
Introduction
Fibromyalgia (FM) is a chronic and debilitating disorder 
characterized by widespread musculoskeletal pain, persistent 

fatigue, cognitive disturbances (commonly referred to as “fibro 
fog”), and sleep disorders. These symptoms significantly impact 
the quality of life, and their underlying pathophysiology remains 
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Introduction: Fibromyalgia (FM) is a chronic pain syndrome marked by widespread musculoskeletal pain, fatigue, sleep disturbances, and 
cognitive dysfunction. Despite extensive research, its pathophysiology remains unclear. Emerging evidence implicates the gut microbiome 
(GMB) in FM through mechanisms involving pain modulation, immune dysregulation, and neuroinflammation. This review explores the role of 
gut dysbiosis in FM pathogenesis, focusing on microbial alterations, immune interactions, intestinal permeability, and neurochemical pathways.
Materials and Methods: A systematic search of PubMed, Scopus, and Web of Science was conducted to identify studies published in the last 
two decades examining the relationship between GMB and FM. Inclusion criteria encompassed original research, systematic reviews, and meta-
analyses addressing microbial dysbiosis, immune modulation, and neurochemical alterations in FM. Studies focused solely on treatment 
interventions were excluded. A narrative synthesis approach was used to integrate findings and highlight mechanistic insights.
Results: FM patients exhibit significant gut microbial dysbiosis, including reduced butyrate-producing bacteria and increased pro-
inflammatory species. These alterations are associated with compromised intestinal barrier integrity, systemic immune activation, and elevated 
pro-inflammatory cytokines. Neurochemical disruptions include serotonin deficiency, gamma-aminobutyric acid/glutamate imbalance, and 
reduced short-chain fatty acids, contributing to central sensitization and neuroinflammation. Dysregulation of the gut–brain axis and microbial 
metabolite pathways further exacerbate FM symptoms.
Conclusion: GMB dysbiosis plays a pivotal role in FM pathogenesis through immune activation, intestinal permeability changes, and 
neurochemical modulation. Understanding these mechanisms may inform future research into microbiome-based biomarkers and therapeutic 
strategies. While treatment implications are beyond the scope of this review, the findings underscore the potential of targeting microbial 
pathways in FM management.
Keywords: Fibromyalgia, gut microbiome, dysbiosis, microbial metabolites.
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Learning Point of the Article:
Emerging evidence highlights a strong association between gut microbiome dysbiosis and fibromyalgia, suggesting microbial alterations 

may contribute to pain modulation, immune dysregulation, and central sensitization.
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poorly understood. Despite extensive research, no single 
etiolog y has been identif ied, suggesting a complex , 
multifactorial origin involving genetic predisposition, 
environmental triggers, central and peripheral nervous system 
alterations, and immune dysfunction [1].
Recent studies have highlighted the potential involvement of 
the gut microbiome (GMB) in FM pathogenesis through 
various biological pathways. GMB, a diverse community of 
microorganisms residing in the gastrointestinal tract, plays a 
crucial role in maintaining metabolic homeostasis, immune 
regulation, and neural communication. Emerging evidence 
suggests that microbial dysbiosis – characterized by alterations 
in microbial composition and diversity – may contribute to 
systemic inflammation, heightened pain sensitivity, and 
neuroimmune interactions observed in FM [2,3,4].
Furthermore, disturbances in gut–brain communication 
through the vagus nerve and microbial metabolites such as 
short-chain fatty acids (SCFAs) and tryptophan derivatives 
may influence central sensitization, a hallmark feature of FM. 
Immune activation driven by microbial translocation and 
increased intestinal permeability, commonly referred to as 
“leaky gut,” has also been implicated in FM pathophysiology 
[5,6,7].
This review synthesizes current literature on the GMB’s role in 
FM, with an emphasis on its pathomechanical aspects. By 
elucidating the connections between gut dysbiosis, immune 
modulation, and neurochemical alterations, this review aims to 
provide a comprehensive understanding of how microbial 
factors contribute to FM, ultimately paving the way for future 
research into novel diagnostic and preventive strategies 
[8,9,10].

Materials and Methods
A systematic search of electronic databases, including 
PubMed, Scopus, and Web of Science, was conducted to 
identify relevant articles published in the last two decades. 
The search strategy was designed to encompass a 
comprehensive range of studies exploring the relationship 
between the GMB and FM. Keywords and medical subject 
headings terms related to “fibromyalgia,” “gut microbiome,” 
“microbial dysbiosis,” “immune modulation,” “intestinal 
permeability,” “short-chain fatty acids,” “neurotransmitter 
alterations,” and “gut–brain axis” were utilized to ensure a 
broad and inclusive retrieval of literature.
The inclusion criteria encompassed original research 
articles, systematic reviews, and meta-analyses that focused 
on the GMB, microbial metabolites, immune modulation, 
and neurochemical alterations in FM patients. Studies 

utilizing animal models or human cohorts that provided 
insights into gut dysbiosis, immune-inflammatory markers, 
microbial metabolic byproducts, and neurochemical 
interactions relevant to FM were included [11].
Exclusion criteria included studies primarily discussing 
treatment interventions such as probiotics, antibiotics, or 
dietary modifications without a significant focus on underlying 
microbial and immunological mechanisms. Additionally, case 
reports, conference abstracts, and articles not published in peer-
reviewed journals were excluded to maintain the rigor and 
reliability of the findings [12].
The selected studies were assessed for methodological quality, 
including sample size, study design, statistical robustness, and 
reproducibility of findings. A narrative synthesis approach was 
employed to integrate the existing knowledge, identify gaps in 
the literature, and highlight key mechanistic insights into the 
role of gut dysbiosis in FM pathogenesis.

Results and Discussion 
GMB Alterations in FM

Microbial dysbiosis
Recent studies indicate significant differences in gut microbial 
composition between FM patients and healthy controls, 
suggesting that dysbiosis may play a critical role in disease 
pathogenesis (Fig. 1). Notable findings include: 
• Decreased levels of butyrate-producing bacteria (e.g., 
Faecalibacterium prausnitzii, Roseburia spp.), which are 
essential for maintaining intestinal barrier integrity, reducing 
oxidative stress, and modulating systemic inflammation. The 
reduction in these beneficial bacteria may contribute to 
increased intestinal permeability, allowing bacterial endotoxins 
to enter circulation and trigger immune responses [11,12,13].

421

Journal of Orthopaedic Case Reports Volume 16 Issue 4  April 2026 Page 420-425 |  | |  | 

Kishore MM , et al

Figure 1: Implications of gut microbiome in fibromyalgia.
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• Increased abundance of pro-inflammatory bacteria such as 
Bacteroides and Escherichia species, which are known to 
produce endotoxins like lipopolysaccharides (LPS). These 
endotoxins can activate toll-like receptors (TLR4) on immune 
cells, leading to systemic inflammation, neuroimmune 
activation, and heightened pain perception – a hallmark of FM 
pathophysiology [14,15,16,17,18].
• Altered microbial diversity and metabolic function, with shifts 
in the Firmicutes-to-Bacteroidetes ratio, which has been 
associated with metabolic dysfunction and immune 
dysregulation in other chronic pain conditions. These changes 
may disrupt the production of key microbial metabolites such as 
SCFAs, neurotransmitters, and bioactive compounds involved 
in pain modulation [19,20,21].
• Potential involvement of gut-derived neurotoxins, which may 
influence central sensitization in FM through the gut–brain 
axis. Dysbiosis-related disruptions in tryptophan metabolism 
and serotonin synthesis could contribute to mood disturbances 
and pain hypersensitivity observed in FM patients [22,23,24].

Intestinal barrier dysfunction and immune activation
GMB plays a crucial role in maintaining intestinal barrier 
integrity by regulating mucosal immunity and epithelial tight 
junctions. Dysbiosis, characterized by an imbalance in 
microbial composition, can compromise this barrier function, 
leading to increased intestinal permeability, commonly referred 
to as “leaky gut.” This disruption allows the translocation of 
bacterial endotoxins, such as LPS, into the systemic circulation, 
initiating immune activation and inflammatory cascades [25]. 
Key mechanisms involved in this process include: 
• Systemic immune activation through LPS, which interacts 
with TLR4 on immune cells, triggers the release of pro-
inflammatory mediators and perpetuates chronic low-grade 
inflammation. This sustained immune response may contribute 
to heightened pain sensitivity and fatigue commonly observed 
in FM patients.
• Elevated levels of pro-inflammatory cytokines, including 
tumor necrosis factor-alpha, interleukin-6 (IL-6), and IL-1 
beta. These cytokines have been found to correlate with pain 
hypersensitivity, neuroinflammation, and central sensitization 
– key hallmarks of FM pathophysiology [26].
• Disruption of tight junction proteins, such as zonula 
occludens-1 and occludin, which regulate epithelial barrier 
integrity. A compromised gut barrier leads to the influx of 
microbial antigens, further exacerbating immune dysregulation 
and systemic inflammation [27].
• Microglial activation in the central nervous system, which may 
be driven by peripheral inflammatory signals originating from 

gut-derived endotoxins. This neuroimmune crosstalk could 
enhance pain processing and contribute to cognitive 
dysfunction in FM [28].

Gut–brain axis and neurochemical alterations

Neurotransmitter dysregulation
GMB influences neurotransmitter synthesis and metabolism, 
playing a vital role in modulating pain perception, mood, and 
cognitive function. In FM, gut dysbiosis has been linked to 
disruptions in key neurochemical pathways, contributing to 
central sensitization and widespread pain [29]. Key 
mechanisms include: 
• Serotonin deficiency: Approximately 90% of serotonin (5-
HT) is synthesized in the gut, where microbial metabolites 
influence its production. Reduced levels of gut-derived 
serotonin may contribute to mood disorders,  sleep 
disturbances, and heightened pain sensitivity in FM patients. 
Alterations in tryptophan metabolism, a serotonin precursor, 
may further exacerbate neurotransmitter imbalances 
[22,30,31,32,33].
• Gamma-aminobutyric acid (GABA) and glutamate 
imbalance: The gut microbiota regulates the balance between 
inhibitory and excitatory neurotransmitters, such as GABA and 
glutamate. Dysbiosis-related alterations in GABAergic and 
glutamatergic signaling may contribute to hyperalgesia, anxiety, 
and impaired pain modulation commonly observed in FM 
[17,24].
• SCFAs: SCFAs, such as butyrate, propionate, and acetate, are 
microbial metabolites with neuroactive properties. Butyrate, in 
particular, has been shown to modulate neuroinflammation, 
glial cell activation, and blood–brain barrier integrity. Reduced 
levels of SCFAs may contribute to neuroinflammation and 
altered central pain processing in FM [14].
• Dysregulation of the gut–brain axis: The vagus nerve serves as 
a critical communication pathway between the gut and the 
brain. Altered microbial composition and metabolite 
production may disrupt vagal signaling, further contributing to 
autonomic dysfunction, mood disturbances, and pain 
hypersensitivity in FM patients [29,34].
These findings suggest that GMB alterations play a pivotal role 
in neurotransmitter dysregulation and central sensitization in 
FM. Understanding these mechanisms may provide insights 
into novel diagnostic and therapeutic targets for FM 
management [19].
 
Microbial metabolites and neuroinflammation
Microbial metabolites, including SCFAs, tr yptophan 
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derivatives, and bile acids, play essential roles in neuroimmune 
modulation and homeostasis. Dysregulation of these 
metabolites in FM patients has been implicated in systemic 
inflammation and neurological dysfunction [15,35]. The 
following flowchart illustrates the pathological process linking 
GMB dysbiosis to FM. It depicts key steps including gut 
p e r m e a b i l i t y  c h a n g e s ,  s y s t e m i c  i n f l a m m a t i o n , 
neuroinflammation, neurotransmitter imbalance, and central 
sensitization, forming a self-perpetuating cycle. Key 
mechanisms include:
• Increased microglial activation and neuroinflammation: 
SCFAs, particularly butyrate, possess anti-inflammatory 
properties and help maintain blood–brain barrier integrity. A 
reduction in SCFAs may lead to excessive microglial activation, 
promoting neuroinflammation and heightened pain sensitivity 
in FM patients [36].
• Dysregulated hypothalamic-pituitary-adrenal (HPA) axis 
function: The gut microbiota influences stress response 
pathways by modulating cortisol production through the HPA 
axis. Dysbiosis-associated disruptions in microbial metabolites 
can lead to an exaggerated HPA axis response, contributing to 
increased stress susceptibility and symptom exacerbation in 
FM [3].
• Altered tryptophan metabolism: Gut bacteria play a crucial 
role in metabolizing tryptophan into bioactive compounds, 
including serotonin and kynurenine. Dysregulation of this 
pathway in FM may contribute to neuroinflammation, mood 
disturbances, and central sensitization [37].
• Bile acid imbalance and neuroimmune crosstalk: Bile acids act 
as  s ignal ing  molec ules  inf luenc ing g ut- l iver-brain 
communication. Altered bile acid metabolism in FM patients 
may disrupt immune homeostasis, further perpetuating 
chronic pain and fatigue [28,38].

These findings underscore the significance of microbial 
metabolites in FM pathophysiology, highlighting potential 
mechanistic links between gut dysbiosis, neuroinflammation, 
and systemic dysregulation.

Conclusion
GMB plays a pivotal role in FM pathogenesis through microbial 
dysbiosis, immune activation, and neurochemical modulation. 
The interplay between microbial alterations, systemic 
inflammation, and neurotransmitter imbalances suggests a 
complex disease mechanism that warrants further exploration. 
While this review does not address treatment implications, 
understanding these pathophysiological processes lays a critical 
foundation for future research into diagnostic and preventive 
strategies. Identifying microbiome-based biomarkers may aid 
in early detection and risk assessment, while further studies are 
needed to establish causal relationships between gut dysbiosis 
and FM symptoms. Expanding our knowledge of gut microbial 
contributions to FM could potentially pave the way for novel 
therapeutic approaches, improving disease management and 
patient outcomes.
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Clinical Message

FM patients exhibit reduced beneficial gut bacteria and increased 
pro-inflammatory species, which may drive systemic inflammation 
and pain hypersensitivity.
Alterations in microbial metabolites influence neurotransmitter 
balance, contributing to neuroinflammation, mood disturbances, 
and heightened pain sensitivity.
Increased intestinal permeability allows bacterial endotoxins to 
trigger immune-mediated inflammation, perpetuating chronic pain 
and fatigue in FM
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