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Abstract 

Objective: In this pilot cross-over trial, we compared the effects of visual food hallucination by hypnosis with those of 

a real meal on subjective appetite and appetite-regulating hormones. 

Methods: Eight healthy post-menopausal women were randomized to consume a hallucinated breakfast (HB) or a real 

breakfast (RB). Participants underwent appetite sensations measurements (each 30-min until 270-min) and blood 

sample collection (at 20, 60, 90, 180-min). A 3-day food-record was filled after each session. 

Results: The repeated measures adjusted ANCOVA did not show any meal×time interactions between-meals on 

subjective appetite. As expected, significantly higher glucose (p<0.001), insulin (p<0.001), and lower free fatty acid 

(p<0.001) concentrations were found after the RB. Furthermore, RB significantly increased postprandial levels of 

glucagon-like-peptide-1 and peptide-YY at 20, 60, 90 and 180-min, whereas acylated-ghrelin and leptin levels did not 

differ between-meals. Postprandial neuropeptide-Y and orexin-A values significantly increased at different time-points 

after RB, but not following HB, while α-melanocyte-stimulating hormone levels enhanced after HB only. Energy 

intakes were significantly lower after HB on the test day only (HB=1146.6±343.8 vs RB=1634.7±274.2 kcal/d; 

p=0.003). 

Conclusions: Food-hallucination under hypnosis might modulate subjective appetite, by affecting the brain appetite-

peptides. Further studies are needed to verify these results in individuals with obesity. 

 

Keywords: Hypnosis; Appetite; Orexin, Neuropeptide-Y; Obesity.    
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Introduction 

A complex network of behavioral and metabolic pathways controls appetite [1]. These regulatory mechanisms are 

characterized by: 1) short-term or episodic signals, mainly inhibitory and usually generated in response to food 

ingestion, and 2) long-term or tonic signals, arising from tissue stores, such as adipose tissue, reflecting the state of 

depletion or repletion of energy reserves [2,3]. Those signals are highly integrated within complex brain mechanisms to 

control appetite [1]. 

The ingestion of a meal triggers the release of many gastrointestinal peptides such as cholecystokinin (CCK), peptide 

YY (PYY), glucagon-like-peptide-1 (GLP-1), with inhibitory actions on food intake. Levels of the orexigenic ghrelin 

decrease postprandially, in response to the macronutrient composition of meals [4]. Adiposity signals such as leptin and 

insulin cross the brain blood-barrier, bind to respective receptors on the pro-opiomelanocortin (POMC) neurons and 

stimulate the release of α-melanocyte-stimulating hormone (α-MSH) that inhibits food intake [5]. Those peptides 

suppress the activity of orexigenic neurons expressing neuropeptide Y (NPY) and agouti-related neuropeptide (AgRP) 

[6], antagonizing the effects of α-MSH on melanocortin-4 receptor (MC4R) through the release of AgRP [5]. 

Feeding is also influenced by hedonic, reward-related factors, i.e. the motivation to eat determined by the rewarding 

effects of highly palatable food, controlled by different neural circuits and brain regions [7]. The activation of reward 

circuit, via dopamine and endocannabinoids increases the expression of hunger peptides like NPY and Orexin-A (OX-

A), and blunts the signaling of satiety peptides (insulin, leptin and CCK) [1]. Dysregulation of the hedonic processes 

could cause food intake beyond needs [8], leading to obesity, which is characterized by the alterations of many 

homeostatic mechanisms involved in food control, as well as by changes in motivation and reward circuits [8,9]. 

Hypnosis has been suggested as a potential tool for the management of obesity because it could help in controlling the 

compulsive and uncontrolled behaviors leading people to eat in less conscious ways [10,11]. Even if the effects of 

hypnosis on weight loss are controversial [12,13], it has been successfully used to modulate gastrointestinal motility and 

sensory functions [14–17]. Food imagery stimulated by hypnosis, especially of an appetizing meal, promotes gastric 

secretion and changes in motility, inducing variation in subjective appetite that are similar to those determined by a real 

meal [15,18]. Still, it has been described that some individuals, highly hypnotizable, are able to develop visual hypnotic 

hallucinations, such as food hallucination, showing a compelling experience of the reality of a given perception, even 

though the perceived stimulus is actually not present [19]. Thus, in this randomized cross-over study, we tested the 

hypothesis that visual hallucination of a breakfast meal (HB) would affect subjective appetite like eating a real breakfast 

(RB) in healthy subjects. Furthermore, different peptides involved in appetite control were assessed in the postprandial 

phase. 

Methods 
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Participants 

Participants were selected among attenders to advanced hypnosis courses in Turin, Italy, according to the following 

inclusion criteria: age<65 years, female gender, high hypnotizability and ability to develop hypnotic visual 

hallucination, BMI 20-27 kg/m2, menopausal status (to avoid any interference between appetite and menstrual cycle).   

Exclusion criteria were: smoking, breakfast skipping, regular intake of any drug/supplement, presence of any 

pathological conditions, including mental and eating disorders, any alimentary restrictions or specific diets, allergy/food 

intolerance/dislike of the offered breakfast-meal, being a shift/night worker, unable to give informed consent. 

The study protocol complied with the Helsinki Declaration, received the local Ethical Committee approval, and was 

registered at clinicaltrials.gov (NCT03934580). Informed consent was obtained from all individual participants included 

in the study. 

Study design 

Eight postmenopausal women were randomly assigned to the HB or RB test in a crossover design by using a web-based 

program to build the randomization list (Figure 1). 

Outcomes 

The primary outcome was evaluating changes in subjective appetite after HB when compared to RB. The secondary 

outcomes were analyzing changes in circulating concentrations of NPY, OX-A, α-MSH, GLP-1, PYY, acylated ghrelin 

(AG), leptin, insulin, glucose, and free fatty acids (FFA) after both meals. 

Intervention 

On the day before each test, participants were instructed to avoid alcohol and hard physical activity, had dinner no later 

than 8:00 p.m. and consumed a diet low in dietary fiber and fermentable food (i.e. avoiding wholegrain bread/pasta, 

breakfast cereals, kernels and pearled kernels, legumes, potatoes, nuts, fruit, and vegetables). In addition, participants 

were asked to fill-in a 24h-food record in order to check their compliance to the given recommendations. 

On test day, at 8:30 a.m., fasting participants underwent baseline measurements of body weight and height, assessment 

of subjective appetite by visual analogue scale (VAS), blood sample collection and the insertion of a 16-G indwelling 

catheter into an antecubital vein of the forearm, subsequently kept patent by the slow infusion of 500 ml of saline 

solution until the last blood sample collection. 

Thereafter, the breakfast meal was served or visually hallucinated. It consisted of 80g white bread, 30g ham and 30g 

cheese (380 kcal; 20.4 g proteins, 9.8 g fats, 52.5 g carbohydrates, 2.5 g fibers) and 250 ml still water, to be consumed 

within 15-min. Subjective sensations of hunger, satiety, fullness and propensity to eat were assessed each 30-min for 

270-min; blood samples were collected at 20, 60, 90 and 180-min from the end of meal. In order to avoid blood 

drawing-related stress, all the blood samples were withdrawn from an extension line tubing. Participants remained 
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seated from the beginning of the test until the last blood sample collection and they could read, talk or listen to music 

while seated. Then, they could leave the room and move without carrying out exercise for additional 90-min, during 

which they continued to report every 30-min their subjective feelings of appetite. 

Hypnotic condition and procedure    

Hypnotic susceptibility is the ability of responsiveness to suggestions for changes in subjective experience and for 

alterations in perception, sensation, emotion, thought, or behavior [19]. To perform this experimental study, women 

were screened for high hypnotizability using the Harvard Group Scale of Hypnotic Ability, Form A [20] and the 

Waterloo-Group C Scale of Hypnotic Susceptibility [21]. Afterward, in those highly hypnotizable, a trained 

hypnotherapist (GR) assessed the individual capacity to experience vivid hallucinations and each assessment included a 

variety of visual hypnotically-suggested hallucinations [19]. 

The achievement of the hypnotic state is easily verified by the hypnotherapist, through the detection of different bodily 

changes, such as slow heart rate, deep breath and/or muscle relaxation. Going through the hypnotic phenomena, 

individuals are immersed in a virtual reality, perceiving all feelings and actions as real, without being able to distinguish 

those from real life and remembering all sensations/actions as lived [19]. Before the hypnotic induction, the real meal 

was showed to participants to obtain a visual hallucination identical to this meal. Since all subjects were highly 

hypnotizable, the induction phase was fast. After a few minutes, participants were asked to open their eyes, remaining in 

a hypnotic state, to see and handle a virtual meal with the recommendation to finish the meal within 15-min. All the 

participants succeeded in hallucinating their meal, by experiencing all sensory aspects of the eating process, including 

appearance, aroma and taste of the virtual meal, as reported after chewing and swallowing it. Overall, the hypnotic 

procedure lasted about 20-min: 1-3-min to go into the hypnotic state, ~15-min to hallucinate and virtually eat the meal 

and ~2-min to exit from the hypnotic state. Finally, to prevent any confounding factors on appetite sensation, the 

hypnotherapist was instructed to avoid any adjectives like “delicious or tasty” for describing the virtual meal and not to 

ask questions about perceived appetite after eating. 

Measurements 

VAS was used to assess subjective hunger, satiety, fullness, and prospective food consumption before and after the 

meals. The scales are 100 mm length with words anchored at each end, expressing the most positive and negative rating 

[22]. All participants completed a 24-h food record on the day before each test and then a 3-day food record starting 

from the day of each test up to 2 consecutive days. They were instructed to estimate food portions by using household 

measurement tools. A dietitian reviewed the food diaries and calculated energy and macronutrient intakes by using the 

WINFOOD database (3.4 version; Medimatica, Teramo, Italy).   



 
 

6 
 

Blood specimens, collected in tubes containing EDTA and Pefabloc (SIGMA, Italy) as a protease inhibitor, were 

immediately centrifuged, and aliquots of plasma were stored at -80°C until the analysis. Serum glucose was measured 

by enzymatic colorimetric assay (Menarini Diagnostics, Florence, Italy) and serum insulin by immunoradiometric assay 

(Beckman Coulter, Immunotech, Prague, Czech Republic) with intra-assay coefficients of variation (CVs) ≤3.99% and 

inter-assay CVs ≤4.8%. FFA concentrations were measured by a fluorometric assay (Sigma-Aldrich, St. Louis, MO, 

USA). AG was measured by an acetylcholinesterase-labelled antibody-based sandwich enzyme immunoassay (Bertin-

Pharma, France) (intra-assay and inter-assay CVs: 2.6-4.8% and 5.0-7.0%, respectively). Leptin was determined by 

sandwich enzyme-linked immunosorbent assays (BioVendor, Brno, Czech Republic) (intra-and inter-assay CVs: 4.2% 

and 6.7%, respectively). α-MSH was assayed by competitive enzyme-linked immunosorbent assays (LSBio, Seattle, 

WA, USA) (intra-and inter-assay CVs: <4.2% and <7.6%, respectively). Serum GLP-1 levels were analysed by 

sandwich ELISA assay (DRG Instruments GmbH, Marburg, Germany) (intra and interassay CVs: 3.7% and 7.4%, 

respectively). Serum PYY and NPY levels were determined by sandwich ELISA assay (EMD Millipore Corporation, st. 

Louis,Missouri, USA) (intra and interassay CVs: 2.3% and 6.2% for PYY, and 3.3% and 7.8% for NPY, respectively). 

Serum OX-A was analysed by a competitive binding enzyme-linked immunosorbent assay technology (Abbexa Ltd, 

Cambridge, UK) (intra and interassay CVs 4.6% and 6.9%, respectively). 

Blinding 

Due to the nature of the intervention, blinding participants and health professionals was not possible. The laboratory 

personnel who performed the biochemical analyses was blinded to the group assignment. 

Sample size and statistical analyses 

Based on Flint [22] a difference of 10 mm in subjective appetite by VAS would be detected with α=0.05 and a 

power=80% using 8 subjects in a paired design. 

The net area-under-the curve (AUC) values were calculated by the trapezoidal method. All dependent variables were 

controlled for normal distribution using the Shapiro-Wilk test. 

A repeated-measures ANCOVA analysis was used to examine the effect of meal and time and the meal×time interaction 

term on the postprandial response of subjective appetite, metabolic and hormonal responses, where subject was 

modelled as a random variable and corresponding baseline value, age, BMI and meal sequence (A/B or B/A) were 

modelled as covariates. Tukey-adjusted post hoc pairwise comparisons were performed. Data are presented in the text 

as mean ± standard deviation (SD), while in the figures as mean ± standard error (SE). 

The Student’s t-test for paired data or the Wilcoxon matched paired test (not-normally distributed variables) were used 

to investigate within-subject differences of the AUCs after HB and RB (SAS 9.4, SAS Inc., Cary, North Carolina). 

Results 
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Eight women with a mean age of 53.3±2.4 years and an average BMI of 22.5±3.3 kg/m2 participated and completed the 

trial. All women complied well with the recommended low-fiber diet, as reported by food records (data not shown). 

Appetite scores 

Subjective feelings of hunger, satiety, fullness and prospective food consumption are presented in Figure 2. The 

repeated measures ANCOVA, adjusted for the baseline values, age and BMI, did not show any significant meal×time 

interactions for feelings of hunger (p=0.14), satiety (p=0.33), fullness (p=0.77) and prospective food consumption 

(p=0.71) between-meals. The corresponding AUC for hunger sensation was lower, though not significantly different, 

after HB when compared to RB (HB 5841±2186 vs RB 8003±4848mm×min; p=0.40). No difference was observed for 

satiety, fullness and prospective food consumption AUCs (HB 19500±3269 vs RB 17848±3762 mm×min, p=0.18; HB 

18634±3241 vs RB 18660±2638 mm×min, p=0.83; HB 7719±2692 vs RB 9384±4094 mm×min, p=0.78; respectively). 

Metabolic variables and hormones 

Changes in blood glucose, insulin, FFA and leptin are shown in Figure 3. Repeated measures ANCOVA demonstrated a 

consistent meal×time interaction on glucose (p<0.001), insulin (p<0.001) and FFA (p=0.01) postprandially. The RB 

resulted in significantly higher glucose concentrations than HB (p<0.001) and post-hoc comparisons showed significant 

differences at time points 20 and 60-min (p<0.001 and p=0.002, respectively). Likewise, postprandial insulin response 

increased significantly after RB (p<0.001) at time 20, 60 and 90-min (p<0.001) compared to HB. Conversely, 

postprandial FFA concentration was reduced after RB (p<0.001), resulting significantly different at time 60, 90 and 180-

min (p<0.001). Accordingly, the AUCs for glucose (HB 10637±1210 vs RB 12623±1059 mg/dL×min; p<0.001) and 

insulin (HB 766±196 vs RB 3908±1661 µU/mL×min; p<0.001) were increased, those for FFA decreased after RB (HB 

77±20.0 vs RB 35±8.0 mmol/L×min; p<0.001). 

Repeated measures ANCOVA did not show a meal×time interaction for leptin concentration between meals. After RB, a 

slight increase in leptin levels was observed at 180-min, not significantly different from corresponding values after HB. 

No difference in leptin AUCs was found between meals (HB 552812±416648 vs RB 725309±643110 pg/mL; p=0.67). 

Peptides involved in appetite regulation 

AG, GLP-1 and PYY concentrations are reported in Figure 4. The adjusted repeated measures ANCOVA showed a 

significant effect of time and meal on GLP-1 (p<0.001) and PYY (p<0.001), but not on AG levels. Compared with HB, 

the RB increased postprandial response for both GLP-1 at time points 20, 60, 90 and 180-min (p=0.0006, p=0.005, 

p=0.02, p=0.006) and PYY circulating concentrations at the same time points (p<0.001). Postprandial AG 

concentrations, though lower after RB, did not significantly differ between meals. RB resulted in increased AUCs for 

GLP-1 (HB 342±29 vs RB 447±106 pmol/L×min; p=0.025) and PYY (HB 5474±2284 vs RB 8732±2402 pg/mL×min; 

p=0.002), but not for AG (HB 15002±8077 vs RB 11976±16784 pg/mL×min; p=0.16). 
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A significant meal×time interaction was observed for postprandial NPY (p<0.001), OX-A (p<0.001) and α-MSH 

(p=0.05) levels (Figure 5). Overall, the RB resulted in increased NPY concentrations (p<0.001), with higher values at 

90-min (p=0.04) and-180 min (p<0.001). Similarly, OX-A decreased and then increased after RB when compared to 

HB, with significant differences at time points 60-min (p=0.04) and 180-min (p=0.002). The overall α-MSH responses 

differed between meals (p=0.01) and were significantly higher for HB at 180-min (p=0.01). NPY AUC was lower after 

HB (HB 3468±592 vs RB 4564±964 pg/mL×min; p=0.04), while no differences were found for OX-A (HB 5003±2094 

vs RB 4992±1003 pg/mL×min; p=0.99) and α-MSH AUCs (HB 1019±646 vs RB 911±410 ng/mL×min; p=0.78). 

Self-reporting energy intake 

Data collected by 3-d food diaries, including breakfast, did not significantly differ between meals (HB=1541±325 vs 

RB=1674±267 kcal/day; p=0.19), showing similar macronutrient distributions (proteins 19%, lipids 33-34%, 

carbohydrates 49% of total energy, fiber 13-14 g/day). However, when considering the calories consumed on the test 

day only, we found significantly lower energy intakes after HB (HB=1146.6±343.8 vs RB=1634.7±274.2 kcal/day; 

p=0.003), whereas no between-meals differences were observed for the following 2 days. 

Discussion 

This randomized cross-over pilot trial showed that hypnotic visual hallucination of a meal was able to acutely affect 

subjective appetite like eating a real food. Metabolic variables and gastrointestinal peptides changed with the real meal 

only, while hallucination seemed to affect the response of brain peptides, by keeping low the orexigenic NPY, OX-A 

and increasing the anorexigenic α-MSH circulating levels. 

Modulation of subjective appetite by hypnosis 

Hypnosis, employed as an anti-stress and relaxation technique, has been successfully used to treat many conditions 

related to chronic stress [14,17]. Imagining eating food, above all an appetizing meal, affected hunger and induced 

electrogastrogram changes similar to those determined by a real meal [18], leading to increased gastric emptying, acid 

and gastrin secretion, pancreatic secretion and release of pancreatic polypeptide [23]. Hypnotic hallucinations determine 

changes in the brain electrical activity and blood flow and is accompanied by measurable changes in both perceptual 

and attentional function of the brain specific-regions processing these activities [24]. 

Herein, we found that the hallucination of a meal affects appetite sensation like a real meal, reporting similar feelings of 

hunger and satiety, even if, during HB, participants did not eat at all. To justify these findings, we assessed several 

peptides implicated in feeding behavior, that, at the best of our knowledge, have never been studied after visual food 

hallucinations. 

Neuropeptides 
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Central nervous system control of feeding behavior is complex and include multiple neural circuits influenced by many 

peptides, hormones, neurotransmitters, and hedonic, reward-related factors [25]. The endocannabinoid system controls 

the activity of neurons producing OX-A, a neuropeptide responsible for the control of energy homeostasis, sleep and 

generating signals stimulating food search [26]. OX-A acts through activation of the OX-A receptor type 1 (OX-1R) and 

affects the cannabinoid receptor type 1 (CB1R) function by down-regulation of POMC synthesis and α-MSH release 

[27]. The orexigenic neurons are activated by low glucose concentrations, thus enhancing food-motivated behavior in 

condition of metabolic need [25] and undergo the effects of a bimodal excitatory or inhibitory regulation by 

hypothalamic leptin levels [28]. Accordingly, in our patients, OX-A concentrations decreased up to 60-min after the real 

meal, concurrently with the increase in glucose and insulin concentrations and then rose again. Indeed, after the HB, 

OX-A values did not change, even if the levels of ghrelin, which is a direct activator of orexigenic neurons [29], 

increased and leptin levels, an antagonist of orexin-induced activity [30], decreased thus suggesting the complexity in 

the interplay between different peripheral and central energy balance signals. Similarly, the levels of the orexigenic 

NPY, one of the most abundant brain peptides, playing an important role in energy homeostasis [31], did not change 

after HB, despite ghrelin increment, the decrease in leptin and insulin activating NPY/AgRP neurons, and PYY 

reduction which inhibits those neurons [32]. A feedback between OX-A and NPY neurons have been described: OX-A 

increases NPY tone, while NPY treatment leads to the inhibition of orexigenic neurons [33]. Accordingly, we observed 

increased OX-A and NPY after RB, but flat values of both peptides after HB. 

On the opposite, the anorexigenic α-MSH plays a crucial role in controlling food intake and body weight by increasing 

satiety [25]. Both OX-A and NPY differently act as inhibitors of α-MSH secretion, while leptin and insulin promote the 

release of α–MSH [5,25]. In our participants, although both leptin and insulin levels were low after HB, α-MSH serum 

levels resulted significantly higher at 180-min when compared to RB, probably due to the lack of the inhibitory 

feedback physiologically exerted by both OX-A and NPY peptides, whose levels did not increase. Therefore, it could be 

hypothesized that food hallucination inhibited the secretion or prevented the increase of OX-A and NPY, thus affecting 

perceived appetite sensations.   

Brain-Gut peptides 

GLP-1 is involved in peripheral and central pathways modulating appetite [34] and induces satiety by affecting both 

homeostatic and reward mechanisms and slowing gastric emptying [35]. After a meal, the plasma concentrations of 

GLP-1 rise, but the values represent a small percentage of the GLP-1 secreted, because most newly released GLP-1 is 

degraded and inactivated [34]. Accordingly, GLP-1 levels increased and remained significantly higher after RB than 

after HB. Similarly, the concentrations of PYY, another intestinal peptide with inhibitory effects on food control [36], 

rose and remained significantly higher after the RB. As previously observed, its levels are found to rise 1-2 h 
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postprandially and high concentrations are maintained up for 6-h [37]. These findings outline the importance of the 

nutrient contact with the secretory intestinal cells in the secretion and modulation of the peripheral concentrations of 

these peptides, since only after RB, GLP-1 and PYY concentrations changed. 

AG, the gastric orexigenic peptide, is the main signal for meal initiation which regulates insulin secretion and is 

inhibited by circulating nutrients, insulin and GLP-1 [38]. As expected, in our patients, ghrelin values decreased after 

RB, but not after HB, even if no significant differences were found, and the increase in insulin concentrations after RB 

preceded the reduction in ghrelin values, suggesting an inhibitory role. 

Metabolic variables and hormones 

Glucose trigger insulin secretion, and we found increased glucose and insulin values and reduced FFA concentrations 

after RB, but not following HB. 

Leptin is produced primarily by white adipocytes in proportion to the size of body fat storage and is involved in the 

regulation of energy balance [39]. Leptin secretion acts on hypothalamic neurons promoting satiety through the 

activation of POMC and the inhibition of NPY/AgRP neurons [40]. Its expression and secretion can be stimulated in 

anabolic states by insulin and cell glucose uptake, while conditions of energy mobilization, such as the release of FFA, 

inhibits its secretion [41]. In our participants, leptin concentration progressively declined after the HB meal, consistent 

with the increase of circulating FFA due to the prolonged fasting. Conversely, low leptin levels did not act as stimulus 

for the increase of orexigenic hormones, such as NPY and OX-A [42]. 

Our results suggested that the “brain area” may have a crucial role in the regulation of subjective appetite. Accordingly, 

genome-wide association studies found that an overwhelming majority of genes associated with BMI are expressed in 

the brain, many of them in the hypothalamus [43]. 

Short-term effect on food intake 

Data from 3-day food records did not reveal any difference on mean energy and macronutrient intakes following both 

meals. By analyzing those results separately, we found that the calories consumed on the HB day were significantly 

lower than those consumed during the RB-day, whereas no differences were reported on the following 2 days, 

suggesting no compensatory overeating in the short-term. 

Clinical implications 

Only about 10% of individuals can develop visual hallucination by using hypnosis. Nevertheless, our results may be 

useful to explore the development of alternative strategies to control appetite. Since appetite is central to energy 

homeostasis and imbalance, the real challenge would be designing new approaches for modulating appetite regulation 

to promote weight loss and long-term maintenance. 
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The use of hypnotically induced imagery might potentially affect physiologic processes regulated by brain and 

implicated in weight control. Intriguingly, an aberrant activation of OX-A–mediated endocannabinoid signaling at 

POMC neurons, triggered by deficits in leptin signaling, has been reported in obesity, creating a vicious circle leading to 

inhibition of α-MSH synthesis, hyperphagia, body weight increase, and hepatic steatosis [27]. Similarly, NPY receptor 

has been reported to play a relevant role in several dysmetabolic and chronic diseases, by promoting insulin resistance, 

impaired glucose metabolism, adipose tissue formation, atherosclerosis acceleration, and cardiac dysfunction [31,44]. 

Furthermore, NPY levels have been reported to be modulated by different macronutrient composition and types of diet, 

and obesity is characterized by increased sensitivity of the NPY system [8]. 

Limitations 

This pilot study has been performed in a small group of selected women who were highly hypnotizable, healthy and 

with a normal BMI, thus limiting its generalization to other groups and, in particular, to patients with 

overweight/obesity. Indeed, because of sex difference, the influence of estrogens, weight and age [45] in the regulation 

of peptide hormones, we have tried to reduce all sources of bias by studying a highly selected group. Subjective appetite 

was self-reported, but its measurement by VAS has been shown to be reproducible and reliable [22]. The choice of 

reporting, but not weighing, participants’ food intake on the following days of the tests could be considered as a 

limitation [2], although food intake assessment was not the main objective of this study. Indeed, food hallucination is 

likely to affect short-term food intake, but this should be suitably explored. Concentrations of some peptides, such as 

OX-A, NPY and α-MSH, greatly varied among studies, with a wide variability in the magnitude order [45], due to the 

lack of international standardization. The plasma concentrations of OX-A, NPY and α-MSH are only an estimate of 

synthesis of these peptides in the brain, since these levels are much lower than those measured in cerebral spinal fluid, 

and whether peripheral circulating levels are able to exert clinically relevant effects is at present uncertain [28,33]. We 

have determined acute changes in the circulating levels of peptides at 180-min after the meals but did not evaluate long-

term changes; indeed, it would be hard to obtain more than 3-h immobility from our participants without giving rise to 

restlessness or stress potentially altering the trial results. 

Finally, this is an explorative study that assessed the acute effects of a single visual food hallucination on appetite 

regulation. However, the long-term effects of repeated visual food hallucination episodes on appetite ratings, appetite-

regulating hormones, food intake and body weight have not been evaluated yet. 

Conclusions 

Our pilot trial suggests the possibility to modulate brain peptides implicated in the appetite regulation by hypnosis. 

Further studies are required to investigate the long-term changes on appetite and the implicated hormones in larger 
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samples of healthy individuals and patients with obesity, in order to identify potential alternative strategies for the 

control of body weight. 
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Figure captions 

Fig. 1 

Session protocol of the study. VAS=Visual Analogue Scale to measure the subjective appetite. 

Fig. 2 

Unadjusted mean ratings of hunger (a), satiety (b), fullness (c) and prospective food consumption (d) for 270-min 

following the two test meals (HB= Hallucinated Breakfast; RB= Real Breakfast) are expressed as mean ± SE (n=8). 

Repeated-measures ANCOVA analysis was used to examine the effect of meal, time and meal × time interaction. Post 

hoc pairwise comparisons were performed. 

Fig. 3 

Unadjusted mean values of plasma glucose (a), insulin (b), free fatty acid (FFA) (c) and leptin (d) for 180-min following 

two the test meals (HB= Hallucinated Breakfast; RB= Real Breakfast) are expressed as mean ± SE (n=8). Repeated-

measures ANCOVA analysis was used to examine the effect of meal, time and meal × time interaction. Post hoc 

pairwise comparisons were performed. §p<0.01; *p<0.05 

Fig. 4 

Unadjusted mean values of acylated-ghrelin (a), PYY (b) and GLP-1 (c) for 180-min following the two test meals (HB= 

Hallucinated Breakfast; RB= Real Breakfast) are expressed as mean ± SE (n=8). Repeated-measures ANCOVA analysis 

was used to examine the effect of meal, time and meal × time interaction. Post hoc pairwise comparisons were 

performed. §p<0.01; *p<0.05 

Fig. 5 

Unadjusted mean values of NPY (a), α-MSH (b) and Orexin-A (c) for 180-min following the two test meals (HB= 

Hallucinated Breakfast; RB= Real Breakfast) are expressed as mean ± SE (n=8). Repeated-measures ANCOVA analysis 

was used to examine the effect of meal, time and meal × time interaction. Post hoc pairwise comparisons were 

performed. §p<0.01; *p<0.05. 


