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ABSTRACT
Fibromyalgia (FM) is a frequently 
encountered syndrome that is charac-
terised by chronic widespread pain, 
fatigue, sleep disturbances, and many 
other symptoms that impair the quality 
of life. Its aetiopathogenesis is still un-
clear but, although there is no specific 
therapy, a number of pharmacological 
and non-pharmacological therapies 
are available. The aim of this review 
is to describe the most recent findings 
concerning the diagnosis, aetiopatho-
genesis and treatment of FM published 
between January 2019 and January 
2020. They include the new concept of 
nociplastic pain, some neuroendocrine 
and metabolic alterations found in FM 
patients, and investigations concerning 
not only novel applications of old drugs, 
but also, and in particular, complemen-
tary therapies, such as the hyperbaric 
oxygen chamber, ozone therapy and 
mindfulness-based interventions.

Aetiopathogenesis 
The aetiopathogenesis of FM is still 
unclear, and a number of causes and 
mechanisms have been proposed over 
the last year. Psychosocial factors may 
play a role and Casale et al. suggested 
the concept of resilience, which can be 
broadly defined as a protective factor 
that makes people less vulnerable to fu-
ture adverse life events (1), and can be 
applied to patients with any chronic pain 
conditions. In FM patients, genotype 
and, most importantly, environmental 
factors may play a major role in the 
development of a more or less resilient 
personality. One interesting study (2) 
evaluated the role of domestic violence, 
as quantified using the Domestic Vio-
lence Against Women Scale (DVAWS), 
and its association with psychiatric dis-
orders in FM patients. DVAWS scores 
were significantly higher in women 
with FM than in controls, and the sever-

ity of domestic violence was related to 
the presence of any psychiatric disorder 
only in the FM patients: almost half of 
those with high DVAWS score had co-
morbid mood and anxiety disorders.
It has been hypothesised that immunity 
plays a pivotal role in the pathogenesis 
of FM as auto-immunity triggers such 
as traumas and infections are among 
the most frequent events preceding its 
onset. In some cases, FM can be tem-
porally related to vaccinations, silicone 
breast implants or mineral oil injections 
as part of an auto-immune/inflammatory 
syndrome induced by adjuvants, some-
thing that is also related to molecular 
mimicry, and one review (3) suggested 
that aluminum adjuvants (the second 
component of human papillomavirus 
vaccines) may play a role by inducing 
a neuroinflammatory reaction. A recent 
study has found a link between auto-
antibodies and FM as one-third of its 
FM patients with sicca syndrome and/or 
xerostomia tested positive for Sjögren’s 
syndrome biomarkers, and the major-
ity of these were also positive for one 
or more tissue-specific auto-antibodies 
(4). Another example is the finding of 
anti-dense fine-speckled 70 antibod-
ies in FM patients, with significantly 
higher levels being found specifically 
in patients with arthralgia and sleep dis-
turbances (5). Another aspect under in-
vestigation is the gut-brain axis, which 
connects the gut microbiome with the 
brain through the enteric nervous sys-
tem: Clos-Garcia et al. found that FM 
patients have less diverse gut bacteria 
and altered serum metabolome levels 
of glutamate and serine, thus suggesting 
changes in neurotransmitter metabolism 
(6). One interesting review has hypoth-
esised that thalamic mast cells may 
contribute to inflammation and pain by 
releasing neuro-sensitising molecules 
such as histamine, interleukin(IL)-1β, 
IL-6, tumour necrosis factor (TNF) and 
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calcitonin gene-related peptide, which 
can stimulate thalamic nociceptive neu-
rons directly or indirectly by stimulating 
diencephalon microglia (7). Finally, FM 
patients show a Th1 activation, which 
can be modulated by means of hyper-
baric oxygen therapy (HBOT) (8).
FM skin biopsies have shown an in-
creased number of mast cells and 
increased neuronal production of 
corticotropin-releasing hormone and 
substance P, which activate mast cells 
to release neuro-sensitising pro-inflam-
matory substances that can exacerbate 
low-grade inflammation. Given this, 
IL-37 (an inhibitor of members of the 
pro-inflammatory IL-1 family) may 
inhibit inflammation (9). In addition, a 
recent study found that intra-epidermal 
nerve fibre density was reduced in two-
thirds of its FM patients, and that these 
patients felt more intense, stabbing pain 
and paresthesias, leading to greater im-
pairment, a higher disease burden, and 
more anxiety; furthermore, the length 
and density of their corneal nerve fibres 
was reduced (10).
Neuromuscular efficiency seems to be 
impaired in FM patients. Studies of 
HBOT have found that a central mech-
anism related to fibre type recruitment 
order can be modified in such a way as 
to allow the generation of the same ef-
fort using fewer recruited fibres (11).
The strength of the lower limbs of wom-
en with FM is associated with genetic 
polymorphisms of the serotonin recep-
tor gene HTR2A: the GG genotype or 
G allele is associated with a greater risk 
of developing the disease and reduced 
lower limb muscle strength in compari-
son with controls. (12)
Analyses of the mechanisms underly-
ing the pathogenesis of FM have in-
creased interest in neuromorphological 
signatures. One functional magnetic 
resonance study has found that brain 
hub topology (including the insulae) is 
altered in FM patients, and that this cor-
relates pain intensity and neurochemical 
findings (the glutamate + glutamine re-
lationship) (13). Furthermore, Goldstein 
et al. (14) used magnetoencephalogra-
phy to investigate the response to pic-
tures depicting pain, and found that FM 
patients did not show significant differ-
ences in alpha activity between their re-

sponses to pain and non-pain pictures, 
thus suggesting an altered interpretation 
of painful and non-painful situations.
Oxidative stress may play an important 
role in the aetiology of FM. It has been 
found that an alteration in thiol/disul-
phide homeostasis (a decrease in thiol 
levels and an increase in disulfide lev-
els) significantly correlated with Fibro-
myalgia Impact Questionnaire (FIQ) 
scores (15).
Finally, a recent study of neuroendo-
crine dysregulation has found that he-
patic clearance of cortisol is relatively 
lower in FM patients than in matched 
controls (16).

Diagnosis 
The International Association for the 
Study of Pain (IASP) developed a pain 
classification system that is applicable 
to a wide range of contexts, including 
pain medicine, primary care, and low-
resource environments. Chronic pain is 
defined as pain that persists or recurs 
for more than three months (17). In the 
case of conditions such as FM or non-
specific low back pain, it can be con-
ceived as a disease in its own right de-
scribed as “chronic primary pain”, and 
the existence of such persisting pain, 
despite adequate treatment and in the 
absence of any sign of inflammation, 
has led researchers to look for evidence 
of central sensitisation.
The fact that FM is associated with 
chronic pain without any obvious pe-
ripheral tissue damage has given rise 
to the concept of nociplastic pain: i.e. 
pain that arises from altered nocicep-
tion despite no clear evidence of actual 
or threatened tissue damage causing 
the activation of peripheral nociceptors 
or evidence of any causative disease 
or lesion of the somatosensory system 
(18). This makes FM very difficult to 
diagnose and requires guidelines that 
reflect not only the proposed classifica-
tion criteria, but also the pathogenetic 
mechanisms.
The frequent misdiagnosis of FM high-
lights an important classificatory/diag-
nostic problem. Wolfe et al. compared 
different classification criteria in a large 
cohort of patients, and found that there 
is considerable disagreement between 
an ICD and a criteria-based diagnosis. 

The criteria of FM are easy to use, but 
there are still substantial problems due 
to physician bias, diagnostic validity, 
and the real significance of a diagnosis 
itself (19).
The authors of a recent review (20) state 
that patients should first be screened 
for chronic widespread pain (CWP: 
pain in four out of five body regions), 
and that those with CWP should be fur-
ther screened for the presence of the 
major symptoms of FM in accordance 
with the 2016 criteria of the American 
College of Rheumatology (ACR). 
Stewart et al. have proposed a new 
diagnostic concept that represents a 
further development of the 2011 ACR 
criteria and is based on what they call 
the “ABC indicators” of A) algesia, B) 
bilateral, axial-symmetric pain distribu-
tion, and C) chronic distress (21), which 
they found were more specific and less 
sensitive but lead to greater overall di-
agnostic effectiveness than the original 
criteria. Other authors have combined 
the 1990 and 2011 ACR criteria to rein-
troduce the evaluation of tender points 
(22), which they suggest can facilitate 
diagnosis in a realistic manner.
Another important aspect of FM that 
makes an accurate diagnosis imperative 
is the co-existence of other pathologies. 
FM is rarely a stand-alone diagnosis, as 
most patients meet the criteria for other 
overlapping chronic pain conditions or 
mental disorders (20). The prevalence 
of co-morbid FM among patients with 
rheumatoid arthritis, axial spondyloar-
thritis and psoriatic arthritis is consider-
ably higher than in the general popula-
tion, and its presence seems to affect as-
sessments of the severity of these con-
ditions (particularly patient-reported 
outcome measures) and may influence 
treatment responses (23). Fibromyal-
gia co-morbidities in primary care are 
similar to those found in specialty care 
and, except for depression and arthri-
tis, their burden is similar in both sexes 
(24). It has also been hypothesised that 
FM may be a risk factor for the devel-
opment of complex regional pain syn-
drome after a radius fracture (25).
Fibromyaglia is significantly associated 
with depression, although there is still 
disagreement about a causal relation-
ship. One case-control study (26) has 
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found that the probability of suffering 
from some level of depression is greater 
in women with FM than in healthy con-
trols as they have higher Beck Depres-
sion Inventory scores regardless of age.

Pharmacological treatment
An interesting trial evaluating changes 
in metabolite concentrations and clinical 
outcomes after three months’ treatment 
with memantine (27) found significant 
increases in N-acetylaspartate and N-
acetylaspartate+N-acetylaspartate glu-
tamate levels in the left hippocampus; 
an increase in N-acetylaspartate+N-
acetylaspartate glutamate in the right 
hippocampus and the anterior insula; 
an increased glutamate+glutamine/cre-
atine ratio in the anterior and posterior 
insula; an increased choline/creatine 
ratio in the posterior cingulate; and 
increased creatine levels in the right 
hippocampus. At the end of the study, 
it was found that the patients showed 
improvements in cognitive function as-
sessed using the Cognition Mini-Exam, 
depression as measured by the Ham-
ilton Depression Scale, and disease 
severity as measured by the Clinical 
Global Impression severity scale. How-
ever, despite a sound rationale, the ben-
efit of using memantine to treat chronic 
pain is unclear because, although a sys-
tematic review and meta-analysis has 
shown that memantine may have the 
potential to decrease pain, it can also 
increase common adverse effects (28).
A recent small trial of conditioned pain 
modulation (CPM, an experimental 
measure of descending pain inhibition) 
has evaluated the use of tapentadol in 
FM patients, and found that CPM re-
sponses significantly increased during 
treatment (29).
The possible off-label use of naltrexone 
has been suggested by Trofimovitch as 
low-dose naltrexone may also improve 
mood disorders and enhance the quality 
of life (30).
A large, open-label study of duloxetine 
and pregabalin has provided further ev-
idence that duloxetine is more effective 
than pregabalin in the treatment of pain 
in patients with FM (31).
A large, retrospective observational 
study analysed data regarding 407 pa-
tients with FM who were prescribed 

oral ultra-micronised palmitoylethan-
olamide tablets between 2013 and 2016 
(Normast®, Epitech Group SpA, Sac-
colongo, Italy) regardless of their con-
comitant pharmacological therapy. The 
results showed a change in pain over 
time as assessed using a visual ana-
logue scale (VAS). and an improvement 
in the quality of life (32).
Oral mirogabalin besylate, hereinafter 
mirogabalin (Tarlige®, Daiichi San-
kyo), has recently been approved as an 
orally administered gabapentinoid for 
the treatment of peripheral neuropathic 
pain (33). The drug was tested in two 
experimental rat models of FM (the 
intermittent cold stress model and the 
Sluka unilateral intramuscular acidic 
saline injection model), and was found 
to have analgesic effects in both.
The analgesic effects of inhaled phar-
maceutical-grade cannabis have been 
tested in a small cohort of FM patients 
using four different cannabis varieties 
with precisely known tetrahydrocan-
nabinol and cannabidiol content. The 
trial showed the complex behaviour of 
inhaled cannabinoids in patients suf-
fering from chronic pain, and revealed 
small analgesic responses after a single 
inhalation, especially of THC-rich va-
rieties (34).
A phase I study of NYX-2925, a new 
chemical entity that acts as a co-agonist 
of glutamate at N-methyl-D-aspartate 
receptors, published by Houck et al. 
found that it was safe and well-tolerat-
ed in healthy volunteers, and the results 
support its continued clinical develop-
ment for the treatment of chronic pain 
conditions (35).
 
Complementary treatments
One interesting article has described 
the findings of a survey concerning the 
use of complementary and integrative 
medicine (CIM) in FM patients (36). 
Three hundred and four (98.1%) of the 
310 patients who completed the survey 
reported using some form of CIM, a 
percentage that is similar to that found 
in our 2003 study (98%). The most 
frequently used CIM therapies in this 
new cohort were spiritual healing, mas-
sage therapy, chiropractic treatments, 
aromatherapy, exercise for a specific 
medical problem, melatonin, magne-

sium, green tea, and fish oil.  Given the 
continued high prevalence of the use of 
CIM, healthcare professionals should 
be aware of these various modalities 
and consider incorporating into a mul-
ti-faceted FM treatment regimen.
A randomised controlled trial by Guinot 
et al. evaluated multicomponent thera-
py and repetitive transcranial magnetic 
stimulation (rTMS) as pain modulators 
in FM. Analysis of variance (ANOVA) 
showed that the reduction in weekly 
mean daily pain was not significantly 
different between groups, but two-way 
ANOVA showed significant improve-
ments in VAS pain, cardiorespiratory fit-
ness, quality of life, depression and cat-
astrophising in week 14 that remained 
stable until week 40. Cardiac autonomic 
adaptations and sleep efficiency did not 
change significantly (37). 
A double-blind trial compared anodal 
(a)-transcranial direct current stimula-
tion (tDCS) over the dorso-lateral pre-
frontal cortex with sham treatment in 
FM patients, and found a significant 
reduction in pain in the treated group 
(38). Dailey et al. investigated trans-
cutaneous electrical nerve stimulation 
(TENS) in FM patients, and found that 
four weeks of active TENS significantly 
improved movement-evoked pain and 
other clinical outcomes in comparison 
with placebo TENS or no TENS (39).
Bosco et al. evaluated the clinical and 
morphological effects of HBOT as a 
means of relieving interstitial cystitis in 
FM patients, but did not find any sig-
nificant changes except for hydrodis-
tension and a slight improvement in the 
cystoscopic pattern (40).
One interesting study evaluated the 
effectiveness of ozone-based autohae-
motherapy in managing FM in a group 
of 20 patients. All the patients treated 
with ozone reported an improvement 
in sleep and mental alertness, a marked 
decrease in asthenia and the number 
of tender points accompanied by a de-
crease in FIQ scores, and a moderate 
increase in serotonin levels (41). 
Quite a large study of FM patients (42) 
investigated the effects of neural therapy 
and exercise, and found significant post-
treatment improvements in VAS, FIQ, 
Short Form (36) Health Survey (SF-
36), Beck Depression Scale (BDS) and 
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Beck Anxiety Inventory (BAI) scores in 
both groups (p<0.05). The combination 
of neural therapy and exercise may be 
more effective in terms of pain and de-
pression than exercise alone.
A study of co-enzyme Q10 supple-
mentation with in FM patients treated 
with pregabalin found that it provided 
a further benefit in terms of pain relief 
possibly by improving mitochondrial 
function, reducing inflammation, and 
decreasing brain activity (43).
An interesting study of the effects of di-
etary supplementation with (primarily) 
an extract of salmon’s milt (semen) on 
symptoms and the blood levels of pro-
inflammatory molecules in FM patients 
found that it led to a reduction in TNF 
and substance P levels, and a significant 
improvement in the clinical parameters 
of functioning, fatigue and pain, as well 
as overall patient impression (44). 
A pragmatic study evaluated the long-
term, health-related quality of life 
(HRQoL) benefits of a comprehensive 
8-week group-based, multidisciplinary 
rehabilitation programme focusing on 
the coping ability and self-care of FM 
patients. Baseline findings confirmed 
the substantially lower physical and 
mental HRQoL of the patients, as well 
as high levels of depression, anxiety, 
and burnout but, by the end of the pro-
gramme, HRQoL had significantly im-
proved in all domains. This effect on all 
the sub-scales was maintained after six 
and 12 months, with the changes after 
one year being greater in younger pa-
tients and those with depressive feelings 
before the start of the treatment (45). 

Cognitive-behavioural therapy-
mindfulness-psychotherapy and 
physical therapies 
A randomised, controlled study com-
pared the cost-utility benefits of mind-
fulness-based stress reduction (MBSR) 
as an add-on to treatment-as-usual 
(TAU) with an adjuvant multi-com-
ponent intervention (“FibroQoL”) and 
TAU alone in FM patients, and found 
that MBSR significantly reduced costs, 
especially in terms of indirect costs and 
primary healthcare services (46).
An interesting study of the impact of 
attachment-based compassion therapy 
(ABCT) on the levels of brain-derived 

neurotrophic factor (BDNF), the in-
flammatory markers TNF-α, IL-6, IL-
10, and C-reactive protein (CRP), ana-
lysed whether biomarkers play a me-
diating/moderating role in improving 
functional status. The results showed 
that ABCT significantly improved 
FIQ scores and decreased the levels of 
BDNF, CRP, and the pro-inflammatory 
molecules, with the changes in BDNF 
mediating FIQ scores. ABCT seems to 
reduce BDNF levels (a possible mecha-
nism underlying the improvement in 
functional status) and seems to have an-
ti-inflammatory effects in FM patients 
(47).
An attention bias modification pro-
gramme was evaluated in a randomised 
controlled trial but no significant 
changes were observed (48). 
Park et al. published an interesting study 
about mindfulness and sleep quality in 
FM patients.  Greater mindfulness was 
associated with better quality sleep and 
fewer sleep disturbances, as well as less 
pain interference, anxiety, and depres-
sion (49).
One recent small study has evaluated 
the use of virtual reality as a means of 
administering guided meditation and 
biofeedback with the aim of reducing 
chronic pain. The three most frequent 
diagnoses among the participants were 
rheumatoid arthritis, lupus erythema-
tosus, and FM. There was a significant 
reduction in VAS scores after both bio-
feedback and guided meditation, but 
the latter led to a significant reduction 
in Facial Anxiety Scale scales in com-
parison with biofeedback (50).
Mindfulness has been evaluated by 
Cejudo et al., who analysed a large 
cohort of patients and obtained inter-
esting results in terms of a reduction 
in pain and an improved quality of life 
improvement (51).
Norouzi et al. compared the effects of 
aerobic exercise training and Zumba 
dancing on the working memory, mo-
tor function and depressive symptoms 
of female patients with FM, and found 
a significant improvement in all the 
evaluated parameters (52).
Fonseca et al. compared the effects of 
aquatic physiotherapy and a health edu-
cation programme in 46 women with 
FM. Both interventions led to statisti-

cally significant within-group differenc-
es in all the outcome measures except a 
reduction in pain. The findings did not 
allow any conclusion that either inter-
vention was superior to the other (53). 
Changes in circulating nerve growth 
factor (NGF) and BDNF levels may 
affect nociception/pain in FM patients 
but, although exercise leads to clini-
cal improvements, it has been shown 
that it does not normalise the levels of 
BDNF or NGF (54).
Eröksüz et al. compared the efficacy 
of intermittent and consecutive balneo-
logical treatment (hydrotherapy and pe-
loidotherapy) in a parallel 1:1, single-
blind, pilot study of outpatients with 
FM. There was no significant differ-
ence between the groups, so they seem 
to have similar effects on the clinical 
status of patients with FM (55).

Conclusions
In terms of diagnosis, the last year has 
seen the materialisation of the concept 
of nociplastic pain, underlined the im-
portance of a physician’s diagnosis of 
FM and of co-morbidity as an aggravat-
ing factor, and led to the suggestion of a 
return to tender point examinations (22). 
In terms of pathogenesis, the concept of 
resilience (1) has been seen as a protec-
tive factor with a genetic component; 
the role of immunity has become even 
more intriguing, also as a disease trig-
gering factor (vaccines, auto-antibod-
ies) (3); and it has been suggested that 
alterations in the intestinal-brain axis 
and microbiota may a play a role (6). 
Skin and thalamic cells have been seen 
to play an interesting role, with the re-
lease of a neuro-inflammatory substitute 
on microglia (7), and the correlation 
between oxidative stress and disease se-
verity has reappeared. 
Treatment options have become increas-
ingly rich in terms of ideas and modali-
ties. Memantine seems to improve cog-
nitive status and symptom severity (28); 
the therapeutic usefulness of naltrexone 
(30), tapentadol (29), duloxetine (31) 
and palmitoylethanolamide tables (32) 
has been confirmed; and mirogabalin, 
(33), four types of inhaled cannabis (34) 
and the glutamate co-agonist  NYX-
2925 have been proposed at various lev-
els of study development (35). Cannabi-
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noids may be useful in the management 
of rheumatic disorders for two broad 
reasons: their anti-inflammatory and im-
munomodulatory activity, and their ef-
fects on pain and associated symptoms 
(56, 57).
However, partial efficacy and a reluc-
tance to use drug therapies that seem to 
have nocebo effects on a very high per-
centage of FM patients mean that over 
98% turn to complementary therapies, 
of which TENS has proved to be ef-
fective (39); systemic ozone treatment 
reduced fatigue and pain in 20 patients 
(41); and adjuvant MBSR and ABCT 
also seem to be useful (48, 49), being 
linked to a change in BDNF levels and 
improved quality of sleep. The effec-
tiveness of HBOT is interesting as it 
improves efficiency and muscle recruit-
ment (40), and affects the response to 
Th1 modulators. Using virtual reality to 
administer guided meditation and bio-
feedback as a means of reducing chronic 
pain can be as useful as targeted drugs. 
Finally, the therapeutic use of the vari-
ous types of medical cannabis (alone or 
in combination) and clarification of the 
biochemical mechanisms underlying 
treatments such as HBOT or oxygen-
ozone plus physical activity suggest 
that there is a role for personalised and 
precision medicine in the management 
of FM. 
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