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Abstract

Prader–Willi syndrome (PWS) is a neurodevelopmental genetic disorder characterized by 

intellectual disabilities and insatiable appetite with compulsive eating leading to severe obesity 

with detrimental health consequences. Transcranial direct current stimulation (tDCS) has been 

shown to modulate decision-making and cue-induced food craving in healthy adults. We 

conducted a pilot double blind, sham-controlled, multicenter study of tDCS modulation of food 

drive and craving in 10 adult PWS participants, 11 adult obese (OB) and 11 adult healthy-weight 

control (HWC) subjects. PWS and OB subjects received five consecutive daily sessions of active 

or sham tDCS over the right dorsolateral prefrontal cortex (DLPFC), while HWC received a single 

sham and active tDCS in a crossover design. Standardized psychometric instruments assessed food 

craving, drive and hyperphagia by self-report and caregiver assessment over 30 days. Robust 

baseline differences were observed in severity scores for the Three-Factor Eating Questionnaire 

(TFEQ) and Dykens Hyperphagia Questionnaire (DHQ) for PWS compared to HWC while obese 

participants were more similar to HWC. Active tDCS stimulation in PWS was associated with a 

significant change from baseline in TFEQ Disinhibition (Factor II) (Ƶ = 1.9, P < 0.05, 30 days) 

and Total Scores (Ƶ = 2.3, P < 0.02, 30 days), and participant ratings of the DHQ Severity (Ƶ = 

1.8, P < 0.06, 5 days) and Total Scores (Ƶ = 1.9, P < 0.05, 15 days). These findings support 

sustained neuromodulatory effects and efficacy of tDCS to reduce food drive and behaviors 

impacting hyperphagia in PWS. Transcranial direct current stimulation may represent a straight-

forward, low risk and low cost method to improve care, management and quality of life in PWS.
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INTRODUCTION

Prader–Willi syndrome (PWS) is a neurodevelopmental disorder affecting between 350,000 

and 400,000 people worldwide [Butler and Thompson, 2000]. It is the most common cause 

of syndromic obesity, with the majority of cases (about 70%) due to a paternal deletion of 

the chromosome 15q11–q13 region, maternal uniparental disomy 15 (UPD) in 25% of cases 

and imprinting defects in the remaining subjects [Bittel and Butler, 2005]. The clinical 

presentation varies with age and with neonatal hypotonia, a poor suck and feeding 

difficulties with failure to thrive in infancy, developmental delay, growth and other hormone 

deficiencies leading to short stature, small hands and feet and hypogonadism/hypogenitalism 

with an insatiable appetite leading to rapid weight gain and obesity in early childhood 

[Butler et al., 2006; Butler, 2011; McAllister et al., 2011; Angulo et al., 2015]. Hyperphagia 

is one of the most prominent and debilitating features of this disorder, and leads to 

significant morbidity among PWS subjects. Strict dietary restrictions and close monitoring 

of caloric intake are used to control weight gain in PWS [Butler et al., 2006]. Psychological 

food security in the presence of controlled food access has been shown to decrease food 

drive and craving in PWS, but additional treatments are needed to reduce burden and costs.

Although the mechanisms underlying hyperphagic behavior remain to be fully understood, 

increasing evidence suggests that the control of eating is related to neural networks 

associated with decision-making [Pignatti et al., 2012]. Among them, the dorsolateral 

prefrontal cortex (DLPFC), a key structure for the regulation and processing of food 

motivation and satiety signaling appears to play a crucial role by integrating incoming 

sensory and affective information that results in an emotional reaction to food stimuli [Rolls, 

2000, 2005]. PWS is associated with reduced cortical and hippocampal grey and white 

matter volume compared to healthy weight controls which selectively impacts deletion the 

15q11–q13 over the Prader–Willi syndrome UPD genetic subtype [Ogura et al., 2011; 

Honea et al., 2012]. Abnormal signaling and functional connectivity involving the 

hypothalamus, ventromedial prefrontal cortex, insula and extended amygdala have also been 

reported [Holsen et al., 2012; Honea et al., 2012; Zhang et al., 2015]. Recent studies 

comparing body mass index (BMI)-matched individuals with PWS participants showed 

hypoactivity of regions involved in inhibitory control including the DLPFC and orbitofrontal 

cortex, when exposed to food-related visual stimuli [Holsen et al., 2012]. Cortical inhibitory 

networks originating in the medial prefrontal cortex impacting food drive were hypoactive in 

PWS in both resting and post-meal states with hyperactive subcortical reward circuitry 

during the post-meal period [Honea et al., 2012; Zhang et al., 2015]. Reductions in activity 

within the inhibitory loop, combined with an enhanced activity of the subcortical reward 

circuitry, provide a plausible mechanistic explanation for food craving in PWS [Holsen et 

al., 2012].
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Emerging techniques in brain stimulation such as transcranial direct current stimulation 

(tDCS) provide a safe, painless, inexpensive non-restrictive and non-invasive method to 

modify neuronal functioning and influence cognitive processes. The tDCS session 

modulates cortical activity through the application of a weak electric current to the scalp, 

which travels through the brain parenchyma from the positive (anode) to the negative 

(cathode) electrode. Active stimulation can promote long-lasting effects by either increasing 

cortical excitability under the anode or by decreasing it under the cathode [Nitsche and 

Paulus, 2000]. A number of studies highlighting the role of the DLPFC in decision-making 

have shown that anodal tDCS is capable of reducing craving for a number of substances 

including tobacco [Fregni et al., 2008a; Boggio et al., 2009] and food [Fregni et al., 2008b; 

Goldman et al., 2011]. A single session of anodal tDCS over the right DLPFC has shown a 

decrease in food craving in healthy participants [Fregni et al., 2008b; Goldman et al., 2011], 

while in obese subjects, anodal tDCS over the left DLPFC combined with aerobic exercise 

decreased the desire to eat more than either intervention alone [Montenegro et al., 2012]. In 

light of these findings, and given the fact that participants with PWS show hypoactivity of 

the DLPFC when presented with food-related cues [Holsen et al., 2012], we conjectured that 

modulating the activity of this cortical region could enhance its function in the decision-

making process and consequently help reduce food craving in PWS.

The main goal of the present pilot study was to assess the efficacy of anodal tDCS, applied 

over the right DLPFC, in the activation of inhibitory control pathways modulating food 

craving and hyperphagia in PWS participants. This was evaluated through completion of the 

Three Factor Eating Questionaire (TFEQ) and the Dykens Hyperphagia Questionnaire by 

the adult participants and caregivers and self-report of food craving [Dykens et al., 2007]. 

Objective weight loss was also examined to validate potential changes in psychometric data 

concerning food motivation (e.g., craving and hyperphagia). In addition to PWS participants, 

two control groups consisting of healthy-weight subjects (HWC) and obese (OB) 

participants took part in this study. We hypothesized that PWS individuals undergoing active 

anodal tDCS of the right DLPFC would show a reduction in self-reported craving and 

hyperphagic behavior when compared to subjects undergoing sham stimulation with parallel 

effects in the obese group.

STUDY DESIGN

Participants

Participants were recruited at two sites, the Spaulding Rehabilitation Network Research 

Institute (SRN-RI), Harvard Medical School, and the University of Kansas Medical Center 

(KUMC), University of Kansas. All participants were between 18 and 64 years of age. The 

study included N=10 participants with PWS (5M:5F, mean age = 32±11 years) diagnosed 

clinically and confirmed with genetic testing (N = 7 with 15q11–q13 deletion; N 3 with 

maternal disomy 15 or imprinting defect (See Table I). Cognitive normal control participants 

were divided into two groups based on their BMI states. Healthy normal control subjects 

with a BMI less than 25 kg/m2 were assigned to the Healthy Weight Control (HWC) group 

(N = 11, mean age=28±11 years), while those with a exceeding 30 kg/m2 were assigned to 

the Obese (OB) group (N = 10, mean age = 47±11). Twenty participants were recruited at 
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SRN-RI (2 PWS, 9 OB, 9 HWC), and 12 at KUMC (8 PWS, 2 OB, 2 HWC). Volunteers 

were excluded from study participation if they presented any of the following: history of 

neuropsychiatric disorders, epilepsy, unstable medical conditions, history of neurosurgery, 

significant visual or auditory impairment, contraindications to tDCS [Nitsche et al., 2008] or 

pregnancy. Both centers recruited participants from all three groups in order to balance the 

effects of study site on outcomes. A multicenter protocol was implemented and approved by 

the Institutional Review Boards at both sites and written informed consent was obtained 

from all participants or their legal representatives.

Randomization

We used a central randomization strategy across study sites and arms which resulted in a 

single-blinded placebo-controlled study design. Participants were assigned to the active or 

sham tDCS treatment groups according to the order of entrance in the study using computer-

generated randomization list maintained by a study coordinator at each site not involved in 

other aspects of the trial. Randomization assignments for the PWS and obese subject groups 

used a ratio of 2:1 for active vs. sham tDCS given the lack of a priori information on the 

effects of the active intervention and based upon previous comparable studies [Peto, 1978].

Behavioral Measures

Food motivation was assessed in all participants using the Three-Factor Eating 

Questionnaire (TFEQ) by Stunkard and Messick [1985], a 51 item assessment tool 

developed to measure 3 dimensions (Factors) of human eating behavior [Cognitive Restraint 

of Eating (Factor I), Disinhibition (Factor II) and Hunger (Factor III) (Stunkard and 

Messick, 1985)]. Additionally, food motivation in PWS was assessed using the Dykens 

Hyperphagia Questionnaire, a 13-item informant measure of eating behaviors empirically 

tested and validated in participants with PWS [Dykens et al., 2007]. All participants also 

rated the intensity of their craving for food before and after each 30 min stimulation session 

on a visual numeric scale (VNS) that ranged from 0, which represented “not hungry at all,” 

to 10, which represented “very hungry.” Weight (kg) and height (cm) were also assessed 

using a commercially available electronic scale for weight and a standing stadiometer for 

height. In addition, IQ and cognitive functioning was assessed in PWS subjects using 

standard assessment tools including the Kaufman Brief Intellengence Test, 2nd edition 

(KBIT-2) [Kaufman and Kaufman, 2004] and Trail Making Test (TMT, Parts A and B) 

[Reitan, 1955]. The KBIT-2 is a brief, individually administered assessment of verbal and 

non verbal intelligence appropriate for age ranges 4–90 years that yields a standardized 

composite IQ score (mean = 100±15) with percentile ranks by age. The TMT is a neuropsy-

chological assessment of visual attention and task switching that asks participants to connect 

a series of 25 dots as quickly and accurately as possible. TMT response time provides 

information on visual search and processing speed, scanning, mental flexibility and 

executive processing. The TMT was used to assess baseline cognitive functioning as well as 

the impact of tDCS processing speed and executive function. Mean response for Part A of 29 

sec and Part B of 75 sec are considered normal. Mean response times >78 sec for Part A and 

>273 sec for Part B were regarded as deficient.
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Transcranial Direct Current Stimulation (tDCS)

Both centers underwent joint training for all study techniques and procedures to ensure 

standardization across sites. A low-intensity DC Stimulator (Chattanooga Ionto™ 

iontophoresis system, Chattanooga Medical Supply Inc., Chattanooga, TN) was used to 

deliver 2.0 mA of direct current for 30 min through 2 saline-soaked electrodes (35 cm2). The 

anode was placed over the target area of stimulation, the right DLPFC, which corresponds to 

F4 in the International 10–20 System of Electrode Placement. The reference electrode, or 

cathode, was placed over the left supraorbital area using the same electrode montage used 

for active stimulation. A brief ramp-up and ramp-down phase of 15 sec was applied at the 

beginning and at the end of the sham stimulation sessions to facilitate blinding. Thus, in the 

administration of the sham tDCS condition, participants did receive mild electrical 

stimulation with somatosensation of an electrical stimulus in order to mimic the active arm 

and facilitate blinding in the placebo-tDCS condition. This technique has been shown to be a 

reliable method for blinding in sham-controlled studies involving tDCS of prefrontal targets 

in other studies [Palm et al., 2013].

Schedule of Events and Treatment

Obese and PWS subjects underwent mid-day stimulation sessions daily for five consecutive 

days with assessments at baseline, 5, 15, and 30 days following the last stimulation session. 

Healthy weight control subjects participated in a shorter crossover trial to reduce the 

physiological effects associated with cumulative sessions of tDCS since no therapeutic 

benefit was expected for this group. The crossover trial was a randomized counterbalanced 

design with two sessions of tDCS, one active and one sham, and a 15-day washout period 

between sessions.

Statistical Analysis

Descriptive data were presented as mean ± standard deviation by subject group for HWC, 

OB, or PWS participants, and study outcomes considered were change from baseline scores 

for the TFEQ, Dykens Hyperphagia Questionnaire, Food Craving Analogue Scale and 

weight assessments for active versus sham treated groups. Wilcoxon sign-ranked or Mann–

Whitney U tests were utilized when appropriate. Statistical analyses including descriptive 

statistics were generated using the SAS statistical analysis software version 9.4 (SAS Inc., 

Cary, NC) and IBM SPSS Statistics (IBM Corporation, Chicago, IL).

RESULTS

Participant Characteristics, Response, and Tolerability

PWS participants had a standard IQ of 62.3±16 indicative of mild intellectual deficiency but 

significantly lower than seen in healthy weight controls or obese study participants with 

standard IQ scores in the normal range (Table I). Lean participants were significantly 

younger than obese and PWS participants. Weight and BMI measures were significantly 

higher in obese relative to lean and PWS participants, as expected based upon the study 

design. PWS participants were also significantly shorter in stature than obese participants. 

PWS participants scored significantly higher than lean participants on all four dimensions of 
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the Three-Factor Eating Questionnaire, two dimensions of the Dykens Hyperphagia 

Questionnaire (Total and Drive Scores) and the Food Craving Analogue Scale. Baseline 

hyperphagia assessments for obese participants were more similar to lean than PWS 

participants showing a significant elevation for only one dimension of the TFEQ—Factor II 

(Disinhibition) at baseline.

The use of tDCS among lean, obese and PWS participants was generally well tolerated with 

no reports of significant adverse event. The most common side effects reported were tingling 

at the site of stimulation (32.1%), followed by skin redness (29.5%), sleepiness(12.5%), and 

headache (8.9%). There were no statistically significant differences in the number of side 

effects reported between the active and sham groups or between the three subject groups. No 

significant changes in weight were observed for the HWC controls who had limited 

exposure to tDCS, or in OB or PWS participants with several PWS subjects living in weight-

controlled environments with strictly restricted access to food as a common management 

practice in adults with PWS.

Prader–Willi Syndrome Participants

Assessment of the effects of tDCS on hyperphagia did identify significant changes 

associated with study participation in self-reported measures of disinhibition, severity and 

food craving among PWS subjects (Table II). The Three Factor Eating Questionnaire Total 

Score decreased over time for the active and sham PWS subject groups with a significant 

difference observed between active and sham groups at day 30 (Ƶ = 2.1, P < 0.05, See Fig. 

1). A significant treatment group difference was found in the change from baseline Total and 

Disinhibition (Factor II) scores at 30 days (Ƶ = 2.3, P < 0.02, Fig. 2a; Ƶ = 1.9, P < 0.05, Fig. 

2b). However, no consistent changes were noted for Factor I or Factor III TFEQ scores.

Participant reports from the Dykens Hyperphagia Questionnaire identified a significant 

difference between active and sham groups (Fig. 3) and a significant or near significant 

difference in the change from baseline responding for the active vs sham study group 

including Severity Score (Ƶ = 1.8, P < 0.06) after 5 days (See Fig. 4a) and the Total Score (Ƶ 
= 1.9, P < 0.05) after 15 days (See Fig. 4b). No significant differences were observed for the 

Behavior or Drive scores. Repeated exposure to food images was associated with a 

systematic increase in reported food cravings among all PWS participants (active and sham) 

pre- to post-stimulation session. Food craving differed significantly between the active vs the 

sham study arms at 5 and 15 days after initiation of tDCS treatments (See Fig. 5). PWS 

caretakers rated subjects in the active study arm significantly greater on the Dykens 

Hyperphagia Questionnaire at baseline than the sham arm with minimal changes noted 

throughout the study, but a near significant increase from baseline was observed for the 

Behavior score (Ƶ = 1.8, P < 0.06, 30 days) in the sham group which is similar to food 

craving and severity measures observed for PWS participants.

Healthy Weight Control and Obese Participant tDCS Response

A significant difference in the change from baseline was observed for the sham vs. active 

arm in the obese participant group for the TFEQ Total Score (Ƶ = 2.1, P < 0.04). No other 
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changes in hyperphagia measures, weight or TMT scores were observed for active relative to 

sham participants from the HWC or OB participant groups (Table III).

Effects of tDCS on Cognitive Performance in PWS

Baseline cognitive performance as assessed by the TMT instrument Part A response times 

for PWS participants were longer than the average normal pace which indicated lower 

performance for all but one PWS subject (meanA = 64.0 sec, rangeA 19–109 sec). This speed 

decreased slightly over time (with practice) but did not differ significantly between active 

and sham groups (Table II). TMT Part B was more challenging than Part A and three PWS 

participants required the maximum time allotted for the test (300 sec). An overall response 

meanB = 188 sec (rangeB 51–300) was observed for Part B with these individuals but still 

within the normal range. There was no significant change in the TMT Part B times related to 

the tDCS exposure in PWS.

DISCUSSION

Prader–Willi syndrome (PWS) is a neurodevelopmental genetic disorder characterized by 

intellectual disabilities, an insatiable appetite with compulsive eating behaviors 

(hyperphagia) leading to severe obesity and detrimental health consequences. Hyperphagia 

is one of the most prominent and debilitating features of this disorder and leads to significant 

morbidity among participants and contributes negatively to their care and management. We 

investigated the effects of an emerging non-invasive brain stimulation technique, tDCS, on 

modulating food-motivated behaviors in participants with PWS and control subjects with 

healthy and abnormal weight status in a region of the brain thought to be related to decision-

making and regulation of eating behavior, the DLPFC [Fregni et al., 2005, 2008a, b; Boggio 

et al., 2009; Goldman et al., 2011; Holsen et al., 2012; Honea et al., 2012; Zhang et al., 

2015]. It was hypothesized that modulation of this area of the brain would be related to 

decreased food-craving, hyperphagia, and potential weight status in participants that 

received active tDCS modulation of this brain area in hopes of developing potential 

intervention techniques to modulate hyperphagia behavior in participants with PWS.

Scores for PWS participants were significantly elevated in all four dimensions of the Three-

Factor Eating Questionnaire (TFEQ) at baseline consistent with the expected phenotype of 

chronic severe hyperphagia associated with this disorder. The measures were also 

significantly elevated on two dimensions of the Dykens Hyperphagia Questionnaire (Total 

and Drive Scores) as well as the Food Craving Analogue Scale supporting the hypothesis of 

primary disturbances in cognitive and emotional aspects and food preoccupation in PWS. 

Behavior and Severity measurements were higher than HWCs but did not meet criteria for 

statistical significance possibly due to the small sample size or increased variance in these 

measures. The controlled access environment associated with the care of PWS also may 

have reduced the number of items endorsed on the Behavioral and Severity dimensions of 

the Dykens Hyperphagia Questionnaire at baseline.

The tDCS appeared to be well-tolerated among all study subjects including those with PWS. 

This pilot investigation using tDCS to assess hyperphagia and food motivation in 

participants with PWS supported the use of active tDCS to augment food drive and 
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behavioral inhibition in PWS, replicating and extending the results of prior investigations in 

the prefrontal cortex region [Goldman et al., 2011; Fregni et al., 2008b]. In addition to 

decreased food cravings and hunger ratings, results from the Dykens Hyperphagia 

Questionnaire demonstrated promising changes in hyperphagia behavior among PWS as 

reported by participants and caregivers. Statistically significant changes in the Dykens 

Hyperphagia Questionnaire (e.g., Severity subscale and Total Scores) were seen over 5 and 

15-day periods—10 days after the last stimulation session which suggests persistent 

modulatory actions of food-related cognition and behavior in PWS. Parallel increases in 

Dykens Hyperphagia Severity Scores with Food Craving Ratings in the sham study arm 

suggest a possible state dependent relationship between the two measures possibly 

attributable to anticipatory factors since Severity Scores were normal at baseline. The 

repeated exposure to food images and frequent inquiries into hunger and drive for food 

during the course of the study might have led to anticipatory increases in symptomatology 

and possible frustration for study participants in the sham treatment arm. The data suggest 

that tDCS treatment attenuated these possible anticipatory effects. Similarly, PWS caretakers 

reported increased Behavior scores over time associated with the sham arm. The observed 

differences in baseline scores may reflect differences in the randomization or individual 

differences in the caretakers themselves which were largely stable over time.

Our tDCS treatments were designed to stimulate the area surrounding the anode in the right 

DLPFC but the cathode (reference electrode) placement over the left supraorbital area may 

inhibit activity in the surrounding area. The use of a reference electrode placed in another 

location is required in order to complete the electrical circuit. This placement is consistent 

with a range of published applications of tDCS technology. This application of tDCS did not 

appear to impact neuropsychological functioning or processing speed as assessed by the 

TMT supporting the specificity for food motivated behaviors without disruptive effects on 

central executive functions.

Obese participants in this study did not appear to respond to tDCS as observed in prior 

studies. The only significant change from baseline (TFEQ Total Score) was observed for 

sham rather than the active stimulation arm. The obese participants were older than the 

HWC subjects but age was not correlated with TFEQ ratings at baseline. Also TFEQ and 

Dykens Hyperphagia Questionnaire test scores for the obese subjects did not differ very 

much from the HWC at baseline. Never-the-less, these preliminary observations highlight 

the need for larger confirmatory testing.

No weight loss was observed among PWS participants during this relatively short period of 

treatment, but body mass and access to food are tightly controlled in PWS adults for safety, 

most often in a group home setting. Thus, changes in motivation and drive states may not 

immediately impact body mass, longer term standards are needed to monitor weight. It could 

be hypothesized that various aspects of food-intake decision making may be modulated by 

tDCS as has been noted previously in non-PWS subjects potentially leading to better weight 

management in PWS [Fregni et al., 2008b; Goldman et al., 2011]. Additionally, no 

significant weight loss was observed for obese or HWC subjects which may again reflect the 

short study duration and limited exposure to active stimulation (e.g., one session for the 

HWC experimental arm).
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Extreme hyperphagia remains a severe and debilitating feature of PWS contributing to 

significant morbidity and mortality among those affected. Additionally, the management of 

hyperphagia behaviors in PWS requires rigorous monitoring, a costly medical care approach 

and is often associated with admission to specialized care facilities to control food access 

and provide dietary plans and exercise programs to assure psychological food security and 

manage expectations about food to minimize anxiety and disruptive behavior. Thus, there is 

a strong need for the development of new strategies to address this core feature of the 

disorder to improve manageability and assist families seeking assistance in treating this 

cardinal debilitating feature of PWS. If effective, tDCS could represent a significant 

advancement in the care and management of PWS possibly reducing the burden to 

individuals, families and society and improving quality of life.

The tDCS is a promising emerging non-invasive technique that may have application in 

multiple areas of health behavior and change in PWS. This initial investigation using tDCS 

modulation of the DLPFC to assess hyperphagia and food motivation in participants with 

PWS demonstrated that active tDCS had a persistent modulatory impact on food drive and 

behaviors in these participants. However, this pilot investigation requires confirmatory 

follow-up studies with additional subjects to replicate and further clarify our findings and 

address the contributions of relevant confounds such as age and PWS genetic subtype which 

may impact food drive and responsivity to tDCS. The results support safety, tolerability and 

beneficial modulatory effects of this technique in participants with PWS as indexed by 

decreased hunger ratings and food drive assessed by validated measures of hyperphagia in 

participants with PWS. This is the first demonstration of modulated hyperphagia behavior in 

participants with PWS using this (or any other) technique and the findings are generally 

consistent with prior investigations using this methodology and technique in non-PWS 

subjects. Future studies examining the potential mechanism of altered hyperphagia behavior 

using tDCS would be greatly valued as would more general investigations of tDCS as a 

potential mechanism associated with weight loss in individuals with abnormal weight status.
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FIG. 1. 
Three Factor Eating Questionnaire Total Scores for participants with Prader–Willi syndrome 

after five days of transcranial direct current stimulation. Significant difference between 

active and sham treatment arms, Mann–Whitney U, P < 0.05. [Color figure can be seen in 

the online version of this article, available at http://wileyonlinelibrary.com/journal/ajmgb].
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FIG. 2. 
(a) Change in Three Factor Eating Questionnaire Total Score in participants with Prader–

Willi syndrome after 30 days of transcranial direct current stimulation. Sample medians are 

indicated by black diamonds and means are indicated by the horizontal lines. Vertical lines 

show the maximum and minimum values. Active N = 7, Sham N = 3. Significant difference 

by Mann–Whitney U, P<0.05. (b) Change in Three Factor Eating Questionnaire 

Disinhibition (Factor II) Score in participants with Prader–Willi syndrome after 30 days of 

transcranial direct current stimulation. Sample medians are indicated by black diamonds and 

means are indicated by the horizontal lines. Vertical lines show the maximum and minimum 

values. Active N = 7, Sham N = 3. Significant difference by Mann–Whitney U, P<0.05. 

[Color figure can be seen in the online version of this article, available at http://

wileyonlinelibrary.com/journal/ajmgb].
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FIG. 3. 
Dykens Hyperphagia Questionnaire Severity Scores for participants with Prader–Willi 

syndrome after 5 days of transcranial direct current stimulation. *Significant difference 

between active and sham treatment arms, Mann–Whitney U, P < 0.05. [Color figure can be 

seen in the online version of this article, available at http://wileyonlinelibrary.com/journal/

ajmgb].
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FIG. 4. 
(a) Change from baseline Dykens Hyperphagia Questionnaire Severity Scores in participants 

with Prader–Willi syndrome after transcranial direct current stimulation. Sample medians 

are indicated by black diamonds and means are indicated by the horizontal lines. Vertical 

lines show the maximum and minimum values. Active N = 7, Sham N = 3. (b) Change from 

baseline Dykens Hyperphagia Questionnaire Total Score in participants with Prader–Willi 

syndrome after transcranial direct current stimulation. Sample medians are indicated by 

black diamonds and means are indicated by the horizontal lines. Vertical lines show the 

maximum and minimum values. Active N = 7, Sham N = 3. *Significant difference by 

Mann–Whitney U, P<0.05. [Color figure can be seen in the online version of this article, 

available at http://wileyonlinelibrary.com/journal/ajmgb].
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FIG. 5. 
Numerical Food Craving Rating for participants with Prader–Willi syndrome after 5 days of 

transcranial direct current stimmulation. One PWS participant with very low reported scores 

was excluded from the active study arm as an outlier. *Significant difference between active 

and sham treatment arms, Mann–Whitney U, P < 0.05. [Color figure can be seen in the 

online version of this article, available at http://wileyonlinelibrary.com/journal/ajmgb].
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