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Hypnosis can affect perception, motor function and memory. However, so far no study using neuroimaging has investigated whether hypnosis can
influence reward processing and decision-making. Here, we assessed whether posthypnotic suggestions can diminish the attractiveness of unhealthy
food and whether this is more effective than diminishing attractiveness by one’s own effort via autosuggestion. In total, 16 participants were hypnotized
and 16 others were instructed to associate a color cue (blue or green) with disgust regarding specific snacks (sweet or salty). Afterwards, participants
bid for snack items shown on an either blue or green background during functional magnetic resonance imaging measurement. Both hypnosis and
autosuggestion successfully devalued snacks. This was indicated by participants’ decision-making, their self-report and by decreased blood oxygen level-
dependent signal in the ventromedial prefrontal cortex (vmPFC), a region known to represent value. Different vmPFC subregions coded for cue and snack
type. The cue had significantly stronger effects on vmPFC after hypnosis than after autosuggestion, indicating that hypnosis was more effective in
genuinely reducing value. Supporting previous findings, the precuneus was involved in the hypnotic effects by encoding whether a snack was sweet or

salty during hypnotic cue presentation. Our results demonstrate that posthypnotic suggestions can influence valuation and decision-making.
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INTRODUCTION

Hypnosis is a state of altered attention and heightened suggestibility,
which is typically induced by verbal instructions. During hypnosis, sug-
gestions can be given to participants, and these may either take effect
immediately or after the hypnotic state. In the latter case, they are
termed ‘posthypnotic’ suggestions (Raz et al., 2002, 2005; Wheatley
and Haidt, 2005; Iani et al., 2006, 2009). Hypnotic suggestions can
lead to strong and genuine effects in susceptible individuals, such as
paralysis (Halligan et al., 2000; Cojan et al., 2009), experiencing own
movements as externally caused (Blakemore et al., 2003), seeing letters
in colors (Cohen Kadosh et al., 2009), sensory pain without an affective
component (Rainville ef al., 1997), visual illusions (Kosslyn et al., 2000)
or auditory hallucinations (Szechtman et al., 1998). Hypnotic sugges-
tions can also affect moral judgments and moral behavior (Wheatley
and Haidt, 2005; Briine et al, 2012). So far, however, no study using
neuroimaging has investigated whether hypnosis can also influence
reward processing and value-based decision-making. This is a crucial
question given the wide use of hypnosis to treat maladaptive decision-
making such as in nicotine addiction or obesity (Kirsch et al., 1995;
Allison and Faith, 1996; Carmody et al., 2008; Barnes et al., 2010).

It is well established that the subjective value people place on
decision options is represented in the ventromedial prefrontal cortex
(vmPFC), which includes the rostral anterior cingulate cortex (rACC)
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and the medial orbitofrontal cortex (mOFC; Kable and Glimcher,
2007; Hare et al, 2008; Lebreton et al, 2009; Basten et al, 2010;
Peters and Biichel, 2010; Plassmann et al., 2010; Grabenhorst and
Rolls, 2011; Brosch et al., 2012). For example, the greater the activity
in vmPFC, the more people are willing to pay for an item (Plassmann
et al., 2007; Chib et al., 2009; Janowski et al., 2013), or the more they
desire to consume it (Hare ef al., 2009; Litt et al., 2011). Some studies
have shown that value signals in vmPFC can be modulated by self-
control or attention (Hare et al., 2009; Hollmann et al., 2011) or by
mindsets (Bhanji and Beer, 2012; for studies on modulating pleasant-
ness of tasting or smelling rewards, see de Araujo et al, 2005;
Grabenhorst and Rolls, 2008; Grabenhorst et al, 2008; Plassmann
et al., 2008). For example, when participants focus their attention on
health aspects of food items, vmPFC responds more strongly to the
healthiness of the food, and participants also make healthier decisions
(Hare et al., 2011). Moreover, when participants focus on the (nega-
tive) long-term rather than the (positive) short-term consequences of
consuming food or cigarettes, vmPFC responds less strongly to pic-
tures showing food or cigarettes (Kober et al., 2010). However, overall,
evidence regarding experimental manipulations of vmPFC value sig-
nals during decision-making has been scarce.

Here we investigated whether posthypnotic suggestions can
influence the value people place on unhealthy food during decision-
making, as indicated by behavior, self-report and vmPFC activation.
We further asked whether hypnosis can achieve stronger effects than
self-controlled down-regulation of the attractiveness of food, termed
here ‘autosuggestion’ (Baudouin, 2003; Coué, 2009). Autosuggestion
refers to the process of implementing a mental change in oneself (e.g.
by repeating suggestions to oneself and by engaging in goal-directed
imagery). It is a novel approach to use an autosuggestion (or self-
control) group as a comparison group for hypnosis. Previous studies
have typically used control participants who were either instructed to
‘simulate’ hypnotic behavior (Cojan et al., 2009) or who received the
same suggestions as the hypnotized group without a hypnotic
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induction (Iani et al., 2006). Another approach is to compare hypnotic
effects between highly suggestible and less suggestible participants
(Raz et al., 2002). Here, we compared hypnosis to autosuggestion,
because it is clinically and practically relevant to determine if hypnosis
is more effective than attempts to implement a mental change by
oneself.

We further assessed whether the hypnotic manipulation of value-
based decision-making involves the precuneus. Previous findings indi-
cated that the precuneus is important for hypnotic effects. In a study
by Cojan et al. (2009), participants were given hypnotic suggestions for
left-hand paralysis. When they were instructed to move their left
hand—which they were unable to do—there was precuneus activation;
and precuneus showed enhanced functional connectivity with primary
motor cortex. The authors related their findings to studies showing
that the precuneus is involved in mental imagery and self-related pro-
cessing (Lou et al., 2004; Cavanna and Trimble, 2006). They proposed
that during hypnotic effects, behavior is guided by increased self-moni-
toring processes and by internal representations produced by imagery
and by the hypnotic suggestions.

We hypothesized that hypnosis would be able to change decision-
making about unhealthy snacks behaviorally, and that this would be
reflected in diminished value signals in vmPFC during those decisions.
We further predicted that hypnosis would lead to stronger effects than
autosuggestion. Finally, we hypothesized that the precuneus would be
functionally involved in the hypnotic effects by encoding relevant
information about the content of the suggestions.

METHODS
Participants

We tested 32 participants (18 female, mean age=24.94 years,
s.d.=3.70), 16 in a hypnosis group and 16 in an autosuggestion
group. Inclusion criteria were: right-handedness, normal or
corrected-to-normal vision, no history of eating disorders or other
psychiatric or neurological disorders, no medication which may influ-
ence brain activation, no current diet, liking of both sweet and salty
snacks, and upper medium to high hypnotic suggestibility (pre-
screened using the Harvard Group Scale of Hypnotic Susceptibility:
Form A; HGSHS:A; required score: 7-12; Shor and Orne, 1962).
Participants of the two groups were matched in terms of age, sex
and hypnotic suggestibility (Supplementary Table S1). Participants
received monetary compensation for participation and gave written
informed consent. The study was approved by the local ethics
committee.

Procedure

Participants arrived at the laboratory hungry, as they had been asked to
not eat for 4h before the experiment (Figure 1A). The 16 participants
of the hypnosis group were then hypnotized in a one-to-one setting by
a professional hypnotist (H.K.). During hypnosis, participants were
suggested to open their eyes and to look at a color on a monitor
(blue or green, counterbalanced across subjects). They were suggested
that this color would be associated with a strong feeling of disgust
regarding either sweet or salty snacks (counterbalanced across sub-
jects). This is a posthypnotic suggestion as it is activated when the
posthypnotic color cue is encountered ‘after’ hypnosis in a normal
state. Note that hypnosis did not involve induction of amnesia; par-
ticipants were therefore aware of what had been suggested to them. We
refer to those snacks (i.e. sweet or salty) that were associated with
disgust as ‘target snacks’ and to the others as ‘non-target snacks’.
The 16 other participants were instructed—without hypnosis—to asso-
ciate the color cue (blue/green) with disgust regarding either sweet or
salty snacks. They were given as much time as the hypnotized subjects

V. U. Ludwig et al.

Hypnosis or
Autosuggestion
Task in

scanner 0.5h
Questionnaires;
receive snack/money

Associate the cue
(bluefgreen) with disgust

. regarding 5nad¢s.

(sweel/salty)

Snack type

C (sweet or salty)
‘ target'snacks non-taggat‘snacks
Cue cueON targets-cueON non-targets-cueON
(biue or green) cueOFF | targets-cueOFF  non-targets-cueOFF

Fig. 1 Methods. (A) Procedure: hungry participants were either hypnotized or they used autosug-
gestion in order to feel disqust regarding either sweet or salty snacks upon seeing either a blue or a
green color cue. Afterwards, they carried out an auction on sweet and salty snacks shown on an
either blue or green background in the fMRI scanner. They could buy a real snack at the auction.
(B) Experimental auction. (C) Overview of the trial types. Note that in this figure, example stimuli
have been modified so that the brands of the snacks are not recognizable.

to make the association by themselves, and they were also sitting in
front of the monitor with the color while engaging in the autosugges-
tion. Participants were free to use their own strategy to make this
association, which we inquired about after the experiment
(Supplementary Table S2).

After the intervention, we assessed participants’ decision-making
and brain activation using functional magnetic resonance imaging
(fMRI) during an auction on unhealthy snacks (Figure 1B). Note
that participants in the hypnosis group were in a normal state
during scanning as hypnosis was finished beforehand. After scanning,
participants completed a questionnaire about their experience. The
procedures are described in more detail in the Supplementary Data.

Task

The auction was a variant of a Becker-DeGroot—Marshak method
(Becker et al, 1964; Plassmann et al, 2007) and took ~35min.
Participants saw pictures of sweet and salty snack items (e.g. chocolate
bars, chips) and could bid between 0€ and 2.50€ for each of them
(in 0.50€ steps). Snacks were shown on an either blue or green back-
ground. That is, during two out of the four runs of the auction, snacks
were shown on the color cue associated with disgust (cueON-runs)
and during the two other runs snacks were shown on the neutral color
(cueOFF-runs). There were, hence, four trial types: targets-cueON,
non-targets-cueON,  targets-cueOFF, and  non-targets-cueOFF
(Figure 1C). Runs were separated by math problems for distraction.
Our stimulus set comprised 50 high-resolution pictures of appetitive
snack items (25 sweet and 25 salty) that were highly familiar in
Germany. For each run, 4043 stimuli were randomly selected for
presentation out of the stimulus set. Approximately, half of the
snacks in each run were target snacks and half were non-target
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snacks (i.e. half were sweet and half were salty), presented randomly.
No stimulus was shown more than once during one run.

The auction was set up such that participants would treat each de-
cision as a real decision and as the only one that counts
(see Supplementary Data). To incentivize honest responses, partici-
pants could buy a real snack on the auction. If participants did not
buy a snack, they had to stay hungry for another half hour after leaving
the scanner.

Postexperimental questionnaire

The postexperimental questionnaire differed partly between groups.
The following questions were overlapping (translated from German):
‘How much disgust did you experience for salty snacks on blue back-
ground?’ (the same question reoccurred three more times, with sweet
on blue, salty on green, and salty on blue); “To what degree did you feel
physical disgust?’, ‘How automatic vs. self-controlled did the disgust
appear to you, in case that you felt disgust?’, ‘Please be honest:
during the experiment, did you sometimes just pretend to feel disgust?’
and ‘Did you often consciously think about the meaning of the color
cue during the experiment and consciously/voluntarily recalled the as-
sociation with disgust?” Answers were given on Likert-scales from 1-7.
Some open response questions about participants’ experiences were
also included (e.g. regarding the strategies that participants in the
autosuggestion group used).

Analysis of behavior and self-report

Mixed analysis of variances (ANOVAs) were used to analyze bids,
mean reaction times (RTs) for bids and postexperimental disgust rat-
ings. ANOVAs included the within-subject factors snack type (target/
non-targets) and cue (cueON/cueOFF) and the between-subject factor
group (hypnosis/autosuggestion). Prior to the analysis, bids were log-
transformed in order to meet the assumption of normality
(see Supplementary Data for more information). To compare the
two groups regarding the remaining self-report questions, we used
independent t-tests where data were normally distributed and non-
parametric Mann—Whitney tests where data were not normal. For
ANOVAs, 1* is reported as a measure of effect size. It represents the
proportion of variance in the dependent variable explained by an
effect. Effect sizes r for t-tests and Mann—Whitney tests were calculated
following Rosenthal (1991), interpretation of 7 0.10: small, 0.30:
medium, and 0.50 large (Cohen, 1988).

fMRI data acquisition and preprocessing

Data were collected using a 3T Siemens Tim Trio MRI scanner with a
12-channel head coil. For each run, 185 functional images including 33
axial slices were acquired in descending order using a T2*-sensitive
one-shot gradient-echo echo-planar imaging (EPI) sequence. The fol-
lowing parameters were used: repetition time =2, echo time =25 ms,
field of view = 24 cm, matrix size = 64 x 64, voxel size =3 X 3 x 3 mm
and inter-slice gap =0.75 mm. Functional images were realigned and
unwarped based on fieldmaps, slice-time-corrected, spatially normal-
ized to the standard Montreal National Institute (MNI) EPI template
and smoothed using an isotropic 8 mm full-width half-maximum
Gaussian kernel (see also Supplementary Data). Coordinates reported
in this article are MNI-coordinates.

fMRI data analysis

We calculated general linear models on the single-subject level. In a
first model, we modeled target trials, non-target trials and missed trials
as box-car functions of 3 s, convolved with the hemodynamic response
function. Depending on the run, the target and non-target regressors
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encoded ‘targets-cueON’ and ‘non-targets-cueON’ or ‘targets-cueOFF
and ‘non-targets-cueOFF’. Motion parameters were included as regres-
sors of no interest. High-pass temporal filtering (128 s) was applied.
A second model was set up in the same way as the first model but it
included the parametric modulator bid size. This served to identify
regions correlating with bids. Relevant contrasts were calculated on the
first level for each subject separately. On the second level, we used one-
sample t-tests for determining the effects for all subjects together and
independent #-tests for the group comparisons. We restricted our main
analyses to voxels within our regions of interest (ROIs) in vmPFC and
precuneus (Supplementary Figure S1). We corrected the results using
family-wise error (FWE) correction at P<0.05 within ROIs using
small-volume correction. For completeness, we also report other rele-
vant effects within ROIs at a liberal threshold of P< 0.001, uncorrected.
Moreover, we conducted exploratory whole-brain analyses at
P<0.001, uncorrected.

Regions of interest

For the two areas of interest—vmPFC and precuneus—we created a
priori ROIs (see Supplementary Data). These regions served to spa-
tially restrict the main analyses and for small-volume alpha error ad-
justment. For vmPFC, we created a probabilistic ROI that takes into
account the coordinates of several previous studies on valuation
(Supplementary Figure S1A and Supplementary Table S5). For precu-
neus, we used the peak coordinate from Cojan et al. (2009) with a
15mm sphere around it (Supplementary Figure S1B).

RESULTS

Bids

Bids per condition are shown in Figure 2A. For all subjects together,
there was a main effect of snack type, F(1,30)=16.095, P<0.001,
n*=0.29, as participants bid less for target snacks than for non-
target snacks. There was also a main effect of cue, F(1,30) =17.686,
P<0.001, *=0.02, as participants bid less for snacks during cueON-
runs than during cueOFF-runs. Finally, there was an interaction of
cue x snack type, F(1,30) =22.953, P<0.001, 772: 0.04, as the differ-
ence between bids for target snacks and non-target snacks was bigger
during cueON-runs than during cueOFF-runs. Furthermore, there
were no interactions of group x snack type, group X cue or group -
snack type x cue (all P-values >0.50), and also no main effect of
group (P=0.16). Hence, the effects for bids did not differ between
groups.

Pairwise comparisons for all subjects together further showed that
bids for targets-cueON were lower than those for each of the other
three conditions (all P-values<0.001; all P-values reported here are
Bonferroni-corrected.). There was no difference between non-targets-
cueON and non-targets-cueOFF (P> 0.50). Unexpectedly, bids for tar-
gets-cueOFF were also lower than bids for non-targets-cueON
(P<0.05), and tended to be lower than those for non-targets-
cueOFF (P<0.10). In sum, both hypnosis and autosuggestion success-
fully devalued target snacks during cue presentation, as measured by
bidding behavior.

RTs for bid responses (Table 1) did not differ between groups or
conditions (P-values>0.10 for all main effects and interactions).

Self-report

Results concerning the postexperimental questionnaires are shown in
Figure 2B and C (disgust ratings and other questions, respectively). For
disgust ratings, there was a main effect of snack type, F(1,30) =17.177,
P<0.001, n”=0.18, of cue, F(1,30) =48.661, P<0.001, n”=0.20 and
an interaction of cue x snack type, F(1,30)=23.236, P<0.001,
n*=0.08. There were no interactions of group x cue, group x snack


,
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
-
-
``
''
``
''
``
''
``
''
",0,0,2
''
``
``
``
``,
``
``
-
,
,
-
,
--
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
-
-
x
x
x
,
,
-
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
paper 
,
,
-
-
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
-
p 
-
p 
p 
ROIs
 -- 
 -- 
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
p 
p 
x
p 
x
x
,
x
x
ps 
p 
ps
p-values
p 
p 
p 
ps
-
 and 2C (other questions)
p 
p 
,
x
p 
x
x

1284 SCAN (2014)
A All subjects
20_ ME cue ***
ME snhack type***
o 1.5 IEP=
=
L
= 1.0
w
i}
m ‘5_ . '
.0
T NT T NT
CueON CueOFF
Hypnosis l Autosugg.
207 IE with group n.s.
e ME group n.s.
= -
o :
£ 1.0 T
w
0
TNT T NT T NT T NT
CueON CueOFF CueON CueOFF
c T T
&
i B
3 4 * s
2 s e
g’ ]

M

" Hypn. Autos.

Hypn. Autos.

V. U. Ludwig et al.

B All subjects
7 ME cue ***
ME snack type***
g g IE
i
B
237
o
1_
T NT T NT
CueON CueOFF
Hypnosis l Autosugg.
- IE with group n.s.
E ME group **
© 5
—
3
o 3 il
A
D T
1_
T NT T NT T NT T NT
CueON CueOFF CueON CueOFF
T T
s 3
2 o
o
g
2 S
1

Hypn. Autos.

Hypn. Autos.

Fig. 2 Behavior and self-report. (A) Bids. (B) Postexperimental disqust ratings. (C) Postexperimentally reported degree of physicality of disqust, experience of self-control (as opposed to automaticity) regarding
the feeling of disqust, pretending of disqust and conscious recall of suggestion/instruction during the experiment. Ninety-five percent confidence interval (Cl) of the mean are shown, adjusted for within-subject
designs where appropriate Loftus and Masson, (1994). T: target snacks (sweet or salty). NT: non-target snacks. CueON: cue color shown in the background. CueOFF: neutral background color. ME: Main effect.

IE: Interaction effect. ***P < 0.001, **P < 0.01, *P < 0.05; n.s., not significant.

Table 1 Mean RTs per condition in seconds

Hypnosis (n =16) Autosuggestion (n = 16)

Cue Snack type Mean (s.d.) Mean (s.d.)

CueON Targets 1.434 (0.247) 1.457 (0.229)
Non-targets 1.475 (0.216) 1.440 (0.150)

CueOFF Targets 1.476 (0.192) 1.409 (0.198)
Non-targets 1.442 (0.203) 1381 (0.205)

s.d., standard deviation.

type or group X cue X snack type (all P-values >0.15). However, there
was a main effect of group, as the hypnosis group reported higher
average disgust than the autosuggestion group, F(1,30)=10.76,
P=0.003, n”=0.26. As predicted, t-tests for all participants together
showed that reported disgust was higher for targets-cueON than for
each of the other conditions (all P-values <0.001, Bonferroni-
corrected). The remaining three conditions did not differ from each
other (all corrected P-values >0.40).

Thus, disgust ratings per condition indicated that both interventions
were equally successful in devaluing target snacks experientially.
However, participants in the hypnosis group reported their disgust
to be more bodily, #30)=2.250, P=0.03, r=0.38 and less self-
controlled (i.e. more automatic) than participants in the autosugges-
tion group, U=22.500, P<0.001, r=—0.70 (two values were missing

here). Moreover, participants in the autosuggestion group reported
merely having pretended to feel disgust to a stronger degree than par-
ticipants in the hypnosis group, #20.033) = —2.499, P=0.02, r=0.49
(degrees of freedom adjusted due to unequal variances). In terms of
recalling the suggestion or instruction during the experiment, the
groups did not differ, U=91.500, P=0.16, r=—0.25.

Correlation between vmPFC activation and bids independent
of condition

In the fMRI analysis, we first tested whether vmPFC correlated with
subjective value, as shown by previous studies. Thus, we determined
whether any voxels within our vmPFC ROI (Supplementary Figure
S1A) correlated with bids independent of condition in all 32 partici-
pants. As expected, rACC and parts of mOFC correlated with bids at
P<0.05, corrected (Figure 3).

Effects on vmPFC

Our next goal was to corroborate our behavioral findings across the
four conditions with corresponding activation patterns in vmPFC. We
tested for the effects of cue (OFF>ON), of snack type (non-tar-
get >target) and for the interaction of cue X snack type (stronger
effect for non-targets>targets during cueON-runs than during
cueOFF-runs) within our vmPFC ROI (Supplementary Figure S1A).
Diminished attractiveness of snacks should be reflected in diminished


,
x
x
ps 
p 
ps
ps
p 
,
,
p 
-
-
p 
p 
-
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1
p 
x
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nst110/-/DC1

Posthypnotic effects on decision-making

All subjects

m 2
4 )

0 50 1 150 2 250
Bids in Euro

Fig. 3 Correlation with bids independent of condition for participants of both groups analyzed
together (n =32; peak: — 6, 35, — 2, t =5.09). Results are masked by the a priori defined vmPFC
ROI' (Supplementary Figure S1A). For visualization purpose, activations are shown at P <0.005,
k=10. The beta-plot visualizes the results (mean beta £ 1 s.e.). The plot was constructed using
a procedure that ensures independency from the main analysis (see Supplementary Data; Litt et al.,
2011).

blood oxygen level-dependent (BOLD) signal in vmPFC. We initially
analyzed the fMRI data for all subjects together and then assessed
group differences.

Indeed, for all these contrasts we found BOLD signal changes in
vmPFC (Figure 4). The effects of cue and snack type were both sig-
nificant at P<0.05, corrected, while the interaction of cue x snack type
was significant at P<0.001, uncorrected. Interestingly, activations for
the three effects were found in distinct but partly overlapping regions
of vmPFC. Note that it is not problematic that the cue x snack type
interaction was non-significant after correction. This interaction might
also be encoded by the pattern of activation across the two vmPFC
subregions showing effects for cue and snack type. Thus, there does not
necessarily need to be a subregion representing the interaction as such.

The effects of cue, snack type and of their interaction (Figure 4)
overlapped with the region that correlated with bids ‘within’ the four
conditions (Figure 3). This indicates that hypnosis and autosuggestion
indeed altered ‘valuation’ of food stimuli. Hence, when analyzing all
subjects together, the results of the fMRI analysis corroborated the
behavioral results as vmPFC was responsive to the experimental ma-
nipulations in the expected directions.

When comparing the two groups, we further found that the effect of
the cue on rACC (a subregion of the vmPFC ROI) was stronger in the
hypnosis group than in the autosuggestion group, at P<0.05, cor-
rected (Figure 5A). The effect of snack type and the interaction of
cue x snack type, in contrast, did not differ significantly between
groups within the vmPFC ROL

Effects on the precuneus

If the precuneus was functionally involved in the effects of hypnosis or
autosuggestion, we would expect finding an effect of cue, snack type or
of their interaction in this region. As above, we first tested for these
three effects in all subjects together (n=32) in all voxels of the pre-
cuneus ROI (Supplementary Figure S1B). There was no effect of cue or
snack type, but there was an interaction of cue x snack type at P<0.05,
corrected (peak: 6, —55, 52, t=4.25).

The cue x snack type interaction in the precuneus was stronger in
the hypnosis group than in the autosuggestion group, at P<0.05,
corrected. Figure 5B shows mean B-values of the interaction voxels
per condition. The pattern shows that the group x cue x snack type
interaction arises because only in the hypnosis group, precuneus dif-
ferentiated between targets/non-targets during cueON-runs but not
during cueOFF-runs. This indicates that the precuneus was indeed
functionally involved in the effects of the hypnotic suggestions because
it encoded relevant information concerning the hypnotic suggestions.
Finally, we also found stronger activation of the precuneus for all trials
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Fig. 4 Effect of the cue (yellow), of snack type (cyan) and of the interaction of cue x snack type
(red) in vmPFC for participants of both groups analyzed together (n = 32; peaks within ROI for cue:
—6, 35, —2, t=4.01; snack type: 6, 26, —17, t =4.29; cue x snack type: 0, 32, —2, t =3.63).
Results are masked by the vmPFC ROI. For visualization, activations are shown at P < 0.005, k = 10.
beta-plots visualize the results (mean beta & 1 s.e.) and were constructed in a way that ensures
independency from the main analysis (see Supplementary Data). T: target snacks (sweet or salty). NT:
non-target snacks. CueON: cue color shown in the background. CueOFF: neutral background color.

(against baseline) for the hypnosis group compared with the autosug-
gestion group, at P<0.05, corrected (peak: 0, —61, 34, t=3.89).

Whole-brain analysis

Our exploratory whole-brain analyses revealed effects of snack type
and of the interaction of cue x snack type on several regions outside
of our ROIs when all participants were analyzed together. Among
other findings, the right anterior insula was more active for target
snacks than for non-target snacks. An interaction of cue x snack type
was, for example, found in the fusiform gyrus, the posterior cingulate
cortex and the parahippocampal gyrus (Supplementary Table S3 shows
the complete results). The analyses further showed that group differ-
ences between hypnosis and autosuggestion were largely specific to
vmPFC and precuneus (Supplementary Table S4).

DISCUSSION

In this study, participants were either given posthypnotic suggestions
or they used autosuggestion to associate a color cue (blue or green)
with the feeling of disgust regarding particular unhealthy snacks (either
sweet or salty). Both hypnosis and autosuggestion successfully
diminished the attractiveness of snacks in suggestible participants, as
indicated by behavior, self-report and vmPFC activation. Participants
who underwent hypnosis reported the effects to be more physical,
automatic and genuine (not simulated) compared with participants
who used autosuggestion. Moreover, while the behavioral effects of
hypnosis and autosuggestion were equally strong, the color cue had
significantly stronger effects on vmPFC activation (specifically: rACC)
in the hypnosis group compared with the autosuggestion group.

As both groups behaved indistinguishably during the experiment,
the neural differences between groups cannot be attributed to partici-
pants’ behavior (Egner et al., 2005). The finding that vmPFC correlates
with subjective value or attractiveness is one of the most established
findings in neuroeconomics (Plassmann et al., 2007, 2010; Kable and
Glimcher, 2007; Hare et al., 2008, 2009, 2011; Chib et al., 2009; Basten
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Fig. 5 Group differences. (A) There was a stronger effect of the cue on vmPFC activation in the
hypnosis group (peak: 3, 32, 4, t=4.73). (B). There was also a stronger interaction effect of
cue x snack type on the precuneus in the hypnosis group (peak: 9, —58, 46, t = 4.00). Results are
masked by the vmPFC ROl in panel A and by the precuneus ROl in panel B (Supplementary Figure S1
gives a depiction of the ROIs). For visualization, activations are shown at P < 0.005, k= 10. beta-
plots visualize the results (mean betat=1 s.e.) and were constructed in a way that ensures
independency from the main analysis (see Supplementary Data). T: target snacks (sweet or salty);
NT: non-target snacks. CueON: cue color shown in the background. CueOFF: neutral background color.

et al., 2010; Peters and Biichel, 2010; Grabenhorst and Rolls, 2011; Litt
et al., 2011; Janowski et al., 2013). Therefore, a possible explanation for
the group difference is that hypnosis induced more genuine decreases
of the perceived attractiveness of snacks. This interpretation should,
however, be treated with caution, because it cannot be excluded that
vmPFC activation can be reduced when the value of an object has not
truly changed (e.g. when participants think of something negative
while looking at pictures, or due to other unrelated processes).
However, the interpretation is supported by the finding that only par-
ticipants in the autosuggestion group reported sometimes having pre-
tended to feel disgust. Moreover, we could show that BOLD signal in
the exact same region which was affected more by hypnosis than auto-
suggestion correlated with bids independent of condition within the
current study. Notably, only the effect of the color cue on vmPFC (and
not of snack type or the interaction of cue x snack type) was stronger
after hypnosis compared with autosuggestion. A possible explanation
for this is that the color cue was especially important for the hypnotic
effects. This could be due to the fact that the salient color cue can be
processed quickly and automatically, whereas it takes more cognitive
processing to categorize snacks as sweet or salty.

Regarding the mechanisms of hypnotic effects, we additionally
found evidence for involvement of the precuneus, in line with previous
findings (Cojan et al., 2009). There was higher precuneus activation for
all trials against baseline after hypnosis compared with autosuggestion.
More importantly, there was a three-way interaction of cue x snack
type x group. This arose because only in the hypnosis group, the
precuneus differentiated between sweet and salty snacks during
cueON-runs. Thus, in this group the precuneus activated less for the
devalued target snacks than for non-target snacks, but only when the
posthypnotic cue was shown. Precuneus, hence, encoded specific
information regarding the suggestions.

V. U. Ludwig et al.

Two points should be kept in mind with respect to our results,
particularly those concerning group differences. First, all our conclu-
sions apply to ‘free’ autosuggestion rather than highly structured or
trained autosuggestion. That is, participants in the autosuggestion
group chose and used their own mental strategies. In contrast, partici-
pants in the hypnosis group received a relatively standardized, struc-
tured intervention. This was done to approximate a real-life situation
in the autosuggestion group in which people attempt to reduce their
craving for food completely by their own effort. Importantly, the ef-
fectiveness of autosuggestion might increase when participants receive
specific instructions or training concerning the use of autosuggestion.
Second, we selected participants based on their responsiveness to hyp-
nosis. We assumed that participants who respond well to hypnosis are
also good at using autosuggestion. For example, highly hypnotizable as
compared to low hypnotizable participants respond better to autogenic
training (involving autosuggestion; Schultz and Luthe, 1959) and to
cognitive self-hypnosis in the treatment of headaches (ter Kuile et al.,
1994). Moreover, suggestible participants respond very well to sugges-
tions given outside hypnosis (Kirsch and Braffman, 2001; Raz et al.,
2006; McGeown et al., 2012). Nevertheless, it cannot be excluded that
autosuggestion would have had even stronger effects in participants
specifically selected to be good at using autosuggestion.

The finding that not only hypnosis, but also free autosuggestion
could influence decision-making is remarkable. On the postexperimen-
tal questionnaire, participants reported their strategies for autosugges-
tion: they typically imagined disgusting objects and told themselves
repeatedly that the snacks were disgusting (Supplementary Table S2).
There is little explicit empirical work on autosuggestion in the neuroi-
maging literature. Exceptions are studies on autogenic training
(Schlamann et al., 2010; Naglatzki et al., 2012) and the placebo effect
(Wager et al., 2004; Raz, 2007; Eippert et al., 2009), which involves
unconscious autosuggestion or belief that a treatment will help. Our
results show that conscious autosuggestion as a tool to influence cog-
nition or behavior is a promising field for future neuroscientific
research.

Interestingly, Coué (2009) proposed that suggestion ‘does not and
cannot exist except on the sine qua non condition of transforming itself
into autosuggestion in the subject’. Thus, also the effects in our hyp-
nosis group might (partly) be due to autosuggestion, as participants
might have used their cognitive resources to support the suggested
effects. It is likely very difficult to disentangle autosuggestive from
heterosuggestive components of hypnosis. One possibility for this
would be comparing hetero-hypnosis with self-hypnosis, with the
exact same suggestions for both. However, self-hypnosis requires train-
ing and is usually taught through hetero-hypnosis (Sacerdote, 1981).
Another possibility would be to induce posthypnotic amnesia, so that
participants would be unaware of what has been suggested to them
(Mendelsohn et al., 2008). However, only few subjects are susceptible
to posthypnotic amnesia, and it is difficult to ascertain that partici-
pants are truly amnesic.

Finally, our results may have implications beyond the area of hyp-
nosis. This experiment can be conceived of as an experiment about
valuation of multi-attribute objects. The food pictures in this study
had two salient features that varied, namely type of taste (sweet or
salty) and background color (blue or green). Hypnosis and autosug-
gestion systematically changed the value of the levels of these features.
Thus, for each subject, one type of taste and one background color
was associated with a negative value (e.g. salty=disgusting and
green = disgusting). When participants assigned values to stimuli,
they had to perceive and evaluate both stimulus features and integrate
them to an overall value (together with other variables; von
Winterfeldt and Fischer, 1975). We found that different vmPFC sub-
regions tracked the value of different stimulus attributes (Figure 4).
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Posthypnotic effects on decision-making

While rACC was most responsive to the (value of the) cue, more
ventral parts of rACC and mOFC tracked the value of the type of
taste (sweetness/saltiness). Thus, our results—gained by using hypnosis
as a tool—indicate that the values of different features of objects are
represented in different vmPFC subregions. This demonstrates that
hypnosis and autosuggestion can be useful for studying the neural
basis of decision-making (Raz and Shapiro, 2002; Oakley and
Halligan, 2009; Raz, 2011).

In sum, our results show that posthypnotic suggestions and—to a
lesser extent—free autosuggestion can influence decision-making and
valuation on the behavioral, phenomenological and on the neural level.
Thus, these methods might be useful for studying the neural basis of
decision-making, and they may be useful for helping people make
better decisions in real life.

SUPPLEMENTARY DATA
Supplementary data are available at SCAN online.
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