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a National University of Public Services, Budapest, Hungary 
b Psychosomatic Outpatient Clinics, Budapest, Hungary 
c Vision Research Institute, Neuroscience and Consciousness Research Department, Lowell, MA, USA   

A R T I C L E  I N F O   

Keywords: 
IBS 
Subthreshold mental disorders 
Gut-brain axis 
ENS with Implicit epigenetic long-term mem
ory 
Hypnotherapy 

A B S T R A C T   

The association between irritable bowel syndrome (IBS) and psychiatric and mood disorders may 
be more fundamental than was previously believed. Prenatal, perinatal, postnatal, and early-age 
conditions can have a key role in the development of IBS. Subthreshold mental disorders (SMDs) 
could also be a significant source of countless diverse diseases and may be a cause of IBS 
development. We hypothesize that stress-induced implicit memories may persist throughout life 
by epigenetic processes in the enteric nervous system (ENS). These stress-induced implicit 
memories may play an essential role in the emergence and maintenance of IBS. In recent decades, 
numerous studies have proven that hypnosis can improve the primary symptoms of IBS and also 
reduce noncolonic symptoms such as anxiety and depression and improve quality of life and 
cognitive function. These significant beneficial effects of hypnosis on IBS may be because hyp
nosis allows access to unconscious brain processes.   

1. Introduction 

There is growing evidence that psychiatric and mood disorders play a key role in the development of irritable bowel syndrome (IBS) 
[1–4]. IBS, a condition affecting the colon, is almost mystical because no anatomical cause can be detected on laboratory tests, X-rays, 
or biopsies. Although IBS is not life-threatening, it has a significant economic impact as well as a huge impact on quality of life and 
mental health [5,6]. 

We hypothesize that stress-induced implicit memories in the enteric nervous system (ENS) may persist throughout life by epige
netic mechanisms [7]; Furness, 2000). These stress-induced memories may play a key role in the emergence and maintenance of IBS. 
Namely, it is possible that IBS starts in the gut, and the gut probably drives psychological alterations in a main group of cases with 
functional gastrointestinal disorders (FGIDs) [8]. 

We also point out that the significant beneficial effects of hypnosis on IBS may be because hypnosis allows access to unconscious 
brain processes that modulate stress-associated unconscious (implicit) information via the gut-brain axis (GBA) [9–11]. As a result, 
subjective pain perception (visceral hypersensitivity, somatization) decreases in the CNS as well as the stress-related inflammatory 
response in the gut. 
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2. The enteric nervous system and the gut-brain axis 

The enteric nervous system (ENS) is the nervous system of the gastrointestinal (GI) tract that has evolved over hundreds of millions 
of years. Recently, Spencer et al. [12] showed how the ENS produces propulsion along the gut that behaves similarly to other neural 
networks in the brain and spinal cord. Spencer et al. [12] revealed how all different neurochemical classes of myenteric neurons are 
temporally and spatially activated along the colon and generate propulsive contractions. This study confirmed again that the ENS is the 
‘first brain’ in the evolutionary process. 

The ENS is a very complex, autonomous nervous system that develops before and independently of the central nervous system 
(CNS) [13]. Although the ENS can function independently, the ENS and CNS communicate bidirectionally [14]. The ENS is the largest 
part of the peripheral nervous system that regulates and coordinates all bowel functions, and contains approximately 200–600 million 
neurons in humans [15,16]. The diversity of neuronal and glial subtypes and neurotransmitters in the ENS is as rich as that in the CNS 
[17]. The ENS is a network of neurons and glial cells located within the gut wall that is essential for control of gastrointestinal function. 
The ENS communicates with other cell types, including intestinal epithelial, endocrine, and immune cells, which influence numerous 
physiological responses at the level of the gut [14]. During embryonic development, neurons and glial cells of the ENS are mainly 
derived from pluripotent stem cells of the vagal neural crest that invade, proliferate, and migrate through the intestinal wall until the 
entire bowel is colonized [18,19]. The intestinal microbiome interacts with the ENS and affects intestinal physiology [20]. 

The gut-brain axis (GBA) is a bidirectional communication system between the gastrointestinal tract and brain. The GBA (broadly 
defined) includes the CNS; neuroendocrine system; neuroimmune systems; the hypothalamic pituitary adrenal axis (HPA); sympa
thetic and parasympathetic arms of the autonomic nervous system (ANS); ENS; vagus nerve; and gut microbiota and its metabolites, 
such as essential vitamins, secondary bile acids, amino acids, short-chain fatty acids (SCFAs), neurotransmitters, and hormones [21, 
22]. Kano et al. [23] found that IBS involves corticotropin-releasing hormone (CRH)-dependent dysregulation of the GBA. This 
supports the conceptualization of IBS as a disorder of brain-gut interactions with stress response systems, such as the ANS and HPA 
axis, serving as an important interface. 

Through the GBA, these pathways and metabolites can influence behaviour, memory, learning, locomotion, stem cell proliferation 
and differentiation, neurotransmission pathways, activity-dependent synaptic plasticity, brain development, mental and neurode
generative disorders, hormonal and immune system pathways, etc. [24-35]. Microbe-derived metabolites can also modulate host 
metabolism via epigenetic regulators [36,37]. In addition, Kaelberer et al. [38] demonstrated the existence of a direct link between 
enteroendocrine (EC) cells and the brain. Namely, EC cells synapse with vagal neurons to transduce millisecond-long intestinal luminal 
signals by glutamate as a neurotransmitter. Furthermore, intestinal microbiota changes brain mechanisms that aid in threat processing 
[39]. 

Exposure to various factors, such as diet, toxins, drugs, antibiotics, pathogens, and psychological stress, can perturb the normal 
microbiota that causes dysbiosis, impairing communication via the GBA [40-42]. Impaired communication between the gut and brain 
axis can produce numerous intestinal and extraintestinal disorders (obesity, type 2 diabetes, glucose intolerance, insulin resistance, 
acne, atopic dermatitis, psoriasis, colorectal cancer, nonalcoholic fatty liver disease, IBS, Crohn’s disease, ulcerative colitis, fibro
myalgia, chronic pain, stroke, lung disease, celiac disease, and metabolic syndrome) as well as disorders of the nervous system [43-48]. 
There is increasing evidence that the GBA axis plays a key role in the maintenance of brain homeostasis as well as in the development of 
major neurological and psychiatric disorders, such as Parkinson’s disease (PD), Alzheimer’s disease (AD), multiple sclerosis (MS), 
autism spectrum disorder (ASD), and major depressive disorder (MDD) [46,49,50]. It seems that the gut microbiota can affect almost 
all aspects of human development and health [51]. 

3. The enteric nervous system may have long-term memory 

Studies have suggested that the ENS may be able of learning and memorizing [7,52,53]. Recently, Schemann et al. [7] proposed 
that the ENS may perform memorization and implicit learning; thus, it may work similarly to a “little brain” in the gut. One of the main 
comments by Gershon [54] on Schemann’s statement [7] was that enteric neurons cannot survive for a lifetime, since 88% of ENS may 
be lost every two weeks [55]. Thus, the rapid exchange of enteric neurons is difficult to reconcile with the notion that the ENS has 
circuits that are able to cope with complex processes such as learning and memory [54]. 

However, there are studies that do not suggest such a high degree of neurogenesis [20,56] in the ENS, as reported by Kulkarni et al. 
[55]; and we should consider that the origin of differentiating cells is currently under debate. In addition, the latest studies question the 
70-year-old paradigm, the Hebbian hypothesis of neuroscience plasticity, according to which the brain learns by modifying the 
strength of synapses [57,58]. Hodassman et al. [57] proposed that the neuron is not a binary unit that can fire or not and that a single 
neuron can realize learning algorithms that previously required an artificially complex network of thousands of interconnected 
neurons and synapses. 

Furthermore, several studies have suggested that long-term memory (LTM) may exist by epigenetic mechanisms at the cellular level 
[59-69These findings support the notion that simple stress-induced implicit LTM may also persist throughout life by epigenetic 
mechanisms in the ENS. 

4. Irritable bowel syndrome 

Irritable bowel syndrome (IBS) is the most common functional gastrointestinal disorder (FGID) [70] that has no organic cause and 
cannot be detected by routine laboratory tests. The aetiology and pathogenesis of IBS are multifactorial. Hence, the underlying 
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pathogenesis of IBS is complex, and the molecular pathophysiology is far from understood. According to Van Oudenhove et al. [71,72]: 
“It is generally accepted that functional gastrointestinal disorders (FGIDs) result from complex and reciprocal interactions between 
biological, psychological, and social factors, rather than from linear monocausal etiopathogenetic processes.” 

According to the ROME III criteria in 2006, patients with IBS belong to one of the three predominant subtypes: IBS with con
stipation (IBS–C); IBS with diarrhoea (IBS-D); mixed IBS with alternating diarrhoea and constipation (IBS-M); and IBS-U is an 
unsubtyped IBS for people who do not fit into the IBS-D, IBS-C, and IBS-M types [73]. In 2016, the Rome IV criteria defined IBS as an 
FGID in which recurrent abdominal pain is associated with defecation or a change in bowel habits. This produced greater heterogeneity 
within diagnostic categories [74]. Namely, there was a 3-fold increase in the rate of a functional dyspepsia FD/IBS overlap diagnosis. 
However, the diagnosis of IBS is still controversial and is partly made on the basis of the exclusion of other diseases. 

IBS substantially impairs quality of life, and the overall health-care costs are high. The prevalence of IBS ranges from 5% to 20%, 
depending on the country and criteria used to diagnose IBS [75]. If the incidence of IBS remains unchanged, projections of global 
population growth alone indicate that many more people will suffer from IBS worldwide in the future [76]. IBS is more frequent in 
women than men [77]. Various predisposing factors have been suggested for IBS, such as sex, age, psychological stress factors, early 
life events, gastrointestinal infections, altered gut microbiota, asthma and atopic disorders, diet, socioeconomic, family, and envi
ronmental factors, among others [78-80]. 

IBS is now considered a disorder of altered brain-gut interactions, where a biopsychosocial model helps in understanding the 
symptoms (see Fig. 1) [81]. The biopsychosocial model of IBS is useful in understanding FGIDs as complex conditions that involve 
complex interplay between biological, psychological, and (psycho)social factors. A 2019 meta-analysis [3] found that PTSD is 

Fig. 1. Simple illustration about the biopsychosocial model of IBS with IBS symptoms and factors involved in IBS pathogenesis in the gut and CNS.  
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significantly associated with an increased likelihood of IBS. This supports a biopsychosocial understanding and model for IBS. In 
addition, there is growing evidence that dysregulation in immune function is associated with IBS and could contribute to either 
aetiology or symptoms. Mast cells are immune cells in the gastrointestinal tract that are regarded as key components in inflammatory 
reactions and IBS pathophysiology [82,83]. 

Current approaches in IBS treatment include dietary, probiotic, pharmacological (depending on the subtype, including antide
pressants, antibiotics, peripherally restricted opioids, cannabis), psychotherapeutic (cognitive behavioral therapy and gut-directed 
hypnotherapy), and microbiota transplantation approaches, among others [84-89]. Unfortunately, the present diagnostic criteria 
for FGIDs, as well as disease severity, frequency, duration, and treatment efficacy, are based solely on subjective patient reports 
without objective biomarkers [90,91]. 

5. IBS: comorbidity with mental diseases and subthreshold mental disorders 

Although the role and importance of psychological factors in IBS are debated, a growing number of studies suggest that psychiatric 
and mood disorders may play a key role in the development and maintenance of IBS. Thirty to forty percent of patients with IBS have 
comorbid depression or anxiety disorder [92,93]. Approximately 60% of those seeking medical treatment for FGIDs suffer from a 
psychiatric illness [94]. Suicidal ideation occurs in 15–38% of patients with IBS [95]. A systematic review and meta-analysis found that 
the prevalence of IBS varies from 1% to more than 45%, according to the geographic location of the population under study [96]. Kabra 
and Nadkarni [97] found that the prevalence of depression and anxiety in IBS patients was 37.1 and 31.4%, respectively, in an Indian 
population. Newer meta-analysis studies show that depression and anxiety are significantly higher in IBS patients than in healthy 
controls [98,99]. A multivariate analysis of 769 IBS patients by Midenfjord et al. [2] revealed that the prevalence of depression and 
anxiety was 25.7% and 44.9%, respectively, in IBS patients. Hu et al. [100] conducted a network meta-analysis of 18 studies with 7095 
participants. The authors found that IBS-C had the highest incidence of depression (38%) and anxiety (40%), followed by IBS-D, IBS-M, 
and IBS-U. In addition, IBS-M was associated with higher levels of depression and anxiety, and IBS-C had the highest prevalence of 
depression and anxiety. According to a systematic review and meta-analysis by Zamani et al. [101]; IBS patients presented threefold 
increased odds of either anxiety or depression compared to healthy controls. A 2019 meta-analysis by Ng et al. [3] contained a total of 
648,375 subjects, specifically examining the association between PTSD and IBS, and found that PTSD was significantly associated with 
an increased likelihood of IBS. Interestingly, a large Korean study by Lee et al. [102] reported that the incidence rate of IBS was higher 
in patients with mild depression than in those with severe depression. Referring to the biopsychosocial model, Person and Keefer [103] 
wrote: “In this model, gastrointestinal disease can be seen as more than just an isolated pathophysiological process, but in the context 
of psychosocial factors that may be a key to the genesis and maintenance of the illness." 

Subthreshold mental disorders (SMDs) (that do not meet full diagnostic criteria for mental disorders) are attracting increased 
attention in scientific research because SMDs can be an important source of countless other diseases and poor quality of life and thus 
may also be a cause of IBS development [104-113]. SMDs are often undiagnosed, although the prevalence of SMDs is higher than that 
of diagnosed mental disorders [104]. Furthermore, SMDs include the same symptoms as diagnosed mental disorders, except that they 
differ in the number, duration, severity, and frequency of symptoms and exclusion criteria [107]. It is very probable that many people 
may have SMDs for a shorter or longer period of time or throughout their lives without diagnosis [112,114]. Therefore, SMDs could be 
a significant source of countless diverse diseases and may also be a cause of IBS development. 

6. IBS: structural and functional brain changes 

Although various studies have investigated structural and functional brain changes associated with IBS, the IBS-associated exact 
neural substrate is still unclear. Seminowicz et al. [115] found that IBS is associated with decreased grey matter density (GMD), 
including the medial prefrontal and ventrolateral prefrontal cortex, the posterior parietal cortex, the ventral striatum, and the thal
amus. They proposed that morphometric alterations take place mainly in brain networks concerned with attention and emotion 
modulation, as well as in cortio-limbic pontine pain modulatory systems, and to a lesser degree, in networks processing interoceptive 
information. 

The study by Zhao et al. [116] found that elderly IBS patients presented reduced fractional anisotropy (FA) in the callosum, upper 
corona, fornix, internal capsule, and caudex cerebri, indicating that white matter abnormalities occurred in IBS patients with grey 
matter abnormalities. Weng et al. [117]; by resting-state functional magnetic resonance imaging (rsfMRI), observed that IBS patients 
presented widely perturbed functional connectivity density (FCD). Furthermore, some areas with altered FCD had abnormal functional 
relationships in brain regions involved in the pain matrix of IBS patients. 

Labus et al. [118] found increases and decreases in GMV and alterations in regional network properties in predominantly pre
menopausal female IBS patients. These changes could reflect different pathophysiological components of the disease processes un
derlying IBS symptoms. Namely, increased sensitivity to somatic and visceral stimuli (higher GMV in S1) was associated with an 
increase in emotional arousal (lower GMV in the hippocampus in IBS) and other chronic pain-related mechanisms (lower GMV in 
insula and cingulate cortices, differences in insula, cingulate, thalamus and brain stem network properties). 

IBS is strongly associated with a high level of somatization and psychosocial morbidities [71,72,119]. In magnetic resonance 
imaging (MRI) experiments, Grinsvall et al. [120] found that somatization level was associated with differences in local grey matter 
covariance, mainly in regions of the prefrontal cortex, insula, and cerebellum in IBS. The authors proposed that prefrontal mechanisms 
may be more important than insular mechanisms in the neurobiological sensitization process associated with IBS high somatization. 

Icenhour et al. [121]; by rsfMRI, studied resting-state functional connectivity (rsFC) within the default mode network (DMN), 
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salience and sensorimotor networks in IBS patients with and without visceral hypersensitivity compared to healthy controls. Namely, 
the authors investigated group differences in FC in insular and cingulate subregions, thalamus, and amygdala, since it was demon
strated that these brain regions are activated by visceral stimulation [122]. Icenhour et al. [121] proposed that group differences 
related to visceral sensitivity under resting conditions could be caused by enhanced sensory input from the gut or by centrally mediated 
modulatory mechanisms. 

The habenula is a small epithalamic complex nucleus that connects the limbic forebrain and midbrain. The habenula is involved in 
nociception, sleep-wake cycles, reproductive behaviour, and mood and has been implicated in the pathogenesis of various psychiatric 
disorders and pain [123,124]. Mao et al. [125] investigated habenular function in IBS patients by rsfMRI. They showed that IBS 
patients had altered rsfMRI and effective connectivity of the habenula associated with pain. These results may indicate the dysre
gulation of affective and pain processing in these disease conditions. 

MRI investigations of patients with IBS with depressive symptoms (DEP-IBS) by Li et al. [32,33] suggest that depressive symptoms 
can act as mediators between gastrointestinal symptoms and GMV in the left insula, right medial prefrontal cortex, and right middle 
frontal gyrus, whereas gastrointestinal symptoms can act as mediators between depression and GMV in these areas. This suggests that 
convergent syndromic atrophy develops in the pain and emotional systems of patients with DEP-IBS. Li et al. [126,127], using rsfMRI, 
found that patients with DEP-IBS present abnormal functional connectivity (FC) in brain areas associated with the fronto-limbic and 
sensorimotor networks, especially the insula and supplementary motor area (SMA), which can elucidate the vicious circle between 
negative emotions and gastrointestinal symptoms in IBS. 

7. IBS: prenatal, perinatal, postnatal, and early age stress, familial clustering and transfer across generations 

According to foetal programming theory, exposure to prenatal suboptimal intrauterine conditions in later adulthood can predispose 
a person to developing chronic diseases [128]. However, there is growing evidence that prenatal, perinatal, postnatal, and early age 
conditions could predispose to developing chronic diseases in later adulthood [129-132]. Maternal prenatal and postnatal anxiety and 
depression, neonatal maternal separation, and early adverse life events (EALs), such as sexual and physical abuse or emotional trauma, 
are significant vulnerability factors that predispose individuals to gastrointestinal diseases and development of adult IBS [133,134]. 
Maternal depression and anxiety are most common during pregnancy and the postpartum period [135]. Maternal prenatal stress 
influences the neurodevelopment and birth outcomes of offspring [136]. 

We identified neonatal maternal separation (MS) as an essential risk factor for neurodevelopmental disorders [137]. There is also 
growing evidence that perinatal, postnatal, and early age conditions can have an essential role in the development of IBS. Various 
studies have pointed out that MS, as an early adverse life event, can be particularly dangerous to newborns and induce visceral hy
persensitivity [138-142]. 

Various studies have pointed out that IBS can accumulate in families and be inherited across generations [143-145]. Aguas et al. 
[146] found that the incidence of IBS was higher in first-degree blood relatives than in spouses of patients. The authors also suggested 
that genetic and psychological factors are more important than environmental factors. van den Wijngaard et al. [147] showed that 
MS-produced visceral hypersensitivity could be transferred across generations. In addition, this transfer depended on maternal care, 
which suggests that the MS model can be used to determine early life adverse triggers and mechanisms relevant to IBS. Twin studies 
also emphasize that genetic and psychological processes may explain familial clustering of IBS and that both heredity and social 
learning contribute to its aetiology [148–150]. A recent population-based twin cohort study [148] demonstrated that familial as well 
as intrauterine factors have significant roles in the cooccurrence of IBS and symptoms of anxiety and depression. The authors also 
revealed that both genetic factors and intrauterine factors can influence the associations between IBS, anxiety, and depression. In 
addition, IBS presents a higher concordance rate among monozygotic compared to dizygotic twins [151,152]. 

In their large cohort study, Waehrens et al. [153] revealed that many perinatal and familial factors could be independently 
associated with an increased risk of IBS. This suggests that perinatal and familial factors may have an important long-term role in the 
development of IBS. The increased risk of IBS among first-degree, second-degree, and third-degree relatives suggests an important 
genetic component of the family grouping of IBS [153]. Nevertheless, nongenetic factors also contribute to the increased risk among 
spouses, and the genetic component plays an essential role in the familial clustering of IBS [154]. According to Gazouli et al. [155]; 
environmental factors such as childhood trauma, physical and psychological stress, pathogens, and perturbed gut microbiota have key 
roles in the development of IBS. 

8. Hypnosis 

Hypnosis can be considered an altered state of consciousness (trancelike state) that allows the individual to recall memories or 
instruct the individual to change a particular behaviour. Using electroencephalography (EEG) and imaging methods, hypnosis can be 
well distinguished from other states of consciousness, such as normal wakefulness, deep relaxation, sleep, or meditation [156]. 

Numerous studies have revealed that hypnosis is a nonpharmacological and cost-effective method that can be used as an effective 
and safe method for the management of diverse conditions, such as pain, anxiety, mood disorders, sleep problems, depression and 
anxiety, wound healing, haemorrhage, stress and pain associated with medical and surgical procedures, and gastrointestinal disorders 
[9,157–174]. 

At present, the hypnosis-induced neurophysiological mechanisms are not yet well understood. Although various models have been 
suggested to explain these effects, the biopsychosocial model of hypnosis (biological, psychological, and social factors and their in
teractions) may serve as a better integration model [175]. 

N. Császár-Nagy and I. Bókkon                                                                                                                                                                                    



Heliyon 9 (2023) e12751

6

According to neuroimaging studies, hypnosis suggestions create an altered functional association. These subjective changes are 
associated with corresponding changes in specific psychological functions within brain regions. Although there are methodological 
and subjective differences, numerous experiments suggest that a hypnotic state includes the insular cortex, anterior cingulate cortex 
(ACC), thalamus, increased pituitary-mesencephalic brainstem, increased activation of the occipital and dorsolateral prefrontal cortex 
(DLPFC), amygdaloid memory system, and decreased activation of the precuneus [9,176–178]. In addition, recently, we [9] and others 
[179] pointed out that hypnosis may produce changes in neuroplasticity and that epigenetic mechanisms may underlie these changes 
in synaptic plasticity. 

Since hypnosis allows access to the unconscious brain and could modulate unconscious (implicit) information, it could be a 

Table 1 
Relevant studies supporting the utility of hypnotherapy in IBS treatment.  

STUDY OBJECTIVES OF THE STUDY RESULTS 

Whorwell et al. 
[202] 

30 patients with severe refractory IBS were randomly allocated to 
treatment with either hypnotherapy or psychotherapy and placebo. 

The psychotherapy produced a small improvement in abdominal 
pain, abdominal distension, and general well-being but not in bowel 
habit. The hypnotherapy presented a dramatic improvement in all 
features and no relapses were recorded during the 3-month follow- 
up period. 

Donnet et al. 
[194] 

Recorded 150 IBS patients’ perceptions and expectations of 
hypnotherapy as well as their symptom response. 

Hypnotherapy improved symptoms and resulted in a wide range of 
additional benefits. Expectation did not necessarily influence the 
outcome. Recording IBS symptoms alone does not fully capture the 
patient’s experience of treatment. 

Sasegbon et al. 
[182] 

Forty-four Asian patients with refractory IBS received 12-sessions of 
gut-directed hypnotherapy (GDH) using the Manchester protocol. 

GDH was highly effective with similar response rates to outcomes in 
other IBS populations regardless of the ethnicity of the therapist. 

Hasan et al. [183] Randomized study of gut-focused hypnotherapy (GFH). 450 subjects 
with IBS were allocated to either 6 or 12 weekly sessions. 

Compared with 12 sessions, 6 sessions of GFH produced similar 
levels of improvement in IBS symptoms, noncolonic symptoms, 
anxiety, depression, and quality of life. 

Hoekman et al. 
[85] 

Randomized, controlled, open-label trial to compare the 
effectiveness of hypnotherapy vs standard medical treatment (SMT) 
for IBS- type symptoms in 80 IBD patients. 

The effectiveness of SMT and hypnotherapy for IBS-type symptoms 
was comparable in IBD patients. 

Black et al. [184] Searching the medical literature through January 2020 for 
randomized controlled trials assessing the efficacy of psychological 
therapies for adults with IBS, compared with each other or a control 
intervention. 

Several psychological therapies are efficacious for IBS, although 
none were superior to another. CBT (cognitive behavioral therapy)- 
based interventions and gut-directed hypnotherapy had the largest 
evidence base and were the most efficacious long term. 

Vasant et al. 
[185], 

32 young patients with IBS received 12 sessions of gut-focused 
hypnotherapy (GFH). 

GFH was very effective in children and adolescents with IBS. Early 
intervention with GFH in childhood IBS may reduce the subsequent 
burden of this problem in adults. 

Rutten et al. 
[199] 

A systematic review to compare the effectiveness of gut-directed 
hypnotherapy (GDH) by means of home-based self-exercises using an 
audio CD with that of individual hypnotherapy (iHT) performed by 
qualified therapists. 132 children were assigned to the CD group and 
128 to the iHT group. 

The long-term effectiveness of home-based hypnotherapy with an 
audio CD is noninferior to iHT performed by therapists in pediatric 
IBS or functional abdominal pain (FAP). Treatment with hypnosis 
using an audio CD provides an attractive treatment option for these 
children. 

Peters et al. [186] A review of published literature and a systematic review of clinical 
trials about gut- directed hypnotherapy. 

Gut-directed hypnotherapy has durable efficacy in patients with IBS 
and possibly ulcerative colitis. 

Miller et al. [195] 1000 consecutive patients with IBS received 12 sessions of 
hypnotherapy over 3 months. 

The results of this audit confirmed that 3 months of hypnotherapy 
produced significant improvement in symptoms in this large group 
of refractory IBS patients, who were continuing to experience 
troubling symptoms despite multiple conventional interventions. 

Gerson et al. 
[187] 

Testing whether group gut-focused hypnotherapy would improve 
IBS in 75 patients. 

The group hypnotherapy was effective in patients with IBS. 

Rutten et al. 
[196] 

A systematic review to assess the efficacy of gut-directed 
hypnotherapy in pediatric functional abdominal pain (FAP) and IBS 
patients. 

The therapeutic effects of HT seem superior to standard medical care 
in children with FAP or IBS. It remains difficult to quantify the exact 
benefits. The need for more high-quality research is evident. 

Lindfors et al. 
[188] 

208 patients received gut-directed hypnotherapy that was 
retrospectively evaluated. 

This long-term follow-up study indicated that gut-directed 
hypnotherapy in refractory IBS is an effective treatment option with 
long- lasting effects, also when given outside highly specialized 
hypnotherapy centers. 

Vlieger et al. 
[197] 

This follow-up study investigated the long- term effects of gut- 
directed hypnotherapy vs. standard medical treatment plus standard 
supportive therapy (SMT) in 52 participants. 

This follow-up study clearly demonstrated that the beneficial effects 
of gut-directed hypnotherapy are sustained over a period of 5 years 
in children with functional abdominal pain (FAP) or IBS. 

Vlieger et al. 
[189] 

53 pediatric patients, aged 8–18 years, with functional abdominal 
pain (FAP) or IBS, were randomized to either hypnotherapy or 
standard supportive therapy (SMT). 

Hypnotherapy was more effective, with a significantly greater 
reduction in pain scores compared with SMT. 

Gonsalkorale 
et al. [191] 

204 patients prospectively completed questionnaires scoring 
symptoms, quality of life, anxiety, and depression before, 
immediately after, and up to six years following hypnotherapy. 

This study demonstrated that the beneficial effects of hypnotherapy 
for IBS last at least five years. 

Palsson et al. 
[193] 

Patients with severe IBS received seven biweekly hypnosis sessions 
and used hypnosis audiotapes at home. 

Rectal pain thresholds, rectal smooth muscle tone, and autonomic 
functioning were unaffected by hypnosis. Somatization and 
psychological distress showed large decreases. Hypnosis improved 
IBS symptoms through reductions in psychological distress and 
somatization.  
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significant adjuvant technique that is not used in everyday practice and is basically just being researched [10,180,181]. 

9. Hypotherapy and IBS 

Since 1984, when Whorwell et al. published their outcomes of a small clinical trial in the Lancet that showed that hypnotherapy 
could relieve several of the symptoms of IBS, there has been an increased interest in researching the effectiveness of psychological 
treatment for IBS. Numerous experiments and studies have demonstrated the significant efficacy of hypnosis in the treatment of IBS 
[85,182–193]. 

Fig. 2. Visualization of the key aspects of our hypothesis.  
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Gut-focused hypnotherapy (GFH) can not only improve the primary symptoms of IBS but also reduce noncolon symptoms, anxiety, 
and depression and improve quality of life and cognitive function [194,195]. Hypnotherapy is particularly effective in children with 
IBS [189,196,197]. Hasan et al. [198] demonstrated that Skype hypnotherapy, regarding IBS, produced significant improvements and 
was almost as effective as face-to-face treatment (outcomes of Skype hypnotherapy were 65% and face-to-face treatment was 76%). 
Rutten et al. [199] performed a randomized controlled trial to compare the cost-effectiveness of individual hypnotherapy performed 
by a qualified therapist with gut-directed hypnotherapy (GHT) by means of CD-recorded self-exercises at home in children with IBS or 
functional abdominal pain (FAP). They found that hypnotherapy with CD was comparable to (or slightly lower) hypnotherapy with a 
therapist. Peter et al. [200] studied the microbial composition of patients with IBS and psychological distress before and after GHT. The 
authors found that GHT reduced IBS symptoms and psychological burden. Nevertheless, only small changes were found in intestinal 
microbiota composition. The authors proposed that GHT may act by means of central nervous impact and further factors that are 
basically independent of microbiota composition, modulating the brain-gut axis, perhaps alterations in vagus nerve functioning and 
microbiota metabolism. Shahbazi et al. [201] compared the efficacy of standard medical treatment alone and hypnotherapy plus 
standard medical treatment on quality of life in IBS patients. The authors found that psychological intervention, especially hypno
therapy, in addition to standard medical therapy, can contribute to improving quality of life, pain and fatigue, and psychiatric dis
orders in treatment-resistant patients with IBS. In addition, therapeutic costs, hospital stays, and days off work can be reduced, and 
patient efficiency increased. Shahbazi et al. [201] suggested that gastroenterologists, psychologists, nurses, and psychiatrists cooperate 
in treating IBS patients. Hasan et al. [183] performed the largest randomized study of gut-focused hypnotherapy (GFH) to date. The 
authors found that six sessions of hypnotherapy produced similar levels of improvement in IBS symptoms compared with 12 sessions. 
However, the main limitation of this randomized study was the lack of long-term follow-up data to determine the persistence of the 
effects of abbreviated hypnotherapy, which should be examined in the future. The relevant studies supporting the utility of hypno
therapy in IBS treatment are shown in Table 1 [85,182–189,191,193–197,199,202]. 

10. Summary with hypothesis 

The ENS is the “first brain’ in the evolutionary process that is specifically a complex, autonomous nervous system that develops 
before and independently of the CNS [12,13]. The diversity of neuronal and glial subtypes and neurotransmitters in the ENS is similarly 
rich as in the CNS [17]. It was proposed that the ENS may perform implicit learning and memorization, and therefore, it may work 
similarly to a “little brain” in the gut [7,52,53]. 

Numerous studies have suggested that psychiatric and mood disorders may play a key role in the development and maintenance of 
IBS [2,92–94,97]. 

SMDs could also be a considerable source of IBS development [104–113]. 
IBS develops mainly during the prenatal, perinatal, postnatal, and early adolescent stages, when the developing ENS is still very 

vulnerable to stress factors, which produces dysfunctions of the ENS and contributes to the development of chronic diseases in later 
adulthood [129–132,203,204]. Maternal prenatal and postnatal anxiety and depression, neonatal maternal separation (MS), and early 
adverse life events such as sexual and physical abuse or emotional trauma are substantial vulnerability factors that predispose to 
gastrointestinal diseases and development of adult IBS [133–142]. 

IBS can accumulate in families and be inherited across generations [143–145]. MS-induced visceral hypersensitivity can be 
transferred across generations [147]. The incidence of IBS is higher in first-degree blood relatives than in spouses of patients, and 
genetic and psychological factors can be more important than environmental factors [146]. Twin studies emphasize that genetic and 
psychological processes may explain familial clustering of IBS and that both heredity and social learning contribute to its aetiology 
[148–150,205,206]. 

Quoted from Hurwitz [207]; “Somatization is the psychological mechanism whereby psychological distress is expressed in the form 
of physical symptoms”. IBS is strongly associated with somatization and psychosocial morbidities [71,72,119]. It is not surprising that 
somatization is often associated with psychological distress [208,209,210]. 

Various studies have demonstrated the significant efficacy of hypnosis in the treatment of IBS [85,183–193]. Gut-directed hyp
notherapy can not only improve the primary symptoms of IBS but also reduce noncolon symptoms, anxiety, and depression and 
improve quality of life and cognitive function [194,195]. Hypnotherapy is particularly effective in children with IBS [189,196,197]. 
The favourable effects of hypnosis on IBS may be because hypnosis allows access to unconscious brain processes that could modulate 
stress-associated unconscious (implicit) information originating from the ENS [9,10,180,181] and the mind-brain axis in patients with 
IBS [11]. 

HYPOTHESIS (see Fig. 2): In most cases, mainly during prenatal, perinatal, postnatal, and early age states, (when the developing 
ENS and CNS are still very vulnerable) epigenetically inherited or/and psychologically induced stress (maternal separation, depres
sion, anxiety, etc.) produce stress-induced long-term implicit memories in the ENS. These stress-induced memories may persist 
throughout life by epigenetic processes in the ENS. The ENS and CNS normally communicate bidirectionally via the gut-brain axis; 
however, the ENS can also function independently. 

Stress-induced long-term implicit ENS information can be transmitted to the CNS via the gut-brain axis, causing structural and 
functional abnormalities and dysregulation of affective and pain processing in the CNS. As a result, perturbed cortical-limbic circuits in 
the CNS produce psychological alterations with increased subjective pain perception (somatization) and negative emotions. The CNS 
tries to decrease the effect of the stress-induced signal from the ENS, although the ENS continuously sends stress-induced long-term 
(implicit) epigenetic information to the CNS via the gut-brain axis. 

Under the hypnotic state, patients with IBS can access their emotional level, i.e., the cortical-limbic circuit, via top-down induced 
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processes, which could decrease subjective pain perception (visceral hypersensitivity, somatization) in the CNS as well as the stress- 
related inflammatory response in the gut. This hypothesis may partially explain why there is no real effective treatment for IBS (i.e., it 
due to the stress-related long-term implicit information from ENS) and why hypnosis may be one of the most effective methods for 
alleviating the symptoms of IBS. 
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