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Abstract

Transcranial direct current stimulation (tDCS) is a neuromodulation technique with potential to 

treat eating disorders and obesity. As for any potential treatment, it is important to assess the 

degree to which expectation effects contribute to its reported efficacy. This study assessed the 

effect of tDCS on amount of food craving and eating while tightly controlling treatment 

expectation. N=74 adults with overweight or obesity were informed of the known effects of tDCS 

to suppress craving and eating. Once electrodes were on the head, half of the participants were told 

they were receiving real, and the other half sham tDCS. Within these groups, approximately half 

actually received real and the other half sham tDCS. Stimulation parameters used were those 

previously found to reduce craving and eating, including in our lab: 2mA, anode right/cathode left 

targeting the dorsolateral prefrontal cortex for 20 minutes (real), or only for the first and last 

minute (sham). Analyses controlled for demographics, hunger, trait impulsiveness, eating motives, 

dieting, binge eating, suggestibility, and baseline craving and eating. Participants told they were 

receiving real tDCS craved and ate less than participants told they were receiving sham tDCS 

(both p<0.01), regardless of tDCS condition administered. There was no main effect of real vs. 

sham tDCS on craving or eating or an interaction between tDCS condition and expectation. The 

scientific validation of tDCS as a treatment for eating-related conditions hinges on controlling for 

the powerful effects of expectation. This can include the type of information provided on consent 

forms and participants’ ability to guess real from sham conditions.
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1. Introduction

Transcranial direct current stimulation (tDCS) is an inexpensive, non-invasive 

neuromodulatory tool shown to alter neural activity and behavior in humans (Das et al., 

2016). As a result, tDCS has been tested as a potential treatment for a plethora of diseases 

and conditions including learning, language, memory, motor, pain, sensory, and emotional 

disorders (Kekic et al., 2016;Nitsche et al., 2008;Shin, Foersterand Nitsche, 2015;Tremblay 

et al., 2014). It has also shown promise to treat eating-related conditions including eating 

disorders (Burgess et al., 2016;Kekic et al., 2017;Val-Laillet et al., 2015), obesity (Alonso-

Alonso, 2013;Ray et al., 2017), and frequent food cravings (Fregni et al., 2008). However, 

there are inconsistent findings despite the use of very similar tDCS parameters. Specifically, 

most studies aimed at reducing food craving and eating have targeted the dorsolateral 

prefrontal cortex (DLPFC) with 2 mA current using a right anode/left cathode montage in a 

single-session. Some studies using these parameters obtained a reduction of caloric 

consumption and food craving despite testing populations with different body weight status 

and eating patterns (i.e. healthy vs. disordered eating) (Burgess et al., 2016;Fregni et al., 

2008;Lapenta et al., 2014;Ray et al., 2017). However, other studies using these parameters 

either obtained reductions in craving but not eating (Goldman et al., 2011;Kekic et al., 

2014), or no reduction in craving (Kekic et al., 2017). Stimulation with 1 mA instead of 2 

mA also did not affect craving or eating (Georgii et al., 2017). Studies that employed a left 

anode/right cathode or reference montage over the DLPFC also found equivocal craving and 

eating outcomes (Fregni et al., 2008;Montenegro et al., 2012).

A potential explanation for the inconsistency is expectation of treatment outcomes. It is well 

documented that patients’ beliefs about the actions of a treatment can influence whether or 

not they respond to that treatment and to what degree (Evers et al., 2018). For example, 

when patients expect a treatment to have beneficial or rewarding effects, the expectation 

alone can produce positive outcomes that are unrelated to the physiological actions of the 

actual treatment, (i.e., a placebo effect) even when they know the treatment is a placebo 

(Fontaine et al., 2016). This is a particular issue with tDCS studies because the standard 

shamming procedure used as a control is not always effective at masking active from sham 

tDCS conditions (Horvath, Carter and Forte, 2014). This is especially true when delivering 

2mA of current (O’Connell et al., 2012), the most common level of current used among all 

tDCS studies (Bikson et al., 2016). Active stimulation induces transient physical sensations 

such as itching and tingling throughout the session (Bikson et al., 2016) while the standard 

sham condition delivers current only for the first and last minute of the session. Hence 

participants are more likely to guess that the active condition is the real one (Horvath et al. 

2014;O’Connell et al., 2012), logically increasing the likelihood of treatment expectations. 

In fact, there is evidence that correct guessing of conditions can affect tDCS outcomes. 

Brunoni et al. found that 83% of participants with major depression correctly guessed when 

they received real tDCS and 37% correctly guessed when they received sham tDCS. 

Ray et al. Page 2

Appetite. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Importantly, upon further exploration, they found that participants who correctly guessed 

their tDCS allocation had greater clinical improvement in depression symptoms (Brunoni et 

al., 2014).

In addition to correct guessing, simply having tDCS electrodes placed on the head can result 

in expectation effects. Aslaksen et al. found that participants who received a standard sham 

procedure incurred a significant reduction in pain intensity compared to a group that had no 

electrodes placed on the head. Further, participants in this sham tDCS group responded 

similarly to individuals in the real tDCS group (Aslaksenand Flaten, 2008). Other sources of 

expectation effects not unique to tDCS but likely affecting its assessment include personal 

beliefs about treatments in general, and written or verbal information about the treatment 

(Arnold, Finnissand Kerridge, 2014). To the latter, Rabipour et al. recently reported that 

individuals administered tDCS who were verbally primed to expect greater efficacy from 

tDCS on a working memory and executive function task performed better than individual 

who were stimulated but primed to expect lower efficacy from tDCS. Rabipour and 

colleagues published these findings while the present study was in peer-review. Both studies 

used similar methods to systematically evaluate the influence of expectation on tDCS 

outcomes but this is the first study to do so on appetite outcomes. Given the popular opinion 

that tDCS has promise to treat obesity and eating disorders, understanding the effects of 

expectation in the putative action of tDCS to suppress food craving and eating is critical as it 

could be masking the true efficacy of tDCS. This, in turn, affects the rigorous scientific 

validation of tDCS as a treatment for these highly prevalent medical conditions.

Therefore, the purpose of this study was to systematically control expectation to assess if, 

and to what degree, it influenced the effect of tDCS on food craving and eating. We 

hypothesized that expectation and tDCS would independently reduce food craving and 

amount of food consumed. We further hypothesized that expectation and tDCS would work 

synergistically, exerting a greater suppression of craving and eating than each alone.

2. Methods

2.1. Participants

The University of Alabama at Birmingham (UAB) Institutional Review Board for Human 

Subjects approved this study. Participants were N=74 consenting UAB students and 

employees. Participation was compensated with either a $50 check or research credits if 

enrolled in an Introduction to Psychology course. The sample was ethnically diverse with 

28% African American, 47% White, 16% Asian/Indian, and 9% “Other” and was made up 

of 30 men and 44 women. Inclusion criteria were: age 18–55 (sample mean was 19.9, SD 

3.4, range 18 – 41), and a measured body mass index (BMI) ≥ 25 (sample mean was 31.8, 

SD 5.5, range 24.8 – 46.5). The BMI criteria allowed a sample representative of a population 

likely to seek a novel weight-loss treatment like tDCS. Exclusion criteria were: pregnancy, 

breastfeeding, current enrollment in a commercial weight-loss program, uncontrolled 

diabetes or hypertension, allergy to any of the test food ingredients, use of prescription 

medications that influenced appetite, intention of starting or stopping a medication during 

the research period, recreational drug use, anorexia nervosa, bulimia nervosa, schizophrenia, 
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bipolar disorder, current suicidal ideation, past or impending brain surgery, brain trauma, 

loss of consciousness, and implanted metal or biomedical devices.

2.2. Experimental variables

2.2.1. Groups—Participants were randomly assigned, based on scheduling order and 

blocked for sex, to one of four experimental groups: (1) Told Fake/Got Fake, (2) Told 

Fake/Got Real, (3) Told Real/Got Fake, and (4) Told Real/Got Real (see Table 1). The word, 

“fake” was used instead of “sham” with the participants, as described below, because it had a 

more common meaning.

2.2.2.. Manipulation of expectation—Research assistants (RAs) verbally informed 

participants two times of the known effects of tDCS to suppress craving and eating. Once 

electrodes were placed on the head, and immediately before tDCS was administered, the RA 

said, “You were randomly assigned to the group that will receive real (or fake) tDCS. 

Research has shown that real tDCS makes people crave less and eat less junk food.” For the 

sham condition, the script concluded with, “but you are receiving fake tDCS.” Prior to this 

point, the RA was blind to the actual stimulation condition the participant would receive. 

Immediately after reading the above script, the RA sat behind the participant and opened an 

envelope divulging which tDCS condition (real or sham) to administer. The second time the 

RAs gave verbal information was after the tDCS session and immediately before the eating 

task. A different RA, blind to the actual stimulation condition, stated, “As I mentioned 

earlier, real tDCS stimulation is known to decrease craving and eating of junk food. People 

tend to crave less and eat less junk food after real tDCS.” For the sham condition, the script 

concluded with, “but you received fake tDCS.” All RAs received training and practiced 

delivering the scripts in a uniform fashion. The study title on the consent form also conveyed 

that tDCS was to be tested for its effect to suppress craving and eating. This was a standard 

IRB procedure and, while RAs instructed the participants to read the protocol, there was no 

final check to ascertain that all attended to it carefully, as there was for the verbal 

manipulation of expectation. We have no reason to believe that the number of participants 

who read it more carefully than others differed by randomized assignment.

2.2.3. Manipulation of tDCS—Participants received a single session of real or sham 

tDCS. Real tDCS was 2mA of current for 20 minutes; sham tDCS was 2mA of current only 

during the first and the last minute of the 20-minute session. A TCT Research Limited 

(Hong Kong, China) device was used to deliver current via 4×6 cm electrodes (current 

density = 0.083mA/cm2) soaked with 0.9% saline solution. The anode was placed over the 

right dorsolateral prefrontal cortex (DLPFC) and the cathode was placed over the left 

DLPFC. These correspond to F4 and F3 positions of the EEG 10–20 system, respectively. 

The right anode/left cathode DLPFC montage, stimulation duration, and stimulation 

frequency, is the most common tDCS design that aimed to reduce food craving and eating in 

humans (Burgess, 2016 #2863;Ray, 2017 #2876;Fregni, 2008 #2696; Lapenta, 2014 #2664; 

Goldman, 2011 #2733; Kekic, 2014 #2680:Kekic, 2017 #2920}.
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2.3. Primary measures

2.3.1. Food craving task—An electronic food photo-rating task measured amount of 

food craving. Participants viewed 24 images of highly palatable foods of four types (sweet, 

fatty protein, carbohydrate, and mixed macronutrient) on a computer screen. For each food, 

they were asked to rate, how much they liked each food on a scale of 1 (“hate this food”) to 

5 (“love this food”), and if they would want the food if it were available to them right now 

on a scale of 1 (“definitely not”) to 5 (“definitely”). Any food rated a 1 or 2 for liking was 

removed from the want ratings before analyses to avoid floor effects since unliked foods are 

not likely to be craved.

2.3.2. Eating task—To measure amount of food eaten, each participant was offered a 

generous pre-measured amount of Double-Stuff Oreo® cookies, Lay’s® potato chips, 

Skittles® candy, and a small bottle of water placed on a table. We left participants alone in 

the room for 20 minutes after they were told to consume as much of the foods as they 

wished. Total kilocalories (kcals) consumed of all three foods was used in analyses. Also 

obtained was a baseline measure of craving and eating, described below under Procedures.

2.4. Secondary measures

2.4.1. Hunger assessment—Prior to the day of their lab visit, RAs instructed 

participants to arrive at the lab feeling not overly hungry or overly full. Upon arrival, RAs 

asked the participants if they were overly hungry or full and were rescheduled if they were. 

The hunger assessment also asked them to rate their current level of hunger on a scale from 

1 (“I am not hungry at all”) to 10 (“I have never been hungrier”).

2.4.2. Electronic baseline surveys—A demographics survey obtained participants’ 

sex, age, and ethnicity. They then completed a battery of standardized psychological trait 

surveys which included: the Barratt Impulsiveness Scale (BIS) to measure attention, motor, 

and planning impulsiveness (Stanford et al., 2009), the Palatable Eating Motives Scale 

(PEMS) to assess frequency of eating tasty foods for reasons other than hunger (Burgess et 

al., 2014), the Dutch Eating Behavior Questionnaire-Restraint (DEBQ-R) to measure dieting 

attitudes and successful dieting (Van Strien et al., 1986), the Binge-Eating Scale (BES) to 

assess severity of binge-eating and binge-eating behavior risk (Gormally et al., 1982), and 

the Short Suggestibility Scale (SSS) to evaluate tendency to internalize and accept messages 

(Kotov, Bellmanand Watson, 2004).

2.5. Procedures

Each participant made two lab visits separated by at least 48 hours and scheduled as close to 

the same time of day as possible. During the first visit, height and weight were taken for a 

BMI (kg/m2), hunger was assessed, and baseline surveys were completed. Participants were 

then administered a baseline eating task as described above except without electrodes on the 

head. This provided a measure of as normal of an eating episode as possible in a laboratory 

setting. During the second lab visit, another BMI was obtained and they were administered 

the food photo craving task described above. RAs then placed the tDCS electrodes on the 

head, recited the expectation script, and administered stimulation. After stimulation, the 

participants completed the same food-craving task and then the RA escorted them to sit at 
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the eating table. Once at the table with food in front of them, the RA read the second 

expectation script and left the participant to eat. An RA then debriefed the participants and 

asked them to confirm what tDCS condition they were told they had received. The true 

purpose of the study was not revealed until the end of the study with a mass email. This was 

to ensure the participants did not divulge the true purpose of the study to other potential 

participants.

2.6. Statistical analysis

SPSS was used to conduct all statistical analyses. Separate 2 × 2 univariate ANOVAs using 

expectation (Told Real tDCS vs. Told Fake tDCS) and tDCS (Got Real tDCS vs. Got Fake 

tDCS) as fixed factors were conducted to determine if there were any main effects of 

expectation, of tDCS, and expectation × tDCS interactions on food craving and eating. Pre-

tDCS food craving ratings and kcals consumed during the first-visit eating task were 

covariates for the respective ANCOVAs to control for individual differences in baseline 

craving and eating. After the initial analyses, demographics, BMI, hunger ratings, time of 

day (morning vs. afternoon), and the psychological trait survey scores were entered as 

separate covariates/fixed factors. Lastly, partial correlations assessed the relationship 

between craving and eating, while controlling for pre-tDCS craving scores and baseline 

kcals consumed. Eta-squared determine effect sizes with 0.01, 0.06, and 0.14 as cutoffs for 

the small, medium, and large effect sizes, respectively (Cohen, 1988). A more conservative p 

value of 0.01 for significance controlled for multiple comparisons when analyzing the 

craving subgroups (sweet, fatty, carbohydrate, mixed, total).

3. Results

3.1. Effect of expectation and tDCS on food craving

There was a significant main effect of expectation on craving for the sweet [F (1, 69) = 

9.914, p = 0.002, η2 = 0.08], carbohydrate [F (1, 69) = 9.893, p = 0.002, η2 = 0.08], and all-

foods [F (1, 69) = 10.012, p = 0.002, η2 = 0.09] categories. As shown in Figure 2A, 

participants told they were receiving real tDCS craved less of all the food types than 

participants who were told they were receiving fake tDCS. In contrast, and as shown in 

Figure 2B, there was no main effect of tDCS on craving [F (1, 69) = 0.08, p = 0.776, η2 = 

0.00].

That is, craving ratings did not differ between those who received real tDCS and fake tDCS. 

There was also no expectation × tDCS interaction such that individuals told they were 

getting real tDCS craved less than those told they were getting fake tDCS, regardless of what 

condition they actually received [F (1, 69) = 0.555, p = 0.459, η2 = 0.00]. Controlling for 

demographics, BMI, time of day, hunger ratings, or the trait survey scores did not change the 

main effect of expectation over tDCS to reduce craving. Supplementary Table 1 provides the 

ANCOVA summary for craving of the all-foods category.

3.2. Effect of expectation and tDCS on eating

There was a significant main effect of expectation for eating [F (1, 69) = 8.425, p = 0.005, 

η2 = 0.09]. As shown in Figure 3A, participants told they were receiving real tDCS ate 

Ray et al. Page 6

Appetite. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



significantly less kcals (37.4%) than those told they were receiving fake tDCS. In contrast, 

as shown in Figure 3B, there was no main effect of tDCS on eating [F (1, 69) = 0.006, p = 

0.936, η2 = 0.00]. That is, there was no difference in kcals consumed between those who 

received real tDCS and fake tDCS. There was also no significant expectation × tDCS 

interaction such that individuals told they were getting real tDCS ate less than those told 

they were getting fake tDCS, regardless of what condition they actually received [F (1, 69) = 

2.513, p = 0.118, η2 = 0.035]. Controlling for demographics, BMI, time of day, hunger 

ratings, or the trait survey scores did not change the main effect of expectation over tDCS to 

reduce eating. See Supplementary Table 1 for the ANCOVA summary on eating.

3.3. Correlations between change in craving and eating

Amount of food craved was positively correlated with amount of food eaten following the 

tDCS session, r = 0.49, p=0.000. Controlling for baseline craving and intake strengthened 

the correlation to r = 0.56, p=0.000.

4. Discussion

The main purpose of this study was to determine the effect of treatment expectation on tDCS 

to suppress food craving and eating. Investigations seeking to validate the efficacy of a new 

pharmaceutical or other treatment must consider the high probability that positive 

expectations contribute to any ameliorative effects. Expectations are also likely to influence 

tDCS outcomes, but prior to this study, were not systematically investigated in food craving 

or eating. In this study, we controlled expectations by telling participants that tDCS had been 

found to reduce craving and eating and what tDCS condition they were going to receive. 

Therefore, all participants could be assumed to have the same beliefs about the actions of the 

tDCS condition they were receiving. There were three major findings: 1) expectation 

reduced food craving and eating, 2) tDCS did not reduce food craving or eating, and 3) 

expectation × tDCS did not work synergistically to reduce food craving or eating.

Expectation alone yielded a 37.4% reduction in kcals consumed, an amount much higher 

than that attributed to tDCS in previously published studies. Particularly surprising was the 

fact that participants were told only once that tDCS was expected to reduce craving of junk 

food and, that they learned what tDCS condition they were going to receive only seconds 

before the onset of current. The participants were also told only once more of the known 

effects of tDCS on eating, this just before the eating task, which followed stimulation. It 

clearly takes little time for expectations to influence behavior. These results are consistent 

with the greater performance of mental tasks with tDCS in healthy individuals when they are 

primed to expect greater vs. lower efficacy from tDCS on an executive function task 

(Rabipour et al., 2018).

Unlike expectation, tDCS had no independent or synergistic effect on food craving or eating. 

This is in contrast to some studies that reported significant reductions in craving and /or 

eating (Fregni et al., 2008; Goldman et al., 2011; Kekic et al., 2014; Lapenta et al., 2014), 

including two from our own lab. We found tDCS-suppression of craving and eating in 

individuals with binge-eating disorder (Burgess et al., 2016) and with frank obesity, the 

latter only when controlling for trait variables such as impulsiveness (Ray et al., 2017). To 
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our knowledge, these studies did not control for potential sources of expectation outside of 

using a sham control, which unfortunately is a weak control method (Horvath et al., 2014). 

Therefore, we cannot rule out that uncontrolled expectation effects contributed to the 

positive tDCS outcomes in these studies. In the present study, controlled expectation may 

have cancelled any tDCS effects on craving and eating. In a critical review, Tremblay et al. 

pointed out that the inconsistent findings across tDCS studies is especially true of studies 

targeting frontal regions of the brain, known to affect cognitive-related functions (Tremblay 

et al., 2014). They propose that when it comes to studying cognitive-based behaviors, there 

is already a pre-existing, highly interconnected network of neurons (one need only consider 

all the factors that influence thinking!) such that any current from tDCS cannot compete 

with factors activating the pre-existing network. We propose that expectation of what a 

treatment can do is a potent shaper of this pre-existing neural network, possibly too potent 

for tDCS to alter enough to exert a behavioral change.

The effect of expectation, the lack of an effect of tDCS, and the equivocal findings across 

previous tDCS studies, begs the question, “Does tDCS have any effect on behavior, 

independent of expectation effects?” Animals cannot formulate expectation effects when 

initially treated with tDCS yet have been found to respond to stimulation (Das et al., 2016). 

However, in animals, the electrodes are also placed directly on the brain or skull so there is 

considerably less shunting of current compared to the amount of current shunting that occurs 

in humans (Bestmannand Walsh, 2017). Using human cadavers, Vöröslakos et al. found that 

the skull and scalp shunted approximately 75% of delivered current (Vöröslakos et al., 

2018). Therefore, the effects observed in animal tDCS studies may not be translatable to 

humans. There was one study conducted in humans who were incapable of formulating 

treatment expectations that could help answer this question. Bai et al found that real tDCS 

targeting the DLPFC compared to sham tDCS increased global brain excitability, as 

measured by EEG, in individuals with minimal consciousness or in a vegetative state (Bai et 

al., 2017). However, they obviously could not measure changes in behavior. Therefore, there 

is limited evidence to explain the behavioral effects of tDCS in the absence of expectation 

effects in humans.

In addition, and contrary to our hypothesis, there was no interaction between expectation 

and tDCS. Hence, contrary to our prediction, tDCS did not augment the suppression of 

craving and eating produced by expectation compared to sham. We based this prediction on 

a study which found that tDCS augmented placebo effects (Egorova et al., 2015) and on 

reasoning that the actions of tDCS depend on the current state of already activated neural 

networks involved in cognitive processes (Tremblay et al., 2014). However, we observed no 

additive or synergistic effect between tDCS and expectation.

We acknowledge that the study is not without limitations. First, participants received a single 

session of tDCS. Repeated sessions, higher current intensity (Vöröslakos et al., 2018), 

and/or longer stimulation duration may be required for tDCS to affect eating and craving 

beyond the influence of expectation effects. However, it is worth pointing out that 1) the 

strength of the expectation manipulation – telling participants what to expect from tDCS, 

and what tDCS condition they were getting- may not be that much more powerful than 

expectation effects arising from reading about the effects of tDCS on a consent form and 
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correctly guessing real from sham conditions. Both are sources of expectation that can occur 

in traditional tDCS studies; and 2) even positive outcomes from using these stronger ‘doses’ 

of tDCS conditions may be biased by expectation effects (Brunoni et al., 2014). Second, we 

did not ask participants if they thought they actually received the tDCS condition that they 

were told they received. We chose not to ask for this information for fear that they would 

share the deception with other potential participants, which would undermine the integrity of 

the study. The risk of this happening was high given that most of the participants were 

students in same-semester Introduction to Psychology classes. We also did not assess the 

participants’ degree of knowledge or familiarity with tDCS coming into the experiment so 

we cannot rule out influence of foreknowledge to the controlled expectation procedures. 

Lastly, the results may not generalize to older adults. There is evidence that they are less 

suggestible than younger adults (Huff and Umanath, 2018) so they may not be as influenced 

by the expectation manipulation used. Lastly, we must parsimoniously conclude that the 

effect of expectation was only tested on food craving and eating in the current study. Further 

studies are needed to assess the effects of tDCS and controlled expectations for other 

behaviors.

Despite the limitations, the study has notable strengths. This was the first study to 

systematically manipulate and assess the effect of expectation on appetite-related outcomes. 

Second, we confirmed that participants had in mind the stimulation condition they were told 

they were getting by having them report the condition they were told at the end of the study. 

Only those with correct recall were included in the study, which strengthened the integrity of 

the expectation manipulation. Third, although the present study used a between-subjects 

design, we obtained baseline measures of craving and eating and used them in the analyses 

to allow for statistical control of within-subject differences. Fourth, the method used for the 

baseline-eating task was novel. Participants ate with no electrodes on the head. Hence, 

despite that eating took place in the lab, this method approximated natural eating more 

closely than with sham tDCS providing a better control for individual differences in amount 

of eating. The in-lab eating test was in itself a strength compared to assessing only craving. 

Fifth, while many tDCS studies on appetite have used healthy controls, we recruited only 

individuals with overweight and obesity since ultimately this is a group that will be targeted 

to treat with tDCS.

It is important to note that in this study, we observed a significant correlation between 

craving ratings and amount of food eaten, which was not observed in our previous studies 

that used the same craving and eating-task methods. However, our past studies did not 

systematically control expectation effects (Burgess et al., 2016; Ray et al., 2017). The 

positive association between reduced eating and craving found here might have been due to 

the powerful effect of the expectation manipulation on both of these outcomes. The fact that 

craving does not always predict eating in tDCS studies may hint at a limitation of the 

efficacy of tDCS as a treatment or, at minimum, is a reason to conduct both craving and 

eating tests in the same study.

In conclusion, the results of the study have important implications for improving studies 

designed to estimate the effects of tDCS. The strong effects of communicated expectation 

highlight the importance of keeping verbal information about tDCS tightly controlled and 
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uniform from participant to participant, between RAs, and between research groups. 

Consent forms should also use ambiguous language when describing the possible effects of 

tDCS. Even titles of studies on the consent form should be carefully inspected for 

information that may set up expectation effects. Although the outcome variables in this 

study were appetite related, it is very likely that the influence of expectation extends to 

studies using tDCS for other conditions, especially those targeting frontal regions of the 

brain, but further studies are needed. Expectation effects are a cognitive phenomenon; hence, 

conditions most susceptible to expectation confounds are likely to be those that involve 

cognitive function (Tremblay et al., 2014). TDCS is being heralded as a promising treatment 

and, while it may prove to have efficacy, its scientific validation as a treatment, and the 

precise understanding of its actions in the brain, is contingent on controlling expectation 

effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Conditions making up the four experimental groups. Participants were told they were 

receiving either fake (i.e., sham) or real transcranial direct current stimulation (tDCS). 

Within these groups, roughly half actually received fake tDCS and half received real tDCS.
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Fig. 2. 
Food craving results. A. The main effect of expectation on craving. Participants who were 

told they were receiving real transcranial direct current stimulation (tDCS; “Told Real,” 

black bars) craved significantly less of the sweet, carbohydrate, and all-foods (average of the 

4 food types) categories compared to participants told they were receiving sham tDCS 

(“Told Fake,” white bars); *p<0.01. B. No main effect of transcranial direct current 

stimulation (tDCS) on craving. Those who received real tDCS (“Got Real,” striped bars) did 

not differ from those who received sham tDCS (“Got Fake,” dotted bars) on any of the 

craving categories.
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Fig. 3. 
Food consumption results. A. The main effect of expectation on amount of food consumed. 

Participants who were told they were receiving real transcranial direct current stimulation 

(tDCS; “Told Real,” black bars) consumed significantly less than participants who were told 

they were receiving fake tDCS (“Told Fake,” white bars); *p<0.05, **p<0.01. B. No main 

effect of transcranial direct current stimulation (tDCS) on eating. There was no difference in 

kcals consumed between participants who received real tDCS (“Got Real,” striped bars) and 

sham tDCS (“Got Fake,” dotted bars).
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