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ABSTRACT
Many researchers are studying fibro-
myalgia to identify objective, measur-
able biomarkers that may identify the 
patients, for the purpose of diagnosis 
or to measure the disease activity. The 
recent literature proposes instrumental 
or molecular biomarkers, but several of 
these are only useful for research pur-
poses. Concentrated efforts to system-
atically evaluate additional objective 
measures in research trials will be vital 
for the ongoing progress in outcome 
research and translation into clinical 
practice. The aim of this review is a 
guided tour of the  specific literature.

Fibromyalgia (FM) is a chronic condi-
tion characterised by widespread pain, 
tenderness and cognitive imbalance. 
Many patients have reported several 
symptoms, such as non restorative 
sleep and mood disorders. This disease 
has an incidence of 2% in the general 
population, but it is found more often 
in middle-aged women (3-4%) The 
etiopathogenesis of fibromyalgia has 
not been clarified yet. FM patients 
have a dysregulation of pain, which 
is mediated by neurotransmitters and 
by neurohormones, and is associated 
with irregularities in the physiology 
of sleep. The absence of anatomic-
pathological lesions and of biohumoral 
abnormalities, demonstrated with clas-
sical instrumental methods, has led to 
considerable difficulties in diagnosis. 
Patients affected by primitive fibromy-
algia do not have organ engagement or 
humoral alteration. Even though FM 
is not associated with evident organic 
damage, it is a highly debilitating dis-
ease. The diagnosis is a clinical one in 
accordance with the American College 
of Rheumatology (ACR) 1990 criteria 
(1). These are clinical parameters that 
lack specificity and do not allow one 
to evaluate the activity or the severity 
of the disease. These diagnostic criteria 

frequently overlap with those of other 
diseases. In fact, different patients with 
chronic fatigue syndrome (CFS) meet 
the criteria for FM, and the FM-like 
framework may be present even in non-
rheumatic diseases. For example, pa-
tients affected by hypothyroidism have 
shown musculo-skeletal pain similar 
to that of FM. The diagnosis based on 
the ACR criteria must therefore be ac-
companied by the exclusion of diseases 
that have symptoms, but not the causes, 
common with FM, by the evaluation of 
markers and humoral scans (myositis, 
rheumatic polmyalgia, spondiloarthri-
tis, etc.). Very often FM can be concur-
rent with other diseases as a confound-
ing and aggravating factor (Sjögren, 
LES, AR, thyroid disease). Many au-
thors report on the efforts to search for 
a biomarker in FM. This is necessary 
both for the diagnosis of the disease 
and to measure disease activity, which 
give an endpoint in clinical trials.

Genetics
Many articles support a genetic predis-
position to FM. Polymorphisms in cat-
echol-O-methyltransferase (COMT), of 
substance P receptors, dopamine trans-
porters and alpha1-antitrypsin and sero-
tonin transporters, are found in patients 
with FM. Notably, these polymorphisms 
all effect the metabolism or transport of 
monoamine, compounds that have a 
critical role in both the sensory process-
ing (also nociception) and the human 
stress response. However, several poly-
morphisms associated with FM are also 
related with psychiatric comorbidities, 
suggesting that the above findings may 
be bound more closely with psychiatric 
conditions than inherent features of FM. 
The genetic alterations found in FM are 
shown in Table I.

Functional neural imaging
Functional imaging was used to study 
the response to pain in fibromyalgia pa-
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tients. Functional magnetic resonance 
imagery (fMRI), which tracks local 
changes in blood flow, has a higher 
spatial and temporal resolution than 
other techniques such as positron emis-
sion tomography (PET) or single-pho-
ton emission tomography (SPECT). 
fMRI studies in fibromyalgia patients 
suggested that similar levels of sub-
jective pain result in similar central 
nervous system (CNS) activation in 
both fibromyalgia patients and con-
trols. However, for a similar stimulus, 
fibromyalgia patients have a greater 
subjective sensation of pain. This in-
creased sensitivity is accompanied by a 
decreased activity in brain regions im-
plicated in the descending pain inhibi-
tory pathways. Table II shows the most 
representative studies of neuroimag-
ing in FM. The limit of these interest-
ing studies is the number of patients. 
However, the results obtained from the 
FM patients underlined the presence of 
several alterations in the brain region. 
These alterations are involved in the 
nociception and cognitive impairment 
of FM patients. 

Autoantibodies
The search for specific autoantibodies 
is desirable for FM. Numerous studies 
were conducted to assess the presence 
of specific markers. Compared with 
healthy subjects or with patients af-
fected by other diseases, FM patients 
present high anti-polymer antibodies 
(APA) and anti-serotonin antibody val-
ues, with contrasting results in litera-
ture. Other antibodies (anti-serotonin, 
antiganglioside and anti-phospholi-
pids) were identified in FM patients 
compared to healthy subjects, but the 
sensitivity and specificity is not clear. 
Patients with fibromyalgia have a high-
er frequency of anti-thyroid antibodies, 
and their values seem to be correlated 
with the presence of certain symptoms. 
Moreover, FM is common in patients 
with autoimmune diseases and may be 
the source of many of the symptoms and 
much of the disability in these patients. 
In conclusion, the most interesting ob-
servations are linked to thyroid autoim-
munity. Table III shows the studies on 
the presence of  autoantibodies in FM 
patients.

Stress-response systems 
and sex hormones
The linkage between FM and stress 
response systems is supported by the 
studies underlining alteration of the hy-
pothalamic-pituitary-adrenal axis and 
autonomic nervous system in FM. Sev-
eral studies investigated the concentra-
tion of cortisol in FM patients, but none 
of these studies provide a link between 
FM and involvement of HPA-axis.

FM syndrome is more prevalent in 
women than in men, suggesting a role 
of sex hormones in the pathophysiol-
ogy of FM. The reason for a female 
predominance in FM is complex and it 
requires further investigation.

Serologic and biochemical 
abnormalities
Some studies showed higher serum 
acid hyaluronic values in FM patients 

Table I. Genetics in fibromyalgia.

Reference Year n. Findings 

Cohen H et al. 2009 2 The authors observed a reduced frequency of COMT val(158) met 
polymorphism. 

Tander B et al. 2008 3 The authors studied the polymorphisms of the serotonin-2A re-
ceptor and the catechol-O methyltransferase genes, and they sug-
gested that results indicate that the investigated polymorphisms 
seem not to be the susceptibility factors in etiology of FMS.

Treister et al.  2009 4 The authors found an association between the dopamine transport-
er gene (DAT-1) polymorphism and cold pain tolerance. The re-
sults underlined the association between the DAT-1 polymorphism 
and a decrease in pain threshold. 

Buskila D et al.  2004 5 The authors found a relationship between the dopamine D4 recep-
tor exon III and fibromyalgia. 

Ablin JN et al.  2009 6 No significant difference in substance P receptor (TACR1) 1354 
G>C polymorphism in wide ethnicity FM patients. 

Yunus et al.  1999 7 Linkage between HLA and FM

Potvin et al. 2010 8 No relationship between the polymorphism of the serotonin trans-
porter promoter and pain perception in fibromyalgia patients and 
healthy controls.

Carvalho LS et al. 2008 9 The authors found several alterations in the promoter region of the 
serotonin transporter (5-HTTLPR).

Gürsoy S et al.  2008 10 The authors studied the polymorphism of MAO-A and MAO-B 
genes. They suggested a possible relation between the high-acti-
vated MAO-A, allele 3, in the occurrence of FS.

Table II. Neuroimaging and FM.
 
Reference Year n. Findings 

Fayed N et al.  2010 11 The authors found a higher level of glutamate + glutamine in the 
posterior gyrus of FM patients. They suggest a possible pathologic 
role of these aminoacids. Moreover, they found alterations in the 
Hippocampal region. 

García-Campayo J 2009 12 The authors found an alteration of the  Hippocampal region, and 
   et al.    they suggest that FM may be characterised as an aging process

Pujol J et al.  2009 13 FM showed significantly larger activation in the anterior insula-
basal ganglia complex and the cingulate cortex after pain stimuli. 

Burgmer M et al.  2009 14 Differences of activation in the fronto-cingulate cortex, the sup-
plemental motor areas, and the thalamus were found between both 
groups with distinct differences in BOLD-signals changes over the 
time course of pain stimulation, even during the anticipation of 
pain.

Chen JJ et al. 2007 15 The authors used a single photon emission computed tomography 
(SPECT) to detect abnormal regional cerebral blood flow (rCBF) 
in FM patients. The authors found a reduced rCBF at the cortical 
regions, and in other areas such as the thalamus and the subcortical 
nucleus.
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compared with healthy controls, but 
this data has not been confirmed (31, 
32). Alterations of branched-chain 
amino acids (valine, leucine, isoleu-
cine) and phenylalanine (33), collagen 
cross links and particularly a reduction 
in the ratio piridinolina/deoxypyridino-
line, and decreased levels of hydrox-
ipirolina (34) were also found. In a 
recent work we found an alteration of 
several aminoacids homeostasis in FM 

patients (35). In different studies low 
serum levels of 5-HT in FM patients 
were also found, compared with both 
healthy controls and with patients with 
rheumatic diseases as rheumatoid ar-
thritis. These studies provided indirect 
evidence about the alterations of 5-HT 
metabolism in FM subjects. Instead, in 
a recent study of FM, patients exhib-
ited a tendency to have lower serotonin 
levels than in patients with rheumatoid 

arthritis and healthy controls, but the 
variation of serotonin levels within the 
disease groups is too broad to differ-
entiate FM from other conditions, es-
pecially depression (36). There is also 
evidence that suggests that FM patients 
may have alterations in the expres-
sion of the 5-HT transporters, due to 
a transcriptional polymorphism in the 
region that could lead to an increase of 
the same transcriptional region (37). 
An alteration of the growth hormone 
(GH) has also been suggested. The GH 
is an indirect modulator of the immune 
system that interacts with the hormo-
nal system and which seems to protect 
the body from the immunosuppres-
sive effects of glucocorticoids during 
a stress (38) and favours muscle repair 
IGF1-mediated. Altered serum cortisol 
and melatonin levels were found. This 
hormone secretion is closely associated 
with circadian rhythms. Alterations of 
5-HT, somatomedin C, peptide-related 
to the calcitonin gene, calcitonin and 
cholecystokinin, and possible indica-
tors of FM widespread pain, were also 
found (39). Studies conducted on FM 
patients showed an increase in plasma 
levels of IL-6, IL-8 compared with 
healthy controls, an increased pro-
duction of IL-1 and TNF-alpha, and a 
reduced production of IL-2 and IFN-
alpha, which together highlights an 
immune activation and a down-regula-
tion of the HPA. In an our study (40), 
we showed an increase in plasma IL-
10, IL-8 and TNF-alpha, in FM, inde-
pendent of the presence of psychiatric 
comorbidity. This work supports the 
hypothesis of an activation of the im-
mune system (41). Abnormal levels 
of ACTH, 5-HT, IGF-1 and FT4 were 
found, so there would seem to be an al-
teration of the endocrine system in this 
disease. The presence of free radicals 
in FM is controversial, but could also 
be indicative of an oxidative disorder.  
Furthermore, studies have shown high 
levels of malondialdeide, which are 
markers of oxidative damage, and low 
levels of superoxide dismutase, an in-
tracellular antioxidant (42) in FM.

Neuropeptides 
Several studies reported the alteration of 
various neuropeptides in FM patients. 

.  Table III. presence of autoantibodies in FM patients.

Reference Year n. Findings 

Wilson RB et al.  2001 16 The authors found a higher prevalence of APA (67%) in FM        
patients in the USA population.

Bazzichi L et al.  2007 17 The authors found a lower percentage of APA seropositivity (23%), 
but they found a correlation between APA levels and FIQ score.

Werle A et al.  2001 18 The authors did not find a correlation between anti serotonin anti-
bodies and prevalence of FM.

Pamuk ON et al.  2007 19 The authors did not find a difference in the percentage of thyroid 
autoimmunity in FM patients respect to RA patients, but a higher 
percentage than in controls. 

Bazzichi L et al.  2007 20 The authors found a higher percentage of thyroid autoimmunity 
in FM patients. Moreover, they suggest an association between 
thyroid autoimmunity and some typical functional symptoms. 

Bazzichi L and 2010 21 The authors suggest a possible role in thyroid autoimmunity and 
    colleagues     the development of FM.

Klein R et al.  1992 22 The authors found higher levels of Antiserotonin, antiganglioside 
and antiphospholipids autoantibodies in FM patients.

Klein R and 1995 23 The authors found higher levels of Antiserotonin, antiganglioside 
   Berg PA    and antiphospholipids autoantibodies in FM patients and patients 

with chronic fatigue syndrome. 

Table IV. HPA-axis and sex hormones in FM.

Reference Year n. Findings 

Gur A et al.  2004 24 The authors found a reduction of plasmatic cortisol level in young 
patients with FM (<35 years).

Gur A et al.  2004 25 The authors observed a reduction of plasmatic cortisol level in 
FM patients with high BDI score (>17).

Malt et al.  2002 26 The authors found a normal value of plasmatic cortisol levels in a 
small cohort of patients. However, FM patients showed a reduc-
tion in reactivity in the central sympathetic system and perturba-
tions in the sympathetic-parasympathetic balance. 

Mc Lean SA et al.  2005 27 The author found normal values of the salivary cortisol level. 
Among women with FM, a strong relationship between cortisol 
levels and current pain symptoms were observed at the waking 
time point and 1 hour after waking. They suggest that the pain 
symptoms early in the day are associated with variations in func-
tion of the hypothalamic-pituitary-adrenal axis. 

Crofford LJ and 1994 28 The authors found a reduction in a 24-hour urinary cortisol level
  colleagues    in a small cohort of patients. 

Samborski W et al. 2005 29 The results shown by the authors underlined that the sex hor-
mone deficit does not appear to be part of the manifestations of 
FM.

Akkuş S et al. 2000  30 No differences of serum levels of oestradiol, FSH and LH in      
patients with FM and controls were found. 
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Unfortunately, some of these studies 
were conducted on cerebrospinal fluid 
and are therefore difficult to repeat. Ta-
ble V shows the most interesting papers 
about FM and neuropeptides.

Proteins
Recently, our group has published a 
study that investigated the alteration of 
salivary proteins in FM patients (48). 
The most relevant observation which 
emerged from the data analysis was the 
exclusive and significant over-expres-
sion of transaldolase and phosphoglyc-
erate mutase I. These findings were 
validated by Western blot analysis, and 
the total optical density confirmed the 
significant up regulation of transaldo-
lase and phosphoglycerate mutase I in 
FM samples with respect to healthy 
subjects. It was noteworthy that seven 
further salivary proteins resulted differ-
entially expressed, namely: calgranulin 
A, calgranulin C, cyclophilin A, profi-
lin 1, Rho GDP-dissociation inhibitor 
2, proteasome subunit-a-type-2 and 
haptoglobin-related protein precursor. 
These preliminary results demonstrated 
the utility of salivary proteomic analy-
sis in the identification of salivary bi-
omarkers in FM patients and in clarify-
ing some of the pathogenetic aspects of 
the disease. 

Muscle abnormalities
Despite the major symptoms of FM in-
volved the muscle, there are few papers 
about muscle abnormalities and FM. 
However, the abnormalities found in 
FM patients indicated an alteration of 
metabolism and some structural abnor-
malities. Table VI shown some articles 
on muscle abnormalities and FM.

Conclusion
In spite of the alterations that we have 
found in these studies, the diagnosis of 
fibromyalgia is only clinical. The old 
and the new preliminary diagnostic 
and classifying criteria may not dis-
criminate between other syndromes 
with similar symptoms to those of fi-
bromyalgia, and they do not evaluate 
the functional symptoms associated 
with the disease. 
At present, there are no specific mark-
ers of FM, and many of them are used 

only for studies. However, the presence 
of these factors helps to understand the 
pathogenetic mechanisms and to iden-
tify patient subgroups. Some of these 
factors could be used as indices of dis-
ease severity. The current literature is 
very lively in identifying and suggest-
ing serological alterations or instru-
mental investigations as new markers 
specific to fibromyalgia. However, it is 
necessary to identify precise biomark-
ers of the disease according to feasibil-
ity and reproducibility criteria, for di-
agnostic and therapeutic purposes. 
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