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Study Objectives: Slow wave sleep (SWS) plays a critical role in body restoration and promotes brain plasticity; however, it markedly declines
across the lifespan. Despite its importance, effective tools to increase SWS are rare. Here we tested whether a hypnotic suggestion to “sleep
deeper” extends the amount of SWS.

Design: Within-subject, placebo-controlled crossover design.

Setting: Sleep laboratory at the University of Zurich, Switzerland.

Participants: Seventy healthy females 23.27 + 3.17 y.

Intervention: Participants listened to an auditory text with hypnotic suggestions or a control tape before napping for 90 min while high-density
electroencephalography was recorded.

Measurements and Results: After participants listened to the hypnotic suggestion to “sleep deeper” subsequent SWS was increased by 81%
and time spent awake was reduced by 67% (with the amount of SWS or wake in the control condition set to 100%). Other sleep stages remained
unaffected. Additionally, slow wave activity was significantly enhanced after hypnotic suggestions. During the hypnotic tape, parietal theta power
increases predicted the hypnosis-induced extension of SWS. Additional experiments confirmed that the beneficial effect of hypnotic suggestions on
SWS was specific to the hypnotic suggestion and did not occur in low suggestible participants.

Conclusions: Our results demonstrate the effectiveness of hypnotic suggestions to specifically increase the amount and duration of slow wave
sleep (SWS) in a midday nap using objective measures of sleep in young, healthy, suggestible females. Hypnotic suggestions might be a successful

tool with a lower risk of adverse side effects than pharmacological treatments to extend SWS also in clinical and elderly populations.
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INTRODUCTION

Sleep disturbances are highly common and present a major
challenge for modern societies. Disturbed and insufficient sleep
is strongly associated with several major diseases including
hypertension, cardiovascular disease, obesity, depression,
anxiety, bipolar disorders, and Alzheimer disease.'® In partic-
ular, slow wave sleep (SWS) has proven vital for health and
well-being, and slow wave activity (SWA) during SWS bene-
fits both the immune system as well as cognitive functions and
brain plasticity.” "' Importantly, both the amount of SWS and
SWA are strongly reduced across the lifespan, and the reduc-
tion in SWS has been linked to age-related prefrontal brain
atrophy and memory impairments.'>!* Furthermore, frequently
prescribed sleep-inducing drugs typically hinder the occurrence
of SWS, lose their efficacy during long-term treatment, have
adverse side effects, and often are associated with a high risk of
addiction.'*!* Thus, the development of efficient and risk-free
approaches to improve sleep and particularly SWS are highly
warranted.

One nonpharmacological approach to improve sleep is
hypnosis.'®'® Although there are different definitions of
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hypnosis, Oakley and Halligan' define hypnosis as a state
of changed mental activity after an induction procedure that
mainly encompasses a state of focused attention and absorp-
tion. Importantly, during the state of hypnosis, suggestible
subjects respond more easily to hypnotic suggestions, which
are statements given during induction or afterwards, intended
to change or influence behavior. They can include decrease
of pain, motor paralysis, or posthypnotic amnesia, and recent
cognitive neuroscience research has successfully demonstrated
effects of these suggestions on underlying brain activation using
objective neuroimaging methods.?* > In therapeutical contexts,
hypnosis has been proven an effective tool in reducing pain,
anxiety, and stress-related disorders,**” and several studies
provide evidence for a beneficial effect of hypnosis on sleep
disturbances and insomnias.'*"'® However, most of these studies
are either case reports or include only subjective measures of
sleep quality, whereas well-controlled experimental studies
including objective sleep parameters and standard polysom-
nography are lacking.?® In particular, no study has ever tested
whether hypnotic suggestions are effective in increasing objec-
tive measures of sleep, like the amount of SWS or SWA. And
finally, the possibility to induce SWS by hypnotic suggestions
would be highly relevant in clinical terms as well as for healthy
aging.

Here we tested whether a hypnotic suggestion to “sleep
deeper” increases the amount of SWS and SWA using high-
density electroencephalographic (EEG) recordings in a sleep
laboratory (experiment 1). We show that the hypnotic sugges-
tion increases the amount of SWS and SWA during a midday
nap in healthy, nonhabitual nappers suggestible to hypnosis
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Figure 1—Overview of the experimental procedure. (A) Healthy young
females listened either to a tape with hypnotic suggestions or a control
tape while lying in bed, and were allowed to fall asleep afterward. The
hypnosis tape included a standardized induction procedure, followed by
a specifically developed metaphor of a fish swimming deep into the sea,
repeatedly containing the suggestion to “sleep deeper” (see supplemental
material, for a more detailed description). The control text had the same
length and consisted of a documentation of natural mineral deposits. (B)
All subjects participated in a hypnosis and a control condition, separated
by 1 w. In the main experiment (experiment 1), participants suggestible
to hypnosis (HS) listened to the hypnotic suggestion “to sleep deeper”
(i.e., the fish). In experiment 2, only the hypnotic suggestion was altered
now suggesting “to sleep shallower” (i.e., a boat, resting on the surface).
In experiment 3 (demand characteristics), suggestible participants were
informed that listening to verbal information before sleep increases
subsequent slow wave sleep as the brain tries to consolidate the learned
information. An incomprehensible version of the text was used as control
condition. In experiment 4, low suggestible participants (LS) listened to
the suggestion “to sleep deeper”. In experiment 5, LS participants were
asked to simulate the effects of the hypnotic suggestion. In the control
condition, all participants listened to the same neutral text (except in
experiment 3).

compared to a nonhypnotic control text. Two additional groups
of suggestible females assured that the effects of the hypnotic
agent were not purely the result of mere expectancy effects
(experiment 2) or demand characteristics of the experiment
(experiment 3). Furthermore, we observed no beneficial effects
of the hypnotic suggestion on subsequent SWS in two groups
of low suggestible participants who either normally listened to
the hypnotic suggestion (experiment 4) or tried to simulate the
effects of the hypnotic suggestion on subsequent sleep (experi-
ment 5).

METHODS

Participants
A total of 70 healthy, German-speaking young females
with a mean age (+ standard deviation [SD]) of 23.27 + 3.17

SLEEP, Vol. 37, No. 6, 2014

1144

y (age range 18-35 y) took part in the five experiments. Only
females were recruited to avoid gender effects. Suggest-
ibility to hypnosis was verified by the Harvard Group Scale
of Hypnotic Susceptibility (HGSHS) prior to the experiment
(cutoff score for high suggestibility: HGSHS > 7). Fourteen
highly suggestible (HGSHS: 7.61 + 0.2) females (mean age
23.36 £ 2.7 y) participated in the main (first) experiment. In
experiments 2 and 3, 14 highly suggestible females (mean age
23.71 £ 3.0 y; HGSHS: 7.73 £ 0.2) and 12 highly suggestible
females (mean age 23.92 + 4.60 y, HGSHS: 7.09 + 0.08) were
included, respectively. In experiments 4 and 5, 15 low suggest-
ible females (mean age 23.47 + 3.0 y; HGSHS: 5.07 = 0.3) and
12 low suggestible subjects (mean age 22.25 + 2.60 y; HGSHS:
5.24 + 0.25) participated. Three subjects were excluded due to
sleep diaries indicating irregular sleep times or regular after-
noon naps. Age did not differ between the five experimental
groups (P > 0.70). None of the participants had shift work
within the prior 6 w, nor a history of neurological or psychiatric
disorders. Participants reported normal sleep (Pittsburgh Sleep
Quality Index (PSQI) < 6%), did not take any sleep influencing
medication, did not regularly have an after-lunch nap, and were
asked to refrain from caffeine and alcohol during the test day.
Participants gave their written consent to take part in the study
and were paid 140 Swiss francs for participation. The ethics
committee of the University of Zurich approved the study.

Procedure

All participants had an adaptation nap and two experimental
nap sessions in the sleep laboratory. The experimental sessions
took place on the same day of the week, spaced exactly 7 days
apart. One week before each of the experimental sessions,
subjects started filling out a sleep diary. Except those from
experiment 3, all subjects in all experimental groups were
explicitly informed about the study purpose to deepen their
sleep with the help of hypnosis. The experimental sessions
started at 1:00 a.m. with attachment of 128 EEG electrodes,
electromyographic (EMG), and electrocardiographic (ECG)
electrodes for recording while listening to the text and subse-
quent napping. When participants were lying in bed, lights
were turned off and the tape recording was started. Participants
listened either to the tape including hypnotic suggestions or the
control tape played over bedside speakers, in a randomized and
balanced order. The duration of the tape recordings was 13 min.
Participants were allowed to fall asleep during or directly after
the record, and were, in all conditions, awakened after 90 min
in bed (see Figure 1 for a summary of the procedure). After
awakening, participants filled out a subjective sleep quality
questionnaire.’! Before going to bed, participants performed
a declarative (word-pairs)* and a procedural memory task
(sequence finger tapping),** which they recalled after the nap.
Parallel versions were used in a randomized order (see supple-
mental material and Table S1 for details). At the end of the
second experimental session, participants filled out a general
postexperimental questionnaire.

Experimental Design

A total of five separate experiments were conducted. Each
experiment contained a within-subject comparison of two
experimental naps according to a placebo-controlled crossover
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design. In the main experiment (experiment 1), participants
suggestible to hypnosis (HS) either listened to a tape containing
hypnotic suggestions to “sleep deeper” or a control text. The
hypnotic tape contained a standard hypnotic induction section
followed by a hypnotic suggestion section (i.e., a metaphor of
a fish swimming deeper and deeper into the water). The control
text contained a neutral documentation on mineral deposits.
While the hypnotic text was spoken in a soft, slow, hypnotic,
calming voice, frequently containing relaxing words such as
“deep” “easily”, “relax”, “let go”, the control text was spoken
in a normal voice and normal speed containing neither relaxing
nor arousing words (see supplemental material for further
details on the texts). In experiment 2, highly suggestible partic-
ipants also listened to a hypnotic and a control tape, but the
hypnotic tape was altered now suggesting to “sleep shallower”
(i.e., a metaphor of a boat resting on the surface). Importantly,
the hypnotic induction procedure, the voice, the slow-relaxing
way of speaking and the inclusion of relaxing words was iden-
tical to the hypnotic tape used in experiment 1. In experiment
3 (demand characteristics), no hypnotic induction procedure or
hypnotic suggestions were used. Here, suggestible participants
were simply informed that listening to verbal information before
sleep increases subsequent SWS as the brain tries to consolidate
the learned information. The tape on mineral deposits (used as
control tapes in all other experiments) was used to “induce”
SWS in this experiment, and an incomprehensible version of
the text was used as control condition. In experiments 4 and 5,
low suggestible participants (LS) listened to identical hypnotic
and control tapes used in the main experiment (experiment 1).
The procedure and instructions in experiment 4 were identical
to experiment 1. In experiment 5, low suggestible participants
were asked to simulate the effects of the hypnotic suggestion.
All tape recordings used in the different experiments were
spoken by the same male voice (see supplemental material for
details on the tape recordings).

Statistical Analyses

Sleep was scored by two experts blind to experimental
condition and analyzed using a repeated- measures analysis of
variance (ANOVA) using the repeated factor “text” (hypnosis
versus control) and the between subject factor “experiment”
(experiment 1 versus experiment 2, experiment 1 versus experi-
ment 3; experiment | versus experiment 4; experiment 4 versus
experiment 5, respectively). For identification of sleep stage
specificity, the repeated factor “sleep stage” was included. For
EEG power analyses, the repeated factor “topography” (frontal,
central, parietal) was used. Significant main effects and interac-
tions were further explored using paired sample #-tests. Asso-
ciations were explored with Pearson correlations. The level of
significance was set to P = 0.05. In case variance homogeneity
was not fulfilled, values were Greenhouse-Geisser corrected.

RESULTS

Influence of the Hypnotic Suggestion on Subsequent SWS in
Suggestible Females (Experiment 1)

As predicted, the hypnotic suggestion to “sleep deeper”
strongly increased the amount of SWS during the subsequent
nap. After listening to the text with hypnotic suggestions,
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Figure 2—Effects of the hypnotic suggestions on sleep. (A) Highly
suggestible subjects in experiment 1 almost doubled their amount of slow
wave sleep (SWS) after the hypnotic suggestion “to sleep deeper” (white
bar), with the SWS amount after the control tape set to 100% (black
bar). Using the suggestion “to sleep shallower” the beneficial effect of
hypnotic suggestions on SWS in a group of highly suggestible subjects
was completely abolished (experiment 2). Similarly in experiment 3, no
increase of SWS was observed after listening to verbal information, even
though participants were informed previously that listening to verbal
information should increase subsequent SWS (demand characteristics).
In low suggestible subjects, the suggestion “to sleep deeper’ even
decreased the amount of SWS (experiment 4), and the direction of
the effect was similar when subjects were asked to simulate the effect
of hypnotic suggestion on subsequent sleep (experiment 5). (B) The
hypnotic suggestion “to sleep deeper” specifically increased the amount
of SWS in experiment 1, whereas time awake after sleep onset (W) was
marginally reduced, leaving the other sleep stages unaffected (N1/N2:
nonrapid eye movement sleep stage 1 and 2, R,: rapid eye movement
sleep). Means + standard error of the mean are indicated. +: P < 0.08;
*: P <0.05; *: P <0.01. (C) The hypnosis-induced increases in SWS
significantly correlated with subjective increases in sleep quality in
experiment 1.

participants showed an SWS amount of 181.2 + 28.95%
(mean =+ standard error of the mean [SEM]), with percentage
of SWS after the control text set to 100%. Thus, participants
almost doubled their amount of SWS during the nap after the
hypnotic suggestion compared to the control condition, indi-
cating a very strong influence of the hypnotic suggestion to
sleep deeper on later SWS amounts. This increase in SWS by
hypnotic suggestions was statistically significant (#(13) = 2.90,
P = 0.013, Cohen’s d = 0.77 see Figure 2A). In addition to
successfully increasing SWS, the influence of the hypnotic
suggestion was highly specific: although the SWS percentage
of total sleep time increased from 16.89 + 4.38% after the
control text to 30.60 = 4.89% after hypnotic suggestions, we
observed no changes in the percentages of sleep stages N1, N2,
or rapid eye movement (REM) sleep after hypnotic sugges-
tions compared to the control condition (all P > 0.40, see
Figure 2B; see Table S2 for descriptive values). Additionally,
the percentage of time awake after sleep onset was marginally
reduced after hypnosis condition (7.34 + 3.88%) as compared to
the control condition (22.34 £ 7.60%; ¢(13) = -2.02, P = 0.065,
d=0.54). The sleep stage specificity of the influence of hypnotic
suggestions on sleep architecture was confirmed by a signifi-
cant interaction between the experimental condition (hypnosis
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versus control text) and sleep stage (W, N1, N2, SWS, REM;
F(2.0,26.06)=3.73, P=0.037, n* = 0.22). Total sleep time did
not differ between experimental conditions (74.11 + 4.89 min
versus 75.68 £+ 4.86 min, respectively; P > 0.80).

Specificity of the Hypnotic Suggestion: Expectancy and Demand
Characteristics (Experiments 2 and 3)

One might argue that the beneficial effect of hypnotic
suggestion on SWS is actually due to a placebo effect caused by
the expectancy or belief of the participants. Prior to the experi-
ment, all participants were explicitly informed that hypnosis is
effective and should result in deeper sleep, which might have
deepened subsequent sleep independent of the hypnotic sugges-
tion itself. To exclude this alternative, we recruited a second
group of suggestible females, which also received the infor-
mation that hypnosis will result in deeper sleep prior to the
experiment. After the identical hypnotic induction procedure,
however, the hypnotic suggestion was altered, now suggesting
that the participants should sleep shallower (i.e., metaphor of
a boat that rested on the surface of the sea; see supplemental
material). The results of experiment 2 clearly indicate that the
subjective belief of the participants is not sufficient to induce
SWS, and that the type of suggestion during hypnosis is critical:
After listening to the hypnotic text suggesting sleeping shal-
lower, participants exhibited a relative decrease in SWS amount
(92.45 + 16.19%) as compared to the control condition (set to
100%). However, this decrease was not statistically signifi-
cant (P > 0.60, see Figure 2A). Other sleep stages were also
not affected (all P > 0.40, see Table S2). A direct comparison
between experiments 1 and 2 confirmed that SWS increases
were only observed after the suggestion to “sleep deeper”
(ANOVA experiment | versus 2 * hypnosis versus control text,
F(1,26)=5.70, P = 0.024, n* = 0.18, see Table S2).

In addition, we attempted to exclude that the reported
benefits of hypnotic suggestion on SWS are solely caused
by demand characteristics of the experimental situation. We
conducted a third experiment (experiment 3) with suggestible
females, informing them that listening to verbal information
before sleep increases subsequent SWS as the brain aims at
consolidating this information during deep sleep. In a design
identical to that of the two previous experiments, partici-
pants either listened to verbal information (i.e., the control
text used in experiments 1 and 2) and an incomprehensible
version of the control text. Incomprehensibility was achieved
by low-pass filtering the audio file of the control text, leaving
the intonation and length of the text intact but rendering
comprehension of the words impossible. All participants were
informed that listening to the comprehensible version of the
text before sleep should increase subsequent SWS, whereas
listening to the incomprehensible version should not. Again,
we did not observe any effect of the demand characteristics
of the experimental situation on subsequent sleep. Participants
in the “SWS-induction” condition exhibited 103.59 + 26.55%
SWS, with the amount of SWS in the incomprehensible text
condition set to 100% (P > 0.80). In addition, no other sleep
parameters differed between the two conditions (all P > 0.15).
Directly comparing induced changes in SWS between experi-
ment 1 and experiment 3 confirmed that an increase in SWS
required listening to an audio file with a hypnotic suggestion
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(ANOVA experiment 1 versus 3 * hypnosis versus control text,
F(1,24)=4.31,P=0.049, 1> =0.15, see Table S2 for descrip-
tive values), safely excluding that the beneficial effects of
hypnotic suggestion on SWS are due to demand characteristics
of the experimental situation.

No Beneficial Effects of the Hypnotic Suggestion in Low
Suggestible Females (Experiments 4 and 5)

Because the first three experiments only included partici-
pants with high hypnotic suggestibility, in experiments 4 and
5 we tested whether a hypnotic suggestion to sleep deeper is
also effective in participants who exhibit low hypnotic suggest-
ibility. The experimental procedure was identical to experi-
ment 1, including the hypnotic suggestion to “sleep deeper”.
In experiment 4, the instructions to listen to the tape with the
hypnotic suggestion were identical to those in experiment 1. In
experiment 5, low suggestible females were asked to ‘simulate’
the effects of the hypnotic suggestion on subsequent sleep. In
contrast to highly suggestible subjects, low suggestible subjects
in experiment 4 did not exhibit an increase in SWS during the
nap after listening to the hypnotic text. In fact, the amount of
SWS decreased to 65.70 £ 13.77% in the hypnosis condition,
with the amount of SWS in the control condition set to 100%
(«(14) = -3.26, P = 0.006, d = 0.84; see Figure 2A). Again,
the effect was specific to SWS, as no other sleep stage was
significantly altered in the hypnosis as compared to the control
condition (all P > 0.30, see Table S3 for descriptive values).
A direct comparison between experiments 1 and 4 confirmed
that high suggestibility is substantial for the beneficial effect
of hypnotic suggestions on SWS (ANOVA experiment 1 and
experiment 4 * hypnosis versus control text, F(1, 27) = 18.02,
P <0.001, n?>=0.40, see Tables S2 and S3). These results also
held when the single participant who did not fall asleep during
both sessions was excluded from the analyses.

Also in experiment 5, we observed no beneficial effects of the
hypnotic suggestion, even though low suggestible females were
asked to ‘simulate’ the effects of the hypnotic suggestions on
subsequent sleep. As in experiment 4, the amount of SWS was
decreased in the hypnosis condition (78.29 + 13.73%, with the
amount of SWS in the control condition set to 100%), although
the difference did not reach significance (P > 0.30). No other
sleep parameters significantly differed between the conditions
(all P>0.08), except a reduction in REM sleep after simulation
of the effects of the hypnotic suggestion (P =0.02, see Table S3
for descriptive values). A direct comparison between experi-
ments 1 and 5 with respect to the changes in SWS confirmed that
even simulation of high suggestibility is not sufficient to achieve
beneficial effects of a hypnotic suggestion on subsequent SWS
(ANOVA experiment 1 and experiment 5 * hypnosis versus
control text, F(1, 24)=5.89, P=10.023, n?=0.20, see Tables S2
and S3). Interestingly, combining the results of the effects of the
hypnotic suggestion to sleep deeper in low suggestible females
(experiments 4 and 5) revealed a significant main effect of the
type of text (hypnosis versus control), indicating a significant
decrease in SWS after listening to the hypnotic suggestion in
experiments 4 and 5 (F(1, 25) = 5.10, P = 0.033, n> = 0.17 ),
but no interaction (P > 0.70).Thus, subjects with low suggest-
ibility might possibly even actively counteract the beneficial
effects of hypnotic suggestions on sleep architecture, whether
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they are listening normally to the hypnotic suggestion or trying
to ‘simulate’ its effects.

Analysis of Control Variables (Experiments 1-5)

To exclude the possibility that the different results of the
five experimental groups are in fact caused by differences in
falling asleep during the listening period, we compared average
sleep latency between groups and conditions. However,
sleep latency was on average larger than the duration of the
audio tape (13 min) and did neither differ between experi-
ments (P > 0.60) nor between conditions (15.18 + 4.06 versus
15.29 £ 3.70 min, P > 0.90; 14.93 + 2.60 versus 20.18 + 4.12
min, P > 0.20; 19.92 + 8.56 versus 9.54 + 2.20 min, P > 0.20;
14.70 + 6.07 versus 16.37 + 6.34 min, P > 0.60; 9.88 + 2.31
versus 7.63 £ 1.85 min, P > 0.30; for experiments 1-5, hypnosis
versus control, respectively). While listening to audio tapes,
subjects neither differed in min spent in N1 between text condi-
tions (3.18 + 0.6 versus 2.21 + 0.5 min, P > 0.20; 2.64 £+ 0.67
versus 2.18 £0.76 min, P >0.40; 2.21 +0.72 versus 1.96 + 0.49,
P >0.70; 2.93 + 0.75 versus 2.6 + 0.50, P > 0.70; 1.92 + 0.55
versus 2.00 £ 0.36 min, P> 0.90; for experiments 1-5, hypnosis
versus control, respectively) nor was there a difference between
experiments 1-5 (P > 0.60). Moreover, most subjects indicated
that they had listened to the audio tapes, particularly when the
hypnotic suggestions were given (see Table S4).

We also analyzed whether the changes in SWS in the five
experimental groups resulted in differences in subjective sleep
quality. Despite the robust increases in SWS in experiment 1,
these changes were not reflected in averaged subjectively rated
sleep quality (3.45 £ 0.18 versus 3.34 + 0.20; in hypnosis and
control condition, respectively, P > 0.50). However, on the
individual level, differences in the duration of SWS between
the hypnosis and control session reliably predicted differences
in subjective sleep quality between the hypnosis and control
session (#(12) = 0.60, P =0.023, see Figure 2C). Participants in
experiments 2-5 did not indicate any changes in sleep quality
(3.58+0.19 versus 3.68 £ 0.16; 3.37 £ 0.24 versus 3.11 £ 0.22;
3.46+0.26 versus 3.45+0.31; 3.21 £ 0.35 versus. 3.64 £ 0.20,
all P> 0.20).

In addition, we analyzed whether the differences in amounts
of SWS resulted in differences in memory consolidation across
sleep. Although consolidation of declarative memories has
been previously suggested to depend on SWS, we did not see
any significant changes in consolidation measures across the
nap between the hypnosis and the control condition in experi-
ment 1 (102.92 + 3.34% versus 100.41 + 1.30% remembered
word pairs, with learning performance before sleep set to
100%, P > 0.40). Likewise, consolidation in the procedural
finger-tapping task did not differ between the hypnosis and
the control condition (118.82 + 6.14% versus 114.23 + 4.14%
correctly tapped sequences, with learning performance before
sleep set to 100%, P > 0.40). Similarly, no condition effects on
changes in memory performance were observed for declarative
and procedural memory consolidation in experiments 2-5 (all
P >0.30, see Table S5). The order in which the parallel versions
were presented had no influence in none of the experiments (all
P >0.20).

Finally, additional analyses confirmed for experimental
groups 1, 2, and 4 that hypnotic suggestions did neither
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influence the proportion of subjects reaching REM sleep (see
Table S6), nor the number of nonrapid eye movement (NREM)
sleep cycles (see Table S7) nor spindle density or sigma power
(see Table S8).

Influence of the Hypnotic Suggestion on SWA During Sleep
(Experiments 1, 2, and 4)

To further specify the effect of the hypnotic suggestion
on objective sleep parameters, we calculated spectral power
values for SWA (0.5-4.5 Hz) during NREM sleep. We focused
on experiments 1, 2, and 4 because only in these three experi-
ments we used a real (and not simulated) hypnotic suggestion.
After suggesting sleeping deeper in experiment 1, we observed
a widespread increase in SWA that was most pronounced in
central and parietal regions (Figures 3A and 3B, see Figure 3C
for an illustrated power spectrum). Statistical analysis with
grouped electrodes in six topographical regions (left/right
frontal, central, and parietal, respectively, see supplemental
methods and Figure S1) revealed a significant main effect of
type of text (hypnosis versus control, F(1, 13) =5.67, P=0.03,
n? = 0.30) and a significant interaction between type of text
(hypnosis versus control) and topography (frontal, central,
parietal) (F(1.14, 14.8) = 5.48, P=0.03, n* = 0.30, Greenhouse-
Geisser corrected, see Figure 3D for post hoc contrasts). The
overall increase in SWA after hypnotic suggestions in all elec-
trodes was strongly correlated with the increase in time spent
in SWS (r(14) = 0.88, P < 0.001, see Table S9). In addition to
the significant interaction, a main effect of topography (frontal,
central parietal, F(1.22, 15.9) = 90.50, P < 0.001, n?> = 0.87,
Greenhouse-Geisser corrected) occurred, revealing the well-
known SWA distribution of higher SWA in frontal as compared
to central and parietal regions in young adults. The same
ANOVA for experiment 2 and experiment 4 did not reveal any
differences in SWA between the hypnosis and control condi-
tions (all P> 0.12).

Influence of the Hypnotic Suggestion on Theta Activity During
Listening (Experiments 1, 2, and 4)

In addition to the effects of hypnotic suggestion on SWA
during NREM sleep, we tested whether hypnosis induced
changes in theta activity (4.5-8 Hz) during listening to the
hypnotic suggestion. Again we focused on experiments 1, 2, and
4 because only in these three experiments we used a real (and
not simulated) hypnotic suggestion. We specifically focused on
theta activity because hypnotic trance states are typically asso-
ciated with a general slowing of the EEG from alpha to theta
frequencies.*** In addition, increases in theta activity are related
to feelings of drowsiness and falling asleep.’® As expected,
suggestible participants in experiment 1 exhibited a significant
increase in theta activity during listening to the suggestion part
of the hypnosis text, as compared to an identical time period
of the control text (13.46 +2.16% versus 11.05 + 1.82%, main
effect “text type” F(1, 13) = 8.39, P = 0.013, n* = 0.39, see
Figures 4A-4C). Generally, theta activity was higher in pari-
etal (13.07 £ 2.17%) and central (13.25 + 2.16%) as compared
to frontal recording sites (10.44 + 1.63%, main effect “topog-
raphy” F(1.37,17.84)=8.94, P=0.004, n* = 0.41, Greenhouse-
Geisser corrected), whereas no significant interaction between
text-type and topography occurred (P > 0.40). No differences in
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Figure 3—Changes in slow wave activity (SWA) after hypnosis and
control conditions in experiment 1. (A) Topographical distribution of
SWA (0.5-4.5Hz) during nonrapid eye movement (NREM) sleep after
listening to the hypnotic suggestion (upper panel) and the control text
(lower panel). SWA is indicated as percent of total power (% PTOT;
0.5-50 Hz). Black dots represent electrode positions of the 128-channel
electroencephalography (EEG) cap. (B) Topographical distribution of
the difference of SWA %PTOT between hypnosis and control condition.
White dots represent significant differences between the conditions,
indicating a widespread increase in SWA during NREM sleep after the
hypnotic suggestion “to sleep deeper”. (C) Representative spectrogram
of electrode P4. Black triangles indicate significant increases (P < 0.05)
in SWA after hypnosis as compared to the control condition, which are
highly specific for SWA (gray area). Mean increases + standard error
of the mean (SEM) are indicated for the hypnosis condition, with the
control condition set to 100% (dotted line). (D) Averaged SWA over
three topographical regions (frontal, central, parietal, see supplemental
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Figure 4—Theta activity during listening to the hypnosis versus the
control text before sleep. (A) Topographical distribution of theta activity
(4.5-8.0 Hz) during listening to the hypnotic suggestion (upper panel)
and the control text (lower panel). Theta power is indicated as percent
of total power (% PTOT; 0.5 - 50 Hz). Black dots represent electrode
positions of the 128-channel electroencephalography (EEG) cap. (B)
Topographical distribution of the difference of theta % PTOT between
the hypnosis and the control condition. White dots represent significant
differences between the conditions (P < 0.05), indicating a widespread
increase in theta power during listening to the hypnotic suggestion “to
sleep deeper’. (C) Representative spectrogram of electrode P4. Black
triangles indicate significant increases (P < 0.05) in theta power during
listening to the hypnosis as compared to the control text, which occur
mainly in the lower theta band (gray area). Mean increases + standard
error of the mean are indicated for the hypnosis condition, with the control
condition set to 100% (dotted line). (D) Increases in parietal theta activity
during listening to the text with hypnotic suggestions as compared to the
control text are highly predictive for subsequent changes in slow wave
sleep duration between the experimental conditions.

material), for the hypnosis and control conditions. SWA is significantly
increased after hypnosis as compared to the control condition (P < 0.03),
and the effect is stronger over central and parietal as compared to frontal
regions (interaction type of text * topography: P = 0.03). Means + SEM
are indicated. *P < 0.05; ***P < 0.001, for post hoc contrasts.

theta activity during listening to the hypnotic suggestion were
observed in the other experiments (P > 0.40) (see Tables S2 and
S3). Remarkably, the increase in theta activity in parietal regions
during listening to the hypnotic suggestions as compared to the
control text reliably predicted the increase in subsequent SWS
duration (r(12) = 0.60, P = 0.023, See Figure 4D and Table S9)
and almost reached significance with respect to the overall
increase in SWA (r(12) = 0.51, P = 0.06), suggesting a strong
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association between the immediate effects of the hypnotic
suggestions during listening as indicated by theta activity and
its later effects on SWS duration.

DISCUSSION

Our results show for the first time that a hypnotic suggestion
to “sleep deeper” selectively extends the amount of SWS in
suggestible females. In addition, control experiments indicate
that the suggestion during hypnosis is essential and that the
effect does not occur in low suggestible participants. Further-
more, hypnotic suggestions induce an increase in SWA during
subsequent NREM sleep and increases in theta activity during
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listening to audio tapes with hypnotic suggestions predict
subsequent increases in SWS.

Our finding that a hypnotic suggestion before sleep increases
the amount of SWS is highly relevant because SWS plays a
critical role in the optimal functioning of our immune system,?
metabolism,”” and optimal brain functioning,*® in particular
with regard to memory consolidation and brain plasticity.*!°
The National Heart, Lung, and Blood Institute has estimated
that 50 to 70 million Americans suffer from a chronic disorder
of sleep,* which has severe consequences on daytime func-
tioning® and is associated with morbidities including hyper-
tension, cardiovascular disease, depression, and anxiety.>’
Importantly, sleep-inducing drugs usually hinder the occur-
rence of SWS, lose their efficacy during long-term treatment,
and have a high risk of addiction and adverse side effects.'*!s
Although our study sample was limited to healthy partici-
pants, our results strongly suggest that suggestions given
during hypnosis might be an efficient tool to improve sleep and
SWS, also with respect to sleep disturbances. Increasing SWS
by hypnotic suggestion might also have a beneficial effect in
primary insomnia, as a recent meta-analysis by Baglioni and
colleagues showed that primary insomnia is associated with
significant SWS reductions,* although this was not consistently
confirmed for patients with chronic insomnia. Furthermore, the
increase in SWS by hypnotic suggestion reported here was even
more pronounced than increases in SWS induced by pharma-
cological treatments as reported previously.* Previous studies
have already provided evidence for a positive effect of hypnosis
on different sorts of sleep disturbances,'*'® and concluded
that hypnosis is an effective treatment option for insomnias.*
However, most of the studies included only a small sample
size* and used subjective measures of sleep such as question-
naires or sleep diaries.'®!® Here we showed that a hypnotic
suggestion is also effective in increasing objective measures of
SWS using standard polysomnography and high-density EEG,
and that the increase in SWS predicted individual improve-
ments in subjective sleep quality. Comparable to negative influ-
ences of emotional or cognitive factors that can influence sleep
as stress or rumination,* hypnosis might represent a positive
example thereof, maybe influencing SWS by a calming effect
on the arousal system. Although our sample only consisted of
females, limiting generalization of the results, the possibility to
improve SWS might be also highly relevant for healthy aging,
because aging is strongly associated with a reduction in the
amount of SWS, and the possibility to use hypnotic suggestions
to increase SWS could prove critical for maintaining optimal
cognitive functioning and health in old age.'>*“¢ Although,
for instance, Ehrenreich?’ reported a slight decline in hypno-
tizability score as a function of age, there is evidence that the
elderly are as suggestible as young adults and robust test-retest
correlations exist.*® A limitation of our study is that we did not
include an intervention-free control group or a control group
not performing memory tests before sleep. Thus, we cannot
completely rule out the possibility that listening to the control
text or working on memory tests might also have affected the
amount of SWS. However, amounts of SWS in other interven-
tion-free nap studies using a comparable sample and design are
close to the amount we observed in the control condition (i.e.,
18.09% in the study by Mednick et al.*’) and hypnosis condition
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(i.e., 33.1% in the study by Hofer-Tinguely et al.*®), which
suggests that the amount of SWS in our study varied within
the normal range. Please note that we only included nonhab-
itual nappers who might not sleep as deeply as subjects used to
having midday naps.

Related to the increase in SWS, we also showed that the
hypnotic suggestion induced a widespread increase in SWA
during NREM sleep. SWA is a more precise quantitative
measure of sleep depth, reflecting the reduction of sleep pres-
sure across sleep and has been implicated in brain plasticity,
synaptic downscaling, immune function, and memory consoli-
dation.”’'-5 Local differences in SWA during sleep have been
related to plastic changes in these brain regions.>'*>3* In partic-
ular, changes in SWA are associated with changes in prefrontal
atrophy and memory consolidation in the elderly." In our study,
increases in SWA were particularly strong in parietal brain areas,
although significant increases were also observed over frontal
and central brain regions. Note that we included the average of
all NREM sleep episodes and did not analyze changes in SWA
across NREM episodes or changes in slow oscillations slope.
This limits the possibility to exclude that the SWS increase had
resulted from mechanisms different from natural ones. Please
note that our sleep scorers who were blind to the experimental
condition did not report anything unusual with respect to SWS.
Because we did not observe any improvement in memory func-
tions in experiment 1, the benefits for cognitive functioning
of the hypnosis -induced increase in SWS, however, remain
to be determined, particularly considering that other studies
observed an increase in memory performance in similar tasks
after enhancing SWA by oscillatory stimulation.™ Interestingly,
however, Mednick et al.* recently reported that pharmacologi-
cally enhancing SWS only benefit declarative memory consoli-
dation when sleep spindle density was also increased. Here, we
did not observe a concomitant increase in sleep spindles number
and density or power in the sigma band, which might explain
the lack of an effect on declarative memory consolidation.

In addition to the effects on SWS and SWA, we observed
increases in theta activity during listening to the hypnotic
audio tapes, which were predictive for the subsequent benefi-
cial effect of hypnotic suggestions on the duration of SWS
and SWA. Previous EEG studies on hypnosis have frequently
reported a general slowing of the EEG and an increase in theta
activity during brain states of hypnotic trance.’*>* In addition,
alpha activity (indicative for quiet resting with eyes closed)
characteristically decreases at the onset of light sleep stages
and feelings of drowsiness.** However, no differences in sleep
latency occurred between our experimental conditions and
we did not observe any differences in sleep stage N1 during
listening, indicating that participants did not fall asleep earlier
while listening to the hypnotic suggestions as compared to the
control text. Thus, the increase in theta activity might be indeed
indicative for processes related to the hypnosis, particularly
because it predicted the later effects of the hypnotic suggestion,
i.e., the increase in SWS and SWA. Please note that we did
not include any questionnaire or behavioral test to ensure that
subjects were in the hypnotic state during or after listening to
the hypnotic text.

In recent years, interest in the mechanisms and effects
of hypnosis as well as hypnotic suggestion is growing in
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neuroscience research.’”* According to Oakley and Halligan,"
these studies “illustrate the potential of hypnotic suggestion as a
powerful cognitive tool to explore in a controlled way selective
phenomena directly relevant to cognitive and clinical neurosci-
ence.” Several recent studies have examined the underlying
brain effects of hypnosis and hypnotic suggestion with respect
to motor inhibition, hypnotic analgesia, the default mode
network and posthypnotic amnesia®2>5*%, In general, studies
on the effects of hypnosis during wakefulness have the disad-
vantage that they need to safely exclude that participants do
not just “simulate” and conform to the demands of the experi-
ment or the experimenter (i.e., demand characteristics). In our
study, the argument is not valid, as the effects of the hypnotic
suggestion are observed after the hypnosis during sleep without
waking consciousness using objective EEG parameters. Thus,
effects of hypnotic suggestions on sleep might be an elegant
way to examine aftereffects of posthypnotic suggestions.

Generally, it is well known that our thoughts and subjec-
tive beliefs can influence sleep. Stress and particularly rumi-
nation of negative thoughts diminish sleep quality and sleep
efficiency.®'%? In addition, the anticipation of a certain wake up
time has consequences on sleep length that can be objectively
measured, e.g., by earlier increase in cortisol during sleep.®
Thus, changing inappropriate beliefs concerning sleep is one
major target in clinical approaches to treat sleep disturbances.®
However, intentionally “wanting” to fall asleep is often coun-
terproductive; therefore, paradoxical interventions are some-
times more helpful to induce sleep.®% Thus, inducing sleep or
extending SWS under hypnosis might bypass the explicit and
voluntary intention, inducing subsequent sleep effects on a more
subconscious level, not involving willing decision processes. In
particular, the effects of the hypnotic suggestion were highly
specific in our study: The suggestion to “sleep deeper” specifi-
cally extended duration of SWS, leaving other sleep stages
unaffected. It remains to be tested whether different hypnotic
suggestions may be capable of changing other sleep stages such
as REM sleep or N2 sleep, which we expect to be possible in
case an adequate metaphor can be developed.

The specificity of the hypnotic suggestion was further
confirmed by showing that the beneficial effects of the hypnotic
tape disappeared with a changed hypnotic suggestion. Although
the suggestion to sleep deeper effectively increased the duration
of SWS, the suggestion to sleep “shallower” had no effect on
SWS. As the participants in experiment 2 were also told prior
to the experiment that the hypnotic suggestions should result in
deeper sleep, the absence of the effects in this condition clearly
shows that the previous belief of the participants is not suffi-
cient to elicit SWS changes and that the type of the hypnotic
suggestion during the hypnosis is critical for the beneficial
effect. Despite this apparently controversial input, a postexperi-
mental questionnaire indicated that subjects did not assume that
the hypothesis was different from what we told them and that
they were not irritated by the content of the tape. It seems that
subjects do not question the content of the hypnotic sugges-
tion so critically. One might argue that the suggestion to sleep
“shallower” should have induced an increase in light sleep
stages in the control experiment. However, although the type of
suggestion is critical, it might still be possible that the partici-
pants’ belief plays some role in the effectiveness of hypnotic
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suggestions and that the belief to “sleep deeper” might have
weakened the effectiveness of the hypnotic suggestion to
sleep “shallower”. Importantly, the null result in experiment 2
also excludes that the effects of hypnotic suggestions on deep
sleep are simply caused by unspecific differences between the
hypnotic tape and the control tape. For example, the hypnotic
tape was spoken in a slow, relaxing, and calming voice, whereas
the control tape was spoken in a neutral voice at normal speed
and contained neither relaxing nor arousing words. Because
these unspecific differences in the “relaxing nature” between the
tapes are identical in experiments 1 and 2, they cannot explain
why a beneficial effect on SWS occurred solely in experiment
1. In an additional control group, we tested the pure effect of
expectancy and examined whether a neutral (not hypnotic) text
will also increase deep sleep. SWS was not affected by this
belief alone without being given hypnotic suggestions. Alterna-
tively, it might simply be less effective to induce lighter sleep as
compared to deeper sleep using a hypnotic suggestion.

Finally, our experiments 4 and 5 indicate that the effective-
ness of the hypnotic suggestion depends on the suggestibility
of the participants. People strongly vary in their responsiveness
to hypnotic suggestions, and the degree to which suggestibility
remains stable over time might be partly the result of genetic
differences.**67% Moreover, high suggestibility is associated
with openness to experience” and focused attentional abili-
ties,*’® which might be related to the fact that suggestibility
is highly predictive for the success or failure of effects of
hypnotic suggestions,” and the inclusion of high versus low
suggestible participants is common practice in experimental
studies on hypnosis.?*#7% Interestingly, in our study, not only
did low suggestible participants fail to increase SWS after the
hypnotic suggestion, but in fact spent less time in SWS after the
text including hypnotic suggestions, both when they normally
listened to the hypnotic suggestion as well as when they were
asked to simulate the effects of the hypnotic suggestion. This
negative subject effect has already been described in previous
studies, indicating that low suggestible subjects tend to coun-
teract the implications of the suggestion instead of only failing
to responding to them.” A possible explanation is the definition
of the context within which the hypnosis is presented. Changing
the setting from a hypnosis session into a test of imagination
increases the score in a consecutive hypnotizability test for
low suggestible subjects.” Thus, for low suggestible subjects
it might be advantageous to emphasize a relaxing instead of
a hypnotic state for the extension of SWS to avoid negative
effects. Of note, the inverse effect in low suggestible partici-
pants renders it very unlikely that simply the relaxing nature
of the hypnotic tape (i.e., voice, intonation, words, etc.) as
compared to the control text was responsible for the observed
changes in SWS in experiment 1.

Limitations

Our study included a highly selective sample of healthy,
young females, which limits the generalizability of our results.
Furthermore, our study was designed as a nap study, and further
studies should test the effectiveness of hypnotic suggestions on
SWS during nighttime sleep. Moreover, future studies should
include an intervention-free control condition without listening
to any text before sleep and control groups without presleep
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memory tests. Additionally, further studies should characterize
the hypnosis -induced increases in SWA in more detail (e.g.,
slope analyses, changes in SWA across NREM episodes, etc.).
Finally, further simulator studies are required to answer the
important question whether the reported effects of hypnotic
suggestions on deep sleep are specific to the state of hypnosis
per se, or whether they might similarly occur with more unspe-
cific procedures involving prior expectations (i.e., demand
characteristics), suggestions without hypnosis, and relaxation.

In summary, we show that a hypnotic suggestion to sleep
deeper is effective in extending subsequent SWS and SWA in
healthy participants. Our results imply that hypnotic sugges-
tions are an efficient tool to deepen sleep and strongly indicate
that hypnotic suggestions might prove an efficient non-phar-
macological tool with a lower risk of adverse side effects than
pharmacological treatments to also deepen sleep in patients
with sleep disturbances or in the elderly, thereby improving
health and well-being.

ABBREVIATIONS
ECQG, electrocardiogram
EEQG, electroencephalography
EMG, electromyogram
REM, rapid eye movement
SWA, slow wave activity
SWS, slow wave sleep
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SUPPLEMENTAL MATERIAL

SUPPLEMENTAL METHODS

1. Hypnosis and Control Texts

The hypnosis texts were written by A. Schlarb, a coau-
thor and professional hypnotherapist treating sleep problems
and sleep disorders with hypnosis. All texts were spoken and
recorded by B. Rasch. The hypnosis texts started with a 4-min
progressive induction technique, including 10 steps while each
step indicated a further step into relaxation, leading the listener
into the state of hypnotic trance. In the main hypnotic text used
in experiment 1, the induction was followed by a hypnotic
suggestion to sleep deeper. More specifically, the auditors were
invited to imagine a picture of a sea and to follow a fish swim-
ming in the water, progressively swimming deeper and deeper.
The picture of the swimming fish and the sea was used as a
metaphor to symbolize the depth of sleep. In addition, it was
suggested that swimming deeper and deeper is safe and without
any risk. Finally, the fish arrived at the bottom of the sea,
whereby the auditors were further induced to sleep deeply. The
tape with hypnotic suggestions stopped here and did not bring
the listener out of the hypnotic trance. Instead, subjects were
invited to fall asleep at any time afterward. In total, duration
of the tape was 13 min in which 932 words were spoken with
a soft, slow, hypnotic, calming voice, frequently containing
relaxing words such as “sleep deep” “easily”, “relax”, “let go”.

The control text was a documentation concerning natural
mineral deposits taken from Wikipedia (http://de.wikipedia.
org/wiki/Lagerstittenkunde) and was also spoken and recorded
by B. Rasch. The control text was matched to the hypnotic texts
with respect to length in minutes and volume. In this text, 1,712
words were spoken with an everyday intonation and speed. The
text was not designed to contain relaxing or arousing words in
particular, but be as neutral and objective as possible.

In the second hypnotic text used in experiment 2, the iden-
tical induction of hypnotic trance from experiment 1 spoken
by B. Rasch was followed by a hypnotic suggestion to sleep
shallower. More specifically, the auditor was invited to imagine
a picture of a sea and to be on a ship swimming on the surface
of the sea. The picture of the ship on the surface was used as
a metaphor to symbolize light and shallow sleep, and it was
suggested that it is safer to rest on the surface and not to go
deep under water. The recording sounded almost identical to
the recording used in experiment 1, containing 967 words that
were spoken with a soft, slow, hypnotic, and calming voice,
frequently containing words such as “sleep shallow” “easily”,
“relax”, “let go”. As in experiment 1, the tape with hypnotic
suggestions ended without bringing the listener out of the
hypnotic trance.

The audio files with hypnotic suggestions (deep and shallow)
as well as the control text are accessible on our homepage:
http://www.psychologie.uzh.ch/fachrichtungen/allgpsy/biopsy/
links.html

2. Assessment of Suggestibility
Prior to participation in the experiment, suggestibility was
assessed for all candidates using the Harvard Group Scale of
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Hypnotic Susceptibility Test, Form A (HGSHS: A;' German
translation,?), which represents a widely used standard measure
of hypnotic suggestibility on a scale from 0 to 12. Of the
initially screened 112 females, 68 turned out to be low suggest-
ible according to the classification proposed by Bongartz.? In
the literature, suggestibility is reported to be normally distrib-
uted into high (49%) and low (51%) suggestible subjects** and
quite robust test-retest correlations are reported.* In experi-
ments 1 and 2, only females with a suggestibility index from
7 to 12 were included (highly suggestible subjects), whereas
females with a suggestibility of 0 to 6 were included in experi-
ment 3 (low suggestible subjects). Mean suggestibility was
significantly lower in experiment 3 F(1,41) =83.58, P <0.001.

3. Behavioral Tasks

In the Psychomotor Vigilance Test (PVT), a millisecond
counter was displayed at random intervals and subjects had to
press the space bar on the keyboard as quickly as possible after
it began to count upward. The achieved reaction time in ms was
displayed thereafter for 1 sec. The test is highly sensitive to
measure the effects of tiredness on vigilance.’

The Word Pair Associate Learning Task (PAL) consisted of
80 pairs of semantically related words that were taken from
Rasch et al.® Two randomized and parallel lists were constructed
according to concreteness, imagery, meaningfulness, valence,
and arousal ratings as well as association strength of the words
(see Table S1 for the word lists). Word pairs (e.g., clock-church)
were presented in black font on a white background with EPrime
on a computer screen. After a fixation cross, present for 500 ms,
word pairs were presented sequentially for 1 sec per word, sepa-
rated by a blank interval of 200 ms. A blank interval of 500 ms
preceded the next fixation cross. The order of the word pairs
was at random. Subjects were asked to learn the association
between the two words for later cued recall, meaning recall of
the second word, when only the first one was presented. The
order of words during recall did not correspond to the one during
learning. Response time was not restricted and no feedback was
given. Retrieval was tested immediately and after the nap while
word pairs were presented in the same order during both recall
phases. Memory performance was measured using the number
of correctly recalled words at retrieval after napping relative to
the correctly recalled words after the learning phase. As a conse-
quence, values can exceed 100%.

In the Procedural Finger Sequence Tapping Task,’ the term
“memory consolidation” refers to a process whereby a memory
becomes increasingly resistant to interference from competing
or disrupting factors with the continued passage of time. Recent
findings regarding the learning of skilled sensory and motor
tasks (“procedural learning”) subjects were asked to replicate a
five-element finger sequence with their nondominant hand on a
keyboard as fast and as accurately as possible. Learning period
contained nine 30-sec trials interrupted by 30-sec breaks during
which the sequence did not change and was displayed during the
whole trial. The recall period after the nap contained only three
trials. Each subject randomly conducted each of two created
number sequences (4-1-3-2-4 versus 4-2-3-1-4) in either of the
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Table S1—Parallel versions of the paired associate task involved words, balanced according to concreteness, imagery, arousal, meaningfulness, association
strength, frequency in use, and word length®
Version A Version B Version A Version B
Word1 Word2 Word1 Word2 Word1 Word2 Word1 Word2
Chance Begegnung Trinkspruch Sprichwort Betrag Wechsel Frage Einwand
Plan Grossstadt Chaos Struktur Theorie Ausnahme Haut Blut
Zeit Ursprung Sklave Konig Aufgabe Erledigung Kritik Zweifel
Erdgeschoss Dachboden Kugel Quadrat Geschichte Entwicklung Uhr Kirche
Profil Photographie Sturm Windhauch Diener Haltung Schicksal Ironie
Besitz Anteil Rustung Angriff Erforschung Patent Verlust Abnahme
Tauschung Echtheit Anekdote Witz Fahne Eroberung Kriterium Auswahl
Gebaude Hotel Bediirfnis Werbung Diamant Gold Begriissung  Freundlichkeit
Apfel Pfirsich Mangel Verzicht Bettler Unglick Neffe Grossmutter
Tat Absicht Schamgefiihl Korper Begabung Vererbung Harte Kraft
Auto Prestige Ruckschritt ~ Vergangenheit Verrat Treue Tal Wiese
Norm Moral Information Inhalt Stirn Kinn Sprache Akustik
Definition Konzept Nasse Gewitter Gedicht Liebe Komddie Drama
Segen Schépfer Erde Stein Andeutung Verdacht Gespenst Erscheinung
Geist Flasche Demokratie System Gruppe Versammlung Prifung Misserfolg
Forderung Gehalt Becher Kaffee Laune Humor Erlésung Himmelreich
Meineid Ehrenhaftigkeit Staub Sauberkeit Genuss Zigarre Anforderung Schwierigkeit
Industrie Branche Urheber Kausalitat Merkmal Detail Maler Pianist
Pudding Stissigkeiten Form Kreis Besessenheit Teufel Fass Keller
Stolz Ruhm Figur Brett Labyrinth Suche Auswertung Ergebnis
Zwielicht Unterwelt Vogel Katze Nagel Metall Zuwachs Fortschritt
Wolle Kleidung Beruf Anerkennung Angst Schlange [llusion Wahrnehmung
Vergleich Gleichnis Bargeld Wert Angebot Markt Tier Frosch
Alkohol Opium Pelz Fuchs Ziel Richtung Gras Vieh
Beweis Tatsache Spass Feier Klippe Abgrund Traum Wirklichkeit
Gesundheit Impfung Stern Weihnachten Salat Garten Dammerung  Morgengrauen
Papier Brief Begriff Bedeutung Dickicht Wald Seegang Dampfer
Gift Mord Fahigkeit Veranlagung Gottin Gebet Bungalow Siedlung
Junge Madchen Zeitung Druck Anfihrer Chef Geisel Gefangener
Armut Elend Puppe Kind Musiker Akkordeon Postkutsche Pferd
Vulkan Explosion Stille Einsamkeit Gliick Zufall Disziplin Gehorsam
Stuhl Sessel Losung Problem Himmel Firmament Schmetterling Bliite
Gedéchtnis Elefant Absprache Vertrag Ergénzung Zusatz Gnade Barmherzigkeit
Richter Gerechtigkeit Sanger Kiinstler Zimmer Ecke Anstand Sitte
Geschrei Panik Nutzen Kosten Polizist Wache Berg Hitte
Heldenmut Tapferkeit Maschine Apparat Schiiler Dozent Macht Herrscher
Ansicht Meinung Eingebung Idee Schlemmer Leckerbissen Freund Vertrauen
Larve Raupe Empfehlung Rat Ménch Nonne Blick Perspektive
Leidenschaft Kuss Gehirn Bewusstsein Moor Sumpf Verschleierung Kopftuch
Dampf Lokomotive Grundrecht Verfassung Sauerstoff Luft Ehe Verlobung

experimental sessions. Feedback about the number of completed
sequences and the error rate was given after each block. The
average score of correct sequences during the final three blocks
was taken as measure of procedural memory performance
before sleep while recall performance after sleep was measured
by the average score of correctly completed sequences of the
entire three blocks that were presented. “Overnight” changes
in speed (number of entered sequences) and percentage of error
rate (amount of errors per correct sequence), were calculated in
percent, with performance before sleep set to 100%.
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4, Polysomnographic Recordings

Sleep was recorded with electromyographic (EMQG), electro-
cardiographic (ECG), and 128 electroencephalographic (EEG)
electrodes (Electrical Geodesics, Inc.) referenced against the
Cz channel using a sampling rate of 500 Hz. Data were prepro-
cessed with VisionAnalyzer 2.0 (Brain Products, Germany),
filtered using a notch filter (50 Hz) and standard filter settings
suggested by the American Academy of Sleep Medicine
(AASM) (e.g., EEG 0.3-35 Hz*) and referenced against the
mastoids. Sleep was visually scored based on derivations F4,
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Table S2—Sleep parameters for the first three experiments including highly suggestible subjects
Experiment 1 Experiment 2 Experiment 3
In % of TST Hypnosis Control Hypnosis Control Incomprehensible Control
N1 10.50 £ 1.52 9.38 £ 1.11 15.03 £2.43 12.78 £1.92 473 +0.90 12.58 £ 7.11
N2 40.99 + 3.47 43,07 £4.99 49.29 +5.32 4492 +4.14 44.80 + 6.08 50.44 +6.38
SWS 30.60 + 4.89° 16.89 £ 4.38 22.33+3.91 2416 +3.20 25.72 £ 5.50 26.64 +6.83
REM 10.56 £2.99 8.32 £2.96 4.36 +£2.05 539+1.79 454 +£2.50 289+ 140
WASO 7.34 £3.882 22.34 +7.60 9.20 +3.87 12.72 £ 4.45 12.50 £ 5.54 1412 £7.82
In minutes
Time in bed 92.32+1.26 92.13+1.00 90.18 + 0.40 90.46 + 0.67 89.86 + 0.30 90.36 + 0.81
TST 7411 +£4.89 75.68 + 4.86 64.39 + 6.24 67.29 + 5.60 7042 +7.48 70.58 +8.72
WASO 5.00 £2.39° 15.75 £ 5.06 6.00 +2.63 7.32£2.68 7.25+2.62 529+3.16
Sleep latency 15.18 £4.06 15.29£3.70 14.93 £ 2.60 20.18 +4.12 9.54 +2.20 19.92 £ 8.56
SWS latency 12.82£0.90° 27.89 +6.81 19.61+4.18 15.93£2.10 2742 +7.84 19.08 £ 6.47
REM sleep latency 56.61 +4.29 63.39 + 4.86 65.04 +5.12 64.43 +3.80 67.04 +7.42 62.08 + 8.49
Theta during listening 13.46 £2.16° 11.05 £ 1.82 14.69 + 1.37 16.48 +2.05
SWA parietal 77.30 + 2.45° 70.64 +2.68 70.16 +2.29 7224 +2.57
NREM cycles total 1.86 £0.14 1.93+0.27 143+0.23 150 +£0.17
Values are means + standard error of the mean. Stage 1 and 2 sleep (N1 and N2), slow wave sleep (SWS), rapid eye movement sleep (REM), time awake
after sleep onset (WASO), total sleep time (TST), slow wave sleep latency (SWS latency), theta overall mean, and slow wave activity (SWA) in parietal
derivations. Significant differences are indicated by 2P = 0.07; °P < 0.05. NREM, nonrapid eye movement.

C4, 04, HEOG, VEOG, and EMG using
30-sec periods according to standard
criteria of the AASM® by two sleep experts

blind to condition. In case of disagreement, In % of TST

a third expert was consulted who was also N1

blind to condition. Stages 1-3, rapid eye N2

movement (REM) sleep, and wake after SWS

sleep onset (WASO) were scored. REM

5. Analysis of EEG Data WA_\SO
For a more fine-grained exploratory In minutes

Time in bed

analysis of the effects of hypnotic sugges-
tions on oscillatory brain activity, high- ST

density EEG recordings were subjected to WASO
power spectral analysis. For the analysis Sleep latency
of direct effects of the hypnosis or control SWS latency

text, data from the 13 min during tape
listening were segmented into segments
of 4,096 data points (= 4 sec) with an
overlap of 409 between segments. For the
analysis of the effect of hypnotic sugges-
tions on sleep, only nonrapid eye move-
ment (NREM) sleep segments of N2 and
N3 were selected and similarly segmented
in periods of 4,096 data points with an

SWA parietal

Table S3—Sleep parameters for the last two experiments including low suggestible subjects.

REM sleep latency
Theta during listening

NREM cycles total

Values are means + standard error of the mean. Stage 1 and 2 sleep (N1 and N2), slow wave sleep
(SWS), rapid eye movement (REM) sleep, time awake after sleep onset (WASO), total sleep time
(TST), slow wave sleep latency (SWS latency). Significant differences are indicated by 2P = 0.08;
P < 0.05. NREM, nonrapid eye movement.

Experiment 4 Experiment 5

Hypnosis Control Hypnosis Control

899+135 819+1.22 760+240  455+059
4571+£6.06 39.20 +£4.60 4599 +£6.55 5052 +3.97
1847 +£3.87° 28.12+4.67 2716 +4.76  34.70 £14.59
1M.77+£390 11.38+3.24 0.60+0.60° 8.22+262

8.63 £4.41 5.82 +1.50 1735827 197042

91.6+094 9579+2.18 90.00+0.18 89.77 £ 0.41
70.00 £5.89° 79.53£6.22 70.63£6.61 78.50 +3.26

593+284 470%1.19 1229 +5.69° 1.50 £0.31
1470+ 6.07 16.37+6.34 9.88 £ 2.31 7.63+1.85
2460+6.80 18.03+5.14 2850+6.86 19.25+3.49
49.00+£812 63.70+5.54 7779295 70.58+3.92
1438 +123 15.09+1.57
73.61+£230 75.59+245

1.73+0.21 1.87£0.19

overlap of 409 between segments. Partici-
pants lacking NREM sleep were excluded
from the analysis. In both analyses, movement artefacts were
controlled by automatically removing segments during which
EMG activity was above £ 200 pV. A Hanning window (10%)
was applied on each 4,096-point block of EEG data before
calculating the power spectra using fast Fourier transform with
a resolution of 0.2 Hz. Individual mean power was determined
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in the slow wave band (0.5-4.5 Hz) averaged across all NREM
sleep episodes and in the theta band (4.5-8.0Hz) during listening
to the auditory tape. Data were normalized on the average total
power between 0.5 and 50 Hz. SWA was defined as power
density between 0.5-4.5 Hz during NREM sleep, theta activity
as power in the 4.5-8 Hz range during listening to the texts.
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Table S4—Overview of how many subjects reported to have listened or not focused on the text or tried to ignore the voice
Text Listened, tried to imagine Not focusing on the voice Ignore the voice Others
Exp. 1 Hypnosis 9 (64.3%) 5(35.7%) 0 0
(n=14) Control 3 (21.4%) 8 (57.1%) 3 (21.4%) 0
Exp.2 Hypnosis 9 (69.2%) 3(23.1%) 0 1(7.7%)
(n=13) Control 3(23.1%) 8 (61.5%) 2 (15.4%) 0
Exp. 3 Incompr. 0 4 (33.3%) 7 (58.3%) 1(8.3%)
(n=12) Control 3 (25%) 7 (58.3%) 2 (16.7%) 0
Exp. 4 Hypnosis 8 (53.3%) 6 (40%) 0 1(6.7%)
(n=15) Control 2(13.3%) 6 (40%) 4(26.7%) 3 (20%)
Exp. 5 Hypnosis 8 (66.7%) 1(8.3%) 2 (16.7%) 1(8.3%)
(n=12) Control 6 (50%) 5 (41.7%) 1(8.3%) 0
Values represent total number of subjects (percentage in brackets). Exp, experiment.
Table S5—Performance on memory tasks
Word-pair learning Hypnosis Control t P
Experiment 1 Encoding 40.36 + 2.55 37.57 £3.35 t(13)=1.29 0.22
Recall 4143 +£2.71 37.71+£3.40 t(13)=1.39 0.19
% Change 102.92 + 3.34 100.41 £ 1.30 t(13)=0.73 0.48
Experiment 2 Encoding 40.00 + 3.40 38.00 £ 3.05 t(13)=0.78 0.45
Recall 38.36 + 3.59 38.14 + 3.46 £(13)=0.08 0.94
% Change 94.96 +4.78 98.82 +2.63 £(13) =-0.99 0.34
Experiment 3 Encoding 34.92+£2.98 31.00 £2.53 t(11)=0.99 0.35
Recall 35.33+3.37 31.58 +2.76 t(11)=0.92 0.38
% Change 100.23 £ 2.53 101.79 £2.90 t(11)=-0.40 0.70
Experiment 4 Encoding 37.07 £3.40 31.20 £ 3.64 t(14) = 2.62 0.02
Recall 37.13+£3.46 31.27 £ 3.56 t(14)=2.27 0.04
% Change 106.58 + 8.76 101.33 £3.92 t(14)=0.53 0.60
Experiment 5 Encoding 3292 +4.45 3292 +4.04 t(11) = 0.01 0.99
Recall 33.17+4.28 33.75+4.28 t(11)=-0.13 0.90
% Change 99.74 +4.40 99.59 +4.91 t(11)=0.02 0.98
Sequence finger tapping Hypnosis Control t P
Experiment 1 Encoding 17.38 £ 0.89 16.83 £ 1.00 t(13)=0.78 0.45
Recall 20.22+0.78 18.95+1.00 t(13)=1.53 0.15
% Change 118.82 £ 6.14 114.23 £4.14 t(13)=0.78 0.45
Experiment 2 Encoding 1822 £1.11 17.64 £1.07 t(13)=0.48 0.64
Recall 20.98 +1.53 20.14 + 1.56 t(13)=0.96 0.35
% Change 116.62 £ 6.58 113.54 £5.44 t(13)=0.48 0.64
Experiment 3 Encoding 15.58 £ 0.83 16.31£0.74 t(11)=-1.07 0.31
Recall 18.42 £ 1.43 19.28 £1.25 t(11)=-0.70 0.50
% Change 117.37 £5.36 117.80 + 4.66 t(11)=-0.07 0.95
Experiment 4 Encoding 15.86 £ 1.16 15.69 £0.92 t(13) =-0.45 0.66
Recall 18.90 £ 1.27 19.48 £1.45 t(13) =-0.65 0.53
% Change 126.48 +5.21 13218 £12.79 t(13) =-0.45 0.66
Experiment 5 Encoding 16.11£1.13 14.92 £ 1.66 t(11)=0.88 0.40
Recall 19.58 £ 1.41 19.20 £1.77 t(11)=0.24 0.82
% Change 119.79 £5.19 124.81+545 t(11) =-0.56 0.59
Values are absolute values of encoding level and percentage of change (amount of recall with performance at encoding set to 100% + standard error of the
mean). Right column indicates P values from pairwise t-tests for encoding, recall, and change. Exp, experiment.
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For statistical analysis, six topographical
regions were defined: right frontal (electrodes
1-5, 8-10, 14, 116-118, 124, 121-123), left
frontal (electrodes 12, 17, 19-26, 28, 32-34, 38),
right central (electrodes 79, 80, 87, 93, 102-106,
108-112, 114, 115), left central (electrodes 7,
13, 29-31, 35-37, 39-42, 44-46, 54), right pari-
etal (electrodes 76-78, 82-86, 89-92, 95-98, 100,
101), and left parietal (electrodes 47, 50-53,
57-61, 64-67, 69-71, 74) (see Figure S1). We
used the within-subjects factors “topography”
(frontal, central, parietal), “laterality” (left, right),
and “text” (hypnosis versus control) separately
in each experiment for the repeated-measures
analysis of variance on slow wave activity during
NREM sleep and on theta activity during listening
to the audio tape. In addition, we show results for
a representative single electrode (electrode P4)
for an analysis of the specificity of the effects on
the power spectrum.

ABBREVIATIONS
PVT, psychomotor vigilance test
PAL, word pair associate learning task
NI and N2, stage 1 and 2 sleep
SWS, slow-wave sleep
REM, rapid eye movement sleep
TST, total sleep time
SWS latency, slow wave sleep latency
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Table S6—Overview how many subjects reached rapid eye movement sleep separately for
condition, including the results of the McNemar test for paired proportions

Experiment 1 Experiment 2 Experiment 4

Hypnosis Control Hypnosis Control Hypnosis Control

Subjects reaching

REM sleep 10 7 5 6 10 8
Subjects not

reaching REM sleep 4 7 9 8 5 7
P 0.25 0.99 073

Exp, experiment; REM, rapid eye movement.

Table S7—Number of nonrapid eye movement cycles until the first occurrence of rapid
eye movement sleep and total amount of nonrapid eye movement cycles in the 90 min nap
(¢ standard error of the mean).

Hypnosis Control t P
NREM cycles Experiment1  1.5+0.14 1714022 -1.15 0.27
until first REM  Experiment2 1.36+020 1.29+0.16 0.37 0.72
Experiment4 1.40+0.19  1.67 £0.21 1.7 0.10
NREM cycles Experiment1 1.29+0.16  1.57£0.25 -147 0.17
Before wake Experiment2 1.07+025 1.07+£020 <0.001 >0.99
Experiment4 1.20+0.18  1.33+0.21 -0.70 0.50
NREM cycles Experiment1 1.86+0.14  1.93+0.27 -0.37 0.72
total Experiment2 1.43+023  1.50+0.17 -0.32 0.75
Experiment4 1.73 +£0.21 1.87 £0.19 -0.62 0.55

Exp, experiment; NREM, nonrapid eye movement; REM, rapid eye movement.

Table S8—Data of fast spindle density in Pz, slow spindle density in Fz and electroencepha-
lographic sigma power (averaged across all electrodes) during nonrapid eye movement

Hypnosis Control t P
Fast Sp|nd|e Experiment 1 2.31+0.31 2.03+0.32 t(1 3) =1.55 0.15
density at Experiment2 1.65+030 1.95+030 t(13)=-1.94 0.08
electrode Pz Eyperiment4  1.86+030 1894031  ((14)=-024 0.82
Slow spinc"e Experiment 1 290+0.34 253+0.31 t(13) =2.00 0.07
density at Experiment2 216+042 242+045 {(13)=-085 0.41
electrode Fz  Fyperiment4  1.94+£026  204+028  (14)=-067 0.51
Mean sigma Experiment 1 4391085 5.02+0.68 t(1 2) =120 0.25
power Experiment2 421+034  458+0.71 t(13)=-0.62 0.55
(11-15Hz)  Experiment4 4.12+055 390+051 ((14)=043  0.68
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movement sleep and changes in theta activity during listening in experiment 1

SWS (min) L frontal SWA R frontal SWA L central SWA  Rcentral SWA L parietal SWA R
SWS (min) 0.81 0.86 0.85 0.89 0.91
P <0.001 P <0.001 P <0.001 P <0.001 P <0.001
P=0.025 P=0.05 P=0.05 P=0.09 P=0.06 P=0.05
P=0.026 P=0.07 P=0.06 P=0.12 P=0.07 P=0.06

Correlations were analyzed with the differences in parameters between hypnosis and control condition. For a definition of frontal, central and
see supplemental methods. L, left; R, right; SWA, slow wave activity; SWS, slow wave sleep.

Table S9—Caorrelations between hypnosis-induced increases in minutes spent in slow wave sleep and changes in slow wave activity during nonrapid eye
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Figure S1—Topographical regions used for the statistical analysis of the EEG data. We defined six topographical regions (as indicated by gra
left (FL), frontal right (FR), central left (CL), central right (CR), parietal left (PL), parietal right (PR).

y areas): frontal
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