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Abstract

Irritable Bowel Syndrome (IBS) is a common gastrointestinal disorder characterized by chronic
abdominal discomfort, pain, and altered bowel habits, as well as extraintestinal manifestations such
as fatigue, musculoskeletal pain, gastroesophageal reflux, depression, and anxiety. Despite
prevalences of approximately 10% in the general population, its fundamental etiopathogenesis
remains unclear. Current theories mainly point toward a multifactorial aetiology crediting
psychological stress with a prominent role. The paradigms currently embraced for IBS are mainly
based on, and emphasize, the gut-brain axis, visceral hypersensitivity, central sensitization,
neuroendocrinology, dysbiosis, motility abnormalities, and post-infectious persistent low-grade
mucosal inflammation. Yet, they don’t fully explain its diverse clinical presentations nor IBS’s
symptomatic overlap with conditions such as fibrositis/fibromyalgia syndrome. Available treatments
are mostly symptomatic and provide limited relief, indicating a still major gap in our mechanistic
understanding. This paper proposes a hypothesis for IBS etiopathogenesis as an organic disease of
the extracellular matrix driven by myofibroblast overactivity in the gut wall and abdominal soft
tissue, along with downstream consequences stemming from tissue stiffness. This process is
theorized to mechanically compress visceral structures and nerves, impair synchronized organ
motility, and induce substrate stiffness-mediated visceral hypersensitivity. In this theoretical
framework the extraintestinal manifestations reflect mechanistic overlap with fibromyalgia, which
helps unify functional-psychosomatic syndromes as a medical entity with a shared organic
mechanism. This mechanism, along with known mechanisms of gut dysbiosis and the gut-brain axis,
helps explain “medically unexplained symptoms” of fibromyalgia-type syndromes and offers
testable predictions for future research and suggests new avenues for IBS diagnosis and treatment.

Keywords: irritable bowel syndrome; fibromyalgia; myofibroblast; extracellular matrix

1. Introduction

Irritable Bowel Syndrome (IBS) is a common gastrointestinal disorder affecting approximately
10 percent of otherwise healthy individuals [1], and comprises 50% of referrals to gastroenterologists
[2], characterized by recurrent abdominal discomfort and pain, bloating, and altered bowel habits
(constipation, diarrhea, or mixed). Despite its high prevalence and deleterious impact on patient
quality of life, the basics of the pathophysiology of IBS remains poorly understood [3]. Once thought
of as a purely functional (or “non-organic”) disorder of gut motility, IBS is now viewed as a disorder
of gut-brain interaction [1]. Current explanatory models often point toward a complex interplay of
factors, including abnormalities of metabolism and the gut-brain axis, visceral hypersensitivity, gut
dysbiosis, altered gut motility, and low-grade inflammation [1,3]. Other mechanisms discussed in the
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literature are increased intestinal permeability, dietary and fermentation, psychological and stress-
related responses, neurotransmitter and serotonin imbalance, and bile acid malabsorption [1,3]. Still,
these do not seem to fully account for the heterogeneous clinical presentation of IBS, including
various extraintestinal manifestations, nor have they consistently guided effective mechanism-based
treatments or cure thus far, leaving a major diagnostic and therapeutic gap [3]. If all mechanism-
based treatments still disappoint, perhaps medicine is missing something basic about the mechanism
of IBS.

Common extraintestinal manifestations of IBS are somatic pain, fatigue, depression, and
sleeping disturbances, which overlap considerably with the syndrome of fibromyalgia [4]. In fact, 26—
65 percent of IBS patients are reported to have fibromyalgia [4], and in one study of 100 fibromyalgia
participants, more than 30% percent fulfilled the Rome criteria for IBS (P<0.001) [5]. In a 2023 study
among American population, only 3% (n=8) of IBS patients reported IBS alone without a comorbid
functional somatic syndrome [6]. These marked associations and symptomatic overlap have led
several researchers to speculate of a shared underlying pathophysiology [7-9], emphasizing that IBS
and fibromyalgia are syndromes whose definition in nosology isn’t biologically-based nor does its
diagnosis at all rely on a specific measurable mechanism [10,11]. Besides, the boundary of a medical
entity goes as far as the boundary of the biological process which underlies it.

While several paradigms exist, such as those related to immune system dysregulation, the
microbiota-gut-brain axis, epithelial dysfunction, and nociplastic pain and central sensitization,
many are under-researched and disconnected from one another. No single theory accounts for the
condition comprehensively, explains the various anomalies, or offers effective, disease-modifying
treatments or cure. For example, a 2017 study that investigated extracellular matrix (ECM) turnover
in IBS found that IBS patients have elevated levels of serum type V pro-collagen when compared to
healthy control subjects (p<0.001) [12]. According to TS Kuhn [13], a state of crisis in a scientific field
is characterized by multiple competing paradigms where no paradigm may seem adequate — each
has flaws or explanatory gaps such that many anomalies persist — scientists argue over
fundamentals, and the field is disorganized.

The obscurity that’s seen in the puzzle of IBS is further amplified by its significant overlap with
other enigmatic conditions [14-17]. It's often grouped within “Chronic Overlapping Pain Conditions”
(COPC) / “Functional Somatic Syndromes” (FSS) [14,15,18] such as myofascial pain syndrome and
chronic fatigue syndrome which share a baffling array of symptoms and a lack of disease-specific
objective findings, leading some researchers to speculate of a shared pathophysiology [7,9,19]. Each
of these pain conditions has traditionally belonged to the domain of a different specialty field (e.g.,
tension-type headache and migraine- neurology. Irritable bowel syndrome- gastroenterology.
Myofascial pain- physiotherapy. Post-traumatic stress disorder- psychiatry. Fibromyalgia-
rheumatology and neuroscience). Currently, the field of COPC/FSS suffers from siloed disciplines, a
fragmented state, multiple competing paradigms, and insufficient treatments. Functional-
psychosomatic syndromes such as fibromyalgia, chronic fatigue syndrome, and IBS are being studied
in isolation across different medical specialties [20].

Given the “medically unexplained” nature of IBS symptoms and their frequent co-occurrence
with fibromyalgia-type syndromes [17], this paper aims to offer a unifying organic mechanistic
explanation for IBS pathophysiology that’s also compatible with the extraintestinal manifestations of
IBS and overlap with other functional somatic syndromes (namely- fibromyalgia). Any serious theory
for IBS must be able to explain its various symptoms and anomalies besides merely abdominal pain
or altered bowel habits.

2. Hypothesis

The central hypothesis posited in this work is that a combination of environmental, behavioral,
physiological, and genetic factors (e.g., pesticide/herbicide residues, detergents, personal care
products and household chemicals, sedentary lifestyle, diet, pharmacology, gut microbiota
metabolites, hypermobility syndrome) interact to predispose in combination toward fibroblast-to-
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myofibroblast trans-differentiation in gut wall and abdominal ECM in susceptible individuals.
Consequently, the altered ECM caused by myofibroblast overactivity leads to a disruption of
peristalsis, when involving myenteric plexus for instance, and abnormal bowel function. This cellular
process is characterized by a local myofibroblast syncytium disturbing the normal synchronized
contraction of the gut.

3. Rationale and Supporting Evidence

As part of their normal function, myofibroblasts increase tissue rigidity and mechanical tension
via ECM remodelling and stress shielding [21], and they secrete specific cytokines [22] which may
influence nerve cell mechanoelectrical activity and visceral sensation. It was previously shown that
the biophysical properties of the matrix affect, among several things, embedded nerves and their
electrical activity [23]. The effect on autonomic nerves of the enteric nervous system should be similar
in this framework. Mechanical tension that develops in the mesentery or fascial sheaths due to
contracture of tissue is then dispersed and transmitted to adjacent tissues and anatomical structures.
The clinical manifestation is the outcome of the whole mechanism. Myofibroblasts are hypothesized
by several authors to play a part in the pathophysiology of conditions such as myofascial pain
syndrome [24], endometriosis [25], low back pain [26], asthma [27], malignant hyperthermia [28],
fibromyalgia syndrome, and more [29,30]. The following section provides findings for support of the
main rationale of the hypothesis.

The proposed hypothesis builds on a recently developed paradigm linking soft tissue
myofibroblasts with fibromyalgia-type syndromes and aligns with a multifactorial aetiology [21,22].
Functional somatic syndromes are hypothesized to be a clinical phenomenon with a common
pathophysiological mechanism, potentially representing a single heterogenous medical entity
manifesting with varying clinical expressions [7-9,14,23,24]. The idea of a shared mechanism among
functional somatic syndromes is not new [7,8,19]. Supporting evidence for the suggested
myofibroblast-based paradigm for fibromyalgia-type syndromes can be found in a recent study [21].
The following sections provide empirical findings from previous studies to substantiate the main
hypothesis.

3.1. Myofibroblast Mechanobiology, Tissue Remodelling and Contracture

Myofibroblasts are mechanosensitive cells that have natural mechanoactivity that is often
compared to smooth muscle cells [25]. When fibroblast differentiate into myofibroblasts, they secrete
and degrade extracellular matrix (ECM) material, remodel their surrounding environment, and lock-
in mechanical stress into the surrounding matrix by the help of intracellular alpha-smooth muscle
actin (a-SMA) fibres [25]. Myofibroblast-mediated ECM remodelling and contracture formation in
tissue occurs in a positive feed-back loop mediated by a cellular signalling pathway that involves
integrin and transforming growth-factor beta (TGF-[3). Myofibroblasts are induced by various stimuli
and are part of the inflammatory and healing process, most known for in scar formation. They orient
themselves in tissue by stiffness gradient and arranged themselves in cords or nodules [26-29].

Myofibroblasts are also relevant, though somewhat overlooked, in other conditions including
asthma [30], cardiac arrythmias [31], inflammatory bowel disease [32], and during infection and
events of systemic inflammation [33]. Figure 1 shows the core cellular pathway of myofibroblasts.
Mechanical stress within the local tissue enhances TGF-f3 signalling, which in turn promotes a-SMA
expression and further contraction, creating a self-perpetuating cycle [25,34,35]. While this process is
vital for normal physiological functions, its dysregulation can lead to pathological states of chronic
tissue tension and fibrosis [36,37]. Examples of factors that can help induce or inhibit the
differentiation of fibroblasts to myofibroblasts are immobility, paraquat, collagen microarchitecture,
vitamin D, and more [38-45], which provide input into the vicious cycle. Gut microbe-derived
metabolites can accelerate fibroblast-to-myofibroblast differentiation [46]. The delicate process of
myofibroblast de-differentiation/senescence/apoptosis is important for the health of tissue [37] and is
influenced by factors such as fibroblast growth factors, prostaglandins, cellular communication
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network factor 1 (CCN1), metformin, and more [43-45,47,48]. Myofibroblasts are also more easily
stimulated in hypermobility syndrome/Ehler's Danlos syndrome because collagen micro-
architecture affects mechanosensitive signalling of myofibroblasts [49,50]. In a mechanism driven by
myofibroblasts, factors providing upregulating input into the myofibroblast mechano-active cycle
are expected to be part of the aetiology and risk factors. On the other hand, factors that inhibit
fibroblast-to-myofibroblast transition or attenuate myofibroblast activity are expected to be
protective factors [21].
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Figure 1. the basic molecular pathway of the suggested hypothesis with various inputs into the positive feedback
loop of myofibroblast activity. A vitamin D analogue was shown to attenuate the pro-fibrotic response to

substrate stiffness in colonic myofibroblasts [51].

3.2. Herbicide Residues and Harmful Substances in Food Products

Chronic ingestion of pesticide residues through food is a global public health concern [52]. The
presence of herbicide residues and other harmful chemical contaminants in food, even in small
amounts [53], has raised growing concern about their potential contribution to the development of
chronic diseases and metabolic dysfunctions in humans [54-57]. A 2022 study investigating
environmental factors contributing to the pathogenesis of inflammatory bowel disease identified the
herbicide propyzamide as factor that increases inflammation in the small and large intestine [58]. In
a 2025 in-vivo study paraquat exposure impaired gut barrier function and affected gut microbial
diversity (P < 0.05) [59]. Histopathological alterations in intestinal tissue are induced by herbicide
exposure in animal models, including a decrease in colonic tight junction proteins, increased
expression levels of inflammatory markers, and an altered diversity and abundance of gut microbiota
[57]. A systematic review evaluating the exposed to pesticides in agricultural and food products
identified studies that found an amount of carcinogenic organochlorine pesticides higher than the
permissible level [60].

Myofibroblasts are induced and stimulated by herbicides such as paraquat. Sun et al. (2020)
showed that the herbicide paraquat induces pulmonary fibrosis through myofibroblast
differentiation [42]. Exposure to paraquat induces fibroblast-to-myofibroblast transition in vitro, a
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process involving connective tissue growth factor and the canonical Wnt signaling pathway, a-
smooth muscle actin, vimentin, and collagen [61]. Paraquat-Induced epithelial to mesenchymal
transition is regulated by TGF-{ and inhibited by pretreatment of curcumin in alveolar epithelial cells
in vitro [62]. Animal models suggest that in muscle and ileum tissue the gene expression of TGF-31,
connective tissue growth factor, COL1A1, and COL3Al, increase significantly after exposure of cells
to propiconazole [63], a fungicide found in meat products.

Taken together, these findings suggest that chronic environmental exposure of herbicides,
pesticides and other toxic substances in small amounts in food products may be able to induce
myofibroblast cells in human gut.

3.3. Myofibroblasts in Visceral Tissue Influence Organ Function and Integrity

Myofibroblasts can function as a collaborative network of cells in tissue by the coupling of cells
via connexin 43 gap junctions and are important for organ function [64-67]. Myofibroblasts exist in
the gut wall of normal individuals [68] and seem to be involved in the pathophysiology of
inflammatory bowel disease and its mucosal repair process [69]. Subepithelial cells of the intestine
are a distinct cell type - a-SMA positive myofibroblasts - that are immunophenotypically distinct
from muscularis mucosae smooth muscle cells. These pericryptal stromal myofibroblast cells are
connected with the interstitial, non-pericryptal fibroblasts as a network throughout the lamina
propria of the normal colon [68].

Connexin expression is prominent in myofibroblast-like cells, supposedly involved in afferent
signalling pathways of the bladder. Up-regulation of Connexin43 in patients with urge incontinence
supports the possibility of functional changes in the syncytial properties of detrusor smooth muscle
cells in this condition [70]. In addition, the observed increase of Cx45 in the myofibroblast cell layer
supports the idea that alterations in sensory signalling are also involved [70].

Electrical coupling of fibroblasts and myocytes is relevant for cardiac propagation and
electrophysiology [71,72]. The inherent mechanosensitivity of cardiac fibroblasts could allow them to
play a sensory role and to affect cardiac electrophysiology via mechanoelectric feedback. In heart,
fibroblasts may act as current sinks, contributing to the formation of unidirectional block or to the
delay in atrioventricular conduction [71]. In culture, however, the heterogeneous cell types form
functional gap junctions, which can provide a substrate for electrical coupling of distant myocytes,
interconnected by fibroblasts only [73].

Lastly, interaction between Th-17 cells and colonic subepithelial myofibroblasts may play an
important role in the pathophysiology of IBS and inflammatory bowel disease perhaps by
contributing to low-grade inflammation [74].

3.4. Substrate Stiffness Affects Cell Function and Behaviour

Myofibroblasts normally remodel the ECM in a higher stiffness state [21,25]. Substrate stiffness
and rigidity influences behaviour and function of nerve cells [75] including synaptic density,
electrophysiological activity, and growth dynamics [76]. A 2012 study [77] investigated the influence
of substrate stiffness on the behaviour and functions of Schwann cells in culture. Cell attachment and
spreading were more evident for Schwann cells grown on a 7.45 kPa substrate. Their cytoskeletal
arrangement was markedly different from that of Schwann cells grown on the 4.42 or 12.04 kPa
substrate [77]. A 2016 study investigated the role of matrix rigidity on the formation and activity of
cortical neuronal networks in vitro [76]. Results showed that the mean maximal number of action
potentials was lower on soft matrices than on stiff matrices, suggesting that the intrinsic excitability
of cortical neurons is enhanced on stiff matrices.

Of relevance, Piezo channels sense extracellular mechanical stimuli, and Piezo-dependent
mechanosensing is essential for intestinal stem cell fate decision and maintenance [78]. In response
to mechanical forces enterochromaffin cells release serotonin [79]. Epithelial Piezo2 mechanosensitive
ion channels have been noted in regulation of intestinal physiology as a primary mechanotransducer
and mechanosensitive serotonin release [80].
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4. Extraintestinal Manifestations of IBS: Pain and Fibromyalgia-Type Symptoms

IBS and fibromyalgia are known to overlap considerably in symptoms [2,81]. Extraintestinal
manifestations of IBS include back pain, migraine headache, muscle pain, fatigue, and depression
[2,4]. Common gastrointestinal manifestations of fibromyalgia include functional bowel
disturbances, abdominal discomfort, and bloating [82]. The overlap of IBS and fibromyalgia is
noticeable [14,83]. Referred pain from myofascial trigger points can mimic visceral pain syndromes
and visceral pain syndromes can induce trigger point development and myofascial pain and
dysfunction [84]. In this conceptual framework of myofibroblast-mediated ECM alterations in
peripheral tissue, ECM remodelling induces increased tissue stiffness. When myofascial tissue is
affected, it’s expected to manifest clinically as a mild-to-moderate chronic exertional compartment-
like syndrome [21]. In this situation, starling forces are altered in muscle microcirculation in a state
characterized by congestion as blood backtracks and is shunted towards the venous circulation even
though the precapillary sphincters remain open. Nitric oxide synthesis can increase as part of the
compensation, but it doesn’t correct the pathological cause of the ongoing low-grade ischemia. Post-
exertional malaise and chronic fatigue are part of its result. In severe cases, especially if involvement
of the diaphragm impairs deep inhalation and breathing patterns, mild hyperventilation would
reasonably be seen in a healthy body seeking physiological compensation. Increased respiratory rate
and shallow breathing (compared to one’s own baseline) doesn’t characterize a parasympathetic state
of relaxation, so sleep disturbances are inferred easily here, and agitation and anxiety are secondary.
As a mild-moderate global chronic compartment-like syndrome, single-site or single-time
measurements may not be the best choice for its investigation. In this myofibroblast-based paradigm,
fibromyalgia and IBS symptomatic overlap reflects a mechanistic overlap. Pain is a symptom of the
entity; it isn’t the actual entity itself. Any serious theory for IBS must be able to explain its various
symptoms and anomalies besides merely abdominal pain and altered bowel habits.

5. Implications of the Hypothesis

This hypothesis suggests that myofibroblast overactivity could be a common pathway or a
critical mediator through which various established factors such as chronic low-grade inflammation,
dysbiosis, or stress signals, interact. The hypothesis shifts focus from a psychosocial neurocentric
thesis [85] to an organic biophysical basis of the disorder. This potentially opens entirely new avenues
for treatment by targeting altered stiffness and composition of the ECM. By identifying a distinct and
explicit cellular pathway, this theory could lead to more accurate diagnostic biomarkers and more
effective targeted treatments, developing preclinical models that accurately reflect this pathology,
and exploring the interplay between the gut microbiome, colonic epithelial cells, immune cells,
enteric nervous system, and myofibroblasts to fully map the disease pathology.

6. Ways to Test the Hypothesis

Based on the hypothesis of myofibroblasts induction in IBS, several empirical predictions can be
formulated:

e  Biophysical tests: atomic force microscopy, optical coherence elastography, dynamic mechanical
analysis, of sampled tissue (e.g., abdominal fascia, psoas muscle, gut wall) might be insightful,
although these would have to take into account the complexity of the model and possible
confounding factors, and control for hypermobility syndrome. Age, sex, pH, temperature,
hydration, hyaluronic acid composition, adipocytes, cell phenotype and density, are all variables
that may affect the properties of tissue.

e Imaging: Results of magnetic resonance elastography investigations, if sensitive enough, are
expected to reflect higher abdominal ECM rigidity and reveal abdominal taut bands or fascial
nodules and cords.
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e  Staining: immunohistochemistry and histological staining of tissue samples for myofibroblast
markers would reveal a higher density of myofibroblasts in IBS. Presence of vimentin, a-SMA,
and connexin 43, should be increased.

e  Response to current medications: the most effective pharmacological treatments for IBS that
have so far been identified empirically are thus expected to work mainly through an influence
on myofibroblasts and fascia (downregulate myofibroblasts and reduce ECM stiffness). As a
disorder in the domain of biophysics, extracorporeal shockwave therapy and vibration therapy
should be useful in IBS, though not necessarily curative. If myofascial tension in the low back is
transmitted to abdominal myofascial tissue through myofascial links, there should be clinical
improvement by treating tension in the low back.

e  Issue with systemic pharmacological therapies: A key player in the activation and maintenance
of myofibroblasts is the cytokine TGF-f1. At first, based on the myofibroblast theory,
systemically targeting the TGF-p pathway pharmacologically seems like a promising
therapeutic strategy. However, TGF-3 has a multifunctional role in the body. TGF-{ is essential
for numerous physiological processes, including immune regulation, cell growth,
differentiation, and tissue repair. Indiscriminate, systemic inhibition of TGF-f1 can lead to a
wide range of severe on-target and off-target adverse effects such as cardiovascular toxicity,
immune dysregulation, and more.

Falsification: According to Karl Popper, for a theory to be truly scientific, it must be falsifiable,
meaning there must be conceivable empirical observations or experiments that can potentially falsify
the theory. This myofibroblast-based paradigm can be falsified in a study that quantifies tissue
stiffness and elasticity across multiple samples of abdominal tissue (fascia, intestine, etc) in a large
sample size cohort of IBS patients and well-matched controls, if these consistently show no
statistically significant difference in specific, predicted mechanical and biophysical properties
between IBS patients and controls, or if the observed differences do not correlate with patient-
reported symptom burden. If an intervention aiming for prevention successfully inhibits
myofibroblast induction and prevents a pathological alteration in ECM, but there is no statistically
and clinically significant corresponding reduction in new onset IBS symptoms compared to a credible
sham or control intervention, this will weaken the causal link posited by the theory. If there is no
difference in ECM properties or myofibroblast density between IBS/fibromyalgia and non-IBS-
fibromyalgia-type patients, this will be a clear falsifying counterinstance. Disease burden and
myofibroblasts should correlate well.

7. Limitations and Challenges

The proposed hypothesis, while offering a coherent framework, is not without limitations. Much
of the supporting evidence is currently correlational and derived from in vitro and in vivo studies,
meaning a direct causal link between visceral myofibroblast activity and IBS has yet to be definitively
established. The complex and multifactorial nature of IBS means that this mechanism is integrated
with other factors such as genetics, gut microbiota, and psychological input. Nevertheless, relying on
psychosomatic psychosocial stress seems to be a weak attempt to simplify such a complex problem.
Furthermore, measuring the specific biomechanical properties of the visceral fascia in real time, such
as tissue stiffness and tension, presents significant technical and methodological challenges. The
variability of IBS symptoms between individuals and the lack of standardized measurement
protocols make rigorous, large-scale clinical validation difficult to design and execute.

8. Conclusion

Taken together, the findings presented here suggest that induction of myofibroblasts by factors
such as pollutants and contaminated food products may lead to their overactivity in the gut wall and
abdominal soft tissue, which would affect ECM and organ functioning. Altered ECM biophysical
properties in the gut wall and epithelial tissue have downstream consequences on enterochromaffin
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cells that release serotonin and the enteric nervous system, mainly peristalsis. The gut flora is
integrated into the mechanism too. Involvement of serotonin may have implications for psychiatric
conditions such as depression.

The myofibroblast-based hypothesis offers a unifying framework that can help explain the
diverse and perplexing symptoms of IBS, as well as its overlap with other chronic pain conditions.
The downstream consequences of such myofibroblast-mediated ECM stiffness may include central
neurophysiological compensation and spinal and brain adaptations. This perspective calls for new
research avenues, including the use of advanced biophysics investigational techniques like
elastography, optical coherence elastography, and atomic force microscopy, to measure visceral
tissue stiffness. If myofibroblasts are involved in the pathogenesis of IBS, this calls for the
development of targeted therapies aimed at preventing and reversing myofibroblast over-
stimulation and their active contractility and ECM remodelling and opens a new avenue for research
on the link between ECM and neurophysiology. This theory clearly needs to be adjusted according
to further empirical research. Lastly, if all theory-based treatments are stubbornly disappointing,
perhaps the theory should be reconsidered.
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