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The beneficial effects of placebo treatments on fear and anxiety (placebo anxiolysis) are well known from clinical practice, and there is
strong evidence indicating a contribution of treatment expectations to the efficacy of anxiolytic drugs. Although clinically highly relevant,
the neural mechanisms underlying placebo anxiolysis are poorly understood. In two studies in humans, we tested whether the adminis-
tration of an inactive treatment along with verbal suggestions of anxiolysis can attenuate experimentally induced states of phasic fear
and/or sustained anxiety. Phasic fear is the response to a well defined threat and includes attentional focusing on the source of threat and
concomitant phasic increases of autonomic arousal, whereas in sustained states of anxiety potential and unclear danger requires vigilant
scanning of the environment and elevated tonic arousal levels. Our placebo manipulation consistently reduced vigilance measured in
terms of undifferentiated reactivity to salient cues (indexed by subjective ratings, skin conductance responses and EEG event-related
potentials) and tonic arousal [indexed by cue-unrelated skin conductance levels and enhanced EEG alpha (8 –12 Hz) activity], indicating
a downregulation of sustained anxiety rather than phasic fear. We also observed a placebo-dependent sustained increase of frontal
midline EEG theta (4 –7 Hz) power and frontoposterior theta coupling, suggesting the recruitment of frontally based cognitive control
functions. Our results thus support the crucial role of treatment expectations in placebo anxiolysis and provide insight into the under-
lying neural mechanisms.
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Introduction
A placebo effect is a psychobiological phenomenon occurring
after the administration of an inactive treatment (e.g., inert sub-
stance, sham surgery) along with verbal suggestions of clinical
benefit (Price et al., 2008). Over the last decades, there has been
significant progress in our understanding of the neurobiological
mechanisms underlying placebo effects (Benedetti et al., 2011), in
particular in the treatment of pain (Büchel et al., 2014), but also
of conditions such as Parkinson’s disease (Benedetti et al., 2004;
Schmidt et al., 2014) or depression (Leuchter et al., 2002). How-
ever, little is known about the neural bases of placebo effects in
the treatment of fear and anxiety. This is remarkable, because in
clinical everyday life placebos are frequently used with the inten-
tion to calm anxious patients (Nitzan and Lichtenberg, 2004;
Sherman and Hickner, 2008) and placebo effects have been

shown to contribute to the pharmacological treatment of anxiety
disorders (Stein et al., 2006; Sugarman et al., 2014) and to the
pharmacological reduction of postoperative anxiety (Benedetti et
al., 2003; Colloca et al., 2004).

An early brain imaging study (Petrovic et al., 2005) could
show that participants who believe to receive an anxiolytic and
sedative drug react less aversively to unpleasant pictures and also
have reduced picture-related neural activation. Together with a
recent finding of placebo effects on picture-induced disgust and
related neural responses (Schienle et al., 2014), this suggests that
negative emotional states beyond pain, including their neural
substrates, can be affected by placebo manipulations (Flaten et
al., 2011).

Fear or anxiety are emotional reactions accompanying the
anticipation of a harmful event (Grillon, 2008). In states of fear,
attention, cognition, and response preparation are narrowed to a
well defined threat that will occur with some predictability in a
relatively circumscribed time window. Phasic fear states to dis-
crete danger are to be distinguished from sustained states of anx-
iety where a potential and unclear threat requires vigilant
scanning of the environment and risk assessment, supported by a
more tonic state of arousal (Blanchard et al., 1993; Walker et al.,
2003; Grillon, 2008).

We developed an experimental design (Fig. 1) that involves
the anticipation over a period of 5 s of a previously experienced
painful electrocutaneous stimulus signaled by a threat cue, to
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induce phasic fear. Several threat (T) and
no-threat (NT) trials (where no pain was
to be expected) are presented in unpre-
dictable order within experimental runs
to create a threatening context that in-
duces a sustained state of anxiety charac-
terized by increased levels of arousal and
vigilance. Participants apply a nasal spray
at the beginning of each run, which is ei-
ther labeled as containing a fast-acting an-
xiolytic (in placebo runs, P) or saline (in
no-placebo runs, NP; Fig. 1). In fact, both
sprays only contain saline, and an anxio-
lytic is never applied.

In two studies, we found evidence for a
placebo-related attenuated reactivity to
salient cues (both T- and NT-cues) as in-
dexed by subjective, autonomic, and elec-
trophysiological measures (fear ratings,
SCRs, EEG event-related potentials). To-
gether with tonic increases of EEG-alpha
power as an indicator of internalized attention (Klimesch et al.,
2007) and reduced tonic skin conductance levels under placebo,
this indicates a downregulation of symptoms typically associated
with sustained anxiety rather than phasic fear. We further iden-
tified a neural signature classically associated with cognitive con-
trol (frontal midline theta power and frontoposterior theta
coupling) that was elevated in P runs.

Materials and Methods
Participants. All participants were healthy, right-handed, and had no
prior experience with psychopharmacological medications in a thera-
peutic context. In a first behavioral study (Study 1), 30 volunteers (mean
age 25.7 years, age range 20 – 45 years, 14 female) were enrolled. 29 fur-
ther volunteers (mean age 26 years, age range 20 –34 years, 14 female)
participated in the following EEG study (Study 2). State and trait anxiety
scores were assessed with the State-Trait Anxiety Inventory (Spielberger,
1985). Participants’ trait anxiety scores ranged from 27 to 55 (mean � SD
38.1 � 6.1) in Study 1 and from 20 to 53 (37.7 � 8.2) in Study 2. State
anxiety before the experiment ranged from 23 to 51 (33.6 � 6.4) in Study
1 and from 25 to 63 (35.1 � 7.8) in Study 2. Before the experiment,
participants rated the expected efficacy of the treatment. Participants
who did not expect a beneficial effect were not further examined. This
procedure reduced sample sizes to N � 28 in Study 1 and N � 27 in Study
2. Of these, N � 26 and N � 23, respectively, could be analyzed for effects
on skin conductance and N � 24 (Study 2) for effects on the EEG (see
below). The Ethics Committee of the Medical Board in Hamburg, Ger-
many, approved the study and all participants gave written informed
consent. The consent form included information about the experimental
procedures but did not include statements that participants would be
deceived and that the purpose of the study was to investigate placebo
anxiolysis. Participants were informed about these important aspects
only during debriefing.

Procedure. The volunteers were informed that they would be partici-
pating in a clinical study examining the electrophysiological effects of
lorazepam, a potent anxiolytic drug administered as a nasal spray. Loraz-
epam is in fact not available as nasal spray and was never administered in
this experiment. To further induce positive treatment expectations, each
participant received a fictive information brochure that informed about
effects and potential side effects of lorazepam. Each participant received
two differentially labeled nasal sprays that both contained normal saline.
The placebo spray was labeled as a real drug and was marked with the
uppercase letter “L,” whereas a control spray was labeled as normal saline
with the uppercase letter “N” (NaCl). We told participants that perceived
effects of the lorazepam spray appear after �30 s and last for 2–3 min.
Participants then rated their treatment expectations on a visual analog

scale (VAS) ranging from 0 (no expectation) to 100 (very high expecta-
tion). The experiment itself consisted of six runs under placebo (P runs)
and 6 control runs (NP runs) in pseudo-randomized order (Fig. 1). Each
run began with the instruction to apply the corresponding spray once
into the indicated nostril. Instructions were presented for 45 s and fol-
lowed by six to seven T and five NT trials. In T trials, participants knew
they might receive a painful electric stimulus with a probability of 25% at
any time during the 5 s that a red square was presented on the screen. One
to two of the T trials per run were paired with a painful stimulus and later
excluded from the analysis. In NT trials, a green square was presented for
5 s and participants knew they would not be stimulated. Trials were
separated by a 5– 8 s presentation of a fixation cross. A treatment-
induced reduction in fear of the painful electrocutaneous stimuli was
explicitly suggested by the experimenter. Throughout P runs, an L was
additionally presented on the screen to remind participants of the ap-
plied treatment, whereas in NP runs an N was presented. At the end of
each run, participants rated their average level of fear for both T and NT
trials on a VAS ranging from 0 (no fear/tension) to 100 (high fear/ten-
sion). The average duration of a single run was 2.3 min. After six runs,
participants paused for 3 min.

Electrical stimulation. Painful electrical stimuli consisted of trains of
three square wave pulses of 2 ms each, separated by 50 ms intervals. Pain
stimuli were generated by a DS7A electrical stimulator (Digitimer) and
delivered on the right dorsal hand through a surface electrode. In a prior
calibration procedure, participants were asked to rate increasing stimu-
lus intensities on a scale from 0 (no pain) to 10 (strong pain). An intensity
corresponding to a pain level of 7 was used in the experiment.

Skin conductance recordings. Skin conductance (SC) time courses were
recorded with a CED2502-SA SC unit (Cambridge Electronic Design;
CED) and recorded with Spike 2 software (CED). Data were down-
sampled to 100 samples per second (sps) and denoised by applying a
Butterworth low-pass filter with cutoff frequency of 20 Hz and additional
Gaussian smoothing (� � 40 ms).

Skin conductance level and response analysis. SC signals can generally be
described as consisting of two separable components, a slowly varying
component (the SC level, SCL) and a rapidly varying component (the
phasic SC responses, SCRs). The SCL reflects a tonic or background state
of sympathetic arousal (Zahn et al., 1981; Boucsein et al., 2012), whereas
SCRs are immediate sympathetic responses to discrete stimuli, such as
threat cues (Büchel et al., 1998; Benedek and Kaernbach, 2010; Boucsein
et al., 2012). To distinguish phasic fear-related responses induced by cue
onset from sustained anxiety-related tonic arousal levels within a run, we
decomposed SC time courses into a slowly varying tonic component
SCtonic and a rapidly changing phasic component SCphasic using a decon-
volution method implemented in the MATLAB toolbox Ledalab V344
(Benedek and Kaernbach, 2010). The applied method first deconvolves

Figure 1. Study design. The study used a two by two factorial design with factors threat (NT, T) and placebo (NP, P). An
experiment comprised six runs in which participants were under the verbally induced illusion to receive an anxiolytic pharmaco-
logical treatment (P runs) and six runs without placebo (NP runs). Each run began with the intake of either of one nasal sprays
labeled “L” (in P runs) and “N” (in NP runs). Within each run, there were 11–12 trials of T (red square) or NT (green square), each
of 5 s duration. During T trials, participants knew they receive a painful electric shock with a probability of 25%. We reasoned that
T trials compared with NT trials induce a phasic fear reaction, whereas the temporally unpredictable occurrence of T trials within
runs created an uncertain, threatening context that induces sustained anxiety. At the end of each run, participants were asked to
rate their fear for the red and green squares. Skin conductance (in Studies 1 and 2) and EEG (in Study 2) were measured
concurrently.
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the SC time course with an appropriate impulse response function (IRF)
representing the standard SCR shape. This yields an estimate of the un-
derlying function triggering phasic SCRs (DriverSC). Interimpulse
sections in DriverSC, where no SCRs are generated, are then used to
estimate a tonic driver function (Drivertonic) by an interpolation proce-
dure. Drivertonic is finally convolved with the IRF and represents a suit-
able measure of the underlying SCL (SCtonic) exempt from rapidly
changing SCRs. Subtracting SCtonic from SC leads to an estimate of the
phasic activity (SCphasic), which in turn does not contain any slow SC
variations. An example for a decomposed time course is shown in Figure
2. SCL was defined as the average SCtonic ranging from the onset of the
first cue in a run to the onset of the rating phase minus the average SCtonic

in a 1 s time window before the first cue. Values were z-transformed and
averaged for each participant. SCRs were manually scored from SCphasic

by using a custom-made computer program. SCR amplitudes in micro-
siemens (�S) were scored as the first response occurring from 0.9 to 4 s
after cue onset with minimal response amplitude of 0.02 �S. Values were
logarithmically transformed and log values were range corrected (log(1
� SCR)/max) to account for intra- and interindividual variability (Lyk-
ken and Venables, 1971). A complete lack of any threat-induced SCRs,
excessive baseline activity and a technical problem in one participant led
to the exclusion of two participants in Study 1 and four participants in
Study 2. Finally, SC data from 26 participants in Study 1 and 23 partici-
pants in Study 2 were analyzed.

Statistical analyses of behavioral data. Statistical analyses of behavioral
data were performed by repeated-measures ANOVA using the free soft-
ware environment R (v3.0.0). Main and interaction effects were defined
by the following contrasts:

Main effect of threat: [T/P � T/NP] � [NT/P � NT/NP] � T � NT
Main effect of placebo: [T/P � NT/P] � [T/NP � NT/NP] � P � NP
Threat by placebo interaction: [T/P � NT/P] � [T/NP � NT/NP] �

�TP � �TNP

Significant effects (�-threshold � 0.05) were further characterized by
one-tailed Student’s t tests. Subdivision into high (HR) and low (LR)
placebo responders was done by median split on the main effect of pla-
cebo contrast in fear ratings.

EEG recordings and preprocessing (Study 2 only). Recordings took place
in a sound-attenuated and electrically shielded room. Participants were
seated in a slightly reclined chair in front of a 19 inch computer monitor
and asked to keep their eyes open. The distance between the participant’s
eyes and the monitor was �1 m. Data were collected at a rate of 1000 sps
with 66 active electrodes mounted on an elastic cap (ActiCaps, Brain

Products) using the Brain Vision Recorder
software v1.10 (Brain Products). Electrodes
were arranged according to a modified 10/10
system without electrodes at the positions FPz,
F9, F10, T9, T10, CP3, CP4, P9, P10, PO7, PO8,
and with additional electrodes at positions
PO9 and PO10. Eye movements were recorded
through four EOG channels (positioned at the
outer canthi bilaterally and infra- and supraor-
bitally on the right). An electrode at the FCz
position was used as the reference, the elec-
trode at position AFz served as ground. Imped-
ances were always kept �5 k	. Data were
preprocessed by using the MATLAB toolbox
fieldtrip (v20131120; Oostenveld et al., 2011).
Every trial was subdivided into precue and
postcue epochs ranging from 3500 to 0 ms be-
fore trial onset (used as the intertrial interval,
ITI) and from 500 ms before trial onset to 1500
ms after trial onset, respectively. Before epoch-
ing continuous datasets were bandpass filtered
with cutoff frequencies of 0.1 and 40 Hz for
frequency analyses on precue data and low-
pass filtered with a cutoff frequency of 40 Hz
for ERP-analyses on postcue data. Data were
down-sampled to 250 sps, re-referenced to the
common average, and an independent compo-
nent analysis was applied to remove eye-blinks,

as well as horizontal eye-movements from epochs. Data were finally
baseline-corrected to the average of 3500 –3000 ms before trial onset for
precue epochs (ITIs) and to the average of 500 – 0 ms before trial onset for
postcue epochs. Trials that continued to contain residual artifacts were
removed from further analyses. ERP analyses were performed on postcue
epochs and frequency power analyses were performed on precue epochs.
Three participants were excluded from further EEG analyses due to ex-
cessive artifacts. EEG data from 24 participants were finally analyzed.

ERP analysis. Event-related potentials (ERPs) of interest were pre-
defined based on a pilot study (N � 20), where 60 T and 60 NT trials were
presented without any placebo manipulation. We visually selected three
time windows and corresponding electrode sets showing pronounced
positive deflections under threat (T-NT): P100 (electrodes: POz, PO3– 4,
PO9 –10, Oz, O1–2; time window: 100 –140 ms), P300, and LPP (elec-
trodes: CPz, CP1–2, CP5– 6, TP7–10, Pz, P1– 8, POz, PO3– 4, PO9 –10,
Oz, O1–2; time windows: 280 – 400 and 400 –700 ms, respectively). Each
averaged selection revealed a strong main effect of threat in the pilot
study (P100: t(19) � 4.544, p � 0.001; P300: t(19) � 5.278, p � 0.001; LPP:
t(19) � 8.495, p � 0.001). Our ERP definitions are comparable with other
studies on P100 (Di Russo et al., 2002), P300, and LPP (Hajcak et al.,
2010; Scharmüller et al., 2012) components, though, depending on the
exact type of cue, time windows might slightly differ. To account for the
multiple-comparison problem, we used nonparametric cluster-based
permutation tests (Maris and Oostenveld, 2007) on corresponding t sta-
tistics for either the whole sample (one-sample t tests) or for the compar-
ison of HRs and LRs (two-sample t tests). Electrodes with p values �0.05
were considered as candidate members of a cluster. Cluster-level statis-
tics were calculated by taking the sum of the t values within every cluster.
The number of randomizations was set to 5000 and cluster p values
smaller than a critical alpha-level � � 0.05 indicated significant effects.

Frequency power and coupling analysis. We analyzed EEG alpha power
(8 –12 Hz) in the ITIs to ask whether alpha oscillations as an indicator of
internal as opposed to external attention (Cooper et al., 2003; Klimesch et
al., 2007) were enhanced in P runs in a temporally sustained fashion.
Baseline-corrected segments of 3000 – 0 ms before trial onset were ex-
tracted from precue epochs (see EEG recordings and preprocessing),
Hanning-windowed and fast Fourier transformed (FFT; 1 Hz resolu-
tion). Differences between alpha power in P and NP runs were assessed
by two-tailed Student’s t tests, and cluster-based analyses on all elec-
trodes were used to correct for multiple comparisons as described in ERP
analysis.

Figure 2. Example of a decomposed skin conductance time course. SC time course and underlying tonic component (SCtonic) are
represented by black and gray lines, respectively. The phasic component (SC phasic) can be obtained by subtracting SCtonic (gray line)
from SC (black line). Dashed lines indicate trial onsets of T (red squares) and NT trials (green squares). Painful electric stimuli were
applied in Trials 8 and 12.
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To evaluate the hypothesis that frontal cog-
nitive control mechanisms contribute to pla-
cebo anxiolysis, we asked whether ITI frontal
midline theta (FMT; 4 –7 Hz) oscillations as a
well described measure of internally directed
cognitive control (Hsieh and Ranganath, 2014)
were enhanced in P runs. We additionally ana-
lyzed frontoposterior theta coupling (FPTC;
4 –7 Hz) assessed with the phase locking value
(PLV) during ITIs, which has been introduced
as representing corticocortical information
flow organized under executive prefrontal con-
trol (Sauseng et al., 2007; Anguera et al., 2013).
We focused our analysis on electrode Fz, which
typically shows maximal activity under sus-
tained internally directed cognitive control
(Hsieh and Ranganath, 2014). FMT power was
calculated as mean theta power (4 –7 Hz) of
electrode Fz. Complex FFT coefficients were
further used to calculate PLVs between elec-
trode Fz and all posterior electrodes (CPz,
CP1–2, CP5– 6, TP7–10, Pz, P1– 8, POz,
PO3– 4, PO9 –10, Oz, O1–2) as described by
Lachaux et al. (1999). The PLV ranges between
0 and 1, with 0 meaning no phase coupling and
1 meaning absolute phase coupling between
two electrodes. PLVs corresponding to 4 –7 Hz
were averaged. Differences between PLVs of P
and NP runs were assessed by two-tailed Stu-
dent’s t tests for each combination of electrode
Fz and all posterior electrodes. To correct for
multiple comparisons, again cluster-based
analyses as described above were applied to
identify clusters exhibiting increased coupling
with electrode Fz.

Results
Behavioral results
Study 1 (behavioral study)
Fear ratings (Fig. 3A) revealed a successful
induction of phasic fear by the threat-
predicting cues (Fig. 1, red squares; main
effect of threat, T-NT: F(1,27) � 355.2, p �
0.001). The expectation of anxiolysis by
the nasal spray produced both a main ef-
fect of placebo (P-NP: F(1,27) � 15.9, p �
0.001), and a threat by placebo interaction
(F(1,27) � 15.36, p � 0.001). This pattern
was qualified by a pronounced placebo-
induced decrease of felt fear in threat trials
(T/P-T/NP: t(27) � �4.044, p � 0.001,
one-tailed post hoc t test), which was, how-
ever, accompanied by a significant (albeit less pronounced) de-
crease also in no-threat trials (NT/P-NT/NP: t(27) � �2.7, p �
0.006). Fear ratings were generally low in NT trials (Fig. 3A),
leaving the possibility of a floor effect that might have masked
placebo-related reductions in those trials, thus producing an ar-
tificial interaction. It thus remained unclear whether the anxio-
lytic placebo acted mainly by attenuating a cue-unspecific state of
aversion or arousal (in both T and NT trials) or also genuinely
affected threat cue-specific phasic fear (in T trials only). In-line
with fear ratings, phasic SCRs (Fig. 3B) to the threat and no-
threat cues showed again main effects of threat (T-NT: F(1,25) �
163.8, p � 0.001) and placebo (P-NP: F(1,25) � 5.337, p � 0.0294)
but only a nonsignificant, though trend-like interaction (F(1,25) �
3.963, p � 0.058), again leaving open the question of a genuine

effect on threat cue-specific responses. Clearly supporting a cue-
unspecific placebo action, tonic SCLs (Fig. 3C; see Materials and
Methods for details) throughout each of the 12 experimental runs
were also reduced after application of the placebo spray (P runs)
relative to the control spray (NP runs; t(1,25) � �2.553, p � 0.017,
two-tailed t test). Hence, participants appeared to be tonically less
aroused and reactive to any salient event in the experiment (i.e.,
less vigilant) when under the illusion of an active anxiolytic
treatment.

Study 2 (EEG study)
Cue-unspecific placebo effects presumably indicating reduced
vigilance were also evident in the EEG study, whereas there was
again only limited support for genuine actions on threat cue-
specific responses. As in Study 1, both fear ratings (Fig. 3D) and

Figure 3. Behavioral results (Studies 1 and 2). In both studies, fear ratings (A, D) and SCRs (B, E) to the cues revealed main
effects of placebo (P-NP), indicating a cue-unspecific placebo effect. Tonic SCLs measured throughout experimental runs (C, F )
showed reduced arousal under placebo (P-NP); *p � 0.05; **p � 0.01; ***p � 0.001. Error bars indicate SEM.
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SCRs (Fig. 3E) showed main effects of threat (T-NT; ratings:
F(1,26) � 259.1, p � 0.001; SCRs: F(1,22) � 153.9, p � 0.001) and
placebo (P-NP; ratings: F(1,26) � 18.98, p � 0.001; SCRs: F(1,22) �
8.208, p � 0.009), with an interaction appearing only in fear
ratings (F(1,26) � 19.4, p � 0.001) but not in SCRs (F(1,22) � 0.867,
p � 0.362). Also, tonic SCLs (Fig. 3F) were again globally reduced
by the placebo (P-NP: t(22) � �3.847, p � 0.001, two-tailed).

EEG results (Study 2)
Threat cue-specific versus cue-unspecific responses
To search for potential genuine placebo actions on responses
specifically to the threat-predicting cues, we examined pre-
defined threat-responsive ERPs; see Materials and Methods).
Cluster-based permutation tests revealed significant main effects
of threat (T-NT) for all predefined ERPs: P100 (p � 0.004), P300
(p � 0.004; Fig. 4B), and LPP (p � 0.001; Fig. 4B). There was no

modulation of the P100 component by
the placebo, suggesting our placebo ma-
nipulation did not affect basal sensory
processes. The P300 component showed
main effects of placebo (P-NP) both when
analyzing the electrode exhibiting the
strongest threat main effect (electrode P4:
F(1,23) � 7.039, p � 0.0139; Fig. 4A) but
also when performing a cluster-based per-
mutation test (see Materials and Meth-
ods) within the prespecified electrode set
(p � 0.002; Fig. 4B). However, no threat
by placebo interactions could be identi-
fied with either approach. Like the P300
component, the LPP component also
showed a placebo main effect in the
cluster-based analysis (p � 0.012; Fig.
4B), and like all other components, no in-
teraction. The absence of detectable threat
cue-specific placebo effects in ERPs mir-
rors the behavioral results, whereas the
observation of placebo main effects again
indicates that our placebo manipulation
acted globally on cue reactivity.

Further highlighting a consistent effect
on unspecific cue reactivity across both
behavioral and neural measures, the P300
placebo main effect in the most threat-
responsive electrode (P4) was predicted
by participants’ pre-experimental treat-
ment expectation ratings (r � �0.56, pPear

� 0.005; Fig. 5A); i.e., there was an inverse
relationship between the expected treat-
ment efficacy and the reactivity to salient
cues (vigilance). The P300 effect also cor-
related significantly with the main effect
of placebo in fear ratings (r � 0.445, pPear

� 0.029; Fig. 5B). This result remained
valid when reducing the effect of strong
fear rating outliers by robust regression
(Huber, 1981; prob � 0.037).

Cue-unrelated activity
The observation of tonically reduced
arousal (as evidenced by lower SCLs in
placebo runs, see above) in combination
with reduced unspecific cue reactivity
suggests attenuation of a sustained state of

vigilance or undirected anxiety as the primary effect of our pla-
cebo treatment. We therefore analyzed EEG alpha power (8 –12
Hz) in the ITIs (see Materials and Methods) to ask whether alpha
oscillations, an indicator of internally as opposed to externally
directed attention (Cooper et al., 2003; Klimesch et al., 2007),
were enhanced in P runs in a temporally sustained fashion.
Cluster-based analyses revealed an increase in alpha power under
placebo (p � 0.041) that was only driven by placebo HRs (see
Materials and Methods; p � 0.011), leading to a significant dif-
ference between HRs and LRs (p � 0.014; Fig. 6).

Frontal theta power
A possible cognitive working mechanism, not necessarily incom-
patible with internal attentional focusing, is that participants ex-
ploited the suggested expectations of anxiolysis to exert cognitive
control over their anxiety. To test this hypothesis, we analyzed

Figure 4. ERPs (Study 2). Average activation time courses of electrode P4 time-locked to cue onset (0 s). Significant main effects
of threat (T-NT, red-blue curves) and placebo (P-NP, light-dark curves) were found for the P300 and for the LPP components (A).
Topographic voltage difference maps for the threat and placebo main effects (T-NT: voltage increases, red; P-NP: voltage reduc-
tions, blue) in P300 and LPP (B). White dots indicate electrodes of significant clusters ( p � 0.05).
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theta power in electrode Fz (FMT power) and FPTC in the ITIs
(see Materials and Methods). FMT power was represented by a
distinct peak in the spectrum of electrode Fz between 4 and 7
Hz when averaging over both P and NP runs (Fig. 7A). We
tested multiple classical frequency bands (delta � 1–3 Hz,
theta � 4 –7 Hz, alpha � 8 –12 Hz, beta1 � 13–20 Hz, beta2 �
21–30 Hz, gamma � 31– 40 Hz), but only theta power was
enhanced in P runs relative to NP runs (t(1,23) � 3.198, p �
0.004 two-tailed, �Bonferroni � 0.008; Fig. 7B). This effect dif-
fered significantly between HRs and LRs (F(1,22) � 8.534, p �
0.008; Fig. 7B). This was accompanied by enhanced FPTC
between electrode Fz and a cluster of posterior electrodes ( p �
0.024). Increased FPTC was again only present in HRs ( p �
0.027), but not in LRs (Fig. 7B).

Discussion
In this study, we successfully induced an anxiolytic placebo effect
by coupling an inert medication with a verbally suggested expec-
tation of anxiolysis. Our placebo manipulation solely relied on
explicit verbal information, as opposed to manipulations that
additionally involve a phase of conditioning before the test phase.
In the latter class of studies, participants are initially made to
experience symptom relief (such as a heat pain reduction) in the
presence of the placebo but caused by some other manipulation
(such as a surreptitious lowering of the applied temperature),
which results in a (false) attribution of the relief experience to
the placebo (Eippert et al., 2009). We chose a purely verbal
manipulation to emulate a frequent clinical situation and to
facilitate the interpretation of possible placebo effects as only
reflecting an explicit treatment expectation. Using this manip-

ulation, we obtained consistent evidence for reduced levels of
sustained arousal and vigilance as indicated by lowered tonic
autonomic activity (SCLs) and heightened ITI alpha power
and by attenuated subjective (fear ratings), peripheral (SCRs),
and neural (P300, LPP) cue reactivity. The attenuation in cue
reactivity was unspecific in that it was observed to both threat
and no-threat cues. There was also a tonic enhancement of
neural signatures typically representing frontal cognitive con-
trol (ITI, FMT, and FPTC) which might play a major role in
placebo anxiolysis.

The seminal studies by Petrovic et al. (2005) and Schienle et al.
(2014) have already provided evidence that placebo effects are
not restricted to pain but can also be observed in other aversive
states. More closely addressing the concept of fear/anxiety, Fur-
mark et al. (2008) has shown reductions in amygdala reactivity to
public speaking from before to after receiving chronic placebo
treatment as part of a randomized clinical drug trial in social
anxiety disorder patients. Amygdala reductions were dependent
on serotonin-related gene variants. However, the study design
did not permit to distinguish between actual placebo-related and
mere time-related changes (e.g., habituation, extinction). The
current study was therefore designed to examine the effects of a
pure placebo manipulation specifically on threat responses (i.e.,
fear/anxiety) in healthy participants under well defined con-
trolled laboratory conditions.

A first fundamental question that arises in the mechanistic
study of placebo anxiolysis is whether placebo manipulations

Figure 6. ITI alpha activity (Study 2). ITI alpha activity was increased in placebo relative
to no placebo runs (P-NP) for the total sample. Only HRs but not LRs showed increased
alpha activity in placebo runs. A widespread frontal cluster revealed significant differ-
ences between HRs and LRs (HR-LR). White dots indicate electrodes of significant clusters
( p � 0.05).

Figure 5. Brain-behavior correlations (Study 2). The reduction of P300 amplitudes under
placebo in electrode P4 was predicted by pre-experimental treatment expectations (A) and also
correlated with the placebo main effects in fear ratings across participants (B). pPear, p Value of
Pearson’s correlation; prob, p value of robust correlation.

7370 • J. Neurosci., May 13, 2015 • 35(19):7365–7373 Meyer et al. • Neural Mechanisms of Placebo Anxiolysis



affect fear or anxiety or both. Ethologists have long made a dis-
tinction between fear responses to imminent threats (such as the
presence of a predator), which often involve flight or fight, and
more sustained anxiety responses to distal or potential threats
(such as the odor of a predator), often involving vigilant scanning
and risk assessment (Fanselow and Lester, 1988; Blanchard et al.,
1993; Rodgers, 1997). Both types of behaviors are supported by
partly separable neurochemical systems and neural circuits
(Blanchard et al., 1993; Walker et al., 2003; Davis et al., 2010). A
similar distinction in humans emphasizes the phasic recruitment
of focused attention and cognition and the preparation of reflex-
like defense responses, accompanied by a sudden surge in
arousal, when a threat is near and identifiable (fear), and the
heightening of overall sensory sensitivity and vigilance and the
production of avoidance behaviors, accompanied by tonic
arousal, when a threat is more unpredictable (anxiety; Mobbs et
al., 2007; Grillon, 2008). Clinically, this may correspond to spe-
cific phobic responses versus generalized distress, anxiety, and
worry, only the latter of which are sensitive to benzodiazepines
(Grillon, 2008). Our data do not fully exclude attenuating effects
of our verbal placebo manipulation on phasic fear responses,

potentially evident from the threat by pla-
cebo interaction effects in subjective fear
ratings, indicating a threat cue-specific
placebo action. However, we obtained
clear evidence for the downregulation of
unspecific cue reactivity, or vigilance (in
the placebo main effects in fear ratings,
SCRs, P300, LPP), as well as of tonic
arousal (in SCLs and ITI alpha power).
These findings indicate a placebo action
on sustained anxiety responses.

On the basis of a preferential placebo
action on anxiety-related symptoms (at
least in our paradigm), a second funda-
mental question is which neural sub-
strates of anxiety responses are affected
(downregulated) by placebo anxiolysis.
We here observed a reduction specifically
of later ERPs, in particular the P300 com-
ponent, to both threat and no-threat cues.
The P300 (280 – 400 ms), like the subse-
quent LPP (400 –700 ms), is considered a
measure of allocation of attention and
working memory resources toward salient
external stimuli, making it a suitable mea-
sure of individual vigilance levels (Polich,
2007; Hajcak et al., 2010). So, P300 poten-
tials have been extensively studied in odd-
ball paradigms (Johnson, 1984; Magliero
et al., 1984; Mulert et al., 2004) but also
during threat of shock (Baas et al., 2002;
Weymar et al., 2013) or in symptom prov-
ocation in phobics (Kolassa et al., 2005;
Scharmüller et al., 2011). The P300 ampli-
tude can be modulated by the general
arousal level (Polich and Kok, 1995) and
concurrent cognitive demands (Isreal et
al., 1980; Brookhuis et al., 1981; Kok,
2001); i.e., the P300 decreases when
arousal is low and concurrent cognitive
demands are high. In response to emo-
tional stimuli the P300 is often followed

by a sustained ongoing late positive potential (LPP) (Hajcak et al.,
2010; Liu et al., 2012). Like the P300, the LPP did not show a
threat cue-specific placebo modulation and was characterized by
similar topographies. It might thus well be that both potentials
can be ascribed to the same neural generators and should be
considered a functional unit.

In-line with an interpretation of reduced anxiety-related vig-
ilance and concomitant tonic arousal as neural effects of the pla-
cebo treatment, we also found widespread placebo-induced
increases in precue (ITI) alpha activity, traditionally considered
an “idling rhythm” that indicates reduced cortical activity (Pfurt-
scheller et al., 1996). Research over the last three decades has
found evidence for an additional, more specific function of alpha
oscillations (Cooper et al., 2003; Klimesch et al., 2007). Based on
data mainly from working memory tasks, Klimesch et al. (2007)
suggested that alpha activity can inhibit nontask relevant cortical
areas, a process necessary for a wide range of demanding cogni-
tive processes and supporting the internal focusing of attention.
Rather than being a mere secondary consequence of the placebo
treatment, sustained alpha increases might therefore also actively
contribute to the placebo effect.

Figure 7. ITI theta activity (Study 2). Illustration of the ITI power spectrum collapsed across P and NP runs of electrode Fz
and the average of all electrodes (Av). Overall power in the theta band was elevated in frontal midline channels including
electrode Fz (A). FMT power was increased during ITIs in placebo relative to no-placebo runs (P-NP) for the total sample
(left column). FPTC was also enhanced in placebo runs. Middle and right columns: HR and LR placebo responders. Signifi-
cant coupling between cluster electrodes and electrode Fz is indicated by dashed lines. Noncluster electrodes are masked
in FPTC results (B).
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This pertains to the third fundamental question in the study of
placebo anxiolysis mechanisms, which is whether there may be
active mechanisms at the neural level that mediate anxiolytic pla-
cebo instructions. The best candidate for such a neurocognitive
working mechanism in our study was a sustained increase (seen
during ITIs in placebo relative to no-placebo runs) in FMT and
FPTC. Frontal theta oscillations are observed in tasks requiring
internalized attention and cognitive control, for instance when
participants are asked to retain items in working memory (Gevins
et al., 1997; Hsieh et al., 2011) but also when regulating emotional
states by reappraisal or meditation techniques (Aftanas and
Golocheikine, 2001; Ertl et al., 2013). Theta phase coupling be-
tween frontal and posterior sites is generally considered an indi-
cator of corticocortical information flow (Sauseng et al., 2007)
and was also reported as a measure of cognitive control (Anguera
et al., 2013). We therefore suggest that placebo anxiolysis is an
active process requiring top-down cognitive control, supported
mainly by frontal substrates. In-line with this hypothesis, func-
tional magnetic resonance imaging (fMRI) studies of placebo-
induced reductions in pain and other negative emotional states
have consistently found placebo-induced activations in prefron-
tal and anterior cingulate sites, often correlated with the magni-
tude of the placebo effect (Wager et al., 2004; Petrovic et al., 2005;
Bingel et al., 2006; Zhang et al., 2011; Amanzio et al., 2013) and
disruption of prefrontal activity during placebo tasks has been
shown to disrupt placebo effects (Benedetti, 2010; Krummen-
acher et al., 2010).

Some limitations of the study should be mentioned. Exact
sources of placebo-related FMT power changes were not local-
ized, and due to volume conduction and common reference ef-
fects FPTC results should be interpreted with caution (Nunez et
al., 1997). We used FMT power and FPTC as biomarkers of cog-
nitive control. Cognitive control is a broad and multifaceted con-
struct, and aspects of cognitive control contribute to a wide range
of behaviors, from simple working memory performance to com-
plex skills, such as cognitive emotion regulation (Ochsner and
Gross, 2005). Many of these behaviors are associated with en-
hanced frontal theta oscillations (Ertl et al., 2013; Hsieh and Ran-
ganath, 2014), and we are unable here to distinguish between
these possibilities. We can therefore only speculate that our neu-
ral indices of active cognitive control might correspond to states
of attentional distraction from the anxiogenic situation (due to
blocked working memory capacities), or to deliberate efforts to
cognitively regulate anxiety via semantic reinterpretation (reap-
praisal) of the situation or via the suppression of emotional ex-
pressive behavior (Gross, 1998), or that they might also be
understood from a predictive coding perspective (Büchel et al.,
2014).

Although our data must leave these questions open, we nev-
ertheless believe that the present study makes an important step
to understanding the neural bases of a clinically highly important
phenomenon, whose further mechanistic dissection might also
inspire new forms of anxiety therapy.
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Büchel C, Geuter S, Sprenger C, Eippert F (2014) Placebo analgesia: a pre-
dictive coding perspective. Neuron 81:1223–1239. CrossRef Medline

Colloca L, Lopiano L, Lanotte M, Benedetti F (2004) Overt versus covert
treatment for pain, anxiety, and Parkinson’s disease. Lancet Neurol
3:679 – 684. CrossRef Medline

Cooper NR, Croft RJ, Dominey SJ, Burgess AP, Gruzelier JH (2003) Para-
dox lost? Exploring the role of alpha oscillations during externally vs.
internally directed attention and the implications for idling and inhibi-
tion hypotheses. Int J Psychophysiol 47:65–74. CrossRef Medline

Davis M, Walker DL, Miles L, Grillon C (2010) Phasic vs sustained fear in
rats and humans: role of the extended amygdala in fear vs anxiety. Neu-
ropsychopharmacology 35:105–135. CrossRef Medline

Di Russo F, Martínez A, Sereno MI, Pitzalis S, Hillyard SA (2002) Cortical
sources of the early components of the visual evoked potential. Hum
Brain Mapp 15:95–111. CrossRef Medline

Eippert F, Bingel U, Schoell ED, Yacubian J, Klinger R, Lorenz J, Büchel C
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