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Abstract

Our previous study showed that placebo expectations can develop in a transferable manner; for example, a placebo
expectation developed within an analgesic experience may lead to reduced anxiety. Considering that activities in such
emotion-responsive areas as the amygdala and insula can be detected through functional magnetic resonance imaging
(fMRI), we used fMRI to further study the transferable placebo anxiolytic effect. A main-effect analysis showed that
activity in the amygdala and insula was reduced in the placebo condition, whereas an interaction analysis showed
activity in the two regions was selectively attenuated in the placebo condition when unpleasant pictures were viewed.
We also observed greater activity in the subgenual anterior cingulate cortex under placebo conditions when either
emotionally negative or neutral pictures were viewed. These data suggest that the anxiety-relieving placebo effect arose
from a reward-related response underpinned by the participants’ expectations.

Descriptors: Placebo anxiolytic effect, Expectation, Negative emotion, Amygdala, Subgenual anterior cingulate

cortex, Functional magnetic resonance imaging (fMRI)

The neural correlates of placebo effects have been studied using
neuroimaging techniques (Konget al., 2006, 2008; Petrovic et al.,
2005; Petrovic, Kalso, Petersson, & Ingvar, 2002; Wager et al.,
2004; Zubieta et al., 2005), and almost all studies employed a
parallel paradigm in which reinforcement and testing were
perfectly intermatched. For example, the analgesic effects of a
placebo were tested by administering an actual potent analgesic
drug (Amanzio & Benedetti, 1999; Benedetti et al., 2003)
or covertly reducing the intensity of painful stimuli when the
placebo is administered (Colloca & Benedetti, 2006; Kong et al.,
2006; Wager et al., 2004) in the reinforcement-learning phase.
Similarly, anxiolytic placebo effects have been investigated by
administering a potent tranquilizer in the reinforcement-learning
phase (Petrovic et al., 2005). (In the present study, “‘reinforce-
ment” refers to coupling an analgesic or anxiolytic response with
an inert placebo. “Analgesic” or “anxiolytic” experiences rein-
force the association between an analgesic or anxiolytic response
and the specific placebo.) However, it is possible that placebo
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expectations transfer from one domain to another. For example,
the belief that an incantation or deity can help one escape danger
could be extended to a belief that such things will also have other
effects, such as bringing good fortune.

Our previous study showed that a placebo expectation can be
transferred from alleviating pain to reducing anxiety (Zhang &
Luo, 2009). We first developed the subjects’ expectations of an
analgesic effect from magnetic treatment (the placebo) by co-
vertly reducing or increasing the intensity of a painful stimulus
when the (sham) treatment equipment was turned on or off,
respectively. We then examined whether the expectation of the
placebo’s efficacy altered the level of negative emotional arousal
in participants while they viewed unpleasant pictures. There are
three important findings in our previous study. First, the results
verified that the placebo expectation was transferable. The pla-
cebo expectation not only significantly induced a direct placebo
analgesic effect on sensory pain and affective pain, but also had a
significant transferable placebo anxiolytic effect on the negative
emotions induced by viewing unpleasant pictures. Second, we
found that negative emotional arousal was reduced only by the
reinforced expectation that was pretrained in a transferable way
in the experimental group; participant expectations of an anxio-
Iytic effect induced by verbal instruction alone in the control
group (e.g., control group received no analgesic reinforcement)
were not associated with a reduced level of negative emotional
arousal. Third, the results of event-related potentials (ERPs) in
participants viewing unpleasant pictures showed that N2 and P2
amplitudes in the placebo condition were significantly increased
and decreased, respectively, relative to a control condition


mailto:luoj@psych.ac.cn

1120

(Zhang & Luo, 2009). The present study is based on the impor-
tant findings from our previous study. In the current follow-up
study, we examine the transferable placebo anxiolytic effect with
event-related functional magnetic resonance imaging (fMRI).

Placebo regulation of negative emotion processing is poorly
understood; to date, only one such study has been conducted by
Petrovic and colleagues (2005). However, it is valuable to inves-
tigate ways to modulate negative emotional reactions because
there is a consensus that negative emotions comprise some of the
main causes of suffering and dysfunction in everyday life (Beau-
regard, Levesque, & Bourgouin, 2001). Petrovic and colleagues
(2005) found that extrastriate visual areas showed reduced ac-
tivities, and the right lateral orbital frontal cortex, rostral ante-
rior cingulate cortex, and ventral lateral prefrontal cortex showed
increased activities in the placebo condition compared with the
control condition; further, activation in the amygdala was neg-
atively correlated with subjective ratings of placebo efficacy.
However, no more correlating fMRI evidence of an emotional
placebo effect exists. Thus, the present study aimed to use event-
related fMRI to provide valuable evidence of the brain mech-
anisms underlying a placebo anxiety-relief effect.

To clarify and extend our understanding of the neural basis of
an anxiety-relieving placebo effect, we used a “transferable” ex-
pectation-reinforcing procedure and event-related fMRI to ob-
serve the neural network involved in the anxiolytic effect of
placebo treatment on negative emotions and the modulatory
network of placebo expectations. In particular, we wanted to
examine whether the reduced negative emotional arousal induced
by a placebo anxiolytic effect was accompanied by attenuated
activity in the amygdala and insula; previous studies revealed
that the two brain structures are particularly involved in the
processing of negative emotion (Costafreda, Brammer, David, &
Fu, 2008; Wright, Martis, McMullin, Shin, & Rauch, 2003) and
show reduced activation during the placebo administration or
reappraising regulation of negative emotions (Ochsner et al.,
2004; Petrovic et al., 2005; Wager et al., 2004). We presented
participants with both unpleasant and emotionally neutral pic-
tures to investigate whether an anxiolytic placebo effect could
“de-emotionalize” highly aversive pictures by making them
affectively similar to emotionally neutral pictures. We also
wanted to determine whether a transferred anxiolytic placebo
effect, like a standard emotion-related placebo effect (Petrovic et
al., 2005), is associated with enhanced activity in the reward-
related areas of the brain, such as the ventral regions of the
anterior cingulate cortex and prefrontal cortex.

Method
Participants

Participants (N =27; 20.64 + 1.09 years; 23 women) were re-
cruited from Beijing Forestry University and the University of
Science and Technology, Beijing. All participants were healthy
and right-handed and had normal or corrected-to-normal vision.
None of them reported a history of psychiatric or neurological
disease or severe physical or emotional trauma. The procedures
of the present study were approved by the local ethics committee,
and written informed consent was obtained from the participants
before they began the experiment.

There were two separate parts to our experiment: a behavioral
portion and an fMRI scanning. All participants first underwent
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the behavioral portion of the experiment. As per a previous study
(Wager, Matre, & Casey, 2006; Zhang & Luo, 2009), the effects
associated with interindividual variation were minimized in the
fMRI scanning portion of the experiment by testing only the
participants who showed a reliable placebo effect (i.e., placebo
responders) in the behavioral portion (see the Results section for
more details). We consequently performed fMRI on 14 partic-
ipants, but our analyses were based on only 13 of these (12
women) because 1 was presented with incorrect stimuli.

Pain and Emotional Stimuli

Pain stimuli were delivered with a CO, laser stimulator (DIMEI-
300, China) with a 2.5-mm spot diameter and a 100-ms pulse
duration. Output energy was kept below 300 mJ to avoid skin
damage. Stimulation was applied to the dorsum of the right
hand, with each stimulus applied to a different spot to avoid
habituation. The emotional pictures used for both the behavioral
and fMRI portions of the experiment were selected from the
International Affective Picture System (IAPS; Lang, Bradley, &
Cuthbert, 2001). In the behavioral experiment, only emotionally
unpleasant pictures were used (M + SE: valence and arousal
were 2.62 + 0.87 and 5.74 £ 0.42, respectively). In the fMRI
experiment, we used both high-arousal unpleasant (arousal:
5.84 £ 0.10; valence: 2.60 4+ 0.10) and low-arousal neutral
(arousal: 3.67 £ 0.15; valence: 5.35+ 0.11) pictures, which
differed significantly from each other in terms of both arousal,
#(59) = 10.588, p<.001, and valence, #(59) = 62.910, p<.001. In
general, rating immediately after each individual picture’s pre-
sentation is ideal for the accurate estimation of emotional
arousal, and some evidence indicates an amplified analgesic effect
in retrospective ratings of pain (Pierre & Gary, 2006). However,
immediate rating also has disadvantages: It makes the scanning
session time-consuming and complicated and can introduce cog-
nitive appraisal in emotional processing. The latter side effect can
disturb and contaminate the passive perception of pictures and
should be avoided, especially in designs using rapid stimulus
presentation. In previous studies, some reports on the placebo
effect have applied retrospective rating for each block of emo-
tional pictures (e.g., Petrovic et al., 2005), whereas others
adopted the immediate rating of each stimulus (e.g., Wager et al.,
2004; Kong et al., 2006, 2008). Given that this study aimed pri-
marily to further explore the neural correlates of a transferable
placebo effect with an fMRI technique that had already been
established in a previous study, we chose to use a retrospective
rating design that was optimal for brain imaging. Accordingly,
the participants were asked to rate each block of stimuli using an
11-point scale (from 0 = no pain or no pleasantness to 10 = un-
bearable pain or unbearable unpleasantness) during the pain and
the emotion part of the experiment.

Procedures

In our previous study, we compared a reinforced expectation
group (in which the transferable placebo expectation was devel-
oped by an analgesic experience in the reinforcement-learning
phase) with a verbal expectation group (in which only verbal
descriptions of the placebo were provided in the learning phase).
The results showed that expectations reinforced by actual anal-
gesia could produce a significant placebo effect on negative emo-
tional arousal. However, expectations that were induced merely
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by verbal instruction did not produce these changes (Zhang &
Luo, 2009). Based on the results of our previous research, we
used fMRI with the transferable reinforced paradigm to inves-
tigate the brain functions involved in the anxiety-relieving pla-
cebo effect on emotional processing.

Behavioral experiment. All 27 participants were informed that
they would be participating in a clinical study examining the
ability of magnetic treatment to alleviate pain and negative emo-
tions. In reality, the equipment associated with the magnetic
treatment was a sham and simply a pretense for studying the
placebo effect. To help develop a belief that magnetic treatment
was efficacious, the participants were told that the equipment and
treatment procedures were designed in accordance with the acu-
puncture point theory of traditional Chinese medicine. Specifi-
cally, they were told that the equipment would exert an analgesic
effect when connected to an electrode on the Hegu acupoint of
the hand receiving the painful stimulation. We ensured that the
participants knew when the electrode was connected to the
equipment and that they thus knew when they were receiving the
“magnetic treatment.”

After the participants received the introductory explanations
mentioned above, they underwent the behavioral experiment.
This portion consisted of three phases: familiarization with the
painful stimuli, a manipulation designed to induce the expecta-
tion that the magnetic treatment would alleviate pain, and a test
to determine the presence of a placebo effect on negative emo-
tional arousal. Participants were gradually familiarized with the
laser pain stimuli in the first phase via the administration of two
sequences of six to seven increasingly intense stimuli. Each se-
quence had an output energy of 80 mJ, 120 mJ, 160 mJ, 200 mJ,
240 mJ, 280 mJ, and 300 mJ. To relieve any fears and uncer-
tainties about the intensity of painful stimuli to be used in the
subsequent phase, the participants were assured that the intensity
would not exceed the highest level to which they were exposed in
the familiarization phase. In the expectation manipulation phase,
the participants received four blocks of painful laser stimulation
and were told that the intensity of the stimuli was always the same
within and across each of these. In fact, the stimulus intensity
varied across the blocks. Six low-intensity stimuli (120 mJ) were
delivered in each of the first and third blocks (i.e., the placebo
blocks) while the treatment equipment was connected to the
electrode (a signal to the participants that the treatment equip-
ment was being used). Conversely, six high-intensity stimuli (220
mJ) were delivered in each of the second and fourth blocks (i.e.,
the control blocks) while the treatment equipment was discon-
nected (a signal to the participants that the treatment equipment
was not being used). Given that the participants were unaware
that the intensity of painful stimuli was less in the placebo blocks,
they were expected to believe that the reduced feeling of pain was
an effect of the magnetic treatment. This method has been em-
ployed in previous studies (Colloca & Benedetti, 2006; Kong et al.,
2006). After each block of stimuli, the participants rated the pain
using an 11-point scale (from 0 = no pain to 10 = unbearable pain).

In the test phase of our behavioral experiment, we used un-
pleasant pictures to determine whether an analgesic placebo ex-
pectation of magnetic treatment transferred to negative emotional
arousal, thereby reducing it. The participants were informed that
if the magnetic equipment was connected to an electrode at the
Jiuwei acupoint on the upper abdomen, any negative emotional
arousal would be reduced. They were then presented with two
blocks of unpleasant pictures. The arousal and valence values of
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the pictures were equivalent between the two blocks. For one
block, the participants passively viewed the unpleasant pictures
with the magnetic treatment equipment connected to the Jiuwei
acupoint electrode (i.e., the placebo condition). In contrast, for
the other block, the participants viewed the pictures with the
electrode disconnected from the equipment (i.e., the control con-
dition). The order in which the two blocks were presented was
counterbalanced across participants. Each block contained four
high-arousal, unpleasant pictures. Each picture was presented for
3 s and followed by a fixation cross (“+") for 3 s. Blocks were
separated by a 1-min rest period in order to avoid the potential
confounding of feelings. Immediately after each block, the par-
ticipants provided ratings of unpleasantness using an 11-point
scale (from 0 = no unpleasantness to 10 = unbearably unpleasant).
These ratings were used to identify participants in whom a
behavioral placebo effect on negative affectivity had been induced.
Fourteen participants (seven participants beginning with the pla-
cebo condition and seven participants beginning with the control
condition) showed a greater reduction in reported unpleasantness
in the placebo condition than the mean group reduction (placebo
responders; see the Results section for more details) and were
invited to return for follow-up fMRI scanning. We did not inform
participants of the sham nature of the treatment immediately after
the experiment because our participants came from the same
campus and may have known each other and disclosed experiment
details to one another. Therefore, we reinterviewed and debriefed
them about the true purpose and the deceptive nature of the study
after the entire experiment had concluded. The delay interval be-
tween participation in the experiment and debriefing about the
deception of the magnetic apparatus was 2 to 8 days. In the de-
briefing interview, the experimenter revealed the study’s aim and
design in detail, in particular, the deception of the magnetic ap-
paratus and its necessity for the study. Participants’ questions, if
there were any, were answered in detail, and their verbal and
nonverbal reactions during the interview were carefully observed.
None of the participants were aware of the deception in the study.
Most of them expressed surprise upon learning the truth. Some of
them remarked that the experiment was interesting and important.
None mentioned any undue influence or were upset about
the deception.

fMRI experiment. Only responders selected from the behavioral
experiment participated in the event-related fMRI experiment
(Figure 1B,C). The fMRI experiment consisted of three phases
that were similar to those of the behavioral experiment. To re-
inforce the placebo responders’ belief that the magnetic treat-
ment equipment was effective, they again underwent the
expectation manipulation phase used in the behavioral experi-
ment to establish the placebo’s pain-alleviating effect. Partici-
pants were told that, unlike the behavioral experiment a few days
before, the present experiment would further observe brain re-
sponses produced by the “magnetic acupoint treatment.” Spe-
cifically, they were told that fMRI activity would be recorded
during the anxiolytic treatment, but electroencephalograph
(EEQG) activity rather than fMRI activity would be recorded
during the analgesic treatment because laser pain-stimulating
equipment is strictly forbidden during fMRI. In actuality, the
ostensible purpose of the pain experiment was to investigate EEG
changes during the second round of analgesic treatment, but its
real purpose was to reinforce the placebo effect. Because the
participants might think there was no need for a second pain
treatment if no brain activities were recorded during it, and,
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Figure 1. Experimental design. (A) The general procedure consists of a behavioral experiment and an fMRI scanning. The behavioral experiment was
conducted to select placebo responders, and then followed by fMRI scanning only for placebo responders. (B) The fMRI scanning consisted of three
sessions; each session included one placebo block and one control block. The order of presentation conditions was counterbalanced across all
participants. Participants’ expected unpleasantness ratings and actual unpleasantness ratings were respectively obtained before and after each block. (C)
Timeline for events on each trial. Each picture was presented for 3 s at full-screen size with an interstimulus interval of 3 s, during which a fixation cross

was presented.

therefore, develop doubts about the magnetic treatment, the
sham EEG recording during analgesic treatment was necessary
to justify to the participants why we were repeating the pain
experiment. The placebo effect on negative emotional arousal
was then investigated using fMRI scanning. This testing used
three runs of alternating placebo- and control-condition stimulus
blocks. The runs began with a placebo-condition block for half of
the participants and a control-condition block for the other half.
Each block consisted of 10 unpleasant and 10 neutral pictures.
The arousal and valance values of the pictures were equivalent
across all blocks. Participants were instructed to carefully view
each picture during its 3-s presentation period. Unpleasant and
neutral pictures were pseudorandomly intermixed, and pictures
from the same category were presented no more than three times
in a row to avoid habituation effects. Before and after each block,
the participants separately reported their expected unpleasant-
ness ratings (i.e., ratings provided before the block of pictures
was presented) and their actual unpleasantness ratings (i.e., rat-
ings provided after the block of pictures was presented) on an 11-
point scale.

fMRI Data Acquisition and Analysis

The fMRI imaging was performed with a 3.0 Tesla MRI scanner
(Siemens, Magnetom Trio, Germany) using the standard radio
frequency head coil. Each participant’s head was fixed with foam
pads throughout the experiment to minimize head movements.
Thirty-two transverse slices of functional images that covered the
whole brain were acquired with a T2*-weighted echo-planar
imaging sequence based on blood oxygenation level-dependent

(BOLD) contrast (repetition time [TR] =2 s; echo time [TE] =
30 ms; image matrix =64 x 64; slice thickness =4 mm;
gap = 0.4 mm; FOV =200 x 200 mm; flip angle [FA] = 90°).
For each participant, a high-resolution anatomical scan was ac-
quired at the end of the experiment with a T1-weighted 3D
magnetization-prepared rapid gradient-echo pulse sequence
(TR = 2530 ms, TE =3.37 ms, FA =7°, FOV =256 x 256 mm,
voxelsize=1 x 1 x 1.33 mm, 144 contiguous 1.33-mm-thick
sagittal slices, slice matrix size = 256 x 256).

The preprocessing and statistical analysis of images were per-
formed using SPMS5 software (http://www.fil.ion.ucl.ac.uk/
spm). The first four functional Echo Planar Imaging (EPI) vol-
umes were discarded to allow for T1 equilibration. Preprocessing
of the remaining functional EPI images included slice correction,
motion correction, and normalization. Functional images were
transformed into a standard anatomical space (3 x 3 x 3 mm?
isotropic vexes) based on the Montreal Neurological Institute
(MNI) template. Functional images were spatially smoothed us-
ing a Gaussian filter with an 8-mm full-width half-maximum.
The data were statistically analyzed using general linear models
and statistical parametric mapping.

To assess the neural activity corresponding to the processing
of the two different types of pictures under each of the exper-
imental conditions, four separate regressors were created (CU,
viewing unpleasant pictures in the control condition; CN, view-
ing neutral pictures in the control condition; PU, viewing un-
pleasant pictures in the placebo condition; PN, viewing neutral
pictures in the placebo condition). These were time-locked to the
onset of picture presentation and then convolved with a canon-
ical hemodynamic function. In addition, motion realignment
parameters were modeled to account for variability related to
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head movements. A high-pass filter with a cutoff frequency of
1/128 Hz was used to correct for low-frequency components, and
serial correlations were accounted for with an autoregressive AR
(1) model.

The relevant parameter contrasts generated on an individual
level were submitted to a group analysis using a random effect
model. A2 x 2 full factorial analysis of variance (ANOVA) was
conducted with data from all participants; the factors were ex-
perimental condition (placebo vs. control) and emotional picture
type (unpleasant vs. neutral). Unless otherwise specified, only
whole-brain search results from the random effect analysis with a
threshold at p<.001 (uncorrected) and a spatial extent of more
than 50 continuous voxels and clusters significant at p<.05
(corrected for multiple nonindependent comparisons) are
reported here (Worsley et al., 1996). Given our a priori hypoth-
esis concerning the amygdala, we used an anatomical mask to
perform a small volume correction on activity in the bilateral
amygdala. Moreover, the activation patterns associated with the
two different types of pictures in each of the experimental con-
ditions were characterized by extracting the signal changes from
each region of interest using Marsbar (v. 0.41; http://mars-
bar.sourceforge.net), as recommended by Brett, Anton, Val-
abregue, and Poline (2002). The MNI coordinates of the local
maximum of each cluster were converted into Talairach coordi-
nates, which are reported in each figure and table.

Results
Unpleasantness Ratings in the Behavioral and fMRI Experiments

In the behavioral experiment, placebo responders were defined as
the higher half (n = 14), whose rating scores of actual unpleas-
antness decreased by more than the mean group reduction. A
similar approach to identifying placebo responders was previ-
ously used (Wager et al., 2006; Zhang & Luo, 2009). A two-way
mixed ANOVA, with responders versus nonresponders as a be-
tween-subjects factor and placebo versus control conditions as a
within-subject factor, identified a significant interaction effect in
the behavioral experiment, F(1,25)=21.90, p<.001. Further,
results of simple effect tests indicated that placebo responders
showed significantly decreased unpleasantness ratings in the pla-
cebo condition relative to the control condition, F(1,13)=
43.875, p<.001 (Figure 2A), whereas placebo nonresponders did
not have these changes, which can be taken as evidence that a
placebo effect was indeed induced in the placebo responders.
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In the fMRI experiment, unpleasantness ratings were pro-
vided both before and after each block of pictures. As shown in
Figure 2B, a significant placebo effect was found for both the
expected unpleasantness, #(12) = 5.13, p<.001, and the unpleas-
antness associated with actually viewing the pictures,
1(12) = 7.13, p<.001; in each case, unpleasantness ratings were
lower in the placebo condition than in the control condition.
These results indicate that an anxiety-relieving placebo effect was
operating during the scanning experiment.

Imaging Results

Brain regions showing attenuated activity in the placebo condi-
tion. First, to identify the neural network associated with a gen-
eralized placebo anxiolytic effect, we contrasted the control
condition with the placebo condition regardless of viewing un-
pleasant and neutral pictures. We found that the placebo con-
dition was associated with reduced activity in a widespread set of
regions in the limbic network that are mainly involved in reg-
ulating emotional processes. These include the right amygdala,
the right thalamus, the left and right parahippocampal gyrus,
and several subcortical regions, such as the caudate and lateral
globus pallidus [(CU+CN) — (PU+PN) in Table 1].

Next, to identify the neural network associated with the pla-
cebo anxiolytic effect of the special picture, we contrasted the
unpleasant picture in the control condition with the unpleasant
picture in the placebo condition (CU — PU; Figure 3, top, and
Table 1) and found a similar pattern of activity: decreased ac-
tivation in the right amygdala, right insula, bilateral cingulate,
parahippocampal gyrus, right thalamus, and several subcortical
regions. These results indicate an overall reduction in activity
within a widespread network related to emotional processing in
the placebo condition relative to the control condition.

More importantly, we found several significant clusters (Fig-
ure 3, middle, and Table 1) in the right amygdala, right insula,
and left precentral gyrus when we contrasted scans taken during
unpleasant picture viewing and neutral picture viewing under
the control and placebo conditions [(CU — PU) — (CN — PN) in
Table 1]. In other words, there was a significant interaction be-
tween picture type and experimental condition on the activity
within these regions. To characterize the pattern of this interac-
tion effect, we extracted parameter estimates from the peak voxel
for the right amygdala (Figure 3, middle). The results indicated
that there was attenuated activity in an emotion-related network,
especially in the amygdala and insula, during the processing of
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Figure 2. (A) Actual unpleasantness ratings for placebo nonresponders and responders under the placebo and the control conditions in the behavioral
experiment. Placebo responders showed significantly decreased unpleasantness ratings in the placebo condition relative to the control condition.
*##*p <.001. (B) Both expected unpleasantness (B1) and actual unpleasantness ratings (B2) in the fMRI experiment were significantly reduced in the

placebo condition compared to the control condition.
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Table 1. Activated Regions in the Contrast of (CU+CN) — (PU+PN), CU— PU, and (CU— PU) — (CN— PN)

Talairach coordinate

Regions of activation BA X Y VA Voxels z
(CU+CN) — (PU+PN)
Left lateral globus pallidus —15 0 -3 254 4.72
Right parahippocampal gyrus 28 18 -1 —-10 3.96
Right caudate body 15 -2 25 3.89
Left parahippocampal gyrus 34 —24 2 —-10 3.77
Right thalamus 12 -6 6 3.75
Right amygdala 30 -6 —10 3.21
(CU-PU) - (CN —-PN)
Right precentral gyrus 6 45 —10 36 636 4.44
Right insula 13 33 —16 20 4.06
Right middle frontal gyrus 6 50 2 41 3.44
Left superior frontal gyrus 6 -3 0 64 3.92
Right lateral globus pallidus 24 -9 -2 100 3.82
Right amygdala 30 -1 —10 3.76
CU-PU
Left lateral globus pallidus —15 0 -3 2816 5.38
Right insula 13 33 —16 23 4.85
Right hippocampus 30 —10 —-17 4.73
Left parahippocampal gyrus 34 —24 2 —10 4.59
Right thalamus 15 -5 9 4.44
Right cingulate gyrus/anterior cingulate 32/24/33 18 19 29 4.42
Left thalamus -6 -8 6 4.24
Right precentral gyrus/superior frontal gyrus 6 48 -5 22 4.22
Left anterior cingulate 32 —18 27 15 4.11
Left medial frontal gyrus 8 -9 17 46 4.06
Right amygdala® 27 -7 -20 20 4.38

Notes: Only clusters (with local maxima coordinates) up to the threshold of p <.05 correction with 50 or more contiguous voxels are reported.

“Cluster p<.004 small volume correction.

unpleasant pictures in the placebo condition compared with the
control condition.

Finally, we investigated whether attenuated activity in the
placebo condition correlated with the observed behavioral pla-
cebo effect. To this end, we conducted two separate simple re-
gression analyses to contrast the control condition and the
placebo condition when viewing unpleasant pictures, with the
difference of expected and actual unpleasantness ratings between
the control and placebo conditions as a covariate. With a less
stringent threshold (p<.001, uncorrected), we found that the
attenuated activations in the right amygdala, right insula, ante-
rior cingulate cortex, parahippocampus, and several subcortical
areas positively correlated with decreases in both expected and
actual unpleasantness ratings (Table 2). Taken together, our re-
sults consistently indicate that an emotion-related network of
regions, especially the amygdala and insula, showed significantly
attenuated activity under the placebo condition and that these
reductions in activity were correlated with a behaviorally dem-
onstrated placebo effect.

Regions common to emotional processing and the placebo
effect. To further elucidate whether emotional processing and
the placebo-related treatment shared a common neural network,
we conducted a conjunction analysis using the contrast between
viewings of unpleasant versus neutral pictures in the control
condition and the contrast between viewing unpleasant pictures
in the control versus the placebo conditions. We found that a
widespread network of brain regions, including the bilateral
amygdala, right insula, bilateral thalamus, bilateral cingulate,
bilateral parahippocampal gyrus, and subcortical regions such as

the caudate, putamen, and lateral globus pallidus were affected
(Figure 3, bottom, and Table 3). These regions may thus con-
tribute to both emotional processing and a placebo effect.

Modulation network exhibited increased activity in the placebo
condition. In contrasting the placebo and control conditions,
regardless of whether unpleasant or neutral pictures were viewed,
we found significant activity in the subgenual anterior cingulate
cortex/left caudate head and the right rostral anterior cingulate
cortex (Table 4). Similar results were found when the placebo and
control conditions were contrasted separately for the viewing of
unpleasant (PU — CU) and neutral (PN — CN) pictures (Figure 4
and Table 4). The pattern of activity in the subgenual anterior
cingulate cortex is illustrated in the bar graph in Figure 4. The
results indicate that the identified brain regions were significantly
activated not only when unpleasant pictures were viewed but also
when neutral pictures were viewed.

Discussion

The present study showed that a placebo expectation established
by physical pain alleviation also reduced negative emotional
arousal. An anxiety-relieving placebo effect was ascertained by
both the participants’ subjective ratings and the activity of brain
regions believed to be critically involved in the arousal and reg-
ulation of negative emotions. Both the pain-reducing and un-
pleasantness-alleviating effects were related to the suppression of
anxiety otherwise associated with threatening stimuli. However,
there are considerable differences between experiencing painful
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Figure 3. Top: Selected brain regions showing decreased activation in the contrast of CU-PU in the right amygdala, right insula and right cingulate. (A)
The right amygdala (27, — 7, — 20); (B) the right insula (33, — 16, 23); (C) the right cingulate (18, 19, 29). Middle: Selected brain regions showing
interaction effects (CU — PU) — (CN — PN) and activation patterns in the right amygdala and right insula. (A) The right amygdala (30, — 1, — 10); (B)
the right insula (33, — 16, 20); (C) the activiation patterns from region of interest analysis for the right amygdala. Bottom: Conjunction analysis of
(CU —CN) and (CU — PU). Selected brain regions showing common activations in both emotional processing and placebo-related treatment. (A) The
right amygdala (33, — 9, — 15); (B) the right insula (39, 9, 2); (C) the right cingulate (12, 16, 38); (D) the right thalamus (15, —5, 9).

laser stimulation and viewing unpleasant pictures. This may ex- logical expectations could be a more reasonable explanation for
clude, at least in part, the possibility that classical conditioning this effect. Moreover, unlike a previous emotional placebo study
was responsible for the present placebo effect; instead, psycho- (Petrovic et al., 2005) in which the placebo expectation was de-

Table 2. Regression (Correlation) Analysis between the CU — PU Contrast and the Behavioral Changes

Talairach coordinate

Regions of activation BA X Y VA Voxels z

Correlated with expectation

Left lateral globus pallidus/lentiform nucleus/putamen —21 —15 —4 119 4.82

Left subcallosal gyrus 34 —24 5 —13 3.82

Left parahippocampal gyrus 34 -27 2 - 10 3.77

Right insula 13 33 -11 20 32 3.89

Right hippocampus 30 —13 —-20 10 3.73

Right cingulate gyrus 24 21 5 36 8 3.46

Right amygdala® 30 -7 -20 1 3.23
Correlated with unpleasantness

Left limbic lobe 28 —21 —18 -7 12 4.28

Right insula 13 33 —11 20 1 3.12

Notes: The threshold is set at p<.001 uncorrected.
#Cluster p<.033 small volume correction.
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Table 3. Activated Regions by the Junction Analysis of CU— PU
and CU— CN

Talairach coordinate

Regions of activation BA X Y Z  Voxels z

Left lateral globus —15 0 -3 416 524
pallidus

Left parahippocampal 28 —24 21 -7 4.01
gyrus

Left putaman -30 -—15 -7 3.87

Left thalamus —18 =23 12 3.43

Left amygdala —-33 -1 =20 3.18

Right lateral globus 21 -3 0 417  4.65
pallidus

Right thalamus 15 -5 9 4.44

Right amygdala 33 -9 —15 3.75

Right insula 13 39 9 2 3.67

Right superior frontal 6 9 3 66 305 4.13
gyrus

Left medial frontal gyrus 8 -9 17 46 4.06

Left cingulate gyrus 32 -9 16 24 3.59

Right cingulate gyrus 32 12 16 38 3.47

Notes: Only clusters (with local maxima coordinates) up to the threshold
of p<.05 correction with 50 or more contiguous voxels are reported.

veloped by administering a potent tranquilizer to healthy par-
ticipants in the reinforcement-learning phase, the present study
induced the expectation of an anxiolytic effect by administering
an analgesic experience in the reinforcement-learning phase.
Therefore, the disadvantages of participants’ worries about the
potential side effects of drugs were removed.

We found the placebo effect on emotional processing to be
associated with significantly decreased activity in the amygdala.
This finding is consistent with previous studies on the emotional
placebo effect (Petrovic et al., 2005), cognitive reappraisal (Ochs-
ner et al., 2004), and the use of antidepressants and ataractics for
major depression and panic disorder (Mayberg et al., 1999,
2002). Our analyses also indicated that (a) there was a significant
correlation between decreased activity in the amygdala and re-
duced ratings for the expected level of negative emotional
arousal, and (b) the amygdala was activated during unpleasant

Table 4. Activated Regions in the Contrast of
(PU+PN) — (CU+CN), PU~ CU, and PN — CN

Talairach coordinate

Regions of activation BA X Y Z Voxels z
(PU+PN) — (CU+CN)
Left subgenual 47 —12 17 —=11 102 494
anterior cingulate cortex
Left caudate head -6 14 -6 4.39
Right medial frontal gyrus 25 12 14 -13 3.39
PU-CU
Left subgennual 1 —-12 20 —-11 67 4.67
anterior cingulate cortex
Right anterior 25 3 17 -8 3.38
cingulate cortex
PN-CN
Left subgenual 47 —12 17 —11 83 4.68
anterior cingulate cortex
Left caudate head -6 14 -6 4.43

Notes: Only clusters (with local maxima coordinates) up to the threshold
of p<.05 correction with 50 or more contiguous voxels are reported.

W. Zhang et al.

picture viewing but not during neutral picture viewing in control/
nonplacebo conditions, compared with placebo conditions. This
interaction provides further evidence that activity in the
amygdala is specifically responsive to negative emotion. Other
brain regions showing decreased activity in the placebo condition
included, but were not limited to, the insula, dorsal anterior
cingulate cortex, thalamus and basal ganglia, superior and me-
dial frontal gyri, hippocampus, and parahippocampus. As dis-
cussed in a previous study, decreased activity in the thalamus and
basal ganglia might reflect a placebo-related modulation of visual
afferent information (Wager et al., 2004) and an attenuated pre-
paredness to warning stimuli for emotionally salient information
(Sprengelmeyer, Rausch, Eysel, & Przuntek, 1998). In contrast,
altered activity in frontal and hippocampal regions was related to
the cognitive aspects of the placebo effect. Attenuated activation
of these areas implies that the decrease in emotional arousal en-
gendered by the anxiety-relieving placebo effect was associated
with a reduced mobilization of cognitive resources. This process
is noticeably unlike that associated with the cognitive reappraisal
of emotion (Ochsner, Bunge, Gross, & Gabrieli, 2002; Ochsner
et al., 2004), in which there is usually an enhanced mobilization
of lateral prefrontal cortex resources to meet the individual’s
cognitive regulation needs.

It is worth noting that processing of threatening stimuli is
mainly associated with activity in the dorsal anterior cingulate
cortex. Only this part of the cingulate gyrus receives high and
direct amygdala input and plays a significant role in fear (Vogt,
2005). Both the present study and one by Wager et al. (2004)
suggested that the dorsal anterior cingulate cortex was inhibited
during the placebo condition only in placebo responders. How-
ever, these changes were not observed in other placebo studies
with randomly selected participants (Kong et al., 2006; Petrovic
et al., 2002, 2005; Zubieta et al., 2005). Another meaningful
study (Kong et al., 2008) showed that activity in the dorsal an-
terior cingulate cortex was significantly enhanced under a pain
nocebo condition, indicating that this region played an impor-
tant role in negative arousal. Given that the anterior cingulate
cortex is generally believed to function as an “alarm system”
(Eisenberger & Lieberman, 2004) that signals a need for attentive
control, the discrepancy between the responders and the ran-
domly assigned participants might be attributed to the different
mechanisms underlying their placebo responses. For the placebo
responders, the need for attentive control when viewing unpleas-
ant pictures in the placebo condition was so low that they re-
quired less anterior cingulate cortex activity than under the
control condition.

If the above-mentioned point of view is correct, then the
question of how the placebo effects were achieved in the placebo
responders is raised. Theoretically, rather than being monolithic,
emotional processing covers a broad spectrum that ranges from
reactive to effortful (Pessoa, 2008). It is believed that a predom-
inantly ventral system, including the ventral regions of the an-
terior cingulate and frontal cortices and the ventral striatum, is
important for the automatic or reactive regulation of emotional
stimuli and that conscious, effortful emotional regulation (e.g.,
cognitive reappraisal strategies) typically activates widespread
regions of the dorsolateral prefrontal cortex (Ochsner et al.,
2002, 2004). In the present study, we found that an anxiety-
reducing placebo effect was associated with activity in the sub-
genual anterior cingulate cortex/caudate head (BA 47, BA 11, or
BA 25). Activity in these areas is known to be correlated with
numerous phenomena, including reward responses (Bjork,
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Figure 4. Selected brain regions showing increased activation in the placebo treatment. (A) The subgenual anterior cingulate cortex activated in
PU — CU (- 12,21, — 12); (B) the subgenual anterior cingulate cortex activated in PN — CN ( — 12, 18, — 12); (C) activation patterns showing in the bar
graph. The pattern of activation in the subgenual anterior cingulate cortex is similar in these two contrasts.

Smith, & Hommer, 2008; Critchley & Rolls, 1996), pleasant
stimuli (Lane et al., 1997), inhibition of sympathetic autonomic
activity and defensive behavior that is elicited by stimulation of
the amygdala (Timms, 1977), antagonization of emotional ex-
citement (Matthews, Paulus, Simmons, Nelesen, & Dimsdale,
2004), and the extinction of fear conditioning (Quirk & Mueller,
2008). A recent report of deep-brain stimulation of the sub-
callosal cingulate gyrus was used to modulate dysfunctional
brain networks that lead to depression (Lozano et al., 2008).
These results suggest that the anxiety-relieving placebo effect of
the present study was realized through reward-related responses
(Bjork et al., 2008) rather than through effortful and attentive
cognitive regulation (Ochsner et al., 2002, 2004). In addition, we
found that the subgenual anterior cingulate cortex was activated
to an almost equal extent when either unpleasant or emotionally
neutral pictures were viewed in the placebo condition. In other
words, increased activity in the subgenual anterior cingulate
cortex was not specifically related to unpleasant pictures, as it
was also present when neutral pictures were viewed. This pro-
vides further evidence that the placebo regulation might have
occurred in an autonomic manner that did not involve the emo-
tional valence of consciously discriminated pictures. Striking in-
congruities exist between these observations of the anterior
cingulate cortex with those of some other placebo studies, in
which increased activity was observed in the pregenual anterior
cingulate cortex rather than in the subgenual anterior cingulate
cortex, and this region was thought to play a critical role in
placebo modulation (Kong et al., 2006; Petrovic et al., 2002,
2005; Zubieta et al., 2005). Vogt (2005) proposed that activation

patterns in the anterior cingulate cortex vary between different
observations and require further explanation.

In conclusion, the present study enhances our current under-
standing of the neural bases of placebo effects. It revealed that an
anxiety-relieving placebo effect was associated with reduced un-
pleasantness ratings and decreased activity in emotionally respon-
sive brain regions, including the amygdala, insula, and dorsal
anterior cingulate cortex. Additionally, the evidence of increased
activity in the subgenual anterior cingulate cortex/ventral striatum
in the placebo condition implies that the anxiety-relieving placebo
effect was realized through a reward-related response underpinned
by the participants’ beliefs and expectations.

Although this study firmly demonstrated the neural correlates
of the transferable placebo effects, it has also some limitations.
First, the sample size (12 females and 1 male) of this study was
relatively small and gender unbalanced. Although our major ex-
perimental observations were proved to be statistically sufficient,
further experimentation with a larger and gender-balanced sam-
ple size could be more informative. Second, this study adopted a
shorter, unjittered interstimulus interval. This may have resulted
in a reduced sensitivity to estimate the hemodynamic response
function (HRF) properties of a single stimulus, and the problems
related to the linearity versus nonlinearity of the BOLD inter-
action in overlapping HRFs (Amaro & Barker, 2006). In spite of
the fact that we found that the correlation between four regres-
sors/conditions was relatively low, indicating the collinearity’s
confounding was not serious in this study, future research should
employ longer and jittered interstimulus intervals to deconvolve
the overlapping HRFs as far as possible.
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