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ABSTRACT

Fibromyalgia (FM) is a complex chron-
ic pain condition with a multifaceted
pathogenesis and heterogeneous clini-
cal presentation. This narrative review
summarises the most relevant studies
published in 2025 on the pathogenetic
and clinical aspects of FM. Central
sensitisation remains the main neuro-
biological mechanism, supported by
evidence of increased ascending noci-
ceptive signalling, impaired descending
inhibition, network reorganisation and
autonomic dysfunction. Emerging find-
ings have also explored a possible role
for non-classical autoimmune mecha-
nisms, as patient-derived IgG has been
shown to induce pain hypersensitivity
and bind dorsal root ganglion neurons
and satellite glial cells, suggesting po-
tential interactions between immune
and metabolic pathways. The gut micro-
biome is increasingly implicated, show-
ing reduced diversity, distinct signa-
tures, and transferable pain phenotypes.
Genetic studies identify a predominantly
neuronal architecture involving 26 loci
linked to proteins essential for neuronal
function. Oxidative stress remains a ma-
Jjor hypothesis, supported by elevated
biomarkers and preclinical evidence for
mitochondrial-targeted strategies. Ear-
ly-life stress may selectively affect the
right amygdala, contributing to long-
term vulnerability. Clinically, pain in
FM appears heterogeneous and may not
be entirely explained by a purely noci-
plastic paradigm, as some studies have
suggested the presence of neuropathic-
like features in at least a subset of pa-
tients. Likewise, residual pain in inflam-
matory arthritis remains a multifacto-

rial and incompletely characterised
entity, potentially sharing some mecha-
nisms with FM while also encompassing
distinct and broader pathophysiological
processes. Cognitive dysfunction (fibro-
fog) represents a multidimensional clin-
ical construct whose underlying mecha-
nisms remain only partially understood.
FM is also associated with high affec-
tive burden, systemic symptoms, and
reduced muscle performance consistent
with dynapenia. Stigma and symptom
invisibility continue to negatively affect
care, while sex and gender influence
disease expression and burden. Digital
health and Al offer new opportunities
but also raise concerns regarding mis-
information. Overall, current evidence
supports a multidimensional view of
FM and highlights the need for updated
diagnostic criteria and more integrated,
personalised models of care.

Introduction

Fibromyalgia (FM) is a chronic pain
syndrome characterised by widespread
musculoskeletal pain, fatigue, non-
restorative sleep, cognitive dysfunc-
tion and a variety of associated somatic
symptoms that substantially affect pa-
tients’ quality of life. Although consid-
erable progress has been made in un-
derstanding FM over recent decades, its
pathophysiology remains only partially
understood. Current evidence supports
a multifactorial model involving cen-
tral sensitisation, altered pain process-
ing, neuroimmune mechanisms, genetic
predisposition and environmental fac-
tors; however, the relative contribution
and interaction of these mechanisms
have yet to be fully clarified.
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FM continues to pose significant clini-
cal and scientific challenges owing to
its heterogeneous phenotype and the
incomplete understanding of the bio-
logical processes underlying symptom
development and persistence. As a
result, important gaps remain in our
knowledge of both the pathogenesis
and clinical expression of the disease.
Research interest in FM remains sub-
stantial, as demonstrated by the pub-
lication of more than 1,000 articles
in 2025 alone. This growing body of
literature has provided novel insights
into disease mechanisms and clinical
features, while also highlighting areas
that warrant further investigation.

The aim of this narrative review is to
summarise and critically discuss the
most relevant studies on the pathogene-
sis and clinical aspects of FM published
between January and December 2025,
with particular emphasis on emerging
biological mechanisms, phenotypic
heterogeneity and advances in the un-
derstanding of disease manifestations.

Pathogenesis

Central sensitisation

Central sensitisation is widely consid-
ered a core pathophysiological mecha-
nism in FM, reflecting a sustained im-
balance between enhanced nociceptive
facilitation and deficient endogenous
pain inhibition (Fig. 1).

In line with this model, Garcia-Hernan-
dez et al. (1) provided psychophysical
evidence of disrupted pain modulation
in FM. They showed that the slowly
repeated evoked pain (SREP) protocol,
considered a marker of central sensiti-
sation, elicits stronger pain amplifica-
tion in patients with FM compared to
healthy controls. Conversely, condi-
tioned pain modulation (CPM), a proxy
of endogenous descending inhibition,
is significantly reduced in FM. Impor-
tantly, SREP sensitisation is inversely
associated with CPM efficacy, indicat-
ing that impaired descending inhibi-
tory control may partly account for en-
hanced pain facilitation. Both reduced
CPM and increased SREP responses
correlate with symptom severity, anxi-
ety, and fatigue, and patients lacking
effective CPM exhibit more severe
clinical manifestations (1).
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Neurobiological evidence further rein-
forces this imbalance between ascend-
ing and descending pain processes. A
large-scale population-based neuroim-
aging study by Kelleher er al. (2) dem-
onstrated that increasing FM symptom
burden is associated with altered struc-
tural and functional connectivity within
the descending pain modulatory sys-
tem, particularly across brainstem-lim-
bic circuits involving the periaqueduct-
al grey, amygdala and hypothalamus.
These connectivity patterns correlated
with core nociplastic features (fatigue,
mood disturbance, sleep dysfunction,
and widespread pain) independently
of pain intensity or neuropathic char-
acteristics, supporting a dimensional
brain-based signature of impaired en-
dogenous pain control (2).

Task-based functional magnetic reso-
nance imaging (fMRI) studies con-
ducted by Stroman et al. (3) additionally
demonstrated a heightened pre-stimulus
rise in BOLD activity in patients with
FM, consistently observed across im-
aging runs and associated with greater
pain sensitivity, anxiety traits, and au-
tonomic symptom burden. Subsequent
analyses localised this effect predomi-
nantly to grey matter regions involved
in pain processing and modulation (in-
cluding the insular cortex, anterior and
posterior cingulate cortex, thalamus, and
periaqueductal grey) supporting the hy-
pothesis of a persistent hyperexcitable
neural state (4). Importantly, this antici-
patory hyperactivation, accompanied by
increased pupil dilation and enhanced
pain sensitivity, appears to reflect dys-
regulated stress responsivity and auto-
nomic imbalance, consistent with a state
of sustained hypervigilance that may
contribute to central sensitisation.

At the network level, resting-state fMRI
studies consistently report increased
functional connectivity between the
default mode network (DMN) and in-
teroceptive regions, particularly the in-
sula, together with reduced connectiv-
ity within descending pain modulatory
circuits. A recent meta-analysis con-
firmed enhanced DMN coupling with
self-related regions and diminished
connectivity within pain-modulatory
networks, with intra-DMN connectivity
associated with pain intensity (5).

Structural imaging studies further indi-
cate distributed grey matter alterations
in regions involved in pain processing
and affective regulation, including the
insula, anterior cingulate cortex, and
prefrontal areas, suggesting long-term
neuroplastic adaptations rather than fo-
cal abnormalities (6).

Beyond structural and connectivity
findings, altered brain dynamics have
also been described. Increased brain en-
tropy, particularly in prefrontal regions,
reflects greater temporal variability of
neural signals and may indicate inef-
ficient or unstable neural processing in
chronic pain conditions, as observed by
Del Mauro et al. (7).

In parallel, as described by Abenavoli
et al., (8) molecular imaging studies
using positron emission tomography
and computed tomography (PET/CT)
have revealed alterations in metabolic
activity, neurotransmitter systems and
neuroinflammatory markers in FM,
particularly within the thalamus, insula,
anterior cingulate cortex, and limbic
regions. Findings include dopaminer-
gic hypofunction, reduced p-opioid re-
ceptor availability, altered GABAergic
signalling, and increased TSPO expres-
sion consistent with glial activation,
although results remain heterogene-
ous and derived from relatively small
cohorts (8). Despite long-standing
hypotheses implicating altered neuro-
transmitter systems, direct contempo-
rary human evidence in FM remains
limited, highlighting an important gap
in the neurochemical characterisation
of central sensitisation.

Finally, recent evidence by Garcia-Her-
nandez et al. (9) supports the systemic
dimension of central sensitisation.
Higher Central Sensitisation Inventory
(CSI) scores have been associated with
increased hair cortisol concentrations
and a sympathetic predominance in pa-
tients with FM, linking symptom bur-
den to neuroendocrine and autonomic
dysregulation. Together, these findings
suggest that central sensitisation in FM
extends beyond altered pain processing
to encompass stress-axis and cardiovas-
cular autonomic imbalance.
Collectively, converging psychophysi-
cal, neuroimaging, structural, molecu-
lar, and neuroendocrine evidence sup-
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ports a model of FM as a state of persis-
tent central dysregulation, characterised
by amplified ascending nociceptive sig-
nalling, deficient descending inhibition,
network-level reorganisation, structural
remodelling, altered neural dynamics,
and systemic stress-axis imbalance.

Autoimmunity

Recent evidence has challenged the
traditional view of FM as a purely non-
immune condition, suggesting that im-
mune mechanisms may contribute to
symptom generation in a subset of pa-
tients (Fig. 1). Based on translational
and experimental data, Goebel et al.
(10) proposed that FM may involve a
form of non-classical or functional au-
toimmunity, in which autoantibodies
modulate nociceptive signalling with-
out inducing overt inflammatory tissue
damage. This concept is supported by
studies showing that IgG purified from
patients with FM can induce pain hy-
persensitivity when passively trans-
ferred to animal models, in the absence
of detectable inflammation.

In a large case-control study, Seefried
et al. (11) demonstrated IgG binding
to dorsal root ganglion (DRG) neurons
and satellite glial cells in approximately
one third of patients with FM, while no
binding was observed in control sera.
Distinct DRG binding patterns correlat-
ed with clinical features: IgG binding to
satellite glial cells was associated with
higher pain intensity, whereas bind-
ing to TRPV1-expressing neurons was
linked to burning pain. These findings
suggest a potential functional relation-
ship between specific autoantibody re-
activity and pain phenotypes in FM.
More recently, lipidomic analyses have
provided additional support for an in-
teraction between metabolic and im-
mune pathways in FM. In a case-con-
trol study, patients exhibited alterations
in circulating lipid species, particularly
within lysophosphatidylcholine, phos-
phatidylcholine, sphingomyelin and
triglyceride classes. Notably, specific
lysophosphatidylcholines were posi-
tively associated with both pain inten-
sity and levels of IgG antibodies target-
ing satellite glial cells. Although these
findings are exploratory and do not
establish causality, they support the hy-
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pothesis of a neuro-immune-metabolic
interaction contributing to pain genera-
tion in FM (12).

Overall, current data do not support FM
as a classical systemic autoimmune dis-
ease. Rather, they point toward immune-
mediated modulation of peripheral no-
ciceptive pathways in a biologically de-
fined subgroup of patients. Further work
is needed to clarify antigen specificity,
pathogenic mechanisms, and clinical
stratification before autoimmunity can
be integrated into routine diagnostic or
therapeutic frameworks (13).

Microbiome

In recent years, the gut microbiome has
emerged as a potential modulator of FM
pathophysiology, particularly through
the gut-brain-immune axis and its inter-
action with mechanisms of central sen-
sitisation (Fig. 1). Clinical observational
studies consistently report reduced mi-
crobial diversity and a distinct taxonom-
ic profile in patients with FM compared
with healthy controls, with dysbiosis
correlating with pain intensity, fatigue,
and gastrointestinal symptoms (14).

A major advance was provided by a
recent mechanistic study by Cai et al.,
demonstrating that faecal microbiota
transplantation from patients with FM
into germ-free mice is sufficient to in-
duce pain hypersensitivity, immune
activation and metabolic alterations re-
sembling those observed in FM patients
(15). Notably, replacement of the FM-
associated microbiota with a healthy
microbiota attenuated pain behaviours
in mice and was accompanied by symp-
tom improvement in a preliminary
open-label human cohort.

Emerging data further suggest that mi-
crobiota-derived metabolites, including
short-chain fatty acids, together with
vitamin D status and pro-inflammatory
cytokines, may influence nociceptive
processing and disease severity (16).
The high prevalence of disorders of
gut-brain interaction and their strong
association with pain severity and sleep
disturbance further underscore the clin-
ical relevance of this axis in FM (17).
In addition, Mendelian randomisation
analyses have proposed a potential
causal contribution of specific micro-
bial taxa and immune mediators to FM

susceptibility; however, the biological
significance and directionality of these
associations remain to be clarified (18).
Overall, despite methodological hetero-
geneity and limited longitudinal data,
current evidence supports a contribu-
tory, rather than primary, role of the gut
microbiome in FM pathogenesis, high-
lighting the need for well-controlled in-
terventional studies to define therapeu-
tic potential and mechanistic pathways
(19).

Mitochondria and oxidative stress
Elevated concentrations of reactive
oxygen and nitrogen species, together
with mitochondrial dysfunction, mech-
anisms broadly encompassed within
the framework of oxidative stress, are
included among the principal pathoge-
netic hypotheses proposed for FM (Fig.
1). A noteworthy preclinical investiga-
tion explored the potential contribution
of mitochondrial transplantation, more
commonly referred to as artificial mi-
tochondrial transfer (AMT), in an ex-
perimental animal model of FM. In this
study, mitochondria were isolated from
HOC2 cells, a cell line derived from
embryonic rat myocardium.
Administration of exogenous mito-
chondria to the FM model, consisting
of rats treated with reserpine, resulted
in a significant restoration of dopamine
and serotonin levels within cortical
tissues of reserpine-exposed animals
compared with control groups. At the
level of the soleus muscle, mitochon-
drial infusion further enhanced endog-
enous antioxidant defences, as demon-
strated by increased concentrations of
glutathione and catalase. Concomitant-
ly, a reduction in oxidative stress mark-
ers was observed, specifically nitric
oxide and malondialdehyde.

From a functional and behavioural
perspective, mitochondrial administra-
tion significantly prolonged thermal
hyperalgesia latency in the FM animal
model, indicating an attenuation of
nociceptive hypersensitivity. Collec-
tively, these findings suggest that mito-
chondrial-based therapeutic strategies
may represent a promising avenue for
future preclinical investigations aimed
at evaluating mitotherapy as a potential
intervention in FM (20).
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A further original investigation con-
ducted by Turkish researchers exam-
ined oxidative stress in patients with
FM, focusing on biomarkers derived
from a cellular organelle distinct from
mitochondria, namely the endoplasmic
reticulum. The authors quantified serum
concentrations of established endoplas-
mic reticulum stress markers (specifi-
cally GRP78,PERK, CHOP, and ATF6)
and identified significantly higher lev-
els in individuals diagnosed with FM
compared with healthy control sub-
jects. These findings provide additional
evidence supporting the involvement of
oxidative stress-related pathways in the
mechanisms underlying pain centrali-
sation and the amplification of nocicep-
tive processing in FM (21).

However, although individuals with
FM consistently exhibit higher levels of
oxidative stress compared with healthy
controls (a finding corroborated by an
additional cohort study that assessed
total antioxidant status, total oxidant
status, malondialdehyde, and the oxida-
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tive stress index) these biochemical al-
terations do not appear to correlate with
established clinical measures of disease
severity, such as the Fibromyalgia Im-
pact Questionnaire (FIQ), nor with vali-
dated scales evaluating depressive and
anxiety symptoms (22).

An additional investigation reported
that patients with FM exhibit signifi-
cantly higher circulating levels of an-
tibodies directed against carbonic an-
hydrase I and II compared with healthy
control subjects. These enzymes play
a pivotal role in the regulation of ac-
id-base homeostasis and have been
hypothesised to participate in neuroin-
flammatory pathways.

Moreover, increased titres of anti-car-
bonic anhydrase antibodies in affected
individuals were accompanied by el-
evated serum concentrations of malon-
dialdehyde, total oxidant status, and
oxidative stress index when compared
with controls, whereas total antioxidant
status did not differ significantly be-
tween the two groups (23).

Therefore, despite the growing body of
evidence documenting redox imbalance
in FM, the potential diagnostic value
and clinical applicability of laboratory-
based oxidative stress parameters re-
main uncertain. Further well-designed
investigations are required to clarify
their pathophysiological relevance, de-
termine their relationship with symp-
tom burden, and establish whether
these biomarkers can meaningfully
contribute to routine clinical assess-
ment or therapeutic stratification before
they can be considered for widespread
implementation.

Genetic aspects

With regard to genetic markers, an
important preprint study published in
2025 investigated the genetic architec-
ture of FM in an exceptionally large co-
hort comprising more than 2.5 million
individuals, including 54,629 patients
diagnosed with FM (24). The primary
objective was to explore genome-wide
associations in order to identify novel

Clinical and Experimental Rheumatology 2026
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susceptibility loci, prioritise putative
causal genes, and clarify the underlying
biological mechanisms, including the
specific tissues implicated in disease
pathogenesis. The study also examined
shared genetic liability with other disor-
ders and assessed potential sex-specific
differences in genetic architecture.

The dataset was derived from 11 Euro-
pean and North American cohorts, pro-
viding substantial statistical power for
discovery analyses. This large-scale Ge-
nome-Wide Association Study (GWAS)
identified 26 loci significantly associ-
ated with FM. Among the most nota-
ble genes were HTT, CAMKYV, DCC,
MDGAZ2, and CELF4, all of which en-
code proteins involved in neuronal de-
velopment, synaptic organisation, and
neuronal functional integrity.
Heritability analyses demonstrated that
the genetic signal was predominantly
enriched in neuronal cell populations,
including dentate gyrus neurons, hip-
pocampal neurons, striatal neurons,
interneurons, and enteric neurons. In
contrast, no significant enrichment was
observed in non-neuronal tissues or
immune cell populations, suggesting a
primarily neurobiological genetic basis
for FM.

Of particular interest was the associa-
tion involving HTT and its regulatory
partner GPR52. The HTT gene encodes
huntingtin, a protein whose patho-
genic mutations are responsible for
Huntington’s disease. Notably, GPR52
is currently under investigation as a
pharmacological target in therapeutic
development programs for Hunting-
ton’s disease, highlighting a potentially
relevant molecular pathway shared be-
tween neurodevelopmental and chronic
pain mechanisms.

Finally, despite the marked predomi-
nance of women in the study popula-
tion (87.7%), the analysis did not reveal
sex-specific differences in the overall
genetic architecture of FM (24).

Psychological aspects

Exposure to adverse events during
early life is a well-recognised risk fac-
tor for the subsequent development of
chronic pain conditions, although the
biological and psychophysiological
mechanisms underlying this associa-

Clinical and Experimental Rheumatology 2026

tion remain not completely understood
(Fig. 1). One study investigated both
acute and chronic stress in individuals
reporting childhood adversity, employ-
ing clinimetric assessments alongside
biochemical measurements of salivary
cortisol and hair cortisol concentrations
in patients diagnosed with FM and in
healthy control subjects.

Compared with controls, patients more
frequently reported exposure to early-
life stressors, and the severity of FM
symptoms appeared to be mediated
by perceived stress levels. However,
no significant differences emerged be-
tween groups with respect to the hor-
monal parameters evaluated (25).
Another important study published
in 2025 highlighted differences in af-
fective dysregulation among patients
with FM, major depressive disorder,
and healthy controls. Compared with
healthy individuals, both FM and major
depressive disorder groups exhibited
comparable psychopathological pro-
files and patterns of affective dysregu-
lation, including impaired regulation of
left amygdala activity following neu-
rofeedback. In addition, patients with
FM also demonstrated deficits in right
amygdala regulation, suggesting dis-
tinctive alterations in emotional regula-
tion that may be specific to FM (26).
However, the relationship between FM
and affective disorders remains com-
plex. Longitudinal data support bidirec-
tional associations between functional
disorders and internalising conditions,
although an asymmetrical pattern has
been observed for FM and major de-
pressive disorder, with FM predicting
subsequent depression but not vice
versa, suggesting a role for chronic
symptom burden in the development of
affective disturbances (27).

Take home messages

e Central sensitisation represents a
core neurobiological mechanism in
FM. Converging psychophysical,
neuroimaging, structural, molecu-
lar, and neuroendocrine evidence
demonstrate enhanced ascending
nociceptive signalling and deficient
descending inhibition, as reflected by
augmented slowly repeated evoked
pain (SREP) (1), impaired condi-

tioned pain modulation (2), height-
ened pre-stimulus BOLD activity on
functional MRI (3), network-level
reorganisation (5), and autonomic
imbalance with sympathetic predom-
inance (9).

e FM may involve a form of non-
classical or functional autoimmunity.
IgG purified from patients has been
shown to induce pain hypersensitiv-
ity when passively transferred to ani-
mal models in the absence of overt
inflammation; moreover, a large
case-control study demonstrated that
patient-derived IgG binds to dorsal
root ganglion neurons and satellite
glial cells in approximately one third
of cases, a finding not observed in
healthy controls (11). Emerging evi-
dences also suggest a potential inter-
action between immune mechanisms
and metabolic pathways, as specific
lipid alterations have been associated
with both symptom severity and au-
toantibody levels (12).

e The gut microbiome is increasingly
recognised as a key contributor to
FM pathophysiology. Patients dis-
play reduced microbial diversity
and a distinct taxonomic signature
compared with healthy controls (14);
microbiota-derived metabolites have
been linked to nociceptive process-
ing and symptom severity, and fae-
cal microbiota transplantation from
patients into germ-free mice is suffi-
cient to induce pain hypersensitivity
(15).

e Large-scale genetic studies indicate
that the principal heritable traits of
FM are predominantly localised at
the neuronal level. The genetic archi-
tecture of FM is characterised by dis-
tinct features mapped to 26 loci en-
coding proteins crucial for neuronal
function, including huntingtin (24).

e Oxidative stress remains one of the
leading pathogenetic hypotheses
underlying the development of FM.
Compared with healthy controls, pa-
tients exhibit higher serum levels of
oxidative stress-related biomarkers
(22). In animal models of FM, mi-
tochondrial transplantation has been
shown to ameliorate oxidative stress
and pain-related symptoms (20).

o Early-life stressful events appear to
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Fig. 2. Clinical manifestations of fibromyalgia.

The figure has been created using ChatGPT Edu provided by the Universita Politecnica delle Marche, Italy.

exert a significant impact on the right
amygdala in patients with FM. This
feature is distinctive when compared
with both healthy controls and indi-
viduals with major depressive disor-
der (25).

Clinical manifestations

Chronic pain

Chronic widespread pain is the main
clinical feature of FM (Fig. 2), and the
pain experienced in this condition is
widely considered the prototype of no-
ciplastic pain (28-29). However, recent
literature suggests that, despite its theo-
retical relevance, the nociplastic pain
descriptor has limited clinical applica-
bility, given the lack of validated tools
for routine use (30). To date, only lim-
ited evidence is available on its practi-
cal implementation: in a single study
applying the nociplastic pain grading
system (31) not all FM patients were
classified as having ‘probable nociplas-
tic pain’ (32). Recent recommendations
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further suggest that FM may not be
fully captured by a purely nociplastic
framework, and that mixed pain phe-
notypes should also be considered (33).
Within this framework, a possible
neuropathic contribution has been rec-
ognised in a subset of FM patients,
potentially related to small fibre pa-
thology. This subgroup appears to be
characterised by more severe pain and a
higher burden of associated symptoms,
together with signs of small fibre dys-
function (34). In addition, neuropathic
corneal pain has been described as an-
other relevant manifestation, presenting
with burning and irritation symptoms
disproportionate to clinical findings,
and associated with both functional and
morphological nerve alterations (35).

Beyond underlying pain mechanisms,
seasonal patterns have also emerged
as potential modulators of pain expres-
sion (36), with worsening reported
in autumn but not observed for other
symptom domains, underscoring the

influence of environmental factors to
symptom variability (37).

Residual pain

A further clinically relevant issue con-
cerns residual pain in inflammatory ar-
thritis, particularly rheumatoid arthritis
(RA), and whether this reflects comor-
bid FM or a distinct pain phenotype
(Fig. 2). An Italian study indicated that
in RA, residual pain may not be fully
explained by central sensitisation or
psychiatric factors, while also show-
ing a limited association with residual
synovitis, suggesting a more heteroge-
neous and incompletely understood set
of mechanisms (38). At the same time,
evidence from early inflammatory ar-
thritis indicates that centrally medi-
ated pain components may already be
present at disease onset in a subset of
patients, even in the presence of active
inflammation, supporting the hypoth-
esis that central pain mechanisms may
emerge early and contribute to the later
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persistence of symptoms (39). Overall,
the issue remains open: although resid-
ual pain may share features with FM, it
may also reflect a broader and hetero-
geneous spectrum of mechanisms not
fully captured by the diagnostic con-
struct of FM.

Nonetheless, FM comorbidity is fre-
quently observed across other rheuma-
tological diseases where it is associated
with higher symptom burden, greater
discordance with disease activity, and
more complex treatment patterns (40-
42).

Cognitive dysfunction

Recent literature suggests that chronic
widespread pain is associated with an
increased risk of mild cognitive im-
pairment (HR 2.55,95% CI 1.31-4.97)
(43). In this context, cognitive dys-
function represents a relevant clinical
dimension of FM, often referred to as
“fibro-fog” and characterised by im-
paired mental clarity and subjective
memory complaints (Fig. 2).

Recent evidence supports the presence
of working memory deficits in FM, par-
ticularly affecting the verbal domain,
while spatial working memory appears
relatively preserved (44). In line with
broader cognitive involvement, global
screening with the Montreal Cognitive
Assessment has also shown reduced
performance in FM patients, particu-
larly in attention, executive function,
and processing speed, with more pro-
nounced impairment in untreated indi-
viduals and an inverse correlation with
disease severity and depressive symp-
toms (45).

Neuropsychological investigations fur-
ther indicate that cognitive dysfunction
extends beyond working memory, in-
volving executive and higher-order pro-
cesses such as planning, problem solv-
ing, and cognitive flexibility (46). Com-
plementary, a cognitive profiling study
reported small but stable deficits in both
verbal memory and executive domains,
while also identifying pain severity and
sleep disturbances as key determinants
of cognitive performance (47).
Overall, these findings suggest that
cognitive symptoms in FM reflect a
multidimensional impairment inter-
connected with affective and somatic
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symptom burden, although cognitive
alterations may persist independently,
indicating that these domains only par-
tially account for dyscognition in FM.

Affective and systemic

symptoms burden

Across nociplastic pain conditions, dis-
tinct psychological profiles have been
identified, with FM more frequently
clustering within groups characterised
by higher levels of dysfunction and dis-
tress (48), confirming its prominent af-
fective burden (Fig. 2). A meta-analysis
further highlights the high prevalence
of affective disorders in chronic pain,
with the greatest burden observed in
nociplastic conditions: in FM, over half
of patients report clinically significant
symptoms of depression and anxiety,
while major depressive disorder and
generalised anxiety disorder are diag-
nosed in 38.3% (95% CI 27.9-49.9%)
and 33.3% (95% CI 15.4-57.9%) of
cases, respectively (49).

From a clinical perspective, negative
mood and memory difficulties appear to
play a central bridging role in the FM-
depression interplay across pain, cogni-
tive, and psychological domains, with
pain itself not emerging as the primary
driver of this comorbidity (50). In paral-
lel, depressive symptoms profiles char-
acterised by anhedonia, weight gain, or
greater overall severity are more strong-
ly associated with FM, underscoring the
importance of symptom heterogeneity
in psychiatric assessment (51).

Beyond affective features, FM is char-
acterised by a broad systemic symp-
tom burden. Fatigue is among the most
disabling manifestations, encompass-
ing both physical and cognitive com-
ponents and showing a pattern closely
resembling post-COVID condition,
being more intense, less responsive to
rest, and more prone to post-exertional
worsening than in multiple sclero-
sis (52). Accordingly, post-exertional
malaise emerges as a relevant feature,
reflecting a disproportionate exacer-
bation of symptoms following mini-
mal effort (53). Additional domains,
including sexual dysfunction (54-56)
and lower urinary tract symptoms (57),
further contribute to disease burden
and appear influenced by pain severity,

psychological factors and comorbid
conditions. Finally, autonomic symp-
toms are frequently reported, support-
ing a role for dysautonomia in overall
symptom expression (58), although
its pathophysiological significance re-
mains to be fully clarified (59).

Muscle dysfunction

FM is characterised by reduced physi-
cal performance and lower levels of
physical activity, conditions that are
well recognised in affected patients
and possible drivers of muscle dys-
function (Fig. 2). During the past year,
increasing attention has been paid to
the assessment of this domain, with
screening using the SARC-F question-
naire identifying more than half of FM
patients as being at risk of sarcopenia,
a finding that correlates with disease
impact and psychological factors, in-
cluding depression (60).

However, studies suggest a dissocia-
tion between muscle strength and mus-
cle mass. While FM patients consist-
ently show reduced muscle strength
compared with healthy controls, no
significant differences have been ob-
served in objective measures of mus-
cle mass, such as anterior thigh muscle
thickness, when compared to control
populations (61, 62). These findings
suggest that FM patients may be at
increased risk of dynapenia in the ab-
sence of a corresponding increase in
true sarcopenia.

Social dimension
- Healthcare system and
patient-clinician interaction
The theme of stigma emerged this year
as a relevant issue for FM patients (Fig.
2). Patients frequently struggle to be
believed in both social and healthcare
contexts, with stigma rooted in the in-
visibility of symptoms and the tendency
to psychologise pain (63). Experience
of stigmatising clinical encounters may
even resemble forms of retraumatisa-
tion, reinforcing avoidance behaviours
and anticipatory anxiety toward health-
care (64).
Closely linked to these dynamics, empa-
thy has been identified as a key modula-
tor of the patient-clinician relationship.
A misalignment between patients and
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healthcare professionals has been re-
ported, with patients defining empathy
in terms of emotional validation and
its impact on well-being (65). FM pa-
tients may also be more prone than other
chronic pain populations to interpret
ambiguous clinical interactions nega-
tively, potentially amplifying percep-
tions of low empathy and contributing to
strained therapeutic relationships (66).
These findings reinforce the impor-
tance of a biopsychosocial approach, in
which validation, communication, and
support play a central role in fostering
patient engagement and self-manage-
ment (67, 68).

However, studies (69, 70) have high-
lighted how these challenges are em-
bedded within healthcare systems that
remain predominantly biomedical and
are often insufficiently equipped to ad-
dress conditions such as FM, resulting
in fragmented care, limited support and
patient disempowerment. Consistently,
Italian registry data show significant
geographic disparities in FM sever-
ity, with worse outcomes in Southern
regions, plausibly reflecting inequali-
ties in socioeconomic conditions and
healthcare access (71).

Finally, an additional dimension con-
cerns the impact of FM on caregivers. A
Turkish study (72) showed that caring
for individuals with FM may negative-
ly affect caregivers’ work productivity
and quality of life, with burden correlat-
ing with patients’ disease severity.

Gender-related aspects

Sex- and gender-related differences
represent an increasingly explored
dimension in FM (Fig. 2). Evidence
from a meta-analysis on chronic pain
in mid-life indicates that women have a
consistently higher risk of chronic pain
compared to men, with a modest overall
increase but a more pronounced differ-
ence for widespread pain conditions,
including FM (73).

At the same time, FM in men should
not be overlooked, with emerging evi-
dence suggesting that male patients
may exhibit distinct clinical features.
Available data indicate that men tend
to be older at diagnosis, suggesting
possible diagnostic delay, and display
a different comorbidity profile, includ-
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ing lower rates of obesity but higher
prevalence of obstructive sleep apnoea
(74). Beyond the binary framework of
sex, emerging evidence also highlights
a high burden of chronic widespread
pain and FM in gender minority popu-
lations, with prevalence estimates ex-
ceeding those observed in the general
population (75).

Digital health

Patients have increasingly turned to dig-
ital health sources for information and
symptom interpretation, including Al-
based chatbots and social media plat-
forms (Fig. 2). While these tools may
improve access to health-related content
and patient engagement, current evi-
dence highlights important limitations,
particularly regarding the accuracy and
clinical usability of Al-generated re-
sponses (76). Social media platforms,
where contents related to chronic and
‘invisible’ conditions is widely dissemi-
nated, may also shape patient experience
in a bidirectional manner. Although they
can facilitate peer support and increase
disease awareness, studies suggest that
limited understanding of FM and fre-
quent experiences of invalidation may
be reinforced in online discourse, po-
tentially contributing to illness-centred
identities and a more complex transition
to recovery (77, 78).

Within this digital ecosystem, machine
learning and natural language process-
ing approaches are emerging as struc-
tured tools with potential clinical ap-
plications. Recently, large language
model-driven sentiment analysis has
been explored in FM, suggesting a po-
tential contribution of Al to diagnostic
recognition through the analysis of pa-
tient narratives and free-text data (79).
In parallel, Al-based pipelines applied
to general practitioner referral letters
and patient-generated free-text descrip-
tions have subsequently shown the
ability to identify and prioritise patients
with rheumatologic diseases, thereby
supporting earlier triage and clinical
decision-making (80, 81).

Diagnosis

Over the last year, a debate has emerged
regarding the performance of the diag-
nostic criteria for FM proposed by the

American College of Rheumatology
(ACR) in 2016 (82) (Fig. 2). Challenges
in their clinical application have been
highlighted, including symptom fluctua-
tion over time, ambiguity in the interpre-
tation of pain distribution, and the inher-
ent subjectivity of key components such
as the Widespread Pain Index (WPI) and
Symptom Severity Scale (SSS), which
may overlap with coexisting pain and
affective conditions (83). A population-
based study has further shown that,
despite high screening specificity, a
substantial proportion of patients does
not fully meet diagnostic thresholds.
Simplified diagnostic approaches have
been explored, yielding only marginal
improvements in accuracy (84).

In parallel, attention has been given to
the biopsychosocial perspective, empha-
sising the need to incorporate not only
biological and psychological domains
but also the social impact of the disease
within diagnostic frameworks (85). Pa-
tient-centred approaches supported by
large language models have also been
proposed to translate clinical knowledge
into accessible tools, highlighting the
relevance of patients’ own symptom de-
scriptions in supporting early identifica-
tion and clinical understanding (86).
Finally, this diagnostic uncertainty also
raises the issue of potential misdiagno-
sis. Evidence suggests that a small but
clinically relevant proportion of patients
labelled as FM may have alternative
conditions, including rare metabolic dis-
orders such as hypophosphatasia (87).
These findings underscore the impor-
tance of careful evaluation of atypical
features or poor response to standard
management and support the use of tar-
geted investigations when clinically in-
dicated (88).

Take home messages

e Pain in FM is heterogeneous and may
be not fully explained by the noci-
plastic model (31, 32), with possible
neuropathic contributions highlight-
ing complex pain phenotype (33, 34).

e Residual pain in inflammatory arthri-
tis is multifactorial and incompletely
understood, potentially overlapping
with FM (40-42) but also including
distinct and heterogeneous mecha-
nisms (38, 39).
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e “Fibro-fog” reflects a multidimen-
sional cognitive impairment involv-
ing working memory, attention, and
executive function (45-47), only par-
tially explained by pain, mood, and
sleep disturbances.

e FM is characterised by a high affec-
tive burden and widespread systemic
symptoms, including depression,
anxiety (49), fatigue (52) and au-
tonomic dysfunction (59), with in-
terconnected domains that amplify
overall disease impact and contribute
substantially to disability.

e FM is associated with reduced mus-
cle strength and impaired physical
performance (60), in the absence of
consistent evidence of substantial
muscle mass reduction, suggesting
a pattern more indicative of dynap-
enia than sarcopenia (61, 62).

e Stigma, symptom invisibility, and
lack of validation (63-66) negatively
affect patient experiences and health-
care engagement, highlighting the
need for empathetic communication
and a biopsychosocial, patient-cen-
tred approach (67) within often inad-
equate healthcare systems (69, 70).

e Sex and gender influence FM risk
and clinical presentation, with high-
er prevalence in women (73), poten-
tial diagnostic delays and distinct
comorbidities in men (74), and an
increased burden of disease in gen-
der minority populations (75).

» Digital health resources improve ac-
cess and engagement but raise con-
cerns about accuracy and misinfor-
mation (76-78), while structured Al
approaches show promise in iden-
tifying clinically relevant patterns
and supporting earlier diagnosis and
patient stratification (79, 80).

e According to the most recent lit-
erature, current diagnostic criteria
require updating (84) and should be
complemented by incorporating so-
cial assessment (85, 86).

Conclusions

Recent literature on FM reflects a
progressively expanding and multidi-
mensional evidence base. Advances
in neurobiological research further
support central sensitisation as a key
mechanism, involving altered nocic-
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eptive processing, impaired descending
modulation, and large-scale brain net-
work reorganisation. In parallel, emerg-
ing data suggest potential contributory
roles of immune, microbiome, metabol-
ic, and genetic factors, underscoring the
complexity of disease pathophysiology.
Clinically, increasing attention has been
given to the heterogeneous expression
of cognitive, affective, and multisystem
symptoms. Overall, current evidence
supports a multidimensional model
of FM encompassing biological, psy-
chological, and social domains, while
highlighting persistent gaps in the
understanding of underlying disease
mechanisms.
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