 33% in the
insula in patients with MDE vs. controls (n=20). Furthermore,
In MDE subjects, higher TSPO VT in the ACC correlated signif-
icantly with higher depression severity [24].

This finding was corroborated in another TSPO study that used
[*'C] (R)-PK11195 PET to compare TSPO availability in the ACC,
PFC, and insula in 14 medication-free patients with MDE of at
least moderate severity and 13 matched healthy control sub-
jects [25]. The researchers confirmed evidence for increased
TSPO activity in the ACC during a moderate to severe MDE,
suggesting that predominantly microglial activation in the ACC
is involved in MDEs [25].

In this same study, TSPO was found to be significantly elevated
in MDE subjects with suicidal thinking compared with those
without it. This signaling of localized microglial activation was
most significant in the ACC and insula. This finding is reminis-
cent of the voxel-based morphometry meta-analysis of 6 ma-
jor psychiatric disorders, including MDD, which showed that
structural changes were commonly found in dACC and ante-
rior insula (Al) [26]. The triangulation of FM, MDD, and sui-
cidality based in neuroinflammation in the ACC-MCC region
needs further clarification but may hold clues to pathophysi-
ology and therapeutics in the future.

Suicidality and FM

Studies suggest that FM is associated with a high prevalence
of suicidality. In one such recent study of 383 FM patients,
researchers found that 48% of the patients reported suicidal ide-
ation; 39.7% reported passive suicidal ideation, and 8.3% reported
active suicidal ideation [27]. Suicidal ideation was correlated
with depression, anxiety, sleep quality, and global mental health.
Interestingly, weak associations were observed between suicidal
ideation and both pain and general physical health. Moreover,
in a survey study of 180 FM patients, 16.7% reported 1 to 3
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suicide attempts [28]. FM is also associated with an increased
rate of mortality from suicide. In fact, FM is associated with sev-
eral vulnerabilities connected to an increased risk of suicidal
behaviors: being female and suffering from chronic pain, psy-
chological distress, and sleep disturbances [29]. However, the lit-
erature to date relating suicidal risks and FM has been meager.

Two recent studies contribute to the literature. The first sought
to estimate the prevalence of suicidal ideation and the risk
of suicide in a sample of FM patients (n=44) compared with
healthy subjects (n=50) and with of patients with chronic low
back pain (n=32) [30]. The authors explored the relevance of
pain intensity, depression, and sleep quality as risk factors sui-
cidal ideation. Suicidal ideation was prominent among patients
with FM (P<0.0001), low among those with low back pain, and
absent in healthy controls. The risk of suicide, measured with
the Plutchik Suicide Risk Scale, was also higher among pa-
tients with FM than in patients with low back pain or in con-
trols (P<0.0001). The likelihood for suicidal ideation and the
risk of suicide were higher among patients with FM (odds ra-
tios of 26.9 and 48.0, respectively) than in patients with low
back pain (odds ratios 4.6 and 4.7, respectively). Comorbid de-
pression was the only factor associated with suicidal ideation
or the risk of suicide [30].

The second study assessed 117 women with FM. Patients with
presence vs. absence of suicidal ideation were compared with
respect to sleep problems (Pittsburgh Sleep Quality Index),
depression (Beck Depression Inventory [BDI]), health-related
quality of life (SF-36 and Fibromyalgia Impact Questionnaire),
the core symptoms of FM (visual analogue scales), and algom-
etry of tender points [31]. The prevalence of suicidal ideation
among FM patients was 32.5%. Significant differences between
patients with vs. those without suicidal ideas emerged mainly
for the various indices of depression. Patients with suicidal
ideation also reported higher levels of anxiety, more dysfunc-
tion due to sleepiness, and more limitations due to emotional
and physical problems. Logistic regression analysis revealed
that cognitive depression symptoms reflected in the BDI Self-
Blame cluster are more closely related to suicidal ideation [31].

These studies raise the question of a double-hit phenomenon.
Perhaps the combined neuroinflammatory burden in the
paralimbic cortex of patients with both FM and MDD ren-
ders them at high risk for suicidal ideation. The presence of
suicidal ideation in FM patients is closely related to comorbid
depression and to a higher impact of the disease in daily life.

Attachment Styles, Pain, and FM

MacLean (1990) described a central neurobehavioral system
called the mammalian behavioral triad which provided mammals
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with an evolutionary survival advantage [32]. This triad con-
sisted of a consistently found infant separation or isolation
cry, maternal-parental nurturance, and social play. Using abla-
tion as well as morphine infusions in a series of animal stud-
ies involving primates and other mammals, he and his col-
leagues were able to locate the ACC as the key node in this
attachment network. MacLean, in this research, embellished
the Attachment Theory of John Bowlby with comparative neu-
roanatomical data [33,34]. Attachment theory seeks to cate-
gorically assess how an individual perceives and experiences
interpersonal relationships.

The Relationship Questionnaire developed by Bartholomew and
Horowitz (1991) is often used to identify a subject’s predom-
inant adult attachment style [35]. Bartholomew and Horowitz
categorized 4 sub-types of adult attachment style: “secure” at-
tachment style, which was characterized by a positive model
of self and other in a relationship, and 3 insecure styles: “fear-
ful” marked by a negative model of self and other, “preoccu-
pied” with a negative model of self but a positive model of
other, and “dismissing” with a positive model of self and neg-
ative model of other [35].

Other researchers use the Attachment Style Questionnaire
(ASQ), which assesses anxious and avoidant dimensions of
attachment [36]. Anxious attachment is characterized by an
intense need for acceptance, leading to vigilance to cues that
signal possible rejection. Avoidant attachment is marked by
distress caused by intimacy, leading to avoidant strategies to
modulate interpersonal relationships. These different styles
will impact responses to social rejection. An fMRI study exam-
ined how the extent to which people exhibit the anxious and
avoidant attachment dimensions correlated with brain activa-
tion using a social exclusion simulation [37]. Those with anx-
ious attachment were found to show heightened activity in
the dorsal ACC, also known as the MCC, and Al, areas known
to be associated with rejection-related distress, and as men-
tioned above, with microglial activation in FM. Those with avoid-
ant attachment showed less activity in the dorsal ACC and Al.

Social bonding is a hard-wired basic human need, and since
secure attachment enjoys such a strong evolutionary selection
bias, lack of attachment is extraordinarily painful. Not experi-
encing a sense of belonging (social rejection) is a most painful
emotional experience [38]. Physical pain regulation and social
pain regulation are both mediated in the ACC/AI paralimbic
region, predominantly on the right. A set of central nervous
system structures (ACC-MCC, thalamus, insula, and periaque-
ductal gray [PAG]) consistently respond to nociceptive stimuli
causing pain. Activation of this so-called pain matrix or pain
signature has been related to perceived pain intensity, both
within and between individuals [39,40] (Figure 1). There is a lin-
ear correlation between resting ACC-PAG connectivity and the
intensity of pain [41].
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Figure 1. Schematic representation of Brain Connectome and
the Pain Matrix (adapted from Apkarian 2005 and Price
2000 [39,40]). Cortical and sub-cortical pain networks
and pathways involved in pain perception. Locations
of brain regions involved in pain perception are shown
in a schematic drawing showing the regions, their
inter-connectivity, and afferent pathways. There are 15
areas in this matrix: anterior cingulate (ACC), medial
cingulate (MCC), insula (In), thalamus (Th), prefrontal
cortex (PFC), primary and secondary somatosensory
cortices (S1, S2), primary and supplementary motor
cortices (M1 and SMA), posterior parietal cortex
(PPC), posterior cingulate (PCC), basal ganglia (BG),
hypothalamus (HT), amygdala (A), parabrachial nuclei
(PB), and periaqueductal gray (PAG).

Those with insecure adult attachment styles appear to ex-
perience greater pain than people with secure attachment.
Davies et al. (2009) did a large, population-based, cross-sec-
tional study to examine whether subjects with chronic wide-
spread pain (CWP) were more likely to report insecure attach-
ment [42]. Subjects (n=2509; 59.2% female) with CWP were
indeed more likely to report an insecure attachment style —
preoccupied (relative risk [RR] 2.6), dismissing (RR 1.9) or fear-
ful attachment style (RR 1.4) — than those free of pain. In the
CWP subjects, insecure attachment style was associated with
number of pain sites and degree of pain-related disability, but
pain intensity was not significantly associated [42]. This re-
search track may help us understand the existential challenge
FM patients face.

Alexithymia (a=lack, lexis=word, thymos=mood or emotion) is
a construct first developed by Sifneos in 1972, denoting both
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a cognitive and affective disruption characterized by difficulty
in identifying and describing subjective feelings, character-
ized by trouble differentiating between feelings derived from
physical sensations of emotional arousal, limited imaginative
processes, and an externally-oriented cognitive style [43-45].
Alexithymia has been associated with FM [46], and alexithy-
mic FM patients seem to experience a more profound impact
of disease, reporting severe pain and poor quality of life (QoL)
compared to non-alexithymic FM patients [47,48]. Studies have
identified this personality trait as an amplifier of physical sen-
sations that could lead to misinterpretation of sensations as
symptoms of a medical disease [49,50]. Moreover, the defi-
cits found in alexithymia have been associated with increased
negative affect states such as depression and anxiety [51,52],
along with chronic sympathetic stress-related hyperarousal
in FM [53]. In functional neurological disorders (FND), a fear-
ful insecure attachment style has been associated with alexi-
thymia, depression, and anxiety, along with self-reported ad-
verse life event burden [54]. Indeed, in FND, childhood abuse,
alexithymia, and depression independently predict fearful at-
tachment. In a study of somatic symptom disorder, alexithymia
appeared to mediate the association of anxious insecure at-
tachment with somatic symptom severity [55].

Recently, Pefiacoba et al. (2017) examined the interrelation-
ship of attachment styles and pain intensity in the context
of certain emotional variables (anxiety, depression, and alex-
ithymia) in a cohort of FM patients (n=146) and in healthy
control (HC) subjects (n=122) [56]. The researchers measured
attachment style, pain intensity, anxiety, depression, and alex-
ithymia. The FM subjects had lower percentages of secure at-
tachment style (69.9% FM vs. 86% HC). They also had higher
avoidant attachment (19.8% FM vs. 7.4% HC) and higher anx-
ious-ambivalent attachment (10.3% FM vs. 6.6% HC) (p=.007).
In addition, the FM subjects showed significantly higher scores
in 2 of the insecure attachment factors (p=.020) and lower
scores on the secure attachment factor (p=.008) in compari-
son with HC subjects.

Higher alexithymia scores were noted in female subjects show-
ing anxious-ambivalent and avoidant attachment styles in com-
parison to subjects showing a secure attachment style [56].
The FM patients with higher anxiety (p=.005) had more promi-
nent anxious attachment styles compared to those with secure
attachment style [56]. However, it is interesting that no signif-
icant relationship emerged between attachment style and FM
pain intensity, as was also the case in the study of CWP [42].
In this FM study, higher scores for anxiety and depression were
associated with fearful attachment [57]. The authors argue for
an Attachment-Diathesis Model of Chronic Pain that would
highlight the potential value of insecure attachment styles as
predictors of the experience of mood dysfunction and pain in
FM patients, and they call for further study.
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Given the importance of disconnectedness in the drift into
suicidality, it is surprising that there has been relatively little
research examining the relationship of attachment styles to
suicidal ideation and attempts in adults. Considering the as-
sociation of suicidality and of insecure attachment in FM pa-
tients, it would be helpful to examine this relationship in more
depth. One study investigated the relationship of adult attach-
ment style and mental disorders in the National Comorbidity
Survey Replication (N=5692, aged >18 years). Multiple logis-
tic regression analyses and adjustments for confounding vari-
ables were used to examine these relationships [58]. The re-
searchers found that insecure attachment styles were indeed
associated with elevated reporting of suicidal ideation and at-
tempts, as well as with the mental disorder categories studied.
Secure attachment styles, on the other hand, were associated
with fewer reports of suicidal ideation and attempts, and fewer
signs of any anxiety disorder [58]. This dovetails with a re-
cent study of adult attachment styles using the Experiences
in Close Relationships-Revised (ECR-RD12) scale. In this study
of patients with suicidal ideation, 85% of those endorsing sui-
cidal ideation had insecure attachment compared to 63% in
those without suicidal ideation. The odds ratio for suicidal ide-
ation patients with insecure attachment was 3.33 (Cl=1.10-
10.04) [59]. Additional variables associated with suicidal ide-
ation were depressive symptomatology, living alone (especially
in men), and obesity (especially in women) [59].

Microbiome, Fenestrated Endothelium, and
FM

It is now more accepted that there are inflammatory CNS reac-
tions that occur in response to aberrant neuronal activity [60].
As reviewed above, there is evidence that this is the case in FM.
While it is increasingly recognized that FM has a neurogenic
neuroinflammatory pathophysiology ignited by psychosocial
stress-related mood changes and physical and emotional pain
leading to a CNS sensitization syndrome, it has been argued
that small intestine bacterial overgrowth (SIBO), a form of gas-
trointestinal microbial dysbiosis, also plays a role in FM [61-63].
In a small study, Pimentel et al. (2004) presented laboratory
evidence of SIBO in 100% of FM subjects (n=42). The sever-
ities of the SIBO and the FM were positively correlated [64].
When SIBO is treated with antibiotics, FM improves in propor-
tion to the efficacy of the antimicrobial [65]. Patients with FM
are noted to have intestinal hyperpermeability and mitochon-
drial dysfunction and oxidative stress, which are noted in FM
and in gastrointestinal microbial dysbiosis [66].

Research into the role of fenestrated endothelium in the cir-
cumventricular regions in linking up the FM etiopathogenetic
factors of neurogenic neuroinflammation and gastrointestinal
microbial dysbiosis is sorely needed. This is especially important
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with regard to the organum vasculosum of the lamina terminal-
is, given its proximity to the ACC and Al [67]. Stress can lead to
neuroinflammation, as well as a peripheral immune response,
through fenestrated endothelium in the circumventricular me-
dial temporal lobe region or through vagal paraganglia, with
the gut being increasingly recognized as the source. The or-
ganum vasculosum as an antigenic reservoir, given its prox-
imity to the ACC, may play a special role in ACC inflammation,
which, as we have seen, is a core feature of FM.

The association between early-life stress, including psycholog-
ically traumatic experiences such as childhood abuse or ne-
glect, and alterations in pain processing later in life, has been
widely investigated [68, 69]. Although the neurobiological mech-
anisms that mediate this association are still unknown, there
is evidence that changes in several factors, including the hy-
pothalamic-pituitary-adrenal (HPA) axis, monoamines, endoge-
nous opioids, endocannabinoids, inflammatory mediators, and
epigenetic mechanisms, are involved [2,70, 7]. In terms of in-
flammatory mediators, animal models support a dysregulated
immune system theory following early-life stress, with initial
suppression of inflammatory markers with shift to a pro-in-
flammatory state when insensitivity at the immune cell glu-
cocorticoid receptor later in life emerges [70,72]. The initial
suppression of inflammatory markers may prime the microg-
lia, enhancing susceptibility to inflammatory disease, result-
ing in a protracted and excessive response to noxious stimu-
lation in later life [73,74].

The fact that a microglial activation-based innate immune re-
sponse preferentially attacks the brain across several neural
networks in FM speaks to the widespread effects of the ill-
ness. Thus, we see regions of interest that show significant

References:

—

. Sluka KA, Clauw DJ: Neurobiology of fibromyalgia and chronic widespread
pain. Neuroscience, 2016; 338: 114-29

. Sancassiani F, Machado S, Ruggiero V et al: The management of fibromy-
algia from a psychosomatic perspective: An overview. Int Rev Psychiatry,
2017; 29: 473-88

. Clauw DJ: Fibromyalgia: A clinical review. JAMA, 2014; 311: 1547-55

. Schmidt-Wilcke T, Diers M: New insights into the pathophysiology and treat-
ment of fibromyalgia. Biomedicines, 2017; 5(2): pii: E22

N

~ oW

S}

. O’Brien AT, Deitos A, Trinanes Pego Y et aL: Defective endogenous pain
modulation in fibromyalgia: A meta-analysis of temporal summation and
conditioned pain modulation paradigms. J Pain, 2018; 19: 819-36

(o)}

. Wolfe F, Smythe HA, Yunus MB et al: The American College of Rheumatology
1990 Criteria for the Classification of Fibromyalgia. Report of the Multicenter
Criteria Committee. Arthritis Rheum, 1990; 33: 160-72

. Smith HS, Harris R, Clauw D: Fibromyalgia: An afferent processing disorder
leading to a complex pain generalized syndrome. Pain Physician, 2011; 14:
E217-45

. Wolfe F, Clauw DJ, Fitzcharles MA et al: The American College of Rheumatology
preliminary diagnostic criteria for fibromyalgia and measurement of symp-
tom severity. Arthritis Care Res (Hoboken), 2010; 62: 600-10

. Wolfe F, Clauw DJ, Fitzcharles MA et al: 2016 Revisions to the 2010/2011
fibromyalgia diagnostic criteria. Semin Arthritis Rheum, 2016; 46: 319-29

~

o=}

o

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Duque L. et al.:
Fibromyalgia and its new lessons for neuropsychiatry
© Med Sci Monit Basic Res, 2019; 25: 169-178

activation changes that include the dIPFC and dmPFC (task
positive central executive network), the S1/M1 primary sen-
sory and motor cortices, precuneus and PCC (default mode
network), and the aMCC, pMCC, Al, SMA, and SPL (combined
salience and fronto-cingulo-parietal networks). We hypothe-
size that the special transmodal ACC-AlI-MCC-SMA paralimbic
zone is particularly vulnerable as part of the FM innate inflam-
matory response, and as such, the diverse effects associated
with FM will include widespread pain complaints, fatigue, de-
pressed mood, fear of attachment loss, and suicidal ideation,
all of which have been associated with significant neuroin-
flammatory findings and/or activation changes in this region
on functional neuroimaging and PET scanning [75].

Conclusions

Recent research, some of which is reviewed in this paper, sup-
ports a network neuroinflammation model of FM, an often-mis-
understood chronic stress-related condition that carries with
it a high clinical burden of disease, with both elevated mor-
bidity from pain and fatigue and mortality from the increased
relative risk of depression and suicidality. Therapeutic strate-
gies aimed at immunomodulation in the transmodal ACC-Al-
MCC-SMA paralimbic zone may offer future benefits for FM
and other neuropsychiatric conditions marked by a paralimbic
innate neuroinflammatory response syndrome.
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