
1 
 

Implications on hypnotherapy: neuroplasticity, epigenetics and pain 

2021 Accepted for publication NEUBIOREV-D-21-00387R1   

N. Császár1,2, F. Scholkmann3 , I. Bókkon2,4 

1 National University of Public Services, Budapest, Hungary 
2 Psychosomatic Outpatient Clinics, Budapest, Hungary noemi.csaszar@pszichoszamoca.hu   

3 Biomedical Optics Research Laboratory, Department of Neonatology, University Hospital Zurich, 

University of Zurich, Switzerland felix.sholkmann@usz.ch  
4Vision Research Institute, Neuroscience and Consciousness Research Department, Lowell, MA, USA 

bokkoni@yahoo.com   

 

 

*Corresponding author: István Bókkon 

E-mail address: bokkoni@yahoo.com      

Fax number: +36 30 208 57 26 

Telephone number: + 36 30 2395204 

Mailing address: H-1238 Budapest, Láng Endre 68, Hungary 

 

ABSTRACT  

We provide a brief review about the significance of hypnosis with respect to applications and 

physiological processes in hypnotherapy. Our review concludes that hypnosis is a promising 

method to manage acute and chronic pain. In addition, we discuss indications pointing toward 

the view that hypnosis can induce changes in neuroplasticity possibly involving epigenetic 

mechanisms. 
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1. INDRODUCTION  

Hypnosis has been used to manage diverse types of pain since centuries and across 

different cultures (Pintar and Lynn, 2008). Although hypnosis has been controversial and is 

currently not a part of mainstream clinical practices, there is increasing evidence that hypnosis 

can indeed be an effective non-pharmacological and cost-effectiveness method for the 

treatment of various health conditions like pain, anxiety, mood disorders, sleep problems, 

stress associated with medical and surgical procedures, cancer treatment-related side effects 

or irritable bowel syndrome (Anbar and Slothower, 2006; McCann and Landes, 2010; Coelho 

et al., 2008; Schnur et al., 2008; Lindfors et al., 2013; Kravits, 2013; Yeh et al., 2104). 
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While a uniform definition of hypnosis still not exists, hypnosis can be considered to 

be an altered state of consciousness (i.e. a trance-like state) resembling sleep induced by 

another person. It allows to recall memories or to be guided to change a specific behavior 

(Wagstaff, 2013). 

Although the neurophysiological mechanisms underlying hypnosis are far from 

sufficiently understood, neuroimaging studies revealed that subjective changes in response to 

hypnotic suggestion are associated with corresponding changes in brain areas related to the 

specific psychological function (Demertzi et al., 2011, 2015; Jensen et al. 2017). Furthermore, 

neuroimaging studies found that altered functional connectivity is associated with hypnosis 

(Schulz-Stübner et al., 2004; Jiang et al., 2017; Pyka et al., 2011). In addition, hypnotherapy 

may also be associated with hypnosis-induced epigenetic changes (Sawni and Breuner, 2017; 

Cozzolino et al., 2021; Rossi, 2005).  

Here we review the relevant literature and explain why we conclude that hypnosis is a 

promising method to manage acute and chronic pain. In addition, it is also proposed that 

hypnosis could induce changes in neuroplasticity and that epigenetic mechanisms may 

underlie these changes of synaptic plasticity.   

2. HYPNOTISABILITY 

Hypnotisability refers to the degree to which individuals follow suggestions during 

hypnosis. Standardized tests like the “Stanford Hypnotic Susceptibility Scale, Form C” 

(SHSS:C; Weitzenhoffer and Hilgard, 1962) and the “Harvard Group Scale of Hypnotic 

Susceptibility scale, Form A” (HGSHS:A; Shor and Orne, 1962) have been developed to 

measure and predict hypnotic suggestibility (Gamsa, 2003). Since then, about 60 years have 

passed and most hypnotisability models focus on biological, psychological and social factors. 

Such biological factors include genetics, brain morpho-functional characteristics, the 

hemispheric prevalence (asymmetries) and the working memory (De Pascalis and 

Santarcangelo, 2015). Psychological factors include attitudes, beliefs and expectancies about 

hypnosis, imaginative abilities, hypnotic suggestions, how participants interpret suggestions, 

and the actual mental state of subject. Social factors include the rapport, verbal information 

and context effects. In an interesting study, Gandhi and Oakley (2005) found that the hypnotic 

technique produces a modest increase in suggestibility when it was called relaxation, but a 

significant increase if it was called hypnosis. This study is an excellent example how much a 

single factor, like verbal information, can have on the outcome of hypnosis. The 

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009356.pub3/references#CD009356-bbs2-0031
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biopsychosocial model of hypnosis tries to integrate and organize biological, psychological 

and social factors, as well as their interactions (Jensen et al. 2015; Buckner et al., 2013). 

Biological, psychological and social factors of hypnotisability cannot be separated in reality. 

Jensen et al. (2015) emphasize that no single factor appears primary and that various factors 

may contribute more or less to the outcome in different subsets of individuals or for different 

conditions. Thus, models of hypnosis that incorporate all biological, psychological and social 

factors can be more useful than restrictive models that focus on only one factor or a few 

factors (Jensen et al., 2015). It is feasible that the interconnectedness of the factors of 

hypnotizability may play an important role in explaining apparent contradictions published 

study results about the neural correlates of hypnosis, hypnotizability and hypnotic responses.  

 

3. HYPNOTHERAPY FOR VARIUS HEALTH CONDITIONS 

Numerous studies have showed that hypnosis can be an effective and safe approach for 

the treatment of pain, wound healing, emotional stress, haemorrhage, depression, anxiety, 

sleeping disorders or stressful events like surgical procedures or tooth extraction. 

Furthermore, hypnosis has been applied in the context of bone marrow aspiration, 

colonoscopy and for psychotherapy (Chester et al., 2016; Rogovik and Goldman, 2007; Evans 

et al., 2008; Iserson, 2014; Schnur et al., 2008; Fuhr et al., 2017; Chiu et al., 2018; Golden, 

2012; Milling et al., 2018; Moser et al., 2013; Mackey, 2018; Abdeshahi et al., 2013; Chen et 

al., 2018; Wobst, 2007). 

4. HYPNOTHERAPY AND ACUTE PAIN 

Feeling pain is a stressful and often induces anxiety. The stress is sufficient to trigger 

the perception of pain (Rome and Rome, 2000). Our nervous system controls how we process 

and feel pain, although there is no single “pain center” in the body that is responsible for the 

processing of pain. Pain perception is associated with interactions between various regions of 

the peripheral and central nervous systems that contribute to the overall experience of pain. 

Pain by itself is a complex, biopsychosocial phenomenon that arises from the interaction of 

numerous neuroanatomic and neurochemical systems with a number of cognitive and 

affective mechanisms (Garland, 2012). 

Landolt et al. (2011) analyzed 13 studies and found that hetero-hypnosis (i.e. a 

hypnotic state induced by another person) and self-hypnosis (i.e. a self-induced hypnotic 

state) reduced pain during labor and delivery and was even more effective compared with 
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standard medical care. A systematic review and meta-analysis by Provençal et al. (2018) 

concluded that hypnosis reduced pain intensity and anxiety in adults undergoing burn wound 

care. Another systematic review by Flynn (2018) indicated that hypnotherapy and relaxation 

methods are effective in reducing short-term and long-term headache incidence in migraine 

sufferers. During the course of cancer, hypnosis can reduce patients' perception of pain, 

cancer procedure-related pain, disease-related stress, anxiety and insomnia (Tomé-Pires and 

Miró, 2012; Wortzel and Spiegel, 2017; Carlson et al., 2018; Montgomery et al., 2013). 

Thompson et al. (2019) performed the largest meta-analysis based on 85 controlled studies 

that investigated the efficiency of hypnosis as a method for pain reduction. They found strong 

evidence that hypnosis can produce substantive analgesia, with optimal pain relief delivered 

when direct analgesic suggestions are used in a target population of individuals with high 

suggestibility. The authors also concluded that hypnosis may represent a potentially effective 

and safe alternative or adjunct to pharmacological intervention for acute pain. 

Recently, Billot et al. (2020) revealed that a 12-week long hypnosis home care 

program was effective to manage pain perception in an elderly population. Madden et al. 

(2016) analyzed the effectiveness of hypnosis for pain management during labour and 

childbirth based on evaluating nine trials comprising 2954 women. The authors suggested that 

hypnosis may reduce the overall use of analgesia during labour, but not epidural use. Dorfman 

et al. (2013) demonstrated that hypnosis can be efficient for the management of painful 

human immunodeficiency virus (HIV) distal sensory polyneuropathy (HIV-DSP), the most 

common nervous system disorder in HIV patients. Hypnosis reduced pain levels in HIV 

patients and improved their quality of life. These benefits lasted for seven weeks following 

the intervention. The authors stated that although hypnosis is a proven pain method for acute 

pain, its efficacy non-malignant chronic pains is not well documented and large clinical trials 

are missing which could assess the long-term effects of hypnotic treatments. 

5. HYPNOTHERAPY AND CHRONIC PAIN 

Although most of the earlier researchers focused on acute pain reduction by hypnotic 

analgesia induced in laboratory settings or pain associated with medical procedures, there is a 

constantly growing interest in applying the efficacy of hypnosis for chronic pain conditions. 

Chronic pain affects hundreds of millions of people worldwide, resulting in great personal 

suffering and social burden in terms of lost productivity and financial cost. A survey of 

developed and developing countries revealed that the prevalence of chronic pain among adults 

is about 41% in developing countries and about 37% in developed countries (Tsang et al., 
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2008). Approximately 100 million Americans suffer from chronic pain which is one of the 

leading causes of reduced quality of life. The economic impact of pain is greater than most 

other health condition (Gaskin and Richard, 2012). 

Pain that persists for more than three months is termed chronic pain (Merskey and Bogduk 

1994; Keefe, 1982). Chronic pain is a complex phenomenon that requires a multimodal 

treatment approach (Elkins et al., 2007). Since most of the chronic diseases involve multiple 

physical, cognitive and emotional factors, researchers and clinicians normally use the 

biopsychosocial model which considers the pain as a multidimensional, dynamic interaction 

among physiological (biological), psychological and social factors that can reciprocally 

influence one another, and can eventuate chronic and complex pain syndrome (Gatchel et al., 

2007, 2014).  

Genetic factors can also play an important role in the development of chronic pain and 

individual differences in pain sensitivity, but the general understanding of the genetic 

contribution of pain is still vague (Meng et al., 2020; Diatchenko et al., 2013; Diatchenko et 

al., 2005). Hocking et al. (2012) revealed that severe chronic pain has a heritability of 30%. In 

addition, various pain phenotypes can be associated with depression, anxiety and neuroticism 

(Ashina et al., 2017; Tsuji et al., 2016; Walter et al., 2013). Neuroticism is a personality trait 

with long-term tendency to be in a negative emotional state like depression, anxiety, panic, 

aggression or phobic fears (Sauer-Zavala et al., 2017; Ormel et al., 2013). People with 

neuroticism are particularly sensitive to environmental stress. Joint deterioration and 

associated chronic pain are common in people with haemophilia. Perede et al. (2019) found 

that hypnosis reduced pain and promoted health-related quality-of-life in people with 

haemophilia. Ardigo et al. (2016) investigated the efficacy of hypnosis and self hypnosis in 

the management of chronic pain in older hospitalized patients with multiples co-morbidities. 

The authors found that hypnosis and self-hypnosis significantly decreased pain intensity and 

had a positive effect on mood in older hospitalized patients. However, there was no effect 

three months later after the patients were discharged from the hospital. In a study by Mazzola 

et al. (2017), patients with fibromyalgia (FM) and chronic migraine (CM) were treated during 

five weekly hypnosis sessions, each lasting 60 minutes. They found that hypnosis could be 

effective for chronic pain and reducing anxiety and depression in the greater part of CM 

patients and in a minority of the FM patients. According to Jensen and Patterson 

(2014),”chronic pain management remains one of the largest challenges in health care, and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2752362/#R14
https://www.ncbi.nlm.nih.gov/books/n/nap13172/glossary/def-item/glossary.gl1-d7/
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hypnosis is an undeveloped but highly promising intervention that can help to address this 

problem.” 

Chronic pain is usually associated with strong emotional reactions like increased anxiety, 

depression and reduced quality of life. The stress itself is sufficient to generate pain 

perception (Rome and Rome, 2000). It was observed that in numerous cases the emotional 

suffering is maintained even though the peripheral signs of the injury, and thus the possible 

source of nociceptive activity disappeared. Mansour et al. (2004) suggested that chronic pain 

produces changes in the cortical-limbic circuitry, involving learning and memory formation. 

This new emotional information associated with pain is continuously reinforced and thus 

cannot be abolished. Namely, the abnormal chronic pain sensation can be an association 

learned process that resulting from central sensitization enhanced by anxiety and depression 

induced stress (Aytur et al., 2021). In addition, it was also suggested that central sensitization 

may be driven by neuroinflammation in the peripheral and central nervous system that causes 

widespread chronic pain (Ji et al., 2018). Furthermore, neuroimaging experiments suggested 

that chronic pain can be also due to an unusual hyper-connectivity of brain networks 

associated with self-reflection (default-mode network, DMN), emotion (salience network, 

SN) and cognitive control (fronto-parietal network, FPN) networks (Hemington et al., 2016;  

van Ettinger-Veenstra et al., 2019; Aytur et al., 2021). 

Furthermore, recent studies indicate that epigenetic mechanisms can play a central role in 

the development and maintenance of chronic pain by the modulation of the stress axis and the 

FKBP5 gene (FKBP5 responds to stress and glucocorticoids) (Géranton, 2019). It is likely 

that both epigenetic regulation and genetic pre-dispositions drive vulnerability (resilience) in 

the context of mood/emotional disorders related to subjective perception of chronic pain 

(Descalzi et al., 2015; Géranton, 2019; D'Agnelli et al., 2019; Johnston et al., 2021). 

If we know something cognitively it does not mean necessarily that we are able to control 

our emotions such as fear, depression and anxiety. When patients are very anxious, they are 

operating at more emotional than cognitive (Williamson, 2019). During hypnosis there is 

increased access to the emotional level. Hypnosis can not only be used to decrease emotional 

stress but also may have a direct effect on the patient’s experience of pain (Jensen and 

Patterson, 2014). 

We agree that many more standardized experiments are needed to assess the effect of 

hypnosis on chronic pain (Dorfman et al. 2013). Nevertheless, several studies indicated that in 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7892587/#B30
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7892587/#B77
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7892587/#B77
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many areas, including chronic pain relief, it would be important to use this method (Elkins et 

al., 2007; Tomé-Pires and Miró, 2012; Jensen and Patterson, 2014; Célestin-Lhopiteau, 2014; 

Mazzola et al., 2017; Taylor and Genkov, 2020; Juel et al., 2018; Adachi et al., 2014; Jensen 

and Patterson, 2006; Dillworth and Jensen, 2010; Dillworth et al., 2012). 

6. BRAIN ACTIVITY AND FUNCTIONAL CONNECTIVITY ASSOCIATED WITH 

HYPNOSIS  

The human brain is an extremely complex system that can be represented as a 

structurally interconnected and functionally synchronized network, which provide the 

segregation and integration of information processing. The human brain is topologically 

arranged into spatially distributed and functionally specific networks. The most extensively 

studied networks are the DMN, executive-control network (ECN) and SN since they have 

essential roles in cognitive functions (Liang et al., 2016). However, little is known about how 

cognitive demands could modulate and modify interactions within these three networks. 

The DMN includes the medial prefrontal cortex (MPFC), the posterior cingulate 

cortex (PCC), the anterior cingulate cortex (ACC), precuneus, inferior parietal lobule, lateral 

temporal cortex (LTC), and hippocampal formation, among others (Washington and 

VanMeter, 2015; Mars et al., 2012). DMN is implicated in episodic memory retrieval, self-

reflection, mental imagery, and stream-of-consciousness processing (Xu et al., 2016). The 

DMN presents increased activity during rest that is associated with internal processes, such as 

self-referential thinking, autobiographical memory, and thinking about the future (Philippi et 

al., 2015). In contrast, the DMN is deactivated when it performs externally-oriented complex 

cognitive processing. Recently Yeshurun et al. suggested (2021) that ”the DMN is an active 

and dynamic ‘sense-making’ network that integrates incoming extrinsic information with 

prior intrinsic information to form rich, context-dependent models of situations as they unfold 

over time.”  

The ECN plays important roles in the integration of sensory and memory information, 

regulation of cognition and behavior and also contributes in the maintenance in working 

memory of relevant information necessary for action preparation (Chan et al., 2008). The 

ECN is a functionally linked system that includes the prefrontal cortex (PC), frontopolar 

cortex (FP), dorsolateral prefrontal cortex (DLPFC), anterior cingulate cortex (ACC), 

posterior parietal cortex (PPC), cuneus, supplementary motor area (SMA), motorrelated 

nodes, cingulo-opercular nodes, cerebellum and subcortical nuclei (Shen et al., 2020).  
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The SN takes part in various complex functions like communication, social behavior, 

and self-awareness by means of the integration of sensory, emotional, and cognitive 

information (Menon, 2015). The cortical hubs of the SN are the insula, the anterior cingulate 

cortex, paralimbic areas (three-layered cortex) like dorsal anterior cingulate cortex (DACC), 

limbic regions like the amygdala, hypothalamus, ventral striatum, thalamus and specific 

brainstem nuclei (Seeley, 2019; Sevinc et al., 2017). 

The most important imaging methods to investigate the neurophysiological effects of 

hypnosis are functional magnetic resonance imaging (fMRI; measuring changes in blood flow 

in the brain and spinal cord), electroencephalography (EEG; measuring cortical electrical 

activity) and positron emission tomography (PET; measuring cortical metabolic activity). The 

use of functional near-infrared spectroscopy (fNIRS) has been also reported (Halsband et al., 

2019). fNIRS allows to non-invasively detect cerebral changes in tissue oxygenation and 

hemodynamics (Scholkmann et al., 2014).  

Numerous neuroimaging studies found various altered functional connectivity in the 

brain during hypnosis. Schulz-Stübner et al. (2004) investigated the activation of brain areas 

in response to thermal pain with and without hypnosis. The authors observed decreased 

activity in the primary sensory cortex, the middle cingulate gyrus, precuneus and the visual 

cortex. The authors also observed increased activation in the anterior basal ganglia and the left 

anterior cingulate cortex. But there was not activation in the brainstem and thalamus under 

either condition. Schulz-Stübner et al. (2004) proposed that hypnosis may prevent nociceptive 

inputs from reaching the higher cortical structures responsible for pain perception. Recent 

fMRI experiments by Jiang et al. (2017) found decreased activity in the DACC, increased 

functional connections between the dorsolateral prefrontal cortex (DLPFC) and the insula, 

and reduced connections between the DLPFC and the DMN. These changes - in very high 

hypnotizability healthy people - imply the focused attention, enhanced somatic and emotional 

control, as well as a lack of self-consciousness characterize hypnosis. In PET experiments by 

Faymonville et al. (2003) subjects got a hot noxious or warm non-noxious stimulation of the 

right hand during resting state, mental imagery and hypnotic state. It was observed that during 

the hypnotic condition there was an increase in functional modulation between midcingulate 

cortex and a large neural network encompassing bilateral insula, pregenual anterior cingulate 

cortex, pre-supplementary motor area, right prefrontal cortex and striatum, thalamus and 

brainstem. In a PET study, Maquet et al. (1999) found that during hypnotic state, the pattern 

of changes in cerebral blood flow was different compared to the changes observed in subjects 
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performing a control task (a simple evocation of autobiographical memories). The authors 

emphasized that there are several similarities with mental imagery, from which it differs by 

the relative deactivation of the precuneus. Pyka et al. (2011) investigated human brain 

function during hypnotic paralysis by resting-state fMRI, focusing on two core areas of the 

DNM and the representation of the paralysed hand in the PMC. They found increased 

connectivity of the precuneus with the right DLPFC, angular gyrus and a dorsal part of the 

precuneus. Functional connectivity of the medial frontal cortex and the primary motor cortex 

were unchanged. The authors suggested that the precuneus plays a pivotal role during 

maintenance of an altered state of consciousness. Cojan et al. (2009) performed a go-nogo 

task while subjects underwent fMRI in three conditions: normal state, hypnotic left-hand 

paralysis and feigned paralysis. They observed that hypnotic paralysis differs from active 

voluntary motor inhibition. Different patterns of brain activity were found in brain regions 

involving self-monitoring and attentional control. Decreased functional connectivity of the 

PMC with premotor areas was noted and increased connectivity with regions in precuneus 

that are associated with mental imagery and self representations. Hypnosis thus induced the 

control of action by internal representations produced by suggestion and imagery, mediated 

by precuneus activity, and reconfigures the executive control of the task implemented by 

frontal lobes. Jensen et al. (2015) reviewed EEG studies regarding the associations between 

hypnosis and brain oscillations. They pointed out that hypnosis is most closely linked to 

power in the theta band and changes in gamma activity. Jensen et al. (2015) hypothesized that 

theta oscillations help hypnotic responding and that theta-gamma phase-locked oscillations 

may offer a physiological explanation for hypnosis by suggesting linking of limbic and 

neocortical circuits. Hypnosis is frequently used in dental practice as an alternative treatment 

or instead of sedation or general anaesthetics. Halsband and Wolf (2015) studied the effects of 

a brief dental hypnosis on the fear processing structures of the brain in dental phobics (DP) by 

fMRI. In the DP group, major effects of fear condition were found in the left amygdala and 

bilaterally in the ACC, insula, and hippocampus. During hypnosis DP presented reduced 

activation in all of these regions. No amygdala activation was detected in healthy subjects in 

the two experimental conditions. Lately, Halsband and Wolf (2019) reviewed various fMRI, 

PET and EEG studies of brain-plasticity changes in hypnosis. They concluded that hypnosis 

can be a successful method that inhibits the reaction of the fear circuitry structures. 

There is increasing evidence that the hypnotic state involves the ACC, insular cortex, 

tthalamus, ponto-mesencephalic brainstem, as well as increased activation in occipital and 

DLPFC and decreased activation in the precuneus (Rainville et al., 2002; Del Casale et al., 
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2012). 

 

Table 1. A summary of key neuroimaging studies about brain activity and functional connectivity 

associated with hypnosis.  

Study Objectives of the study 

 

Results 

 

Schulz-Stübner 

et al. (2004) 

(fMRI) 

 

Activation of brain areas in 

response to thermal pain 

during hypnosis 

Decreased activity in the primary sensory cortex, the middle 

cingulate gyrus, precuneus, and the visual cortex. Increased 

activation in the anterior basal ganglia and the left anterior 

cingulate cortex. No activation in the brainstem and thalamus. 

 

Jiang et al. 

(2017) 

(fMRI) 

 
Investigation of activity and 

functional connectivity among 

DMN, ECN and SN networks 

in hypnosis 

 

Decreased activity in the DACC, increased functional connections 

between the dorsolateral prefrontal cortex (DLPFC) and the insula, 

and reduced connections between the DLPFC and the DMN. 

These changes - in very high hypnotizability healthy people – 

imply that focused attention, enhanced somatic and emotional 

control and lack of self-consciousness characterizes hypnosis. 

 

Faymonville et 

al. (2003) 

(PET) 

Reaction to hot noxious or 

warm non-noxious stimulation 

to the right hand during 

resting state, mental imagery 

and hypnotic state 

The hypnotic condition, compared to normal alertness, increased 

the functional modulation between midcingulate cortex and a large 

neural network encompassing bilateral insula, pregenual anterior 

cingulate cortex, pre-supplementary motor area, right prefrontal 

cortex and striatum, thalamus and brainstem. 

 

Pyka et al. 

(2011) 

(fMRI) 

 

 

Human brain functions during 

hypnotic paralysis 

Increased connectivity of the precuneus with the right DLPFC, 

angular gyrus and a dorsal part of the precuneus. Functional 

connectivity of the medial frontal cortex and the primary motor 

cortex were unchanged. These results suggest that the precuneus 

plays a pivotal role during maintenance of an altered state of 

consciousness. 

 

Halsband and 

Wolf (2015) 

(fMRI) 

Effects of a brief dental 

hypnosis on the fear 

processing structures of the 

brain in dental phobics 

Major effects of fear condition were found in the left amygdala 

and bilaterally in the ACC, insula, and hippocampus. During 

hypnosis DP presented reduced activation in all of these regions. 

No amygdala activation was detected in healthy subjects in the 

two experimental conditions. 

 

Maquet et al. 

(1999) 

(PET) 

 

Investigation of the 

distribution of regional 

cerebral blood flow during the 

hypnotic state in humans 

 

The pattern of activation was different from those induced in 

normal subjects via the simple evocation of autobiographical 

memories. Authors emphasized that there are several similarities 

with mental imagery but the relative deactivation of precuneus 

was different. 

 

Cojan et al. 

(2009)  

(fMRI) 

Analysis involving a go-nogo 

task while subjects underwent 

fMRI in three conditions: 

normal state, hypnotic left-

hand paralysis, and feigned 

paralysis 

 

Hypnosis induced the control of action by internal representations 

produced by suggestion and imagery, mediated by precuneus 

activity, and reconfigures the executive control of the task 

implemented by frontal lobes. 

 

Halsband and 

Wolf (2019) 

(review) 

Review about various fMRI, 

PET and EEG studies of 

brain-plasticity changes in 

hypnosis 

 

Hypnosis can be a successful method that inhibits the reaction of 

the fear circuitry structures. 

 

 

Jensen et al. 

(2015)  

(review) 

 

Review about hypnosis 

induced changes in theta and 

gamma activity 

Hypnosis most closely linked to power in the theta band 

and changes in gamma activity. Theta oscillations may help 

hypnotic responding and that theta-gamma phase-locked 

oscillations may offer a physiological explanation for hypnosis by 

suggesting linking of limbic and neocortical circuits. 
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7. GENETIC AND EPIGENETICS ASPECTS OF HYPNOSIS 

Epigenetics is a discipline that studies heritable and reversible changes in gene expression 

that do not involve altering the DNA sequence. Most essential epigenetic mechanisms are 

DNA methylation, histone post-translational modifications (methylation, acetylation, 

phosphorylation, and ubiquitination), and regulatory non-coding RNAs (ncRNAs), such as 

micro-RNA (miRNA), Piwi-interacting RNA (piRNA) and long noncoding RNA (lncRNA), 

and chromatin organization (Clark et al., 2016; Zhang et al., 2019; Peschansky et al., 2014). 

NcRNAs can control the expression of proteins at the transcriptional and translational levels 

(Pagiatakis et al., 2019). DNA methylation is generally down regulating, although histone 

epigenetic modifications can be positive or negative, depending on which amino acid is 

affected by methylation, phosphorylation, ubiquitination (Kimura, 2013). The telomere length 

is a significant regulator of gene expression and cellular signaling, and its length is heritable 

and can increase or decrease reversibly, similar to other epigenetic processes. The three-

dimensional structure of chromatin is also under epigenetic control (Kim and Kaang, 2017). 

Epigenetic modifications are not separated mechanisms, but these regulations could interact 

and regulate each other at multiple levels (Marczylo et al., 2016; Vaissière et al., 2008). 

Epigenetic regulations take essential roles in behavior plasticity, memory, cancer, 

autoimmune diseases, addiction, aging, psychological disorders and age-related 

neurodegenerative disorders like Alzheimer's and Parkinson's disease (Moosavi and 

Motevalizadeh Ardekani, 2016; Lardenoije et al., 2018; Borodinova et al., 2020; Ye et al. 

2016; Levenson and Sweatt, 2005). 

There is increasing evidence that genetic factors may explain partially the interindividual 

variability in hypnotizability. Catechol-O-methyltransferase (COMT) is one of various 

enzymes that is involved in the inactivation of the catecholamine  neurotransmitters, such 

as dopamine, epinephrine and norepinephrine. In humans, the COMT protein is encoded by 

the COMT gene. Dopamine (DA) signaling presents various neural functions. Dopaminergic 

afferents from the midbrain DA nuclei innervate the striatum, amygdala, hippocampus and 

PFC (Schacht, 2019). Various studies proposed that dopaminergic systems are involved in 

hypnotizability associated with the COMT Val(158)Met single nucleotide polymorphism 

(SNP, rs4680) (Rominger ert al., 2014; Szekely et al., 2010). Lichtenberg   et al. (2004) found 

that highly hypnotizable subjects have a more effective fronto-limbic attentional system and 

that suggested the involvement of dopaminergic systems in hypnotizability. Another possible 

gene associated with the hypnotizability may be the 5-HTTLPR variable number tandem 

https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Catecholamine
https://en.wikipedia.org/wiki/Neurotransmitter
https://en.wikipedia.org/wiki/Dopamine
https://en.wikipedia.org/wiki/Epinephrine
https://en.wikipedia.org/wiki/Norepinephrine
https://en.wikipedia.org/wiki/Gene
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repeat polymorphism of the serotonin transporter (SERT) gene (gene, SLC6A4; variant, 

5HTTLPR) (Katonai et al., 2017). However, Rominger et al. (2014) did not found a link 

between serotonin-related 5-HTTLPR polymorphisms and hypnotizability. It was also 

suggested that the expression of oxytocin receptor gene (OXTR encodes oxytocin, a 

neuropeptide hormone that increases trust and social bonding, synthesized in the 

hypothalamus) may be associated with hypnotizability (Bryant et al., 2013; Bryant and Hung, 

2013). When subjects received oxytocin by nasal spray, their level of hypnotic responding 

increased significantly (Bryant et al., 2013).  

In a pilot study by Rossi et al. (2008) studied three highly susceptible hypnotic volunteers 

experiencing therapeutic hypnosis following a protocol called “The Creative Psychosocial 

Genomic Healing Experience”. Analysis of peripheral blood by DNA microarrays revealed 

that the therapeutic hypnosis changed expression of 15 early response genes within one hour 

that induced a further cascade of 77 genes 24 hours later. In a study by Cozzolino et al. 

(2015), peripheral blood was collected before and immediately following administration of 

the Mind-Body Healing (MHE) protocol to 18 subjects. After 1 hour the expression of 46 

genes was altered and after 24 hours 154 genes were differentially expressed. The genes 

expressed in response to the MHE were found to be related to a variety of Gene 

Ontology (GO) term pathways associated with reduced cellular stress and inflammation while 

supporting immune system functioning. Recently, Presciuttini et al. (2018) studied whether 

hypnotizability is associated with the presence of the OPRM1 polymorphism (The OPRM1 

gene encodes the μ1 opioid receptor that plays a key role in pain perception and addiction). 

The authors found hypnotizability-related activity of μ1 receptors presented a higher 

frequency of the G allele of the 118 single nucleotide polymorphism (SNP) of the OPRM1 

gene in highly hypnotizable subjects compared to low hypnotizable subjects and to the 

general population. Presciuttini et al. (2018) also suggested that hypnotic assessment could be 

a potential method for screening patients’ responsiveness to opioid treatments. 

Mental stress can produce endothelial dysfunction, an early event in atherogenesis and a 

risk factors for cardiovascular diseases. Interestingly, mental stress has been found to not 

produce endothelial dysfunction in people that are highly susceptible to hypnosis in the 

waking as well as in hypnotic state (Jambrik et al., 2004). In Jambrik et al. (2004) 

experiments the nociceptive painful stimulation in high and low hypnotizability subjects 

caused decreased flow-mediated dilation (FMD is a dilation of an artery when blood flow 

increases in that artery), although it was less pronounced in high hypnotizability subjects. 
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Presciuttini et al. (2009) studied the association between genetic polymorphisms of NOS3 

(NOS3, Nitric Oxide Synthase 3 encodes Endothelial NOS (eNOS) protein) involved in NO 

blood levels and hypnotizability in high and low hypnotizability subjects during nociceptive 

stimulation. The authors analyzed SNPs of NOS3 in high and low hypnotizability subjects, 

and newborns. Haplotype analysis revealed that the newborns were in linkage equilibrium for 

these SNPs, while high and low hypnotizability subjects presented linkage disequilibrium. 

They proposed that the lower FMD reduction found in high hypnotizability subjects during 

nociceptive stimulation show a higher NO availability. The promoter polymorphisms of the 

NOS3 may therefore have an important role in hypnotizability. Rossi et al. (2008) studied if a 

creatively oriented positive human experience of therapeutic hypnosis could change gene 

expression. They found that an ideoplastic (intuitive creativity) mechanism of hypnotherapy 

could upregulation of genes necessary for stem cell growth, reduction of cellular oxidative 

stress and chronic-inflammation. Rossi (2005) recommended that “hypnotic susceptibility 

scales of the future incorporate gene expression data to include the concept of "embodied 

imagination" and the "ideo-plastic faculty" on a molecular-genomic level as well as the 

psychological and behavioral level of ideomotor and ideosensory responses that are currently 

assessed.” Furthermore, positive psychosocial experiences, including psychotherapeutic 

interventions and therapeutic mind-body protocols like clinical hypnosis, mediation, guided 

imagery, can alter the expression of genes associated with inflammatory response and stress-

related pathways, leading to an improved mind-body health (Sawni and Breuner, 2017; 

Cozzolino et al., 2021). Although we are still in the early stages of linking hypnosis to 

hypnosis-induced epigenetic changes, research into this can greatly enhance our 

understanding of the biological underlying hypnosis.  

 

8. EPIGENETIC MECHANISMS UNDERLIE NEURAL PLASTICITY AND LONG-

TERM MEMORY  

Neuroplasticity (also termed “neural plasticity”) refers to the brain's ability to change 

its activity in response to extrinsic or intrinsic stimuli through dynamically reorganizing its 

structure, functions or connections (Mateos-Aparicio and Rodríguez-Moreno, 2019). While it 

was first thought that neural plasticity is limited to a phase when the nervous system is 

developing, the current knowledge is that neural plasticity is not restricted to infancy but 

retained by the individual throughout the lifespan. It seems that neural plasticity changes over 

the lifespan with different speeds of change in different individuals (Oberman and Pascual-
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Leone, 2013). Brain aging is associated with altered glutamatergic neurotransmission, 

Ca2+ dysregulation, a decline in synaptic mitochondrial function, neuroinflammation, 

apoptosis and epigenetic changes (Kumar A, Foster 2019; Espino de la Fuente-Muñoz et al., 

2020). Thus, neurogenesis and synaptic plasticity are reduced with age, which is associated 

with age-related cognitive decline (Bettio et al., 2017). 

To date, the synaptic plasticity hypothesis is generally considered to be the 

neurobiological basis of learning and memory (Langille et al., 2018; Abraham et al., 2019; 

Cajal, 1984). Namely, traces of memory are stored by means of modifications in the strength 

of synaptic connections, resulting in formations of new patterns of neural activity. On the 

other hand, numerous studies challenged the synaptic plasticity hypothesis. Cognitive 

functions can for example determined by means of the specific properties of individual 

neurons and are therefore likely to occur also (or even primarily) at the intracellular level 

(Arshavsky, 2017). Arshavsky (2006) concluded: “Memory that can last throughout an entire 

lifespan should be "etched in stone." The only "stone-like" molecules within living cells are 

DNA molecules. Therefore, I advocate an alternative, genomic hypothesis of memory, which 

suggests that acquired information is persistently stored within individual neurons through 

modifications of DNA, and that these modifications serve as the carriers of elementary 

memory traces.” Recent advances in chromatin biology have revealed the key role of 

epigenetic mechanisms in the regulation of neuronal gene expression changes, a necessary 

process for proper synaptic plasticity and memory formation (Lubin et al., 2011). Epigenetic 

processes like DNA methylation and demethylation, protein acetylation and deacetylation, 

small ncRNAs and miRNA activity, are all essential for the regulation of neuronal plasticity 

(Ortuño-Sahagún et al., 2019).  

Numerous studies suggested that miRNAs can be master regulators of gene expression 

in the nervous system where they contribute to proper neuronal function, neuronal network 

plasticity, brain development and plasticity (Salta and De Strooper, 2012; Sun et al., 2013; 

Arai et al., 2016). miRNAs probably play a role in the onset and maintenance of neurological 

diseases (Mehta et al., 2020). Elramah et al. (2014) proposed that chronic pain can be 

considered as a form of maladaptive plasticity in which changes in gene expression and 

miRNAs can play important roles. 

Epigenetic mechanisms have also a central role in autophagy of nerve cells (Hwang et 

al., 2019). Autophagy is essential to appropriate axon guidance, dendritic spine architecture, 
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vesicular release, spine pruning and synaptic plasticity. It is possible that there is a complex 

bidirectional signal communication between the epigenetic system and long-term neural 

plasticity (Bronfman et al., 2014). Recent experiments by Bédécarrats et al. (2018) challenged 

the synaptic plasticity notion of memory storage in particular. The authors demonstrated 

successful transfer of memory from a trained to an untrained Aplysia (a large sea slug) via 

RNA injection. Their results indicate that RNA is sufficient to produce an engram for long-

term sensitization in Aplysia and are consistent with the assumption that RNA-induced 

epigenetic changes underlie memory storage in Aplysia. Qureshi and Mehler (2014) 

emphasize that epigenetic regulations are fundamental for brain complexity and flexibility, 

including neural development and aging, neurogensis, cellular differentiation, homeostasis, 

stress responses, as well as synaptic and neural network connectivity and plasticity.  

Epigenetic regulations are not only essential for activity-dependent and long-term 

neural and synaptic plasticity but also play a fundamental role in impaired neuronal plasticity, 

development of mental diseases, and the pathogenesis of neurodevelopmental and 

neurodegenerative disorders (Salta and De Strooper, 2017; Karpova et al., 2017). The view of 

Nobel laureate Francis Crick (Crick, 1984) could turn out to be true with respect to long-term 

memory storage by epigenetic processes. We wrote: „Yet it is believed that almost all the 

molecules in our bodies, with the exception of DNA, turn over in a matter of days, weeks or at 

the most a few months. How then is memory stored in the brain so that its trace is relatively 

immune to molecular turnover? Several possible solutions of the problem suggest themselves. 

For example, memory might be coded in alterations to particular stretches of chromosomal 

DNA.”  The activity-dependent synaptic plasticity - such as LTP and LTD via strengthening 

or weakening synaptic connections - is the major proposed cellular mechanism that underlies 

learning and memory (Queenan, et al., 2017; Hebb, 1949). However, there are many new 

concepts about this and numerous cognitive scientists are increasingly skeptical about the 

notion that synapse are the sole locus of memory in the brain. Neuroepigenetics may be the 

next evolution and the most suitable candidate in our understanding of the molecular 

mechanisms underlying learning and memory (Marshall and Bredy, 2016). However, the 

concept of synaptic plasticity (neural networks) does not contradict the influence of 

epigenetics. Neural networks can operate as variable information channels among neurons 

while long-term memory can have an epigenetic basis in individual neurons.  
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9. SUMMARY AND CONCLUSIONS 

According to Gandhi and Oakley (2005), “Despite its intrinsic interest, its potential as 

an adjunctive procedure in therapy and more than 200 years of scientific investigation, 

hypnosis has remained an elusive concept for science and on the periphery of mainstream 

psychology.”  

As we reviewed, there are numerous and interconnected hypnotisability factors that 

play elementary roles in the contradictions in diverse experiments regarding to neural 

correlates of hypnosis, hypnotisability and hipnotic responses. Despite these contradictions, 

there is increasing evidence that hypnosis can be useful therapy for various conditions like 

acute and chronic pain, anxiety and mood disorders, sleep problems, irritable bowel 

syndrome, medical and surgical procedures and cancer treatment-related side effects.  

In spite of subjective and methodological differences, numerous studies suggested that 

the hypnotic state involves the ACC, insular cortex, the thalamus, the ponto-mesencephalic 

brainstem, increased activation in occipital and DLPFC, and decreased activation in 

precuneus (Rainville et al., 2002; Del Casale et al., 2012). 

In the case of acute pain, many studies have observed the efficacy of hypnosis. 

However chronic conditions may require a comprehensive plan that targets various aspects 

besides the pain experience (APA, 2004). Jensen and Patterson (2014) emphasized that 

”chronic pain management remains one of the largest challenges in health care, and hypnosis 

is an undeveloped but highly promising intervention that can help to address this problem.” 

Positive psychosocial experiences like clinical hypnosis, mediation and guided 

imagery can alter the expression of genes associated with inflammatory response and stress-

related pathways and improve the mind-body health (Presciuttini et al., 2009; Bryant et al., 

2013; Rominger ert al., 2014; Sawni and Breuner, 2017; Katonai et al., 2017; Cozzolino et al., 

2021). Epigenetic mechanisms are essential for brain complexity and flexibility, including 

neural development and aging, neurogenesis, cellular differentiation, homeostasis, stress 

responses, and synaptic and neural network connectivity and plasticity (Qureshi and Mehler, 

2014).  
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Since hypnosis could alter the expression of genes and epigenetic mechanisms may be 

underlie neural network connectivity and synaptic plasticity, it suggests that hypnotic state 

make it possible that given patient could access to his/her emotional level i.e. to cortical-

limbic circuitry (Mansour et al., 2004) via top-down induced processes. As a result, harmful 

chronic pain associated learned emotional memory (with hyper-connectivity of brain 

networks associated with DMN, SN, and FPN network (van Ettinger-Veenstra et al., 2019; 

Aytur et al., 2021) may be reduced, which finally could decrease the subjective pain 

perception and stress-related inflammatory response. 

One could argue that the neuroplasticity/epigenetics aspects of hypnosis are overestimated 

because of the lack of data based on animal models (Liu et al., 2020; McKinstry-Wu et al., 

2019; Salort et al., 2019; Álvaro-Bartolomé et al., 2015). However, it needs to be appreciated 

that hypnosis is a complex psychological treatment without any application of a substance 

(drug) (i.e. a non-pharmacological method), acting via psychological processes at the first 

place. Thus, for example, in animal experiments, Ketamine (which is an antidepressant and 

hypnotic drug) or azi-medetomidine (which is an A2 adrenergic agonist that produces 

anxiolysis, hypnosis, and analgesia) induced hypnotic effects are more than likely to work 

through other biological and molecular processes compared to psychological hypnosis 

induced hypnotic mechanisms. If we really want to study the effects of psychological 

hypnosis, we must do this without the use of any drugs. In addition, since hypnosis is 

considered as a complementary or alternative therapy in science, research on psychological 

hypnosis has been neglected and not taken seriously this method. Hence, so far, few 

standardized epigenetic and neuroimaging experiments have been performed regarding 

psychological hypnosis without the use of any drugs. 

Furthermore, most experiments investigated the adverse effects of diverse external and 

internal factors on epigenetic processes (for example: Császár et al., 2021; Lewandowska et 

al., 2019; Hart and Tadros, 2019; Franzago et al., 2019; Chmielewska et al., 2019; Császár 

and Bókkon, 2017). However, in reality, epigenetic regulations operate uninterruptedly from 

conception to birth to the end of our lives (Feinberg 2008; Kanherkar et al, 2014). There is 

continuous interaction between the external and internal environments that is essential for 

normal development and health maintenance as well as for influencing disease load and 

resistance (Kanherkar et al, 2014). The epigenome integrates the information encoded in the 

genome via dynamic and flexible mechanisms and can form an individual both physically and 

mentally (Kanherkar et al, 2014). Although we are still in the early stages of linking hypnosis 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7892587/#B77
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to hypnosis-induced epigenetic changes, since epigenetic regulations respond continuously to 

external and internal factors, hypnosis cannot be an exception, i.e., it should be accompanied 

by epigenetic changes. 

In summary, the following ones could be concluded: 

 hypnosis is a non-pharmacological and cost-effectiveness method, 

 although hypnosis has been controversial and is currently not a part of mainstream 

clinical practices, there is increasing evidence that hypnosis can be an effective 

method for various conditions, 

 countless and interconnected hypnotisability factors play a fundamental role in the 

contradictions in diverse experiments regarding to neural correlates of hypnosis, 

hypnotisability and hypnotic responses, 

 hypnosis allows for individualized treatment,  

 hypnosis is an useful method to help patients manage diverse conditions, especially 

anxiety and pain, 

 hypnosis can induce altered functional connectivity and change neuroplasticity, 

 hypnosis can be successful treatment that inhibits the fear circuitry structures, 

 hypnosis may be associated with epigenetic changes, 

 hypnosis induced epigenetic changes may underlie hypnosis induced changes in 

neuroplasticity, 

 chronic pain can be associated with learned emotional memory that maintaining 

sensation of chronic pain,   

 hypnosis increases access to the emotional level (via cortical-limbic circuitry) that 

could decrease the subjective pain perception and stress-related inflammatory 

response. 
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