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Abstract

The enteric nervous system (ENS) can function independently of the central nervous system (CNS)
in regulating complex gastrointestinal processes and may possess forms of learning and memory.
Recently, we have proposed that maternal stress, depression, or anxiety during pregnancy may
induce stress-related long-term epigenetic implicit memory (SLEIM) in the foetal ENS via
mechanisms distinct from those of the CNS. These stress imprints may persist throughout life.
Through the bidirectional microbiota—gut-brain axis (MGBA), SLEIM signals originating in the
embryonic ENS may influence the CNS. Because these signals are implicit and unrelated to conscious
representation, the CNS cannot directly interpret them, yet it must regulate their physiological
consequences. This interaction may activate stress-response systems, including the hypothalamic-
pituitary—-adrenal (HPA) axis and immune pathways, leading to cortisol release, mast cell activation,
and cytokine imbalance. A self-reinforcing cycle may thus develop between the ENS and CNS. The
frequent comorbidity of fibromyalgia (FM) and irritable bowel syndrome (IBS) suggests shared
pathogenic mechanisms, particularly central sensitization and MGBA dysfunction. Clinically,
patients with FM often display childlike behavioural traits. We hypothesize that early developmental
influences —potentially linked to maternal SLEIM effects on the foetal ENS—may contribute to
personality immaturity in FM, similarly to IBS. Under varying biopsychosocial conditions, IBS-
related mechanisms may later manifest as systemic symptoms characteristic of FM.

Keywords: maternal mental stress; enteric nervous system (ENS); microbiota-gut-brain axis
(MGBA); long-term epigenetic implicit memories (SLEIM); irritable bowel syndrome; fibromyalgia

1. Introduction

We recently presented a hypothetical model where maternal mental stress (depression, anxiety,
etc.) may cause stress-induced long-term epigenetic implicit memory (SLEIM) in the foetal enteric
nervous system (ENS) during pregnancy, which may last throughout a person’s entire life (see
hypothetical model in Figure 1) [1,2]. During pregnancy, maternal stress can change the mother’s gut
microbiota (dysbiosis) by perturbing the hypothalamic—pituitary—adrenal (HPA) axis and increasing
cortisol levels [1]. As a result, the foetus’s circulatory cortisol levels also rise when maternal cortisol
passes across the placental barrier. This dysregulation of the HPA axis in the foetus produces gut
dysbiosis by perturbing the gut microbiota, microbial metabolites, and intestinal permeability.
Epigenetic regulation in the ENS cells is affected by mainly short-chain fatty acids (SCFAs), as well
as other metabolites from the foetus’s gut microbiota. Therefore, SLEIM may be imprinted onto the
ENS during pregnancy and may induce a number of disorders through epigenetic modifications, like
irritable bowel syndrome (IBS).
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Figure 1. Our simplified hypothesis regarding the potential programming of stress-induced long-term epigenetic
memory (SLEIM) into the foetal ENS during pregnancy is represented by parts in red. The additional processes
shown are intricate intestinal functions that may also be involved in these processes. Our open-access paper is
the source of this figure [1]. Abbreviations: Enteric nervous system (ENS) Short-chain fatty acids (SCFAs) Stress-
induced long-term epigenetic implicit memory (SLEIM) Hypothalamic—pituitary—adrenal (HPA) axis.
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There is strong evidence that SCFAs produced by the intestinal microbiota have important roles
in host metabolism, gastrointestinal physiology, immunological response, and the development and
homeostasis of the central nervous system (CNS) [3]. SCFAs have the ability to control CNS functions
directly and indirectly, which means that they can influence behaviour and cognitive function. SLEIM
signals from the ENS can enter the CNS through the microbiota—gut-brain axis (MGBA), which
suggests that they could disturb pain and emotional mechanisms [4-8].

Boem et al. [9] suggested a new theory about the existence primordial emotions [10] (proto-
cognition) in the ENS. This theory [9] could explain why stress-related gut issues like IBS are difficult
to treat as their origin involves deep, implicit, non-cognitive gut memories. Based on this new theory,
we assert that SLEIM pertains to non-representational primordial emotional memory in the ENS [11].
In other words, the foetal ENS records SLEIM during pregnancy as primordial and non-
representational emotional information. In contrast, the CNS processes representational emotional
information through complex networks across multiple brain areas: the anterior cingulate, insula,
and ventromedial, prefrontal, and subcortical structures, such as the amygdala, ventral striatum,
putamen, caudate nucleus, and ventral tegmental area [12].

However, the CNS is responsible for managing the inflow of SLEIM signals from the gut, which
perturb intestinal functions by initiating stress-response systems such as the HPA and the immune
system. As a result, an endless cycle develops between the ENS and the CNS via cortisol release,
mast-cell activation, and cytokine dysregulation, among other processes. MicroRNAs (miRNAs) play
also an important role in foeto-maternal communication. Maternal stress can produce alterations in
microRNAs, which can also enter the placenta and foetus through the bloodstream and influence
epigenetic processes related to foetal development and maternal stress in the ENS [13,14].

Very often, fibromyalgia (FM) and IBS coexist, which suggests the possibility of both disorders
sharing similar pathogenic mechanisms—most notably central sensitization and dysfunction in the
MGBA [15-17]. We hypothesize that SLEIM signals from the ENS may play an important role in the
development of both IBS and FM. Whether IBS develops into FM may depend on a number of
individual biopsychosocial factors, and personal epigenetic processes may have an important role.
We also discuss our observation that patients with FM frequently have a childlike mentality in our
clinic. These personality developmental impairments in patients with FM may arise very early in
intrauterine or perinatal development.

2. The Enteric Nervous System

From an evolutionary perspective, the ENS predates the development of the CNS [18]. The ENS
is a complicated and autonomous neural system that developed earlier and independently of the
CNS and can be considered as the “first brain” [19]. The ENS plays a key role as an integrative hub
for regulating gastrointestinal physiology [20,21].

The ENS and the CNS can communicate bidirectionally through the MGBA, which is a complex
bidirectional communication system that links the gut microbes, gut, and CNS. The MGBA includes
the gut microbes (viruses, bacteria, fungi, and archaea) and their metabolites, the autonomic nervous
system (ANS), the immune system, the neuroendocrine system, the CNS, and the ENS [22,23]. The
ANS includes the sympathetic and parasympathetic systems, and the vagus nerve is a key
parasympathetic pathway. The neuroendocrine system includes the HPA axis, which is considered
the core stress-efferent axis that coordinates the adaptive responses of an organism to stressors. The
ENS has the ability to function completely independently of the CNS.

The structure and neurochemistry of the ENS and CNS are similar, and nearly all CNS
neurotransmitters are also present in the ENS, which is home to a variety of neurons and glia [24,25].
The ENS and CNS share a significant amount of cellular and molecular similarity, and many
developmental pathways that are involved in CNS formation are also involved in ENS ontogeny [26].
Although the ENS can operate independently of the CNS, this is not typically the case. In actuality,
90% of the vagal fibres that connect the gut to the brain are afferent, indicating that in terms of brain—
gut communication, the brain is more of a receiver than a transmitter [26].
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Epigenetics has been proposed as a molecular mechanism that is involved in encoding long-
term memories. Growing research has demonstrated that epigenetic changes, such as DNA
methylation, histone acetylation, and non-coding RNAs (miRNAs), are essential for the formation
and maintenance of long-lasting memories in neurons. Their roles include controlling gene
expression, enhancing the physical durability of experiences in the brain, and even impacting age-
related memory decline [27-33]. Genetic , epigenetic, and other signalling pathways control the
development of the millions of neurons and glial cells that make up the ENS from neural crest cells
(NCCs) [34], and epigenetic regulation is an essential component of the ENS’s operation [35-39].

Studies suggest that the ENS might also have capacities for learning and memory [40-42].
Similar to CNS processes like long-term potentiation (LTP), the ENS exhibits forms of gut-specific
habituation and plasticity that allow it to “remember” past gut experiences like inflammation or
nutrient exposure, which influence gut function via the gut-brain axis and the vagus nerve [43].

3. Maternal Stress in Pregnant Women

Various risk factors influence the composition of the gut microbiota and MGBA during
pregnancy and impact foetal development and long-term health. These factors include nutrition,
maternal obesity, infections, medications (antibiotics and antidepressants), environmental toxins
(pesticides and pollution), smoking, alcohol, psychological stress (anxiety and depression), genetic
(epigenetic) predisposition, and maternal age [44-49]. In addition, prenatal maternal stress responses
are complex and multifactorial, they can vary significantly from individual to individual, and they
can affect foetal development and later life [50].

Maternal psychological stress (depression and anxiety) that arises during the prenatal period
affects millions of pregnant women worldwide each year [51]. Such stress during pregnancy may be
a key determinant of foetal development [52,53]. Maternal mental stress may be the most important
stressor as it disrupts the development of the foetus, affects its later life, and predisposes it to various
diseases. Additionally, gut dysbiosis and dysregulation of the HPA axis in children are linked to
maternal psychological stress during pregnancy [54-56].

Pregnancy-related changes may make expectant mothers more vulnerable to mental health
issues like stress, anxiety, and depression. Up to 20% of pregnant women may experience depressive
symptoms during pregnancy, and 10% have symptoms that fit the criteria for a major depressive
disorder [57]. A recent study by Kiyak [58] examined 301 pregnant women and found that 40.9% had
symptoms of stress, 52.8% had symptoms of anxiety, and 37.2% had symptoms of depression. Kiyak
[58] also showed that pregnancy symptoms and emotion-focused coping are positively associated
with depression, anxiety, and stress. In contrast, problem-focused coping is negatively associated.

According to other studies, up to 25% of pregnant women report high levels of stress, which was
linked to a higher risk of poor delivery outcomes and poor mental health after giving birth [59,60].
Additionally, pregnant women report similar anxiety to those who had anxiety during childbirth
before their first pregnancy [61]. Al-Abri et al. analysed 128 systematic reviews and found that the
mean overall prevalence of perinatal depression, antenatal depression, and postnatal depression was
26.3%, 28.5%, and 27.6%, respectively [62].

One in five women suffer from peripartum anxiety disorders, which are more common than
previously believed [63]. Thongsomboon et al. examined 403 pregnant women and found that the
prevalence of perceived stress symptoms among antenatal pregnant women was 23.6% [64].
Perceived stress symptoms were significantly associated with divorce, separation from one’s spouse,
physical or psychological trauma from family, marital conflict, and family conflict. Several diverse
risk factors play a role in the development of maternal depression and anxiety during pregnancy,
such as lack of social support, living alone, marital problems, an unintended pregnancy, having
numerous children, age, and a personal or family history of affective disease, which are risk factors
for the development of depression during pregnancy [65,66].

Almost 80% of pregnant women have been found to experience varying levels of pregnancy
stress [67]. Therefore, early mental health screening plays an important role for health care providers
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in identifying women at risk of adverse pregnancy outcomes. Unfortunately, recent research has
suggested that the risk of developing antenatal depression is understated due to the inadequacies of
the instruments used [68].

One of the main processes of foetal programming caused by maternal prenatal stress and
negative affect is thought to be changes in the structure and function of the foetal brain [69]. Maternal
prenatal stress increases cortisol levels and abnormal neurotransmitter signalling, which may
interfere with foetal brain development. The HPA is the central stress-response system, and increased
cortisol and glucocorticoids cross the placenta and disrupt foetal brain regions such as the
hippocampus and amygdale [51]. These disruptions can impair cognitive function, emotional
regulation, and later stress resilience. Imaging studies have revealed reduced left hippocampal
volume and altered neural connectivity in infants exposed to high prenatal anxiety [70]. On a
molecular level, chronic stress modifies DNA methylation patterns in glucocorticoid receptor genes
(NR3C1) and predisposes offspring to anxiety and depression [71].

3.1. Stress Before and During Pregnancy and Impact on the Foetus

Before conception and during pregnancy, mothers should reduce stress through various
mindfulness, hypnosis, and meditation techniques, such as prenatal yoga, cognitive behavioural
therapy, hypnosis, meditation, deep breathing techniques, improving sleep quality, exercise, healthy
diet, and lifestyle changes (avoiding smoking, alcohol, and drugs) [51,72-81]. It is also important to
build strong social and emotional support (with the partner, family, or groups) and to talk to
healthcare providers about overwhelming feelings as stress can impact pregnancy outcomes [72].
Mothers who persistently feel sad, anxious, or overwhelmed should talk to their healthcare providers
immediately.

4. IBS as a Hallmark of Psychological Stress in Women

IBS is a prevalent chronic illness of the gut-brain connection, and its hallmarks include recurrent
abdominal pain and changes in bowel habits, such as constipation, diarrhoea, or both. According to
contemporary epidemiological data, IBS affects about 11.2% of the world’s population, making it one
of the most common functional gastrointestinal illnesses [82]. Numerous factors have been connected
to potential pathophysiological pathways underlying IBS. Examples include genetic and epigenetic
factors, compromised immune systems, stress-induced effects on the nervous and endocrine systems,
dysregulation of the HPA axis, disorders in the brain-gut axis interaction, dysbiosis, altered
gastrointestinal motility, visceral hypersensitivity, infections, food sensitivity, malabsorption of
carbohydrates, and abnormalities in serotonin metabolism. Nevertheless, the precise cause of the IBS
is still unknown [83-85].

In recent years, the tight connection between psychological factors and IBS has drawn more
attention from scientists. Women with IBS report higher levels of psychological distress compared to
men [86], and there is a strong association between psychological distress and psychosocial factors in
IBS symptoms [87]. Psychological factors seem to play a pivotal role. Anxiety, depression, and stress
have high rates of comorbidity with IBS and exacerbate its clinical presentation while perpetuating
gut-brain communication disturbances [88]. In particular, women with IBS often exhibit heightened
visceral hypersensitivity, dysregulated gut motility, and altered microbiota composition, which may
interact with psychological distress and perpetuate symptoms [86].

There is strong evidence that gut bacteria affect the ENS, which could help with brain afferent
communication [89]. It is believed that dysregulation of the MGBA in modulating both bowel
function and pain perception could be a key factor in the development of IBS [86]. In addition, it
seems that psychological comorbidities are more prevalent among pregnant and postpartum patients
with IBS [86,90]. In other words, IBS may serve as a hallmark of psychological distress in women.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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5. Fibromyalgia

FM is a chronic syndrome that causes widespread pain all over the body and mainly affects
women. The pain is often accompanied by cognitive dysfunction, sleep disturbances, fatigue, and
psychiatric symptoms such as anxiety and depression, as well as digestive disorders, including IBS
[91,92]. EM is a heritable syndrome with estimated frequency in the general population ranging from
0.5% to 12% [93]. The incidence of FM is 13.6 times higher among first-degree relatives of patients
with FM [94]. The exact way that genes are passed down is still unknown, but a polygenic process is
the most likely explanation [95].

Triadafilopoulos et al. found that 73% of patients with FM had bowel dysfunction [96]. Recently,
a review by Erdrich et al. confirmed previous reports that IBS is common in people living with FM
and suggests that the mixed and constipation types of IBS predominate [16]. Cai et al. demonstrated
that when germ-free mice received a transplant of the faecal microbiota from patients with FM led to
discomfort and a variety of molecular characteristics that are known to occur in patients with FM,
such as immunological activation and changes in metabolomic profiles [97]. These effects did not
occur with transplants from healthy controls. When the authors replaced the FM microbiota with a
healthy microbiota, pain was significantly reduced in mice. More research needs to be done on the
link between FM and functional gastrointestinal problems other than IBS [16].

Although the real causes of FM are still unknown, various pathophysiologies have been
suggested. It has been hypothesized to stem from a combination of factors, including genetic and
environmental factors, physical and emotional trauma, infections, and CNS disorders where the brain
and nerves process pain signals abnormally and produce hypersensitivity [98]. Central sensitization
is currently considered the key pathological mechanism in FM [99,100].

6. The Strong Relationship Between IBS and FM

The fact that FM and IBS often occur together suggests the possibility that both disorders may
share similar pathogenic mechanisms—most notably central sensitization and dysfunction in the
MGBA [15-17]. It is probable that systemic symptoms seen in FM may develop later as a consequence
of IBS [101]. Berstad et al. examined 1100 consecutive patients with IBS over 9 years and suggested
that it may develop earlier on, while systemic symptoms like FM and myalgic encephalopathy (ME)
may appear years later [101]. De Palma et al. used the faecal microbiota of healthy controls or patients
who had IBS with diarrhoea (IBS-D) with or without anxiety and transplanted it into germ-free mice
[117]. They found that transplantation from patients with IBS-D and anxiety altered the gut function
and behaviours of the mice, including faster gastrointestinal transit, low-grade inflammation, and
anxiety-like behaviour.

In experiments by Lin et al., treatment using faecal microbiota transplantation from healthy
donors successfully reduced the anxiety and depressive behaviours of patients with IBS-D [118].
According to Garofalo et al., increasing evidence suggests that dysbiosis may be an upstream
mechanism that influences the emergence of symptoms, especially neurological ones, seen in FM and
IBS [15]. As shown in Table 1, there is much research supporting the existence of a strong relationship
between FM and IBS. A possible explanation is that FM may develop later as a consequence of IBS,
and dysbiosis and epigenetics play a key role. When and how FM develops from IBS and with what
symptoms depend on several biopsychosocial factors, and personal epigenetic processes may play a
key role. Therefore, it is difficult to determine the exact mechanism of FM development as there are
significant biopsychosocial differences between individuals.

Table 1. Clinical characteristics and significant overlap of symptoms suggesting that irritable bowel syndrome

(IBS) and fibromyalgia (FM) may have a common aetiology.

Both FM and IBS are classified as functional pain [102].
syndromes.
In both FM and IBS, there is altered pain sensitivity [15].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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In both FM and IBS, there is autonomic nervous system [15,103].
(ANS) dysregulation.
Both FM and IBS are more prevalent in women. [16].
FM and IBS have common associated factors, such as
stress, fatigue, hypersensitivity, pain, depression, and [104].
anxiety.
Gut dysbiosis might be a common leading cause of the [101].
onset of both FM and IBS.
There is high prevalence of IBS in patients with FM, and
vice versa. 70% of patients with FM have IBS, and 65% of [105].
patients with IBS have FM.
Increased psychological stress is a key factor for the [106,107].
development of IBS and FM.
Both FM and IBS are characterized by sympathetic [100,108].
dysfunction with central sensitization.
Individuals with both FM and IBS frequently have [109,110].

comorbid psychiatric illnesses (mainly depression and
anxiety disorders).

A key physiological similarity is the concept of central [111,112].
sensitization and disturbance of the gut—brain axis in
both FM and IBS.

The immunological and inflammatory processes in IBS
and FM share similarities, such as initiation of the HPA

axis by stress, leading to cortisol release, mast-cell [104].

activation, and cytokine dysregulation.

Drugs and other therapies used for IBS and FM are [15].

common for both conditions.

The intestinal microflora of patients with IBS or FM [97,113].

differs from that of healthy subjects.

Various therapies may reduce symptoms and improve [114-116].

quality of life rather than offer a full recovery from both
IBS and FM.

7. Chronic Pain and Childlike Behaviour with FM

We have observed that patients with FM in our clinic often exhibit childlike (infantile) behaviour.
We have found that patients with FM are significantly dependent on the outside world, social
assistance, and support in every way such that the outside world can compensate for their missing
mental and social functions and enable them to exist. They exist in a childlike, helpless state and lack
the ability and means to cope. They behave in a more childlike, rule-abiding manner without internal
motivation. Their emotional processing is incomplete, and their intellectual integration skills are also
at a lower level. Their comprehensive perspective and level of abstract thinking are lower than those
of individuals without FM.

7.1. Chronic Pain

Chronic pain is a common and complex illness that is defined by continuous pain lasting more
than 3 to 6 months [120,121]. Chronic pain is a common ailment that affects an estimated 20% of
individuals worldwide [121]. Around 51.6 million Americans (20.9% of the adult population) had
chronic pain in 2021 [122]. Chronic pain can result from an injury, illness, or disease, but in many
cases, the cause is unknown.

Each of the several varieties of chronic pain problems has distinct symptoms and traits, and there
are numerous risk factors, such as biological, psychological, clinical, and sociodemographic factors

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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[123]. According to the biopsychosocial model, chronic pain is a multifaceted experience impacted
by social, psychological, and biological aspects rather than merely being a biological problem. In
other words, chronic and complex pain syndromes are the outcome of a multifaceted dynamic
interaction of physiological, psychological, and social elements that mutually impact one another
according to the biopsychosocial approach [124,125].

7.2. Childlike Behaviour in Patients with FM

As mentioned, we noticed that patients with FM in our clinic frequently present childlike
behaviour. “Coping” refers to methods—whether conscious or unconscious—for controlling and
minimizing negative emotions [126,128]. “Non-conscious coping” refers to automatic, unintentional
mental and emotional processes that manage stress and conflict without conscious awareness.
According to Galvez-Sanchez et al. [128], FM syndromes are characterized by high neuroticism and
low conscientiousness (high impulsivity), negative body image, passive coping strategies, and low
self-efficacy. In addition, FM syndrome and other chronic illnesses like chronic fatigue syndrome
may be preceded by dysregulation of stress response pathways. Stress pathways may be altered by
early maternal (prenatal) stress in human development, which increases susceptibility to stress-
related illnesses [128].

We hypothesize that adequate coping cannot develop in the foetus due to non-conscious, non-
representational, and primordial stress memory (SLEIM) in the foetal ENS. Furthermore, the CNS
does not have access to stress information independently recorded in the foetal ENS, which may be
the reason why there has been no way to cure IBS or FM thus far [101]. A lack of adequate coping
may cause patients with FM to often present childlike behaviour as they cannot manage chronic pain,
which is caused by continuous SLEIM signals from the ENS that disturb the central processes for
emotional and pain regulation.

8. Summary

Based on our previous theoretical research [1,2,11], the aim of this study was to highlight the
possible role of the maternal ENS in the development of IBS in the foetus in relation to maternal
psychological stress (depression, anxiety) during pregnancy. That is, maternal stress can produce
SLEIM in the foetal ENS through epigenetic mechanisms that are distinct from those of the CNS,
which might persist throughout life. SLEIM during gestation could induce gut dysbiosis, alter
microbial metabolites, increase intestinal permeability, and increase the risk of disorders such as IBS
in the foetus. SLEIM signals could also be transmitted via the bidirectional MGBA from the
embryonic ENS to the CNS, which may cause malfunction of the central affective and pain control
systems.

The substantial correlation between FM and IBS is another significant issue. There is strong
evidence that FM and IBS are strongly associated (Table 1). Dysbiosis and epigenetics play a
significant role in FM, which can arise later due to IBS. When, how, and what FM symptoms develop
from IBS can depend on a number of biopsychosocial factors, including individual epigenetic
processes. It is difficult to identify the exact mechanism of FM development because there are
significant biopsychosocial differences among individuals.

Additionally, patients with FM may exhibit infantile behaviour due to inadequate coping.
SLEIM in the ENS prevents the foetus from developing an appropriate coping mechanism.
Furthermore, the lack of a remedy for IBS or FM may be due to the CNS’s lack of access to stress data
independently recorded in the ENS [9,101].

For example, hypnosis [2,129,130] likely affects the central emotional and pain regulations to
ease the symptoms and improve quality of life because it allows access to conscious and unconscious
CNS processes [131]. Nevertheless, hypnosis cannot stop SLEIM signals produced by maternal stress
during the foetal period from being continuously sent from the ENS to the CNS. It is important for
mothers reduce stresses that impact foetus development before conception and during pregnancy.
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We suspect that childlike behaviour may occur in both patients with FM and those with IBS.
Dabek-Drobny et al. found a significant effect of personality, perceived self-efficacy, resilience, and
coping strategies in patients with IBS [132]. Patients with IBS presented lower levels of adaptive
coping skills, a higher level of neuroticism, and lower levels of extraversion, perceived self-efficacy,
and resilience than individuals without IBS. According to Torkzadeh et al., compared to control
groups, patients with IBS use avoidant and problem-focused coping mechanisms more frequently
[133]. Furthermore, the severity of IBS symptoms shows a direct correlation with the use of
maladaptive coping strategies. We suggest that in the future, childlike behaviour should also be
monitored when examining both patients with FM and those with IBS.

Currently, there is still little experimental and theoretical evidence for our proposed hypothetical
model. Nevertheless, the function and role of the ENS, which is associated with numerous diseases,
still holds many “surprises” for us, and future research will likely require new approaches since the
ENS is evolutionarily much older than the CNS system. However, the knowledge that could be
obtained could lead to many possibilities for the treatment of various diseases in the future.

Funding: This work was not supported by any funding.
Author Contributions: L.B. developed the concept. N.C.-N. and LB. contributed to the writing of the manuscript.

Declaration of Competing Interest: The authors report no financial or non-financial conflicts of interest. The

authors alone are responsible for all the content.

References

1.  Csaszar-Nagy, N.; Bob, P.; Bokkon, I. Long-Term Implicit Epigenetic Stress Information in the Enteric
Nervous System and its Contribution to Developing and Perpetuating IBS. Curr. Neuropharmacol. 2024,
22(13), 2100-2112.

2. Csaszar-Nagy, N.; Bokkon, I. Hypnotherapy and IBS: Implicit, long-term stress memory in the ENS?
Heliyon 2022 30, 9(1), e12751.

3. Silva, Y.P,; Bernardi, A.; Frozza, R.L. The role of short-chain fatty acids from gut microbiota in gut-brain
communication. Front. Endocrinol. 2020, 11, 25.

4. Nistico, V.; Rossi, R.E.; D"Arrigo, A.M.; Priori, A.; Gambini, O.; Demartini, B. Functional neuroimaging in
irritable bowel syndrome: A systematic review highlights common brain alterations with functional
movement disorders. |. Neurogastroenterol. Motil. 2022, 28(2), 185-203.

5. Li, J; He, P,; Lu, X;; Guo, Y.; Liu, M,; Li, G,; et al. A resting-state functional magnetic resonance imaging
study of whole-brain functional connectivity of voxel levels in patients with irritable bowel syndrome with
depressive symptoms. |. Neurogastroenterol. Motil. 2021, 27(2), 248-256.

6. Mao, C.P,; Chen, F.R;; Huo, ] H.; Zhang, L.; Zhang, G.R; Zhang, B.; et al. Altered resting-state functional
connectivity and effective connectivity of the habenula in irritable bowel syndrome: A cross-sectional and
machine learning study. Hum. Brain Mapp. 2020, 41(13), 3655-3666.

7. Bhatt, RR.; Gupta, A.; Labus, ].S.; Zeltzer, L.K,; Tsao, ].C.; Shulman, R.J.; et al. Altered brain structure and
functional connectivity and its relation to pain perception in girls with irritable bowel syndrome.
Psychosom. Med. 2019, 81(2), 146-154.

8. Qi R; Liu, C; Weng, Y.; Xu, Q.; Chen, L.; Wang, F.; et al. 2016 Disturbed interhemispheric functional
connectivity rather than structural connectivity in irritable bowel syndrome. Front. Mol. Neurosci. 2019, 9,
141.

9. Boem, F,; Greslehner, G.P.; Konsman, J.P.; Chiu, L. Minding the gut: extending embodied cognition and
perception to the gut complex. Front. Neurosci. 2024, 17, 1172783.

10. Denton, D.A.; McKinley, M.].; Farreln, M.M.; Egan, G.F. The role primordial emotions in the evolutionary
origin of consciousness. Conscious. Cogn. 2009, 18(2), 500-514.

11. Cséaszar-Nagy, N.; Bokkon, I. Long-Term Implicit Epigenetic Stress Information (Primordial Emotions) in
the Fetal Enteric Nervous System May Contribute to The Development and Maintenance of Irritable Bowel
Syndrome. Journal of Psychiatry and Psychiatric Disorders 2025, 9, 213-220.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1079.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1079.v1

10 of 15

12.  Simi¢, G.; Tkal&ié, M.; Vukié, V.; Mulc, D.; épanié, E,; gagud, M.; Olucha-Bordonau, F.E.; Vuksié, M.; Hof,
R.P. Understanding Emotions: Origins and Roles of the Amygdala. Biomolecules 2021, 11(6), 823.

13.  Holland, A.M,; Jehoul, R.; Vranken, J.; Wohl, S.G.; Boesmans, W. MicroRNA regulation of enteric nervous
system development and disease. Trends Neurosci. 2025, 48(4), 268-282.

14. Woo, T.; King, C.; Ahmed, N.I; Cordes, M.; Nistala, S.; Will, M.].; Bloomer, C.; Kibiryeva, N.; Rivera, R M.;
Talebizadeh, Z.; Beversdorf, D.Q. microRNA as a Maternal Marker for Prenatal Stress-Associated A.S.D.;
Evidence from a Murine Model. J. Pers. Med. 2023, 20, 13(9), 1412.

15. Garofalo, C.; Cristiani, C.M.; Ilari, S.; Passacatini, L.C.; Malafoglia, V.; Viglietto, G.; Maiuolo, J.; Oppedisano,
F.; Palma, E.; Tomino, C.; Raffaeli, W.; Mollace, V.; Muscoli, C. Fibromyalgia and Irritable Bowel Syndrome
Interaction: A Possible Role for Gut Microbiota and Gut-Brain Axis. Biomedicines 2023, 11(6), 1701.

16. Erdrich, S.; Hawrelak, J.A.; Myers, S.P.; Harnett, J.E. A systematic review of the association between
fibromyalgia and functional gastrointestinal disorders. Therap. Adv. Gastroenterol. 2020, 13,
1756284820977402.

17.  Yang, T.Y,. Chen, C.S,; Lin, C.L.; Lin, W.M.; Kuo, C.N.; Kao, C.H. Risk for irritable bowel syndrome in
fibromyalgia patients: A national database study. Medicine 2017, 96(14), e6657.

18. Furness, ].B. Comparative and evolutionary aspects of the digestive system and its enteric nervous system
control. Adv. Exp. Med. Biol. 2022, 1383, 165-177.

19. Furness, J.B.; Stebbing, M.]. The first brain: Species comparisons and evolutionary implications for the
enteric and central nervous systems. Neurogastroenterol. Motil. 2018, 30(2), e13234.

20. Keith, A. Sharkey, Gary, M. Mawe. The enteric nervous system. Physiological Reviews 2023, 103(2), 1487-
1564.

21. Holland, A.M.; Bon-Frauches, A.C.; Keszthelyi, D.; Melotte, V.; Boesmans, W. The enteric nervous system
in gastrointestinal disease etiology. Cell. Mol. Life Sci. 2021, 78(10), 4713-4733.

22. Spencer, N.J.; Hu, H. Enteric nervous system: sensory transduction, neural circuits and gastrointestinal
motility. Nat. Rev. Gastroenterol. Hepatol. 2020, 17(6), 338-351.

23. Lorsch, Z.S,; Liddle, R.A. Mechanisms and clinical implications of gut-brain interactions. J. Clin. Invest.
2026, 136(1), €196346.

24. Zeisel, A.; Hochgerner, H.; Lonnerberg, P.; Johnsson, A.; Memic, F.; van der Zwan, J.; Haring, M.; Braun,
E.; Borm, L.E.; La Manno, G.; Codeluppi, S.; Furlan, A.; Lee, K.; Skene, N.; Harris, K.D.; Hjerling-Leffler, J.;
Arenas, E.; Ernfors, P.; Marklund, U.; Linnarsson, S. Molecular Architecture of the Mouse Nervous System.
Cell 2018, 174(4), 999-1014€22.

25.  Furness, ].B. The Enteric Nervous System; Blackwell: Malden, MA, USA, 2006.

26. Rao, M.; Gershon, M.D. The bowel and beyond: the enteric nervous system in neurological disorders. Nat.
Rev. Gastroenterol. Hepatol. 2016, 13(9), 517-28.

27. Kim, S.; Kaang, B.K. Epigenetic regulation and chromatin remodeling in learning and memory. Exp. Mol.
Med. 2017, 49(1), e281.

28. Zovkic, LB. Epigenetics and memory: an expanded role for chromatin dynamics. Curr. Opin. Neurobiol.
2021, 67, 58-65.

29. Day, J.; Sweatt, ].D. DNA methylation and memory formation. Nat. Neurosci. 2010, 13(11), 1319-23.

30. Pefia, CJ. Epigenetic regulation of brain development, plasticity, and response to early-life stress.
Neuropsychopharmacol. 2026, 51, 5-15.

31. Espinosa-Martinez, M.; Alcazar-Fabra, M.; Landeira, D. The molecular basis of cell memory in mammals:
The epigenetic cycle. Sci. Adv. 2024, 10(9), eadl3188.

32. Shang, A.; Bieszczad, K.M. Epigenetic mechanisms regulate cue memory underlying discriminative
behaviour. Neurosci. Biobehav. Rev. 2022, 141, 104811.

33. Day, J.; Sweatt, J. Epigenetic Modifications in Neurons are Essential for Formation and Storage of
Behavioral Memory. Neuropsychopharmacol. 2011, 36, 357-358.

34. Uribe, R.A. Genetic regulation of enteric nervous system development in zebrafish. Biochem. Soc. Trans.
2024, 52(1), 177-190.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1079.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1079.v1

11 of 15

35. Diposarosa, R.; Bustam, N.A.; Sahiratmadja, E.; Susanto, P.S.; Sribudiani, Y. Literature review: enteric
nervous system development, genetic and epigenetic regulation in the etiology of Hirschsprung’s disease.
Heliyon 2021, 7(6), e07308.

36. Torroglosa, A.; Villalba-Benito, L.; Toro, L.B.; Fernandez, R.M.; Antifiolo, G.; Borrego, S. Epigenetic
mechanisms in hirschsprung disease. Int. ]. Mol. Sci. 2019, 20(13), 3123.

37. Gangz, J.; Melancon, E.; Wilson, C.; Amores, A.; Batzel, P.; Strader, M.; Braasch, 1.; Diba, P.; Kuhlman, J.A.;
Postlethwait, ].H.; Eisen, ].S. Epigenetic factors Dnmt1 and Uhrfl coordinate intestinal development. Dev.
Biol. 2019, 455(2), 473-484.

38. Jaroy, E.G.; Acosta-Jimenez, L.; Hotta, R.; Goldstein, A.M.; Emblem, R.; Klungland, A.; et al. “Too much
guts and not enough brains”: (epi)genetic mechanisms and future therapies of Hirschsprung disease - a
review. Clin. Epigenetics 2019, 11(1), 35.

39. Cheng, L. Progress on the regulation of DNA methylation in the development of the enteric nervous
system. Int. |. Pediatr. 2018, 6, 756-760.

40. Annahazi, A.; Schemann, M. “The enteric nervous system: “A little brain in the gut”. Neuroforum 2020,
26(1), 31-42.

41. Furness, ].B.; Clerc, N.; Kunze, W.A. Memory in the enteric nervous system. Gut. 2000, 47(4), iv60-iv76.

42.  Schemann, M,; Frieling, T.; Enck, P. To learn, to remember, to forget-how smart is the gut? Acta Physiol.
2020, 228(1), e13296.

43. Sharkey, K.A,; Mawe, G.M. The enteric nervous system. Physiol. Rev. 2023, 103(2), 1487-1564.

44. Eggers, S.; Nagdeo, K.P.; Sachdev, K.; Robinson, D.; Deierlein, A.L.; Lane, ].M.; Gennings, C.; Walker, RW.;
Snetselaar, L.; Nidey, N.; O’'Neal, E.E.; Midya, V. Nutritional Modulation of the Gut Microbiome in Relation
to Prenatal Lead-Induced Neurotoxicity: A Review. Nutrients 2025, 17(23), 3700.

45.  Abou Diwan, M.; Djekkoun, N.; Boucau, M.C.; Corona, A.; Dehouck, L.; Biendo, M.; Gosselet, F.; Bach, V;
Candela, P.; Khorsi-Cauet, H. Maternal exposure to pesticides induces perturbations in the gut microbiota
and blood-brain barrier of dams and the progeny, prevented by a prebiotic. Environ. Sci. Pollut. Res. Int.
2024, 31(49), 58957-58972.

46. Peng, Y.;Tun, HM.;Ng, S.C.; Wai, HK; Zhang, X.; Parks, J.; Field, C.J.; Mandhane, P.; Moraes, T.J.; Simons,
E.; Turvey, S.E.; Subbarao, P.; Brook, J.R.; Takaro, T.K.; Scott, J.A.; Chan, F.K.; Kozyrskyj, A.L. Maternal
smoking during pregnancy increases the risk of gut microbiome-associated childhood overweight and
obesity. Gut Microbes 2024, 16(1), 2323234.

47. Sajdel-Sulkowska, E.M. The Impact of Maternal Gut Microbiota during Pregnancy on Fetal Gut-Brain Axis
Development and Life-Long Health Outcomes. Microorganisms 2023, 11(9), 2199.

48. Chung, D.D.; Pinson, M.R.; Bhenderu, L.S.; Lai, M.S.; Patel, R.A.; Miranda, R.C. Toxic and Teratogenic
Effects of Prenatal Alcohol Exposure on Fetal Development, Adolescence, and Adulthood. Int. ]. Mol. Sci.
2021, 22(16), 8785.

49. DiGesu, CM.; Matz, L.M.; Buffington, S.A. Diet-induced dysbiosis of the maternal gut microbiome in early
life programming of neurodevelopmental disorders. Neurosci. Res. 2021, 168, 3-19.

50. Aldinger, ] K.; Abele, H.; Kranz, A. Prenatal Maternal Psychological Stress (PMPS) and Its Effect on the
Maternal and Neonatal Outcome: A Retrospective Cohort Study. Healthcare (Basel) 2024, 12(23), 2431.

51. Tadanki, D.; Kaza, P.S.; Meisinger, E.; Syed, A.; Johnson, A.; Bainbridge, G.; Cho, M.; Anigbogu, C.; Gupta,
G. Comprehensive Review of the Impact of Maternal Stress on Fetal Development. Pediatr. Discov. 2025,
3(3), €70004.

52. Kinsella, M.T.; Monk, C. Impact of maternal stress, depression and anxiety on foetal neurobehavioral
development. Clin. Obstet. Gynecol. 2009, 52(3), 425-40.

53. Van den Heuvel, M.I; van Assen, M.A.LM.; Glover, V.; Claes, S.; Van den Bergh, B.R.H. Associations
between maternal psychological distress and salivary cortisol during pregnancy: A mixed-models
approach. Psychoneuroendocrinology 2018, 96, 52-60.

54. Yeramilli, V.; Cheddadi, R.; Shah, J.; Brawner, K.; Martin, C. A Review of the Impact of Maternal Prenatal
Stress on Offspring Microbiota and Metabolites. Metabolites 2023, 9, 13(4), 535.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1079.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1079.v1

12 of 15

55.  Gur, T.L.; Palkar, A.V; Rajasekera, T.; Allen, J.; Niraula, A.; Godbout, J.; Bailey, M.T. Prenatal stress disrupts
social behaviour, cortical neurobiology and commensal microbes in adult male offspring. Behav. Brain Res.
2019, 359, 886-894.

56. Zijlmans, M.A,; Korpela, K.; Riksen-Walraven, ].M.; de Vos, W.M.; de Weerth, C. Maternal prenatal stress
is associated with the infant intestinal microbiota. Psychoneuroendocrinology 2015, 53, 233-245.

57. Kinser, P.A.; Thacker, L.R; Lapato, D.; Wagner, S.; Roberson-Nay, R.; Jobe-Shields, L.; Amstadter, A.; York,
T.P. Depressive Symptom Prevalence and Predictors in the First Half of Pregnancy. J. Womens Health
(Larchmt) 2018, 27(3), 369-376.

58. Kiyak, S. The relationship of depression, anxiety, and stress with pregnancy symptoms and coping styles
in pregnant women: A multi-group structural equation modeling analysis. Midwifery 2024, 136, 104103.

59. Ibrahim, S.M.; Lobel, M. Conceptualization, measurement, and effects of pregnancy-specific stress: Review
of research using the original and revised Prenatal Distress Questionnaire. ]. Behav. Med. Brain Sci. 2020,
43(1), 16-33.

60. Mahaffey, B.L, Lobel, M. Pregnancy. In: Handbook of Health Psychology; Routledge: New York, NY, USA,
2018; pp. 450—461.

61. Rondung, E.; Magnusson, S.; Ternstrom, E. Preconception fear of childbirth: experiences and needs of
women fearing childbirth before first pregnancy. Reprod. Health. 2022, 19(1), 202.

62. Al-Abri, K;; Edge, D.; Armitage, C.J. Prevalence and correlates of perinatal depression. Soc. Psychiatry
Psychiatr. Epidemiol. 2023, 58(11), 1581-1590.

63. Fawcett, EJ.; Fairbrother, N.; Cox, M.L.; White, LR.; Fawcett, ] M. The Prevalence of Anxiety Disorders
During Pregnancy and the Postpartum Period: A Multivariate Bayesian Meta-Analysis. ]. Clin. Psychiatry
2019, 80(4), 18r12527.

64. Thongsomboon, W.; Kaewkiattikun, K.; Kerdcharoen, N. Perceived Stress and Associated Factors Among
Pregnant Women Attending Antenatal Care in Urban Thailand. Psychol. Res. Behav. Manag. 2020, 13, 1115—
1122.

65. Wichman, C.L,; Stern, T.A. Diagnosing and Treating Depression During Pregnancy. Prim. Care. Companion
CNS Disord. 2015, 17(2), 10.4088/PCC.15f01776.

66. Lancaster, C.A.; Gold, K.J.; Flynn, H.A.; Yoo, H.; Marcus, S.M.; Davis, M.M. Risk factors for depressive
symptoms during pregnancy: a systematic review. Am. J. Obstet. Gynecol. 2010, 202(1), 5-14.

67. Na, O.Y,; Jie, W.; Jina, L,; Ping, Y. E.; Jiayou, L.U.O. Relationship between pregnancy stress and anxiety
and depression in early pregnancy. Chin. ]. Clin. Psych. 2022, 30, 968-972.

68. Sergi, M.R.; Saggino, A.; Balsamo, M.; et al. Risk factors of the antenatal depression in a sample of Italian
pregnant women: a preliminary study. BMC Pregnancy Childbirth 2024, 24, 689.

69. Van den Heuvel, M.I,; Hect, J.L.; Smarr, B.L.; Qawasmeh, T.; Kriegsfeld, L.].; Barcelona, ].; Hijazi, K.E.;
Thomason, M.E. Maternal stress during pregnancy alters foetal cortico-cerebellar connectivity in utero and
increases child sleep problems after birth. Sci. Rep. 2021, 11(1), 2228.

70. Di Paolo, A.L.; Nichols, E.S.; Tomfohr-Madsen, L.; Giesbrecht, G.F.; Manning, K.Y.; Lebel, C.A.; Duerden,
E.G. The association between prenatal maternal anxiety, infant brain volumes, and temperament during
the COVID-19 pandemic. Transl. Psychiatry 2025, 15(1), 283.

71.  Oberlander, T.F.; Weinberg, J.; Papsdorf, M.; Grunau, R.; Misri, S.; et al. Prenatal exposure to maternal
depression, neonatal methylation of human glucocorticoid receptor gene (NR3C1) and infant cortisol stress
responses. Epigenetics 2008, 3, 97-106.

72. Kartchner, L.C;; Dunn, A,; Taylor, K.H.; Ali, M.M.; Manning, N.A.; Dajani, N.K.; Magann, E.F. Lifestyle
Modifications Prior to Pregnancy and Their Impact on Maternal and Perinatal Outcomes: A Review. J. Clin.
Med. 2025, 14(18), 6582.

73. Nadholta, P.; Kumar, K.; Saha, P.K.; Suri, V.; Singh, A.; Anand, A. Mind-body practice as a primer to
maintain psychological health among pregnant women-YOGESTA-a randomized controlled trial. Front.
Public Health 2023, 11, 1201371.

74. Li, Y, Chen,],; Chen, B.; Wang, T.; Wu, Z.; Huang, X.; Li, S. Effect of mindfulness meditation on depression
during pregnancy: A meta-analysis. Front. Psychol. 2022, 13, 963133.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1079.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1079.v1

13 of 15

75. Liang, I.J. The wonders of mind-body practices during pregnancy: A topical review. Taiwan ]. Obstet.
Gynecol. 2024, 63(4), 486—491.

76. Kusaka, M.; Matsuzaki, M.; Shiraishi, M.; Haruna, M. Immediate stress reduction effects of yoga during
pregnancy: One group pre-post test. Women Birth 2016, 29(5), e82-e88.

77. Grenier, L.N.; Atkinson, S.A.; Mottola, M.E.; Wahoush, O.; Thabane, L.; Xie, F.; Vickers-Manzin, J.; Moore,
C.; Hutton, E.K.; Murray-Davis, B. Be Healthy in Pregnancy: Exploring factors that impact pregnant
women’s nutrition and exercise behaviours. Matern. Child. Nutr. 2021, 17(1), e13068.

78. Puertas-Gonzalez, ].A.; Marino-Narvaez, C.; Romero-Gonzalez, B.; Casado-Soto, A.; Peralta-Ramirez, M.1.
The role of resilience in the potential benefits of cognitive-behavioural stress management therapy during
pregnancy. J. Reprod. Infant. Psychol. 2024, 42(5), 789-801.

79. Pascal, R; Casas, I; Genero, M.; Nakaki, A.; Youssef, L.; Larroya, M.; Benitez, L.; Gomez, Y.; Martinez-
Aran, A.; Morilla, I.; Oller-Guzman, T.M.; Martin-Asuero, A.; Vieta, E.; Crispi, F.; Gratacos, E.; Gomez-Roig,
M.D.; Crovetto, F. Maternal Stress, Anxiety, Well-Being, and Sleep Quality in Pregnant Women throughout
Gestation. J. Clin. Med. 2023, 12(23), 7333.

80. Seitz, F.; Pourasghar, M.; Hosseinnataj, A.; Hoseinnezhad, S.Z.; Eshraghi, N.; Ganji, J. Effect of hypnosis on
anxiety and blood pressure of pregnant women with preeclampsia: A double-blind controlled clinical trial
study. |. Educ. Health. Promot. 2024, 13, 359.

81. Marc, I; Toureche, N.; Ernst, E; Hodnett, E.D.; Blanchet, C.; Dodin, S.; Njoya, M.M. Mind-body
interventions during pregnancy for preventing or treating women'’s anxiety. Cochrane Database Syst. Rev.
2011, 2011(7), CD007559.

82. Lacy, B.E.; Pimentel, M.; Brenner, D.M.; Chey, W.D.; Keefer, L.A.; Long, M.D.; et al. ACG clinical guideline:
Management of irritable bowel syndrome. Am. |. Gastroenterol. 2021, 116, 17-44.

83. Saha, L. Irritable bowel syndrome: pathogenesis, diagnosis, treatment, and evidence-based medicine. World
J. Gastroenterol. 2014, 20(22), 6759-6773.

84. Holtmann, G.J.; Ford, A.C.; Talley, N.J. Pathophysiology of irritable bowel syndrome. The Lancet
Gastroenterol. Hepatol. 2016, 1(2), 133-146.

85. Camilleri, M.; Lasch, K.; Zhou, W. Irritable bowel syndrome: methods, mechanisms, and pathophysiology.
The confluence of increased permeability, inflammation, and pain in irritable bowel syndrome. Am. J.
Physiol. Gastrointest. Liver Physiol. 2012, 303(7), G775-G785.

86. Marano, G.; Traversi, G.; Pola, R.; Gasbarrini, A.; Gaetani, E.; Mazza, M. Irritable Bowel Syndrome: A
Hallmark of Psychological Distress in Women? Life (Basel) 2025, 15(2), 277.

87. Lackner, ].M. The role of psychosocial factors in gastrointestinal disorders. Gut 2014, 33, 104-16.

88. Black, CJ. Ford, A.C. Personalisation of therapy in irritable bowel syndrome: A hypothesis. Lancet
Gastroenterol. Hepatol. 2024, 9, 1162-1176.

89. Forsythe, P.; Kunze, W.A. Voices from within: gut microbes and the CNS. Cell Mol. Life Sci. 2013, 70(1), 55—
69.

90. Luo, Y. Luo, C.L. Meislin, R. Yang, E. Zhang, X. Psychological comorbidities are more prevalent amongst
pregnant and postpartum patients with irritable bowel syndrome. Neurogastroenterol. Motil. 2024, 36,
€14800.

91. Wolfe, F.; Clauw, D.J.; Fitzcharles, M.-A.; et al. Revisions to the 2010/2011 fibromyalgia diagnostic criteria.
Semin. Arthritis Rheum. 2016, 46, 319-329.

92. Walitt, B.; Nahin, R.L.; Katz, R.S.; Bergman, M.].; Wolfe, F. The Prevalence and Characteristics of
Fibromyalgia in the 2012 National Health Interview Survey. PLoS One 2015, 10(9), e0138024.

93. Flynn, D. Chronic Pain Syndromes: Fibromyalgia. FP Essent. 2023, 533, 7-15.

94. D’Agnelli, S.; Arendt-Nielsen, L.; Gerra, M.C.; Zatorri, K.; Boggiani, L.; Baciarello, M.; Bignami, E.
Fibromyalgia: Genetics and epigenetics insights may provide the basis for the development of diagnostic
biomarkers. Mol. Pain. 2019, 15, 1744806918819944.

95. Arnold, LM.; Fan, J.; Russell, 1].; Yunus, M.B.; Khan, M.A.; Kushner, I.; Olson, ].M.; Iyengar, S.K. The
fibromyalgia family study: a genome-wide linkage scan study. Arthritis Rheum. 2013, 65(4), 1122-8.

96. Triadafilopoulos, G.; Simms, R.W.; Goldenberg, D.L. Bowel dysfunction in fibromyalgia syndrome. Dig.
Dis. Sci. 1991, 36 59-64.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1079.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1079.v1

14 of 15

97. Cai, W.; Haddad, M.; Haddad, R.; Kesten, I.; Hoffman, T.; Laan, R.; Westfall, S.; Defaye, M.; Abdullah, N.S.;
Wong, C.,; Brown, N.; Tansley, S.; Lister, K.C.; Hooshmandi, M.; Wang, F.; Lorenzo, L.E.; Hovhannisyan,
V.; Ho-Tieng, D.; Kumar, V.; Sharif, B.; Thurairajah, B.; Fan, J.; Sahar, T.; Clayton, C.; Wu, N.; Zhang, J.; Bar-
Yoseph, H.; Pitashny, M.; Krock, E.; Mogil, ].S.; Prager-Khoutorsky, M.; Séguéla, P.; Altier, C.; King, L.L.;
De Koninck, Y.; Brereton, N.J.B.; Gonzalez, E.; Shir, Y.; Minerbi, A.; Khoutorsky, A. The gut microbiota
promotes pain in fibromyalgia. Neuron 2025, 9, 113(13), 2161-2175e13.

98. Jurado-Priego, L.N.; Cueto-Urefia, C.; Ramirez-Exposito, M.].; Martinez-Martos, ].M. Fibromyalgia: A
Review of the Pathophysiological Mechanisms and Multidisciplinary Treatment Strategies. Biomedicines
2024, 12(7), 1543.

99. Bellato, E.; Marini, E.; Castoldi, F.; et al. Fibromyalgia syndrome: etiology, pathogenesis, diagnosis, and
treatment. Pain Res. Treat. 2012, 2012, 426130.

100. Yunus, M.B. Fibromyalgia and Overlapping Disorders: The Unifying Concept of Central Sensitivity
Syndromes. Semin. Arthritis Rheum. 2007, 36, 339-356.

101. Berstad, A.; Hauso, O.; Berstad, K.; Berstad, J.E.R. From IBS to ME - The dysbiotic march hypothesis. Med.
Hypotheses 2020, 140, 109648.

102. Lubrano, E.; Iovino, P.; Tremolaterra, F.; Parsons, W.].; Ciacci, C.; Mazzacca, G. Fibromyalgia in patients
with irritable bowel syndrome. An association with the severity of the intestinal disorder. Int. ]. Colorectal
Dis. 2001, 16(4), 211-5.

103. Valencia et al., 2022.

104. Bheemaneni, R.S.; Sakarkar, P.; Nigam, A.; Nwachukwu, E.C.; Sekar Lakshmisai, S.; Mohammed, L.
Unraveling the Association Between Fibromyalgia and Irritable Bowel Syndrome: A Systematic Review.
Cureus 2025, 17(11), e96801.

105. Whitehead, W.E.; Palsson, O.; Jones, K.R. Systematic review of the comorbidity of irritable bowel syndrome
with other disorders: what are the causes and implications? Gastroenterology 2002, 122(4), 1140-1156.

106. Qin, H.Y.; Cheng, C.W_; Tang, X.D.; Bian, Z.X. Impact of psychological stress on irritable bowel syndrome.
World |. Gastroenterol. 2014, 20(39), 14126-31.

107. Gupta, A.; Silman, A.J. Psychological stress and fibromyalgia: a review of the evidence suggesting a
neuroendocrine link. Arthritis Res. Ther. 2004, 6(3), 98-106.

108. Queiroz, L.P. Worldwide epidemiology of fibromyalgia topical collection on fibromyalgia. Curr. Pain
Headache Rep. 2013, 17, 356.

109. Staudacher, H.M.; Black, C.J.; Teasdale, S.B.; Mikocka-Walus, A.; Keefer, L. Irritable bowel syndrome and
mental health comorbidity - approach to multidisciplinary management. Nat. Rev. Gastroenterol. Hepatol.
2023, 20(9), 582-596.

110. Henao-Pérez, M.; Lopez-Medina, D.C.; Arboleda, A.; Bedoya Monsalve, S.; Zea, J.A. Patients With
Fibromyalgia, Depression, and/or Anxiety and Sex Differences. Am. ]. Mens Health 2022, 16(4),
15579883221110351.

111. Martinez-Martinez, L.A.; Mora, T.; Vargas, A.; Fuentes-Iniestra, M.; Martinez-Lavin, M. Sympathetic
Nervous System Dysfunction in Fibromyalgia, Chronic Fatigue Syndrome, Irritable Bowel Syndrome, and
Interstitial Cystitis: A Review of Case-Control Studies. . Clin. Rheumatol. 2014, 20, 146-150.

112. Arendt-Nielsen, L.; Graven-Nielsen, T. Central sensitization in fibromyalgia and other musculoskeletal
disorders. Current Science Inc. 2003, 7, 355-361.

113. Akiho, H.; Thara, E.; Nakamura, K. Low-grade inflammation plays a pivotal role in gastrointestinal
dysfunction in irritable bowel syndrome. World ]. Gastrointest. Pathophysiol. 2010, 1(3), 97-105.

114. Orock, A.; Yuan, T.; Greenwood-Van Meerveld, B. Importance of Non-pharmacological Approaches for
Treating Irritable Bowel Syndrome: Mechanisms and Clinical Relevance. Front. Pain Res. (Lausanne) 2021,
1, 609292.

115. Imamura, M.; Cassius, D.A.; Fregni, F. Fibromyalgia: From treatment to rehabilitation. Eur. ]. Pain 2009,
3(2), 117-122.

116. Ali, A.; McCarthy, P.L. Complementary and integrative methods in fibromyalgia. Pediatr. Rev. 2014, 35(12),
510-8.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1079.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 March 2026 d0i:10.20944/preprints202603.1079.v1

15 of 15

117. De Palma, G.; Lynch, M.D,; Lu, J.; Dang, V.T.; Deng, Y.; Jury, J.; Umeh, G.; Miranda, P.M.; Pigrau Pastor,
M.,; Sidani, S.; Pinto-Sanchez, M.L; Philip, V.; McLean, P.G.; Hagelsieb, M.G.; Surette, M.G.; Bergonzelli,
G.E.; Verdu, E.F.; Britz-McKibbin, P.; Neufeld, J.D.; Collins, S.M.; Bercik, P. Transplantation of fecal
microbiota from patients with irritable bowel syndrome alters gut function and behaviour in recipient mice.
Sci. Transl. Med. 2017, 9(379), eaaf6397.

118. Lin, H.; Guo, Q.; Wen, Z,; Tan, S.; Chen, J; Lin, L.; Chen, P.; He, ].; Wen, ].; Chen, Y. The multiple effects of
fecal microbiota transplantation on diarrhea-predominant irritable bowel syndrome (IBS-D) patients with
anxiety and depression behaviours. Microb. Cell. Fact. 2021, 20(1), 233.

119. Stretanski, M.F.; Kopitnik, N.L.; Matha, A.; Conermann, T. Chronic Pain. In: StatPearls [Internet]. StatPearls
Publishing: Treasure Island, FL, USA, 2025. PMID: 31971706.

120. Merskey, H.; Bogduk, N. Classification of chronic pain. 2nd ed.; IASP Press: Seattle, USA, 1994; p. 1.

121. Goldberg, D.S.; McGee, S.J. Pain as a global public health priority. BMC Public Health 2011, 11, 770.

122. Rikard, S.M,; Strahan, A.E.; Schmit, KM.; Guy, G.P. Jr. Chronic Pain Among Adults — United States, 2019-
2021. MMWR Morb. Mortal. Wkly. Rep. 2023, 72, 379-385.

123. Mills, S.E.E.; Nicolson, K.P.; Smith, B.H. Chronic pain: a review of its epidemiology and associated factors
in population-based studies. Br. |. Anaesth. 2019, 123(2), e273-e283.

124. Gatchel, R].; McGeary, D.D.; McGeary, C.A.; Lippe, B. Interdisciplinary chronic pain management: past,
present, and future. Am. Psychol. 2014, 69, 119-130.

125. Jensen, M.P.; Turk, D.C. Contributions of psychology to the understanding and treatment of people with
chronic pain: why it matters to ALL psychologists. Am. Psychol. 2014, 69, 105-118.

126. Algorani, E.B.; Gupta, V. Coping Mechanisms. [Updated 2023 Apr 24]. In: StatPearls [Internet]. StatPearls
Publishing;: Treasure Island, FL, USA, 2025. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK559031/.

127. Folkman, S.; Moskowitz, ].T. Coping: pitfalls and promise. Annu. Rev. Psychol. 2004, 55, 745-74.

128. Galvez-Sanchez, C.M.; Duschek, S.; Reyes del Paso, G.A. Psychological impact of fibromyalgia: current
perspectives. Psychology Research and Behavior Management 2019, 12, 117-127.

129. Jones, H.G.; Rizzo, RR.N,; Pulling, B.W.; Braithwaite, F.A.; Grant, A.R.; McAuley, ].H.; Jensen, M.P.;
Moseley, G.L.; Rees, A.; Stanton, T.R. Adjunctive use of hypnosis for clinical pain: a systematic review and
meta-analysis. Pain Rep. 2024, 9(5), e1185.

130. Aravena, V.; Garcia, F.E.; Téllez, A.; Arias, P.R. Hypnotic intervention in people with fibromyalgia: A
randomized controlled trial. Am. J. Clin. Hypn. 2020, 63(1), 49-61.

131. Knafo, G.; Weinberger, J. Exploring the Role of Conscious and Unconscious Processes in Hypnosis: A
Theoretical Review. Brain Sci. 2024, 14(4), 374.

132. Dabek -Drobny, A.; Mach, T.; Zwolinska-Wcisto, M. Effect of selected personality traits and stress on
symptoms of irritable bowel syndrome. Folia Med. Cracov. 2020, 60(2), 29-41.

133. Torkzadeh, F.; Danesh, M.; Mirbagher, L.; Daghaghzadeh, H.; Emami, M.H. Relations between Coping
Skills, Symptom Severity, Psychological Symptoms, and Quality of Life in Patients with Irritable Bowel
Syndrome. Int. ]. Prev. Med. 2019, 10, 72.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1079.v1
http://creativecommons.org/licenses/by/4.0/

