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Intestinal dysbiosis and hormonal neuroendocrine secretion  
in the fibromyalgic patient

Giovanni Tomaselloa, Margherita Mazzolaa,b, Vincenzo Boscoc, Giulia Tomasellod, Provvidenza Damianib,e,  
Emanuele Sinagrab,f, Francesco Carinia,b,e

Fibromyalgia is a rheumatic syndrome and its pathogenesis is controversial. The recent literature has placed consider-
able attention on the link between alteration of the intestinal microbiota and fibromyalgia, emphasizing the close con-
nection between the neuroenteric system and the CNS. This study aims to evaluate the probable relationship between 
intestinal dysbiosis and altered secretion of hormones and vitamins such as cortisol, serotonin, Vitamin D and thyroid 
hormones in a patient with fibromyalgia.
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INTRODUCTION

The relationship between altered microbiota and the 
subject of intestinal and extra intestinal diseases is a topic 
of current interest. New research techniques, numerous 
studies and an increasingly widespread scientific interest, 
have permitted us to understand better how the etiopatho-
genesis of some diseases may have as an initial stage a 
change at the level of the intestinal microbiota. The gut, 
which has been studied for years exclusively as a periph-
eral organ, has been the subject of several studies in recent 
decades allowing us to study the intestinal nerve network 
which given its size and mode of operation is now referred 
to as the “second brain”, capable of interacting with the 
central nervous system (CNS) via the vagus nerve. The 
close mutual connection between the intestines and the 
CNS allows for one organ to modify the other and for 
this reason, a balance needs to be maintained at the level 
of this axis. 

Fibromyalgia (FM) is a rheumatic syndrome char-
acterized by diffuse musculoskeletal pain associated 
with sleep disorders, non-restorative sleep, fatigue, hy-
posthenia, headache, anxiety and depressive problems. 
Its pathogenesis is controversial as the etiopathogenetic 
mechanisms are numerous (sympathetic hyperactivity, 
alteration of neurotransmitters in CNS, neurogenic and 
mitochondrial changes genetic predisposition).

The alteration of intestinal bacteria and possible in-
testinal hyperperpermeability could have a surprising 
primary role in FM etiology. Starting from the obvious 

connection between the appearance of the FM and altered 
microbiota, this paper examines how the microbiota is 
able to alter hormone secretion, through the circle of li-
popolysaccharide (LPS), the influence of the microbiota 
on the hypothalamic–pituitary–adrenal (HPA) and hypo-
thalamus – hypophysis axes. Confirmation of the type of 
interactions described here, may revolutionize the way we 
look at and treat fibromyalgia and other chronic diseases.

Gut microbiota
In our body, a large number of viruses, bacteria and 

unicellular organisms coexist. The totality of microor-
ganisms that coexist peacefully with the human host, is 
called the “microbiota“. Its alteration, indicated by the 
term of dysbiosis, predisposes the individual to diseases, 
such as inflammatory bowel disease (IBD) and, accord-
ing to recent studies, fibromyalgia. The human micro-
biota consists of at least 1014 bacterial cells with about 
500-1000 different species divided into colonies1,2. In the 
intestinal tract, in particular, there are four main bacte-
rial families (Firmicutes, Bacteroidetes, Proteobacteria and 
Actinobacteria) although there is a unique combination 
of species in each individual3,4. The microbiota in the 
GIT has a fundamental role in determining pathological 
states and in the maintenance of the health status of the 
individual. In fact, a normal microbiota participates in 
host nutrient metabolism (carbohydrates, vitamins, pep-
tides, proteins), in the synthesis of short-chain fatty acid 
(SCFAs), in xenobiotic and drug metabolism, in mainte-
nance of structural integrity of the gut mucosal barrier, 
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in the regulation of the systemic immune response by 
influencing the functionality of the associated intestinal 
lymphoid tissue (GALT) and preventing the proliferation 
of pathogenic bacteria5. The microbiota, if in equilibrium, 
and therefore in eubiosis, contributes to a healthy func-
tioning of the intestine and the whole organism. In the 
case of dysbiosis, however, there is an alteration of the 
intestinal flora quantitatively and qualitatively, and this 
can lead to the development of various diseases owing 
to the uncontrolled multiplication of harmless bacteria, 
which then become dangerous, and the migration of these 
to other bodily areas6.

Influence of the gut microbiota on central nervous system
In the recent literature, it has been demonstrated 

that the microbiota extends its influence not only at 
the level of the gastrointestinal tract but also at the level 
of the CNS with an important role in its functioning. 
The microbiota synthesizes neuroendocrine hormones 
capable of entering into communication both with the 
metasympathetic nervous system and the CNS. In fact, it 
has been found that bacteria not only have receptors for 
some neurotransmitters, but also are able themselves to 
produce substances such as noradrenaline, acetylcholine 
and serotonin. In this way, a bidirectional axis (gut-brain 
axis) is established between the intestine and the brain in 
which there is a synergistic communication between the 
"two brains" (ref.7). The bacteria, through the release of 
neurotransmitters, are therefore able to send signals at 
the CNS level and modulate the activity of the HPA axis 
thanks to the primary role of the vagus nerve. Therefore, 
the communication of the microbiota with the brain takes 
place through the vagus nerve, which allows the passage 
of information from the intestinal luminal environment 
to the CNS. Vagotomized mice lack these neurochemical 
and behavioral effects, identifying the vagus nerve as the 
main modulatory constitutive communication path be-
tween the microbiota and the brain8. The mechanisms that 
are established at the intestinal level to keep the gut-brain 
axis in equilibrium are the production and expression of 
neurotransmitters (serotonin, GABA) and neutrophic fac-
tors (BDNF); the protection of the intestinal barrier and 
the integrity of tight junctions; the production of bacterial 
metabolites; mucosal immune regulation and regulation 
of enteric sensory afferents7. An alteration at the bacterial 
level induces an imbalance in the stability of the brain-gut 
axis, which affects the nervous transmission of the whole 
organism by modeling the HPA axis. It is evident that the 
intestinal microbiota is necessary for the normal develop-
ment of the HPA and that there is a phase, in early life, 
where colonization must occur to ensure normal develop-
ment of the HPA axis9-11.

The role of microbiota in a hypermeable intestine
At intestinal level, the integrity of the intestinal epi-

thelium that serves to maintain a condition of health is of 
primary importance. An alteration or a malfunction of the 
epithelium leads to intestinal hypertrophy, which is dif-
ficult to treat. The presence of eubiosis reduces the prob-

ability of intestinal bacterial invasion in case of damage to 
the epithelial barrier through the release of inflammatory 
mediators12 and immune mediators such as IL-17A, an 
interleukin involved in the differentiation of CD4 + cells13. 
Bacterial alteration, with concomitant increase in LPS, 
negatively affect the function of the intestinal epithelial 
barrier14.

Intestinal dysbiosis in patients with fibromyalgia
In the fibromyalgic patient, several studies have shown 

a condition of dysbiosis, that rather than being consid-
ered an aspect of FM can be considered a cause of the 
illness. In 2004, for the first time, researchers noticed 
that 100% (42/42) of the fibromyalgic patients included 
in their study, had small intestinal bacterial overgrowth 
(SIBO) noting that the degree of somatic pain in FMis 
significantly correlated with the hydrogen level of the 
breath test15. The increase in bacterial strains and their 
proliferation has been studied in other studies that have 
confirmed the relationship between alterations of the in-
testinal bacterial flora and the presence of the disease16,17. 
One might think, however, that dysbiosis is a consequence 
of FM and not one of the causes of the same, but, actually, 
it does not seem to be an effect. In fact, it has been noted 
that fibromyalgic patients with SIBO, after the eradica-
tion of small intestinal bacterial growth, have marked 
clinical improvements18. In addition to alteration of the 
intestinal microbiota, an altered intestinal permeability 
was also highlighted in patients with primary FM (ref.19). 
These patients had significantly higher plasma LPS levels 
than healthy individuals20. High LPS is associated with 
increase in IgA that is significantly related to disease 
severity and symptoms like muscle tension, fatigue, dif-
ficulties with concentration and memory. It shows that in-
testinal permeability causes a more pronounced immune 
response to LPS due to the different concentration of 
toxins in the bloodstream21,22. Bacterial species altered in 
the fibromyalgic patient have been identified. There is an 
abundance of species Faecalibacterium, Roseburia, Dorea, 
Coprococcus, Clostridium, Ruminococcus and Coprobacillus. 
The increase in these bacterial strains is also associated 
with an higher concentration of Bacteroides that has been 
identified as a specific marker for the diagnosis of myalgic 
encephalomyelitis/chronic fatigue syndrome (ME/CFS) 
without irritable bowel syndrome (IBS) (ref.23). In addi-
tion to the increase of some species there is a decrease in 
Firmicutes (such as Roseburia and Dialister), as has been 
noted in some studies24.

Connection between dysbiosis and circulating hormones
Several studies underline the relationship between 

particular types of bacteria in the intestine and the secre-
tion of the hormones of the hypothalamus - hypophysis 
axis. Evaluating the composition of the microbiota and 
measuring the blood concentrations of the circulating 
hormones, it has been noted that blood levels of cortisol 
and serotonin are negatively correlated with the presence 
of Ruminococcus25. A negative correlation was also noted 
between the abundance of Coprococcus and the concen-
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tration of vitamin D, whose presence in the circulation is 
also inversely proportional to the increase in LPS (ref.26). 
Thus, dysbiosis appears to affect the whole hormone sys-
tem.

An altered intestinal flora decarboxes too much tryp-
tophan in indole and skatole resulting in a decrease of 
tryptophan and therefore a minor its brain captation that 
reduces the synthesis of melatonin and serotonin. Finally, 
the correlation between dysbiosis and thyroid is suggested 
as a high concentration of LPS appears to be connected 
to decrease in thyroid hormones27 since the liposaccharide 
inhibits the enzyme that deals with the conversion from 
the inactive form of the hormone thyroxine (T4) to the 
active form called triiodothyronine (T3).

Altered hormones and dysbiosis in fibromyalgic patients
In the patient with fibromyalgia, altered hormonal se-

cretion has been observed that could have a connection 
with the condition of dysbiosis. The alteration of the cir-
cadian cycle with the consequent sleep disorder, asthenia, 
muscle fatigue or weakness (the main symptoms of FM) 
represents conditions that are triggered after an altered 
hormone concentration. Several studies have noted that in 
the patient with FM there is a decrease in the concentra-
tion of cortisol, serotonin, vitamin D, thyroid hormones 
and melatonin and this could be a consequence of intes-
tinal dysbiosis, as we will analyze below.
•	 Cortisol.	Cortisol	produced	by	the	adrenal	cortex,	

in addition to having numerous effects on glucose, 
lipid and protein metabolism plays a major role in 
resistance to stress and inflammation. The evidence 
of an inflammatory component in the patient with 
FM, debated for years, has been confirmed in several 
studies that have reported a high level of cytokines 
in the fibromyalgic patient showing inflammation in 
the central and peripheral nervous system28-30. In the 
patient with FM, the low level of cortisol31,32 is there-
fore connected to a mild anti-inflammatory effect that 
causes a diffuse inflammatory condition. Based on 
what was discussed above, therefore, a lower level of 
cortisol in the circulation could be connected with a 
condition of dysbiosis in which there is an increase in 
the genus of Ruminococcus: both situations have been 
described in the patient with FM.

•	 Vitamin	D.	In	the	patient	with	FM,	a	lower	concen-
tration of vitamin D3 was noted33-35 and it appears to 
lead to an increase in chronic pain, one of the most 
serious symptoms of the disease. Vitamin D is able to 
reduce pain by releasing cytokines36 or reducing the 
sensitivity of nerve fibers in the muscles37,38. Vitamin 
D also appears to be involved in sleep modulation that 
is altered in the patient with FM (ref.39). Also in the 
case of vitamin D3, the connection between altered 
hormone secretion and dysbiosis in FM is therefore 
evident: the decrease in the concentration of vitamin 
D3 would be corrected with the increase in LPS, as 
highlighted above.

•	 Serotonin.	In	recent	years	there	has	been	a	marked	in-
terest on the possible involvement of serotonin in FM. 

Serotonin (5-TH), synthesized from the amino acid 
tryptophan, plays a major role in sleep induction be-
cause administration of serotoninergic synthesis inhib-
itors causes persistent insomnia for days. Low levels of 
tryptophan and serotonin have been noted in patients 
with FM (ref.40,41) highlighting the correlation between 
low serotonin concentration and increased pain per-
ception41. The poor cerebral uptake of tryptophan 
and the consequent decrease in serotonin synthesis 
in FM could be due to excessive decarboxylation at the 
intestinal level, which involves an increase in indole 
and skatole and a decrease in the ratio trp/LNAAs 
(Trp: Tryptophane; LNAAs: LNAAs: Valine, Leucine, 
Isoleucine, Tyrosine, Phenylalanine) (ref.40,41).

•	 Thyroid	hormones.	An	alteration	of	the	concentration	
of thyroid hormones (T3, T4 and TSH) could be re-
lated to FM symptomatology. Dr. Lowe highlights the 
connection between thyroid disease and fibromyalgia. 
This is because thyroid dysfunction causes: fatigue (in-
adequate regulation of the thyroid hormone alters the 
amount of dopamine and its receptors) and excessive 
muscle tension because to completely relax the mus-
cles, the filaments must lengthen and separate and this 
requires ATP which is reduced if there is a low level 
of thyroid hormones. Several studies have shown that 
in the fibromyalgic patient there is hypothyroidism of 
type II because there is a hormonal resistance42. Most 
cases of fibromyalgia fall into the latter category and 
therefore the connection between thyroid dysfunction 
and FM is evident, especially when there is an autoim-
mune problem: autoimmune thyroiditis is therefore 
present in a high percentage of FM patients and has 
been associated with the presence of typical symptoms 
of the disease43. Although there is an evident connec-
tion between thyroid and FM the level of hormone can 
be normal or altered as II type iodases, responsible 
for the conversion of T4 in T3, appear to be down 
regulated in the patient with FM (ref. 43). The altered 
FT3/FT4 ratio could, according to what has been dis-
cussed in the previous paragraphs, be connected with 
the disbiotic alteration in the fibromyalgic patient and 
specifically with the increase of LPS in the circulation. 

•	 Melatonin.	Melatonin,	produced	by	the	pineal	gland,	
is a hormone involved in the regulation of the sleep-
wake cycle whose concentrations in the blood reaches 
a peak between 2 and 4 o'clock in the morning and 
then gradually decreases. The significance melatonin 
in FM is unclear. Some studies have noted a normal 
concentration44, others a lower concentration45 and 
another has reported a greater level of hormone in 
circulation46. However, in the fibromyalgic patient it 
has been noted that melatonin is produced less at bed-
time and this affects sleep and the circadian rhythm47. 
Administering melatonin in patients with FM, there 
was a beneficial effect on the general symptomato-
logy48 with less of pain also because disturbed noc-
turnal sleep in patients with FM causes pain, muscle 
stiffness and fatigue especially in the morning49. The 
decreased release of melatonin at bedtime may have 
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as an etiology intestinal dysbiosis that - as already dis-
cussed in the previous paragraphs - causes less release 
of tryptophan and therefore decreased synthesis of the 
hormone.

CONCLUSION

This article, on the correlation between dysbiosis and 
altered hormone secretion in FM, draws attention to the 
role of the microbiota in the etiopathogenesis of FM from 
a new point of view. Regular physical activity, a healthy 
lifestyle, a diet rich in fiber with a moderate intake of fats 
and proteins and probiotics could rebalance the intestinal 
flora and reduce the symptoms of FM. Evaluating the 
altered bacterial flora in the patient with Fibromyalgia 
may be the key to reducing the severity of symptoms and 
improving the quality of life for patients with this debili-
tating disease. It is clear that further studies should be 
conducted to better assess the influence of the microbiota 
on hormonal alteration in the general FM population. 

Search strategy and selection criteria
Our article focuses on the importance of microbiota 

as an etiological factor for extraintestinal diseases. The 
literature of the last 20 years was taken into consideration 
with particular reference to the years between 2011 and 
2017. All the documents were searched through PubMed 
through keywords such as microbiota, cortisol, fibromy-
algia, dysbiosis, vitamin D, thyroid hormones and sero-
tonin.

Author contribution: All authors contributed equally to 
preparing the manuscript. 
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