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Personality differences in brain network mechanisms for placebo
analgesia and nocebo hyperalgesia in experimental pain: a
functional magnetic resonance imaging study
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Background: Placebo and nocebo responses have been increasingly gaining the attention of clinical and
scientific researchers. Inconsistent conclusions from current studies indicate that different factors potentially
affect both placebo and nocebo responses. Increasing evidence suggests that personality differences may
affect the mechanisms of both two responses. In the present work, we explored the characteristics of neural
signals of placebo and nocebo responses based on functional connectivity (FC) analysis and Granger causality
analysis (GCA).

Methods: A total of 34 healthy participants received conditional induction training to establish placebo
and nocebo responses. Every participant completed the following experimental workflow, including scanning
of baseline, experimental low back pain model establishment, scanning of acute pain status, and scanning
of placebo response or nocebo response. We collect visual analogue scale (VAS) data after each scanning.
Functional magnetic resonance imaging (fMRI) data from different personality groups were subjected to FC
analysis and multivariate GCA (mGCA).

Results: Pain scores for placebo and nocebo responses were statistically different across different
personality. There are also statistically differences in the neural signals of two responses across different
personality.

Conclusions: The findings of the present study indicated that extroverted and introverted participants are
likely to experience placebo analgesic effects and nocebo hyperalgesia effects, respectively. Both extroverted
and introverted participants showed significant changes in brain networks under placebo response. Variation
in emotional control and ventromedial prefrontal cortex inactivity may constitute the bulk of the personality
differences in placebo analgesia. Differences in the regulation of the sensory conduction system (SCS) and release

of the emotional circuit could be important factors affecting personality differences in nocebo hyperalgesia.
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Introduction

The phenomena of placebo and nocebo effects have
been widely implicated in the fields of psychology and
neuroscience (1-3). Some studies suggested that the placebo
response can cause analgesic effects or relieve pain, while
the nocebo effect can aggravate pain and even result in
hyperalgesia (1,4). In clinical practice, both placebo and
nocebo effects can impact the therapeutic effect, especially
in relation to pain (5,6). Studies have revealed that 30% of
patients with pain experience relief after taking placebo (7).
However, if patients are affected by adverse expectations,
their condition deteriorates (8).

Most research on the neural mechanisms of placebo
analgesia and nocebo hyperalgesia has been done in the
psychology and neurobiology fields (9). Some scholars
believe that the opioid receptor mediated analgesia
system is a vital mechanism of placebo analgesia, and the
dopamine circuit and reward system may also be important
factors affecting placebo-mediated effects (10). The
cholecystokinin (CCK) system is considered an important
factor in the nocebo response (11). CCK-mediated anxiety
is also associated with the effects of placebo and nocebo.
Some researchers have noted that placebo and nocebo
effects might be mediated by neurotransmitters such as
cyclooxygenase and prostaglandin (12). However, the
underlying neural mechanisms of placebo analgesia and
nocebo hyperalgesia remain unclear.

Existing studies have not fully explored the complex brain
networks of placebo and nocebo effects. With advancements
in functional brain imaging technology, scholars have
increasingly used this tool to assess brain neural networks,
thereby providing comprehensive and macroscopic analyses
of complex brain networks (13). At present, there are
inconsistent findings from studies on the effects of placebo
and nocebo. Some scholars suggest that placebo and
nocebo effects are just two states of the same psychological
reaction (14). The difference between two brain networks
is attributed to their different activation statuses. Further,
some researchers believe that there are two different brain
networks underlying placebo and nocebo responses that are
both intersecting and independent (15). However, because
the opioid and CCK systems are distinct, they are inhibited
by different antagonists, suggesting a certain degree of
independence between the two networks. Therefore,
determining the key factors associated with the placebo and
nocebo effects will prove insight into understanding these
neural mechanisms.
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Personality factors may play a key role in placebo and
nocebo effects (16). Accumulating evidence has revealed
how anxiety impacts placebo analgesia and nocebo
hyperalgesia. Studies have shown that having an introverted
or depressed personality is more likely to cause anxiety,
suggesting a close relationship between personality and the
two effects (17). Similarly, extroverts have been reported
as being more susceptible to verbal encouragement in pain
management than introverts, which can induce a significant
placebo effect and improves analgesia. Other researches
have confirmed that extroverts have higher levels of activity
in their prefrontal cortex, which may produce more of
the reward effects of the dopamine release circuit (18).
This suggests that the neural networks are different for
different personalities. Brain network mechanisms of
introverted and extroverted personalities are also proposed
to be significantly different. Therefore, the distinction
between the two personalities might be an important factor
affecting placebo and nocebo responses. Based on these
findings, we hypothesize that introverted and extroverted
personalities correspond with significant differences in the
neural signals underlying two effects. Assuming this is true,
the brain mechanisms for placebo and nocebo effects can be
identified.

In order to explore the state of connectivity among the
brain areas, researchers began using Granger causality
analysis (GCA) (19), an analytical method used for obtaining
brain temporal relationship information from time-series
data. For instance, Some studies have suggested that the
multivariate GCA (mGCA) could be applied to the analysis
of time-series functional magnetic resonance imaging
(fMRI) data, and could examine real-time functional neural
network dynamics of samples (20). Investigations are
currently ongoing on the directed relationship of regions
with using GCA, however, no studies have been conducted
on placebo analgesia and nocebo hyperalgesia. Moreover,
because GCA only evaluates directed networks in the brain,
functional connectivity (FC) between networks cannot be
explored through GCA, and the functional connection
intensity map based on the key brain areas of the network
can effectively be supplemented. As an important structure
of the brain, the anterior cingulate cortex (ACC) plays
an important role in the higher brain functions (21,22).
Some subareas of the ACC may be used in identifying pain
perception components (21). ACC is also a key region in
dopamine reward release circuit, and is vital in placebo
response (23). Therefore, the ACC as the region of interest
(ROY]) is a crucial strategy for exploring the key nodes of
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Figure 1 Location of the acute lower back pain model.

neural signals for placebo and nocebo responses.

In the present study, an acute lower back pain (ALBP)
model was applied to discover the underlying brain network
in placebo and nocebo effects (24). We manipulated
participants’ intervention expectations of the effectiveness
of two patches, an analgesic patch (positive expectancy) and
an algetic patch (negative expectancy). We then investigated
the visual analogue scale (VAS) and changes in the neural
signal before and after each intervention. GCA and FC
analysis were used to explore the mechanisms for placebo
and nocebo responses within an individual, and thus this
study is unique among the other previously designed
experiments. Using this method, we seek to develop an
in-depth understanding of the mechanisms of placebo
and nocebo responses, and to provide a bridge for further
research.

We present the following article in accordance with the
MDAR checklist (available at http://dx.doi.org/10.21037/
atm-20-5123).

Methods
Participants

Participants were recruited through an advertisement at
Zhujiang Hospital. Participants were all from the southern
region (Guangzhou, Guangdong Province, China), and
all were right handed. Inclusion criteria were as follows:
(I) candidate had not participated in prior psychological
experiments; (II) candidate body mass index was within
the standard £10%; (III) candidate had not had psychiatric
or medical conditions, including depression and mania in
the previous 4 weeks; (IV) candidate did not have pain,
including dysmenorrhea, and should not have been on
medication, including antipyretics and sleeping pills in
the previous 4 weeks; and (V) candidates’ scored <50 on
a self-rating anxiety and depression scales (a score of <50
represents “normal”). Candidates were excluded if they had:
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(I) organic brain disease; (II) history of craniocerebral injury;
(IIT) drug dependence; (IV) severe neurological disorder; (V)
metal component in body; (VI) claustrophobia; or (VII) had
taken pain killers in the previous 4 weeks. All procedures
performed in studies involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study protocol was approved by the Ethics
Committee of Zhujiang Hospital affiliated to Southern
Medical University (No. 2018-KFLLK-004) (25). All
enrolled participants provided written informed consent
before study commencement, and were debriefed at the end
of the study. All participants were given the option to have
their data excluded from the study if they had any concerns
stemming from the necessary deception used in the
experimental paradigm. However, no participant reported
any concerns of this nature.

Participant classification

Participants were classified either as introverts or extroverts
based on the Eysenck Personality Questionnaire (EPQ).
Introverts were included in the introvert group (IG) and
extroverts were included in the extrovert group (EG).

Procedures

We designed two patches, the analgesic patch (positive
expectancy) and the algetic patch (negative expectancy).
Both patches were similar to the analgesic patch commonly
used in clinical practice.

The ALBP model was adopted from our previous study (24).
According to the model, the point of injection was located
2cm tangential of the spinous process of the fourth lumbar
vertebra. An in-dwelling needle (24 gauge) was filled with
sterile hypertonic saline (10 mL, 5%) and attached via
a long connecting tube to a computer-controlled power
injector (Spectris Solaris EP; Medrad, Warrendale, PA,
USA) before vertically inserting it into the above-described
location at a depth of 1.5 cm. After 1 min, the hypertonic
saline was intramuscularly injected from the computer-
controlled power injector into the ALBP participant.
This included a bolus injection (0.1 mL within 5 s) and
subsequent continuous injection (0.15 mL/min) to produce
persistent ALBP (Figure I).

Training session

Participants were familiarized with the ALBP scale and
the visual analog scale (VAS), which they used to rate
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Figure 2 Experimental paradigm (scan session) for the participants.

their pain. Pain intensity was assessed on a 10-point VAS,
with 0 indicating “no pain”, and 10 indicating “worst
pain imaginable”. Pain level (i.e., distressing and intense)
was measured with a 10-point inhouse mood scale,
with 0 indicating “infinitely small”, and 10 indicating
“excruciating” pain. Similarly, we recorded any discomfort
of the participants to prevent any adverse reactions. VAS
was collected at the end of each intervention.

Behavioral conditioning session

All of the participants were informed of the aim of the
study, which was to investigate the analgesic effects of the
analgesic patch and the algetic effects of the algetic patch
on their experiences of pain. To improve the experimental
environment for the participants, the process was
conducted inside the magnetic resonance imaging (MRI)
room. Participants were advised to apply one of the two
patches (analgesic patch or algetic patch) to their right foot
whenever they experienced ALBP. Participants would then
start feeling pain alteration depending on the patch, with
the order of patch application being random.

After the ALBP had stabilized, we proceeded with the
experiment. In this conditioned paradigm, participants
were informed that they would experience pain changes,
depending on whether they had an analgesic patch or an
algetic patch. They were instructed to focus on the captions
displayed on a screen during this process. With an analgesic
patch, the caption was “Please experience the effect of the
analgesic patch”, and for the algetic patch, the caption
was “Please experience the effect of the algetic patch.” At
the end of each stimulation, we displayed the VAS on the
screen, and the participants reported their pain scores. We
reduced and increased the speed of hypertonic saline in
uses of the analgesic patch and algetic patch, respectively.
Thirty-four participants who distinguished between the
pre- and post-intervention of the analgesic effects from
analgesic patches or the algetic effects from algetic patches
were selected to continue with the study.
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Scan session

Participants were informed that the proceedings of the scan
session would be similar to those of the previous session.
This session was designed to assess the placebo and nocebo
responses evoked by the expectancy induction in the previous
session. With exception of the adjustment of hypertonic
saline, other processes were similar during this process to
previous sessions, that is, after ALBP establishment, the
placebo and nocebo effects were induced, and the MRI data
of different statuses were collected at the same time.

First, anatomical scans of the brain were obtained before
the fMRI scans. Initially, participants were subjected to a
baseline (normal) fMRI scan for 6 min. Next, the ALBP
model was induced to every participant. After the ALBP
had stabilized, the fMRI scan was used to evaluate the
participant’s pain status. This was followed by obtaining two
fMRI scans for each ALBP participant (one scan during the
placebo response and one scan during the nocebo response,
pseudo-randomly), as the ALBP occurred continually
throughout the scanning process.

"To maximize the sustained effects caused by the previous
intervention, we allowed for a 10-minute interval between
the two scans. The main outcome of this experiment was
the changes in VAS and fMRI signals caused by placebo and
nocebo effects.

During scanning, participants were instructed to focus
on the captions displayed on the screen. The caption for
participants with an analgesic patch was “Please experience
the effect of the analgesic patch, the scanning process is
6 min,” while the caption for participants with an algetic
patch was “Please experience the effect of the algetic patch,
the scanning process is 6 min.” After the administration of
each stimulus, we displayed the VAS on the screen, and the
participants reported their pain scores (Figure 2).

Brain imaging

The experiment was performed in the Department of
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Radiology of Zhujiang Hospital, China. Structural and
functional scans were acquired using a 3.0 T Philips Achieva
MRI System (Royal Philips Electronics, Eindhoven, the
Netherlands) with an 8-channel head array coil equipped
for echo-planar imaging (EPI). The images were axial and
parallel to the anterior commissure—posterior commissure
line, which covered the whole brain. Structural images
were collected using a 'T';-weighted fast spin-echo sequence
(repetition time/echo time =25/3 ms, flip angle =30°, matrix
=256x256, thickness =5 mm, slice =24, slice gap =0.7 mm)
before functional imaging. Blood oxygenation level-
dependent functional imaging was conducted using a T,*-
weighted, single-shot, gradient-recalled EPI sequence
(repetition time/echo time =2,000/35 ms, flip angle =90°,
matrix =64x64, thickness =5 mm, slice =24, slice gap
=0.7 mm, NSA=1,180 time points for a total of 360 s).
Further, fMRI image collection was preceded by five
dummy scans to minimize gradient distortion.

Preprocessing of fMRI data

The preprocessing analysis of fMRI image data was carried
out in the Data Processing Assistant for Resting-State fMRI
(DPARSE, http://www.restfmri.net) on MATLAB R2013b
(Mathworks, Natick, CA, USA). Preprocessing analysis of
Blood oxygen level-dependent (BOLD) time-series data
included the following steps: (I) removal of the first 10
volumes from each BOLD time-series data to reduce the
influence of magnetization inhomogeneities; (II) slice-time
correction; (III) head movement correction (no participant
data was excluded); (IV) spatial normalization to standard
Montreal Neurological Institute (MNI) space; (V) spatial
smoothing (6-mm full-width at half-maximum Gaussian
kernel) to enhance signal-to-noise ratio (SNR) quality; (VI)
detrend in the time-series data; and (VII) temporal filtering
(0.01-0.08 Hy).

Definition of seed region

For consistency with the intramuscular part, data selection
from the left ACC for the ROI (3x3x3 mm’) relied on the
findings from a previous study of the anatomical location of
the brain (26). MNI brain region coordinates were selected
as the central voxel ROI (x =-5, y =25, z =-10).

ROI voxel FC analysis
A function module (FC) of REST software (http://restfmri.
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net/forum/rest) was adopted.

This step was used to extract the individual time course
of activity from the regions relative to the standard EPI
space for the ACC. We obtained brain functionality
images for each participant through Pearson’s correlation
coefficient analyses of the seed point and whole-brain voxel
time series and standardization by Fisher’s Z-transformation
of correlation coefficients into z values.

A comparison of the placebo or nocebo status with a
similar pain status group using false discovery rate (FDR)
correction and setting the minimum voxel threshold of 50
revealed the key networks of the introverted and extroverted
participants. These brain networks were associated with the
placebo response of introverted participants, the nocebo
response of introverted participants, the placebo response
of extroverted participants, and the nocebo response of
extroverted participants. The differential brain areas
of each key network were included in the next analysis
(Supplementary material).

Whole-brain FC analysis (ROI-ROI analysis)

Based on the statistical results, the brain areas of each key
network in the introverted and extroverted personality
groups were included in the respective ROI-ROI analysis.
Brain functionality images for each participant were obtained
through Pearson’s correlation coefficient analyses of time
series of each brain area and standardization using Fisher’s
z-transformation of correlation coefficients into z-values.

GCA analysis

In this study, the REST-GCA module of REST was used
for GCA analysis (http://restfmri.net/forum/rest).

Bivariate GCA
The bivariate GCA model was as follows:
D D
Yt = Z AI'X(z‘—I') + Z Efymw +Z t + & [1]
i=1 i=1
P ) P R N R
Xz = Z A/y(z—/) + Z B/Xz—i +C Zz + & [2]
i=1 i=1

In this bivariate GCA model (19), 4. and 4, are signed-
path coefficients, B, and B, are autoregression coefficients,
&, and g, are residual, p is optimal lag parameter, and Z,
is covariates. If the 4; is significantly greater than or less
than 0, then the X, significantly Granger causes the 7, .
Moreover, if 4, is significantly greater than or less than 0,
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Figure 3 Flowchart of functional magnetic resonance imaging data analysis.

Table 1 Summary of pain scores and baseline characteristics of the
34 subjects

Extrovert Introvert P value
No. 19 15
Age 25.05+3.31 24.60+2.92 >0.05
VAS (pain status) 3.79:071  4.33:062  >0.05
VAS (placebo status) 2.37+0.96*  3.40+0.63*  <0.05
VAS (nocebo status) 4.47+0.70°% 5.87+0.99”  <0.05

2 placebo status vs. pain status; ®, nocebo status vs. pain
status; ¥, P<0.05.

the ¥, significantly Granger causes the X, (27).

mGCA
The mGCA model derived from the bivariate GCA model

was as follows:
P . 4 .
Y, =AY (=D 4D A Y-+ CZ,+¢ (D)
i=1 i=1

3]
P P
Y, =Y A Y (t=i)+.. 4D A Y (t-)+C,Z, +5 (n)
i=1 i=1
Based on these statistical results, the brain areas of
each key network in the introverted and extroverted
personality groups were included in the respective mGCA
analyses. These time-series data from the key network for
each participant were incorporated into the mGCA. The
mGCA coefficients obtained the strength and direction
of the temporal correlations among the regions. Akaike
Information Criterion (AIC) was applied to estimate lag
parameter (28). We estimated the lag parameter was a lag of
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one-time resolution (TR) (2,000 ms) (27) (Figure 3).

Statistical analysis

We used the SPSS version 18.0 software (SPSS, Chicago,
IL, USA) to calculate descriptive statistics (mean + standard
deviation) for the VAS and other data. All statistical
assessments were two-tailed. A P value <0.05 indicated a
statistically significant result, which was consistent with the
preliminary status of the trial.

The results of the ROI voxel analysis were calculated
using two-tailed, two simple #-tests (P<0.05), and were
corrected for multiple comparisons (FDR, P<0.05).

We calculated the results of FC differences and GCA
signed-path coefficient differences using two-tailed paired
t-tests (P<0.05). At the subgroup level, the results were
required to be statistically significant.

Results

Thirty-four healthy adults (15 introverts) aged 20 to
33 years completed the study. There were significant
differences of VAS scores between placebo status and pain
status in the IG, as well as between nocebo status and pain
status (P<0.05) (Table I). Similarly, there were statistical
differences of VAS scores between placebo status and pain
status and between nocebo status and pain status in the
EG (P<0.05) (Tuable 1). Moreover, there were statistical
differences of VAS scores between the introvert and EGs,
in both placebo status and nocebo status (P<0.05; Table I).
However, there were no statistical differences in the VAS
scores regarding pain status (P>0.05; Table I).
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Table 2 Changes of Functional connectivity network of two-status (Placebo-Pain) comparison in the introvert group

ACC CPL SMAI PCC BRS TP OFCr OFClI THS PHP  DLPFClI DLPFCr  SMAr S2
ACC N/A -0.2891 -0.1943* 0.3539* 0.2887* -0.4041* 0.2082* -0.1927 -0.1977* -0.1854* -0.2786" 0.3974* -0.2042 0.2686*
CPL -0.2891 N/A -0.0326 0.0116  0.0524 -0.1646 -0.1220 -0.0274 -0.0487 -0.1285 -0.0666 0.1939* -0.0327 0.1032
SMAI -0.1943* -0.0326 N/A 0.0352  0.0578 -0.0418 -0.1079 -0.0795 0.0894 0.0556 0.1862* -0.0809 -0.1394 0.0585
PCC 0.3539* 0.0116  0.0352 N/A 0.0914  0.0279 -0.0795 0.0179  0.0489 0.0071 -0.0483 0.0082  0.1449 -0.0270
BRS 0.2887*  0.0524 0.0578  0.0914 N/A -0.0083 0.0277 0.0336  0.0517 -0.0467 -0.0583 0.0339  0.0981 -0.0034
TP -0.4041* -0.1646 -0.0418 0.0279 -0.0083 N/A 0.0415 -0.0880 -0.0426 0.0742 -0.0169 0.0561 -0.1408 0.0469
OFCr 0.2082* -0.1220 -0.1079 -0.0795 0.0277  0.0415 N/A -0.0539 -0.0188 -0.0281 -0.1041 0.1293 -0.0720 -0.0976
OFCl -0.1927 -0.0274 -0.0795 0.0179  0.0336 -0.0880 —0.0539 N/A -0.1594* 0.0286 -0.0850 0.0333 0.0331 0.1137
THS -0.1977* -0.0487 0.0894 0.0489 0.0517 -0.0426 -0.0188 -0.1594* N/A  0.01907 -0.0538 -0.0305 0.0819 0.0748
PHP -0.1854* -0.1285 0.0556  0.0071 -0.0467 0.0742 -0.0281 0.0286 0.01907 N/A 0.0122 -0.0513 0.0366 -0.0447
DLPFCI -0.2786* -0.0666 0.1862* -0.0483 -0.0583 -0.0169 -0.1041 -0.0850 -0.0538 0.0122 N/A 0.0426 -0.0818 0.0858
DLPFCr 0.3974* 0.1939* -0.0809 0.0082 0.0339 0.0561 0.1293 0.0333 -0.0305 -0.0513 0.0426 N/A -0.0237 -0.0997
SMAr -0.2042 -0.0827 -0.1394 0.1449  0.0981 -0.1408 -0.0720 0.0331 0.0819 0.0366 -0.0818 -0.0237 N/A 0.0858
S2 0.2686* 0.1032  0.0585 -0.0270 -0.0034 0.0469 -0.0976 0.1137 0.0748 -0.0447 0.0858 -0.0997 0.0858 N/A

The table values are group mean functional connectivity strength with prediction going from row to column. *, the group means are significantly different
between the placebo response and the pain status, where a within-group effect was also present in the placebo response (two-tailed tests; all P<0.05). ACC,
anterior cingulate cortex; BRS, brainstem; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; PCC, posterior

cingulate cortex; PHP, parahippocampal gyrus; SMA, supplementary motor area; S2, secondary somatosensory area; THS, thalamus; TP, temporal pole.

Whole-brain FC network analysis results

Brain response of placebo effect in the IG (ROI-ROI)
Based on the results of the ROI-voxel, we performed the
whole-brain FC (ROI-ROI) analysis. Compared with the
pain status, the placebo response showed that the ACC
increased FC in the posterior cingulate cortex (PCC),
brainstem (BRS), right orbitofrontal cortex (OFC), right
dorsolateral prefrontal cortex (DLPFC), and the secondary
somatosensory area (S2). Nonetheless, it decreased FC in
the supplementary motor area (SMA), temporal pole (TP),
thalamus (THS), parahippocampal gyrus (PHP), and the
left DLPFC. cerebellum posterior lobe (CPL) had increased
FC in the right DLPFC, whereas left SMA increased FC in
the left DLPFC. In contrast, left OFC decreased FC in the
THS (1ible 2 and Figure 4).

Brain response of placebo response in the EG (ROI-ROI)
Based on the results of the ROI-voxel, we performed the
whole-brain FC (ROI-ROI) analysis. Compared with the pain
status, the placebo response showed that the ACC increased
FC in the PHP, putamen (PUT), rolandic operculum (RO),
OFC, hippocampus gyrus (HP), left insular cortex (IC), and
the SMA. However, it decreased FC in the fusiform gyrus
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(FG), PCC and the caudate (CAU). Similarly, FG decreased
FC in the PHP and RO. OFC increased FC in the THS and
the SMA, whereas it decreased FC in the left IC. Moreover,
HP increased FC in the ventromedial prefrontal cortex
(VMPFC) but decreased FC in the right IC. PCC decreased
FC in the VMPFC (Table 3 and Figure 5).

Brain response of the nocebo effect in the IG (ROI-ROI)
Based on the results of the ROI-voxel, we performed the
whole-brain FC (ROI-ROI) analysis. Relative to the pain
status, the nocebo response showed that the ACC increased
FC in the amygdala (AMYG) and VMPFC but decreased
FC in the FG, middle temporal lobe (MTL), superior
temporal lobe (STL), pregenual anterior cingulate cortex
(pgACC), DLPFC, and the primary somatosensory area
(S1). Besides, Left CPL increased FC in the angular gyrus
(AG), whereas it decreased FC in the S1. The right CPL
decreased FC in the MTL; however, CAU increased FC in
the pgACC. Additionally, the right VMPFC decreased FC
in the pgACC (Table 4 and Figure 6).

Brain response of the nocebo effect in the EG (ROI-ROI)

Based on the results of the ROI-voxel, the whole-brain FC
(ROI-ROI) analysis was performed. Relative to the pain

Ann Transl Med 2021;9(5):371 | http://dx.doi.org/10.21037/atm-20-5123
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(DLPFC) DLPFC)

Figure 4 Functional connectivity (FC) network of a two-status (placebo—pain) comparison in the introvert group. Blue/red arrows present
significantly greater decreased/increased FC in the placebo response when compared with the pain status. ACC, anterior cingulate cortex;
BRS, brainstem; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; PCC, posterior
cingulate cortex; PHP, parahippocampal gyrus; SMA, supplementary motor area; S2, secondary somatosensory area; THS, thalamus; TP,

temporal pole.

Table 3 Changes of Functional connectivity network of two-status (Placebo-Pain) comparison in the extrovert group

ACC PHP FG CPL PUT THS RO OFC HP ICI PCC ICr CAU SMA  VMPFC

ACC N/A 0.2614* -0.2985* -0.1453 0.2610* 0.2004 0.2978* 0.2611* 0.1524* -0.1797 -0.1541* 0.1863* -0.2105* 0.2673* 0.2384
PHP 0.2614* N/A -0.1748* -0.0890 -0.0063 -0.0515 0.0522 0.0143 -0.0746 0.0310 0.0734 0.0070 -0.0058 -0.0864 0.0224
FG -0.2985* -0.1748* N/A 0.0718 -0.0080 -0.0052 -0.1661* -0.0826 -0.0040 -0.0324 -0.0143 -0.0952 0.1410 -0.0038 0.0337
CPL -0.1453 -0.0890 0.0718 N/A -0.0651 -0.0372 -0.1432 -0.0221 0.1022 -0.0239 0.0617 -0.0715 -0.0894 0.0439 0.0126
PUT 0.2610* -0.0063 -0.0080 -0.0651 N/A 0.0722 0.0317 0.1815 -0.0736 -0.0169 -0.1013 -0.0294 0.0581 -0.0415 0.0371
THS 0.2004 -0.0515 -0.0052 -0.0372 0.0722 N/A 0.0363 0.1070* -0.0502 -0.0744 -0.0603 -0.1575 0.0434 0.0470 0.0500
RO 0.2978* 0.0622 -0.1661* -0.1432 0.0317 0.0363 N/A 0.0729 0.0681 0.0149 -0.0112 -0.0072 0.0007 -0.0708 -0.0065
OFC 0.2611* 0.0143 -0.0826 -0.0221 0.1815 0.1070* 0.0729 N/A 0.0587 -0.0393 0.0304 -0.1857* 0.1177 0.1591* -0.0242
HP 0.1524* -0.0746 -0.0040 0.1022 -0.0736 -0.0502 0.0681 0.0587 N/A 0.0860 0.0838 -0.2043* 0.0864 0.1005 0.1175*
ICI -0.1797 0.0810 -0.0324 -0.0239 -0.0169 -0.0744 0.0149 -0.0393 0.0860 N/A 0.0092 0.0799 -0.0810 -0.0668 -0.1017
PCC -0.1541* 0.0734 -0.0143 0.0617 -0.1013 -0.0603 -0.0112 0.0304 0.0838 0.0092 N/A -0.0412 0.0387 0.0335 -0.1648*
ICr 0.1863* 0.0070 -0.0952 -0.0715 -0.0294 -0.1575 -0.0072 -0.1857* -0.2043* 0.0799 -0.0412 N/A 0.0069 -0.0340 0.0154
CAU -0.2105* -0.0058 0.1410 -0.0894 0.0581 0.0434 0.0007 0.1177 0.0864 -0.0810 0.0387 0.0069 N/A 0.2495 -0.0780
SMA 0.2673* -0.0864 -0.0038 0.0439 -0.0415 0.0470 -0.0708 0.1591* 0.1005 -0.0668 0.0335 -0.0340 0.2495 N/A 0.0825

VMPFC 0.2384 0.0224 0.0337 0.0126 0.0371 0.0500 -0.0065 -0.0242 0.1175* -0.1017 -0.1648* 0.0154 -0.0780 0.0825 N/A

The table values are group mean functional connectivity strength with prediction going from row to column. *, the group means are significantly different
between the placebo response and the pain status, where a within-group effect was also present in the placebo response (two-tailed tests; all P<0.05). ACC,
anterior cingulate cortex; CAU, caudate; CPL, cerebellum posterior lobe; FG, fusiform gyrus; HP, hippocampus gyrus; IC, insular; OFC, orbitofrontal cortex;
PCC, posterior cingulate cortex; PHP, parahippocampal gyrus; PUT, putamen; RO, rolandic operculum; SMA, supplementary motor area; THS, thalamus;
VMPFC, ventromedial prefrontal cortex.
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Figure 5 Functional connectivity (FC) network of a two-status (placebo—pain) comparison in the extrovert group. Blue/red arrows present

significantly greater decreased/increased FC in the placebo response compared with the pain status. ACC, anterior cingulate cortex; CAU,

caudate; CPL, cerebellum posterior lobe; FG, fusiform gyrus; HP, hippocampus gyrus; IC, insular; OFC, orbitofrontal cortex; PCC,

posterior cingulate cortex; PHP, parahippocampal gyrus; PUT, putamen; RO, rolandic operculum; SMA, supplementary motor area; THS,

thalamus; VMPFC, ventromedial prefrontal cortex.

Table 4 Changes of the Functional connectivity network of two-status (Nocebo-Pain) comparison in the introvert group

ACC CPLI CPLr FG AG AMYG MTL CAU VMPFCr STL VMPFCI pgACC DLPFC S1
ACC N/A -0.1959 -0.2290* -0.3266* 0.2014 0.2262* -0.2893* 0.1495 0.2303* -0.3049* 0.3326* -0.2615* -0.2167* -0.2350"
CPLI -0.1959 N/A 0.0777 -0.2749 0.1302* -0.0192 -0.2652 0.0311 -0.0257 -0.1237 0.0160 -0.0531 -0.1347 -0.3577*
CPLr -0.2290* 0.0777 N/A -0.1775 0.1116 -0.0702 -0.1294* -0.1165 0.0015 0.01563  0.0091 -0.0903 -0.2571 -0.1270
FG -0.3266* -0.2749 -0.1775 N/A 0.1330 -0.0045 -0.1322 0.1152 -0.1507 -0.0950 -0.0494 -0.0107 -0.0245 -0.0298
AG 0.2014  0.1302* 0.1116  0.1330 N/A -0.0576 0.2298 -0.0128 0.1325 0.1962 0.0095 0.0458 0.1517 0.0047

AMYG 0.2262* -0.0192 -0.0702 -0.0045 -0.0576 N/A -0.0092 -0.1274 -0.0097 0.0766 -0.0382 -0.0219 0.0355 -0.0018

MTL -0.2893* -0.2652 -0.1294* -0.1322 0.2298 -0.0092

CAU 0.1495 0.0811 -0.1165 0.1152 -0.0128 -0.1274

N/A 0.1630 -0.1009 -0.1390 -0.1385 -0.0975 0.0691 -0.1780

0.1630 N/A -0.0608 -0.0778 -0.0112 0.1601* 0.1300 0.0066

VMPFCr 0.2303* -0.0257 0.0015 -0.1507 0.1325 -0.0097 -0.1009 -0.0608 N/A 0.0245 0.1073 -0.1136* -0.1056 -0.1013

STL -0.3049* -0.1237 0.0153 -0.0950 0.1962 0.0766 -0.1390 -0.0778 0.0245 N/A -0.1026 -0.1352 -0.0848 -0.0634

VMPFCI 0.3326* 0.0160 0.0091 -0.0494 0.0095 -0.0382 -0.1385 -0.0112 0.1073 -0.1026 N/A -0.0037 -0.0794 -0.1155

pgACC -0.2615° -0.0531 -0.0903 -0.0107 0.0458 -0.0219 -0.0975 0.1601* -0.1136* -0.1352 -0.0037 N/A 0.0936 -0.1051

DLPFC -0.2167* -0.1347 -0.2571 -0.0245 0.1517  0.0355

0.0691  0.1300 -0.1056 -0.0848 -0.0794 0.0936 N/A -0.0545

S1 -0.2350* -0.3577* -0.1270 -0.0298 0.0047 -0.0018 -0.1780 0.0066 -0.1013 -0.0634 -0.1155 -0.1051 -0.0545 N/A

The values presented in the table represent group mean functional connectivity strength with prediction going from row to column. *, the group means are

significantly different between the nocebo response and the pain status, where a within-group effect was also present in the placebo response (two-tailed
tests; all P<0.05). ACC, anterior cingulate cortex; AG, angular gyrus; AMYG, amygdala; CAU, caudate; CPL, cerebellum posterior lobe; DLPFC, dorsolateral
prefrontal cortex; FG, fusiform gyrus; MTL, middle temporal lobe; pgACC, pregenual anterior cingulate cortex; STL, superior temporal lobe; S1, primary

somatosensory area; VMPFC, ventromedial prefrontal cortex.

status, the nocebo response revealed that the ACC had
increased FC in the OFC, AG, right MTL, DLPFC, and
the S1. However, it decreased FC in the CPL, PHP, and the
PCC. Moreover, CPL decreased FC in the S1. Similarly,

© Annals of Translational Medicine. All rights reserved.

the left PHP decreased FC in the OFC. The right PHP
increased FC in the left MTL but decreased FC in the AG,
right MTL, DLPFC, and the prefrontal cortex (PFC).
Besides, AMYG increased FC in the pgACC, similar to
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Figure 6 Functional connectivity (FC) network of two-status (nocebo-pain) comparison in the introvert group. Blue/red arrows present

significantly greater decreased/increased FC in the nocebo response compared with the pain status. ACC, anterior cingulate cortex; AG,

angular gyrus; AMYG, amygdala; CAU, caudate; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; FG, fusiform

gyrus; MTL, middle temporal lobe; pgACC, pregenual anterior cingulate cortex; STL, superior temporal lobe; S1, primary somatosensory

area; VMPFC, ventromedial prefrontal cortex.

OFC in the AG and DLPFC (1able 5 and Figure 7).

Granger causal network analysis results

Granger causal network of the placebo response in the
IG (mGCA)

Based on the results of the ROI-voxel, we performed the
whole-brain mGCA. Compared with the pain status, the
placebo response showed that the activity in the ACC
predicted subsequent activation of the S2. Similarly, the
activity in the left SMA predicted subsequent activation of
the right OFC. The activity in the BRS predicted subsequent
activation of the right SMA. Moreover, the activity in the
right OFC predicted the subsequent activation of the S2 and
deactivation of the PHP. The activity in the left OFC and the
THS predicted subsequent activation of the ACC and the S2,
respectively. Additionally, the activity in the PHP predicted
subsequent activation of the left DLPFC and deactivation
of the right SMA. The activity in the right DLPFC and
the S2 predicted subsequent activations of the TP and the
right DLPFC, respectively. The activity in the right SMA
predicted subsequent activation of the ACC and deactivation
of the right DLPFC (Tible 6 and Figure §).

Granger causal network of the placebo response in the
EG (mGCA)

Based on the results of the ROI-voxel, we performed
the whole-brain mGCA. Relative to the pain status, the
placebo response indicated that the activity in the ACC

© Annals of Translational Medicine. All rights reserved.

predicted subsequent activation of the THS. The activity
in the CPL predicted subsequent activation of the PHP
and deactivation of the left IC. However, the activity in
the PUT predicted subsequent deactivation of the PHP,
whereas the activity in the THS predicted subsequent
activation of the HP. Moreover, the activity in the OFC
predicted subsequent deactivation of the VMPFC, and
the activity in the HP predicted subsequent activation of
the PHP and deactivation of the CAU and VMPFC. The
activity in the left IC predicted subsequent activation of
the right IC and deactivation of the OFC. Additionally, the
activity in the PCC predicted subsequent activation of the
ACC and CAU. Similarly, the activity in the CAU predicted
subsequent activation of the HP and the activity in the
SMA predicted subsequent activation of the PHP and PCC
(1able 7 and Figure 9).

Granger causal network of the nocebo effect in the IG
(mGCA)

The whole-brain mGCA was performed based on the results
of the ROI-voxel. Compared with the pain status, the nocebo
response revealed that the activity in the ACC predicted
subsequent activation of the right VMPFC, whereas the
activity in the left CPL predicted subsequent deactivation of
the right VMPFC. The activity in the right CPL predicted
subsequent activation of the ACC. In contrast, the activity
in the FG predicted subsequent deactivation of the AMYG
and DLPFC. The activity in the AG predicted subsequent
activation of the AMYG, whereas the activity in the CAU
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Table 5 Changes of Functional connectivity network of two-status (Nocebo-Pain) comparison in the extrovert group

ACC CPL PHPI PHPr  AMYG OFC MTLI AG MTLr  DLPFC pgACC PCC PFC MCC S1

ACC N/A -0.1868* -0.2652* -0.1544* 0.1379 0.3276* -0.1804 0.2347* 0.2019* 0.3599* 0.1722 -0.2111* 0.3089 -0.1280 0.2474*
CPL  -0.1868" N/A  -0.1348 0.0546 0.0199 -0.0530 -0.0737 -0.0019 -0.0241 -0.0318 0.0528 0.0080 -0.0145 -0.0142 -0.1598"
PHPI  -0.2652* -0.1348 N/A 0.0330 -0.0094 -0.1286* 0.0301 0.0098 0.0419 -0.0564 0.0119 0.0713 0.1127 -0.0614 0.0573
PHPr  -0.1544* 0.0546 0.0330 N/A -0.0812 0.0064 0.2023* -0.1440* -0.2231* -0.1562" -0.0539 0.0838 -0.1884* -0.0163 0.0484
AMYG 0.1379 0.0199 -0.0094 -0.0812 N/A 0.1159 -0.0551 -0.0067 -0.0928 -0.1115 0.1367* -0.0048 0.1068 0.0120 0.0206
OFC 0.3276* -0.0530 -0.1286" 0.0064 0.1159 N/A -0.1483 0.1437* 0.0538 0.2529* -0.0074 -0.0003 -0.0397 -0.1007 0.0001
MTLI  -0.1804 -0.0737 0.0301 0.2023* -0.0551 -0.1483 N/A 0.0263 -0.0759 0.0056 -0.1075 -0.0370 -0.0071 -0.0638 0.0212
AG 0.2347* -0.0019 0.0098 -0.1440* -0.0067 0.1437* 0.0263 N/A -0.0422 0.1118 0.0422 0.0130 0.0522 -0.0127 -0.0113
MTLr  0.2019* -0.0241 0.0419 -0.2231* -0.0928 0.0538 -0.0759 -0.0422 N/A -0.0118 -0.0685 0.0341 0.1073 0.0085 0.1036
DLPFC 0.3599* -0.0318 -0.0564 -0.1562* -0.1115 0.2529* 0.0056 0.1118 -0.0118 N/A 0.0485 0.0479 -0.0969 0.0836 -0.0247
pgACC 0.1722 0.0528 0.0119 -0.0539 0.1367* -0.0074 -0.1075 0.0422 -0.0685 0.0485 N/A 0.0495 -0.0209 0.0456 0.0048
PCC  -0.2111* 0.0080 0.0713 0.0838 -0.0048 -0.0003 -0.0370 0.0130 0.0341 0.0479 0.0495 N/A -0.1657 -0.1533 -0.1110
PFC 0.3089 -0.0145 0.1127 -0.1884* 0.1068 -0.0397 -0.0071 0.0522 0.1073 -0.0969 -0.0209 -0.1657 N/A 0.0578 -0.1136
MCC  -0.1280 -0.0142 -0.0614 -0.0163 0.0120 -0.1007 -0.0638 -0.0127 0.0085 0.0836 0.0456 -0.1533 0.0578 N/A 0.0886

S1 0.2474* -0.1598* 0.0573 0.0484 0.0206 0.0001 0.0212 -0.0113 0.1036 -0.0247 0.0048 -0.1110 -0.1136 0.0886  N/A

The values presented in the table represent mean functional connectivity strength with prediction going from row to column. *, the group means are
significantly different between the nocebo response and the pain status, where a within-group effect was also present in the placebo response (two-tailed
tests; all P<0.05). ACC, anterior cingulate cortex; AG, angular gyrus; AMYG, amygdala; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex;
MCC, mid-cingulate cortex; MTL, middle temporal lobe; OFC, orbitofrontal cortex; PFC, prefrontal cortex; pgACC, pregenual anterior cingulate cortex; PCC,
posterior cingulate cortex; PHP, parahippocampal gyrus; S1, primary somatosensory area.

Figure 7 Functional connectivity (FC) network of a two-status (nocebo—pain) comparison in extroverts. Blue/red arrows present significantly
greater decreased/increased FC in the nocebo response compared with the pain status. ACC, anterior cingulate cortex; AG, angular gyrus;
AMYG, amygdala; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; MCC, mid-cingulate cortex; MTL, middle
temporal lobe; OFC, orbitofrontal cortex; PFC, prefrontal cortex; pgACC, pregenual anterior cingulate cortex; PCC, posterior cingulate
cortex; PHP, parahippocampal gyrus; S1, primary somatosensory area.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(5):371 | http://dx.doi.org/10.21037/atm-20-5123



Page 12 of 21

Shi et al. Personality differences in placebo and nocebo effects

Table 6 Multivariate GCA results of the two-status (Placebo-Pain) comparison fit signed-path coefficients in the introvert group

ACC CPL SMAI PCC BRS TP OFCr

OFClI THS PHP DLPFCI DLPFCr  SMAr S2

ACC -0.0182 0.0787 -0.0457 0.0195 -0.0762 0.0158  0.0305
CPL -0.0716  0.0199  0.0000 -0.0510 -0.0420 0.0373  0.0230
SMAI 0.0165 0.0088 -0.0414 -0.0435 0.0172 0.0091 0.0515*
PCC -0.0056 -0.0299 0.0365 -0.0132 0.0145 0.0106  0.0181
BRS -0.0162 -0.0885 -0.0621 0.0238 -0.0636 -0.0484 0.0278
TP -0.0585 0.0217  0.0311 -0.1012 0.1048 0.0284 -0.0539
OFCr  -0.0632 0.9885 -0.1891 -0.0849 0.0846  0.0049  0.0180
OFClI 0.0881* 0.0523 -0.0088 -0.0545 -0.0248 0.0029 -0.0062
THS 0.0243 0.0893 0.0212 -0.0114 0.0148 -0.0040 -0.0255
PHP 0.0346  0.0191 0.0381 -0.0439 0.0478 -0.0132 0.0184
DLPFCI 0.0047 -0.0275 0.0858 -0.0077 0.0167 -0.0204 0.0103
DLPFCr 0.0207 0.0836 -0.0970 -0.1720 -0.0895 0.1176* -0.0987
SMAr  0.0415* 0.0805 -0.0293 -0.0756 0.0160 0.0147  0.0037

S2 -0.0268 0.0195 0.0065 0.0154 -0.0146 0.0054 -0.0010

-0.0142 -0.0254 -0.0523 -0.0856 -0.0638 -0.1427 0.2192*
0.0488 0.0857 0.0232 -0.0454 -0.0207 0.0521 -0.1166
-0.0207 0.0270 0.0375 0.0260 -0.0141 0.0232 0.0412
0.0409 -0.0022 0.0228 0.0190 0.0220 0.0399 -0.0131
0.0464 -0.0275 0.0183 -0.0815 -0.0164 0.0855* -0.1143
-0.0658 -0.0498 0.0534 -0.0779 0.0262 -0.1725 0.0642
0.2210  0.1047 -0.1790* 0.1763 -0.0204 0.1106  0.2544*
-0.0217 -0.0075 -0.0296 -0.0525 -0.0250 0.0151 -0.0140
0.0050 0.0287 -0.0485 -0.0686 -0.0136 0.0125 0.0708*
0.0350 -0.0102 -0.0116 0.1518* 0.0444 -0.0987* 0.0776
-0.0431  0.0703 -0.0509 0.0445 0.0102 -0.0459 0.1053
0.1741 0.1217  -0.0344 -0.3024 0.0542 -0.0030 0.2077
-0.0237 0.0161 0.0137 -0.0436 -0.0281* -0.0302 -0.0020

-0.0038 -0.0197 0.0239 -0.0230 0.0275 0.0491 -0.0529

The values presented in the table represent path coefficients with prediction going from row to column. *, the group means are significantly different between
the placebo response and the pain status, where a within-group effect was also present in the placebo response (two-tailed tests; all P<0.05). ACC, anterior
cingulate cortex; BRS, brainstem; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; PCC, posterior cingulate
cortex; PHP, parahippocampal gyrus; SMA, supplementary motor area; S2, secondary somatosensory area; THS, thalamus; TP, temporal pole.

Figure 8 Brain map of a two-status (placebo—pain) comparison of signed-

path coefficients from the multivariate Granger causality analysis in

the introvert group. Blue/red arrows present significantly greater deactivation/activation of following region activity in the placebo response

compared with the pain status. ACC, anterior cingulate cortex; BRS, brainstem; CPL, cerebellum posterior lobe; DLPFC, dorsolateral

prefrontal cortex; OFC, orbitofrontal cortex; PCC, posterior cingulate

cortex; PHP, parahippocampal gyrus; SMA, supplementary motor

area; S2, secondary somatosensory area; THS, thalamus; TP, temporal pole.

predicted subsequent deactivation of the AG and S1. The
activity in the left VMPFC predicted subsequent activation
of the STL. Similarly, the activity in the pgACC predicted
subsequent activation of the CAU. Moreover, the activity in
the S1 predicted subsequent activation of the left VMPFC

and deactivation of the AMYG (Zable 8 and Figure 10).

Granger causal network of the nocebo effect in the EG
(mGCA)
We performed the whole-brain mGCA based on the results
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Table 7 Multivariate GCA results of the two-status (Placebo-Pain) comparison fit signed-path coefficients in the extrovert group

ACC PHP FG CPL PUT THS RO OFC HP ICI PCC ICr CAU SMA  VMPFC

ACC  -0.0048 0.0042 0.0651 -0.0055 0.0295 0.0398* 0.0311 -0.0851 -0.0443 -0.0274 -0.0516 -0.1367 -0.0572 -0.0412 -0.0495
PHP -0.0169 -0.0311 0.0035 -0.0247 0.1149 0.0057 -0.0947 -0.0441 0.0274 0.0030 -0.0311 0.1164 0.0839 -0.1546 -0.0184
FG -0.0586 -0.0097 0.0229 -0.0223 0.0622 -0.0409 -0.0630 0.0058 0.1182 -0.0483 -0.1406 -0.0096 0.0248 -0.1366 0.0439
CPL -0.0638 0.1009* 0.0835 -0.0215 -0.0216 -0.0742 0.0181 -0.0565 0.0867 -0.3091* -0.0143 0.0076 -0.1172 -0.1185 -0.0406
PUT -0.0025 -0.0464* -0.0323 -0.0127 0.0335 -0.0168 -0.0114 0.0359 0.0520 -0.0691 0.0197 0.0306 -0.0121 0.0186 0.0224
THS 0.0951 -0.0708 0.0917 0.0389 -0.0476 -0.0021 -0.0394 -0.0086 0.2139* 0.0629 0.0182 -0.0591 0.0304 0.0214 0.0066
RO -0.0106 0.0624 -0.0084 -0.0071 -0.1063 0.0185 -0.0032 0.0604 -0.0110 -0.1749 0.0435 0.0216 -0.0479 0.0655 0.0384
OFC 0.1550 -0.0621 -0.0479 -0.0262 -0.1037 0.0077 -0.0540 0.0289 0.1102 0.0193 0.0836 -0.0492 -0.0951 -0.1649 -0.0890"
HP 0.1226 0.0795* -0.0284 0.0225 0.0584 -0.0219 -0.0035 -0.0431 0.0117 -0.1467 0.0124 0.0283 -0.1030* -0.0752 -0.0607*
ICI 0.0159 -0.0025 0.0188 0.0122 -0.0069 0.0095 0.0309 -0.0464* 0.0396 0.0269 -0.0016 0.0610* 0.0340 0.0357 -0.0084
PCC 0.1304* 0.0524 0.0386 0.0495 -0.0125 -0.0430 -0.0148 -0.0031 0.0525 0.0085 -0.0063 -0.1166 0.1086* 0.0100 0.0218
ICr -0.0059 -0.0704 -0.0008 -0.0133 -0.0472 -0.0105 -0.0357 0.0463 0.0169 -0.0686 0.0263 -0.0398 -0.0401 -0.0055 -0.0352
CAU 0.0220 -0.0010 -0.0867 -0.0142 -0.0802 -0.0285 0.0127 -0.0027 0.0838* -0.0529 -0.0009 -0.0386 0.0279 -0.0460 0.0170
SMA  -0.0059 0.0390* 0.0030 -0.0222 0.0859 -0.0112 -0.0304 0.0294 0.0219 0.0626 0.0482* -0.0225 -0.0236 -0.0624 -0.0537

VMPFC -0.0176 0.0511 -0.0219 0.0610 0.0404 0.0363 0.0064 0.0743 0.0173 0.0460 -0.0914 -0.0401 -0.0474 0.0178 -0.0024

The values presented in the table represent mean path coefficients with prediction going from row to column. *, the group means are significantly different
between the placebo response and the pain status, where a within-group effect was also present in the placebo response (two-tailed tests; all P<0.05). ACC,
anterior cingulate cortex; CAU, caudate; CPL, cerebellum posterior lobe; FG, fusiform gyrus; HP, hippocampus gyrus; IC, insular; OFC, orbitofrontal cortex;
PCC, posterior cingulate cortex; PHP, parahippocampal gyrus; PUT, putamen; RO, rolandic operculum; SMA, supplementary motor area; THS, thalamus;
VMPFC, ventromedial prefrontal cortex.

Figure 9 Brain map of a two-status (placebo—pain) comparison of signed-path coefficients from multivariate Granger causality analysis in
the extrovert group. Blue/red arrows present significantly greater deactivation/activation of following region activity in the placebo response
compared with the pain status. Black arrow presents a bidirectional prediction activity between the regions. ACC, anterior cingulate cortex;
CAU, caudate; CPL, cerebellum posterior lobe; FG, fusiform gyrus; HP, hippocampus gyrus; IC, insular; OFC, orbitofrontal cortex; PCC,
posterior cingulate cortex; PHP, parahippocampal gyrus; PUT, putamen; RO, rolandic operculum; SMA, supplementary motor area; THS,
thalamus; VMPFC, ventromedial prefrontal cortex.
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Table 8 Multivariate GCA results of the two-status (Nocebo-Pain) comparison fit signed-path coefficients in the introvert group

ACC CPLI CPLr FG AG AMYG MTL CAU VMPFCr STL VMPFCI pgACC DLPFC S1
ACC 0.0531 0.7804 0.0908 0.0037 0.0852 0.0523 0.0532 -0.0050 0.1827* 0.0054 -0.1009 0.0992  0.0249 0.0712
CPLI 0.0243  0.0277 0.0210 -0.0190 0.0860 -0.0411 0.0227  0.0658 -0.1069* -0.0583 0.0187 -0.0481 -0.0266 0.0326
CPLr 0.1279* 0.2104 0.0330 0.0439 -0.0598 -0.0070 -0.0653 0.0493 -0.0157 0.0460 0.0567 0.0104 -0.0720 0.0837
FG 0.0138 -0.8417 0.0555 0.0264 0.0090 -0.2042* 0.0895 0.0389 0.0803 0.0088 -0.0407 -0.1515 -0.1368" 0.1860
AG 0.0278 -0.1394 0.0559 0.0454 0.0118 0.0852* -0.0035 -0.0005 0.0376 0.0199 -0.0164 -0.0141 0.0578 -0.0377
AMYG  -0.0218 0.0408 -0.0307 0.0003 -0.0816 -0.0643 0.0029 0.0344 0.0242 0.0143 0.0191 -0.0545 -0.0216 0.0600
MTL -0.0554 -0.8494 0.0288 -0.0391 -0.0221 -0.0661 -0.0190 -0.0214 0.0134 0.0067 0.0086 -0.0756 0.0518 0.0554
CAU 0.0357 -1.6797 0.0316  0.0852 -0.1523* -0.0163 0.0852  0.0438 -0.0781 0.2080 -0.0176 -0.2091 -0.0512 -0.2865*
VMPFCr -0.0279 -0.2866 0.0778 -0.0303 0.0185 0.0382 -0.0303 -0.0484 0.0220 0.0436 -0.0126 0.0966  0.0762 -0.1074
STL -0.0720 -1.0749 -0.0426 0.0112 -0.0746 0.0169 -0.1409 0.0283 -0.0263 -0.0353 -0.0561 -0.0364 -0.0223 0.0453
VMPFCI 0.1303 -0.5451 -0.0496 0.0296 0.1746 -0.0332 0.0169  0.0411 0.0968  0.1449* 0.0066 0.1377 0.1829 -0.2971
pgACC -0.0228 0.6216 -0.0171 0.0085 0.0451 -0.0415 -0.0493 0.0616* 0.0054 -0.0627 0.0116 -0.0419 0.0034 -0.0900
DLPFC  0.0622 29775 -0.0154 0.0590 -0.0900 -0.0190 -0.0053 -0.0032 0.0257  0.0408 -0.0151 0.0400 -0.0305 0.1025
S1 -0.0324 -0.2493 -0.0041 0.0497 -0.0230 -0.1404* -0.0063 0.0479 -0.0431 -0.0607 0.05632* 0.0111 -0.0186 -0.0008

The values presented in the table represent path coefficients with the prediction going from row to column. *, the group means are significantly different

between the nocebo response and the pain status, where a within-group effect was also present in the nocebo response (two-tailed tests; all P<0.05). ACC,

anterior cingulate cortex; AG, angular gyrus; AMYG, amygdala; CAU, caudate; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; FG,

fusiform gyrus; pgACC, pregenual anterior cingulate cortex; MTL, middle temporal lobe; STL, superior temporal lobe; S1, primary somatosensory area;

VMPFC, ventromedial prefrontal cortex.

of the ROI-voxel. Relative to the pain status, the nocebo
response showed that the activity in the left PHP predicted
subsequent deactivation of the left MTL. In contrast, the
activity in the right PHP predicted subsequent activation
of the PCC. Similarly, the activity in the AMYG predicted
subsequent activation of the AG, PCC, and the PFC. The
activity in the OFC predicted subsequent activation of the
CPL and deactivation of the PFC. The activity in the AG
predicted subsequent deactivation of the right MTL and the
pgACC. Moreover, the activity in the right MTL and the
DLPFC predicted subsequent activation of the AMYG and
the AG, respectively. The activity in the pgACC predicted
subsequent activation of the DLPFC, whereas the activity in
the PCC predicted subsequent deactivation of the AMYG
and mid-cingulate cortex (MCC). The activity in the PFC
predicted subsequent deactivation of the CPL, left PHP,
and the S1 (Table 9 and Figure 11).

Discussion

In the present study, we investigated the personality
response differences of the placebo analgesia and
nocebo hyperalgesia. The results indicated that there

© Annals of Translational Medicine. All rights reserved.

were significant differences in the pain scores between
the introvert and EGs in both the placebo and nocebo
responses. Moreover, the comparison results revealed that
the EG had a more significant reduction in pain score in
the placebo response, whereas the IG had a more significant
increase in pain score in the nocebo response. This implies
that extroverts are more prone to the analgesic effect of the
placebo response, whereas introverts are more prone to the
hyperalgesic effect of the nocebo response. We analyzed
the brain networks of the two groups. The results revealed
that both groups had decreased FC in the brain network
and some feedback pathways in the placebo response. In
contrast, the FC of the brain network for both groups
increased in the nocebo response.

Personality differences in the FC brain network for the
placebo response

In the present study, the IG showed a negative FC network
centered on the ACC, including important brain areas of
the pain-related network, such as the TP, OFC, THS, PHP,
and the SMA. The EG showed a negative FC network
centered on the ACC involving the FG, IC, PCC, CAU,
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Figure 10 Brain map of the 2-status (nocebo—pain) comparison of the signed-path coefficients from multivariate Granger causality analysis
in the introvert group. Blue/red arrows present significantly greater deactivation/activation of the following region activity in the nocebo
response compared with the pain status. ACC, anterior cingulate cortex; AG, angular gyrus; AMYG, amygdala; CAU, caudate; CPL,
cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; FG, fusiform gyrus; pgACC, pregenual anterior cingulate cortex; STL,

superior temporal lobe; S1, primary somatosensory area; VMPFC, ventromedial prefrontal cortex.

Table 9 Multivariate GCA results of the two-status (Nocebo-Pain) comparison fit signed-path coefficients in the extrovert group

ACC CPL PHPI PHPr  AMYG OFC MTLI AG MTLr  DLPFC pgACC PCC PFC MCC S1

ACC 0.0303 0.0535 -0.0194 -0.0006 0.0902 0.1138 0.0368 -0.0526 0.0200 0.2046 -0.0074 0.0629 -0.0426 0.0327 0.0571
CPL -0.0029 0.0172 0.0183 0.0293 0.0149 -0.0869 -0.0168 -0.0130 0.0371 -0.0266 0.0032 0.0548 0.0357 -0.0497 -0.0487
PHPI 0.0093 0.0180 0.0440 -0.0195 0.0298 0.0131 -0.1239* -0.0025 0.1159 0.0349 0.0344 0.0456 0.0109 -0.0176 0.0070
PHPr  -0.0019 -0.0384 -0.0212 0.0328 -0.0766 -0.0327 -0.0885 -0.0145 0.1008 -0.0255 0.0150 0.1356* 0.0232 -0.0017 -0.0505
AMYG -0.0289 -0.0153 0.0284 0.0332 0.0271 -0.0020 0.0653 0.0733* -0.0602 -0.0765 0.0143 0.0886* 0.0693* 0.0397 0.0293
OFC 0.0004 0.0831* -0.0170 0.0610 -0.0048 -0.0533 -0.0313 0.0080 -0.1351 0.0675 0.0325 0.0725 -0.0662* -0.0301 0.0580
MTLI  -0.0083 -0.0084 0.0600 -0.0017 -0.0283 0.0076 -0.0273 -0.0110 -0.0194 0.0209 -0.0102 -0.0155 -0.0233 -0.0309 -0.0496
AG -0.0091 -0.0015 0.0570 0.0890 0.0030 0.0096 -0.1262 0.0384 -0.2488* -0.1371 -0.1728* -0.1088 0.0141 -0.0044 0.0679
MTLr  -0.0120 -0.0035 -0.0030 0.0082 0.0654* 0.0217 -0.0307 -0.0055 -0.0190 0.0053 -0.0085 0.0021 -0.0076 0.0097 0.0307
DLPFC -0.0554 0.0084 0.0335 0.0061 0.0831 -0.0646 -0.0010 0.0612* -0.0741 -0.0560 0.0018 -0.0193 -0.0118 -0.0139 0.0738
pgACC -0.1078 -0.0024 -0.0524 0.0605 0.0267 0.0001 0.0499 0.0329 -0.0446 0.1184* -0.0235 0.0045 0.0342 0.0314 0.0844
PCC 0.0550 -0.0583 0.0228 -0.0313 -0.0808* -0.0206 0.0117 0.0031 -0.0544 -0.0523 -0.0043 -0.0599 -0.0388 -0.0834* 0.0185
PFC -0.0894 -0.1673* -0.1290* 0.0639 0.0094 0.0183 0.1139 0.0180 -0.1549 -0.0449 -0.0061 0.0068 -0.0182 -0.0003 -0.1006*
MCC 0.0114 -0.0220 0.0737 -0.0282 0.0423 0.0384 -0.0531 -0.0098 -0.0209 -0.0008 0.0128 -0.0216 0.0263 -0.0247 -0.0015

S1 -0.0387 -0.0453 -0.0296 -0.0139 -0.0263 0.0444 0.0414 0.0000 0.0142 -0.0175 0.0020 0.0796 0.0189 -0.0122 -0.0016

The values presented in the table represent path coefficients with prediction going from row to column. *, the group means are significantly different between
the nocebo response and the pain status, where a within-group effect was also present in the nocebo response (two-tailed tests; all P<0.05). ACC, anterior
cingulate cortex; AG, angular gyrus; AMYG, amygdala; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; PFC,
prefrontal cortex; PCC, posterior cingulate cortex; pgACC: pregenual anterior cingulate cortex; PHP, parahippocampal gyrus; MCC, mid-cingulate cortex;
MTL: middle temporal lobe; S1, primary somatosensory area.
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Figure 11 Brain map of the two-status (nocebo—pain) comparison of signed-path coefficients from multivariate Granger causality analysis

in the extrovert group. Blue/red arrows present significantly greater deactivation/activation of the following region activity in the nocebo

response compared with the pain status. Black arrow presents a bidirectional prediction activity between the regions. ACC, anterior cingulate

cortex; AG, angular gyrus; AMYG, amygdala; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal

cortex; PFC, prefrontal cortex; PCC, posterior cingulate cortex; pgACC, pregenual anterior cingulate cortex; PHP, parahippocampal gyrus;

MCC, mid-cingulate cortex; MTL, middle temporal lobe; S1, primary somatosensory area.

and the PFC. The brain network composed of active brain
regions in pain status is defined as the pain-related network
(29,30). Some brain regions of the pain-related network
are involved in the production and transmission of pain.
For example, IC and ACC form part of the emotional
component (31). Decreased FC in these brain areas reduces
pain-related network activity, thereby reducing the pain
response (32). Compared with introverts, the pain-related
network changes in extroverts are reflected in the decreased
FC between the ACC and the multiple brain areas, as well
as in the decreased FC among IC, VMPFC, and other brain
areas (29,33). These changes lead to a wider regulation of
the FC network and more evident analgesic effects. This
is consistent with our findings, where the pain scores in
the EG were lower in the placebo response. Additionally,
there is an increased FC network in extroverts, including
the ACC, PUT, THS, HP, and the VMPFC. This
helps to activate the endogenous opioid system (34,35),
releasing more opioids, and reducing the occurrence of
a pain reaction (36). Notably, there was an increased FC
between the ACC and BRS in our study, suggesting that
introverts also experienced activation of the opioid system,
but the activation area was not wider compared with that
of extroverts. This could explain why the analgesic effect
was significantly higher in extroverts relative to introverts.
Both introverts and extroverts had increased FC between
the OFC and ACC, suggesting that a placebo response

could produce a more significant emotional regulation.

© Annals of Translational Medicine. All rights reserved.

Negative emotions caused by a pain sensation produce a
significant nocebo response (37,38). The enhancement of
emotional regulation effectively reduces the generation and
transmission of negative emotions, improving the analgesic
effect of the placebo response (39). There is evidence that
DLPFC sends inhibitory signals to regulate painful sensory
signals in the downstream signaling pathway under the
effect of placebo (40). For the introverts in our study, the
FC between the ACC and the bilateral DLPFC was the
opposite, which reflected the characteristics of the placebo
response of the pain sensory signaling pathway.

Personality differences in the FC brain network for the
nocebo response

Brain areas, such as the AMYG, ACC, PFC, and the THS
are closely associated with emotions (41,42). The pain
process also produces more negative emotions (43). In
the present study, both the introverted and extroverted
participants showed increased FC in these brain areas.
The activation of these brain areas will accelerate the
transmission and spread of negative emotions, aggravating
the effect of anxiety on the nocebo effect. Moreover,
studies suggest that the temporal lobe, cingulate cortex, and
the PFC participate in emotional control and regulation
(44,45). Our findings indicate that the FC of These brain
areas decreased in the two groups, and the emotional
regulation network of introvert participants was more
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widely inactivated. This implies that negative emotions
in the introvert subjects were more difficult to control
and resulted in increased pain. Some studies have shown
that activation of the CCK system is closely linked to the
occurrence of anxiety, and anxiety is primarily thought to be
an upstream pathway regulating the CCK system (46-48).
The experience of negative emotions can activate the CCK
system and plays a role in nocebo response. As a sensory
conduction region in the brain, the CAU plays an important
role in the nocebo effect (49). The results indicated that
there is an increased FC between CAU and pgACC in
introverts, suggesting that the nocebo effect increases
information transfer to the pgACC through the CAU. In
extroverts, there was increased FC between the DLPFC
and the OFC. As an important brain area for information
processing, activation of the PFC accelerates the rate of
pain signal processing, reducing the effects of pain (50,51).
The introverts did not exhibit this change. Both introverts
and extroverts showed increased FC between the AMYG
and the ACC. As a key node of the emotional conduction
pathway, the AMYG receives emotional signals from the
THS and projects them to the PFC through the ACC (41).
Changes in the brain network suggest that the brain network
produces more emotional information in the nocebo
response such as negative emotions (e.g., anxiety), which
aggravates the pain response. Comparing the brain network
between the placebo and nocebo responses in introverts and
extroverts, we found that the placebo response was mainly
mediated by the opioid receptor system in introverts, while
the nocebo response was primarily caused by anxiety factors
and the loss of emotional regulation, which additionally
included activation of the CCK system. An overlap was
seen in the two brain networks, but the subnetworks are
quite different. In the extroverts, there was a difference
in the emotional regulation pathway between the placebo
and nocebo responses. The nocebo response tended to
accelerate processing of prefrontal information, but this
change was not found in the placebo group. This suggests
that, although the brain networks for the placebo and
nocebo responses overlap partially, differences still exist
between them.

Personality differences in the GCA brain network for the
placebo response

GCA results revealed that the regulation and feedback
pathways in extroverted participants were mainly in the
ipsilateral brain. In contrast, the regulatory pathways in the
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introverted participants overlapped in the bilateral brains,
suggesting personality differences in the characteristics of
the placebo response network. A reward system is a group
of neural structures responsible for incentive salience,
associative learning, and positive emotions, particularly
involving pleasure as a core component (52,53). The reward
system includes the ventral striatum, PFC, ACC, IC, THS,
and AMYG (54). A positive regulatory pathway appeared
in the PCC, ACC, THS, HP, and the PHP in the EG.
This suggests that the reward system was activated in the
extroverted participants. The activation of the reward system
produces increased amounts of neurotransmitters, such
as dopamine and gamma-aminobutyric acid (GABA) (55),
which promote a happy mood and reduce feelings of pain
(56,57). Changes in these brain networks also suggest that
there could be activation of the opioid system to release
analgesic substances. Moreover, these brain areas are
closely associated with emotional regulation (58,59), and
their activation strengthens the emotional regulation of
the placebo response. Although the positive regulation
pathway between the ACC and the BRS was not found in
the introverts, a positive regulation pathway between the
BRS and SMA was observed, indicating the activation of the
opioid system and suggesting that the opioid system could
also be adjusted through the BRS-SMA-ACC pathway.
Additionally, introverts showed positive regulation of
the DLPFC-TP and OFC-ACC pathways. As vital brain
areas for emotional control (60), TP and OFC activation
encourages emotional control in introverts, suggesting
a mechanism of emotional regulation under the placebo
response. In extroverts, a positive regulation occurs
between bilateral ICs, and there are abundant information-
exchange nerve fibers between bilateral ICs (61).
Right ICs are closely associated with mood stability and
function by improving attention (62). Positive regulation
of this pathway improves the body’s alertness, maintaining
more effective placebo analgesia. In extroverts, the
VMPFC was negatively regulated by the OFC and HP.
Previous studies have indicated that individuals with
reduced VMPFC activity are more likely to be deceived
and induced (63,64). Extroverts were more likely to
believe in the placebo effect, because of the decreased
excitability of the VMPFC. In contrast, this pattern was
not observed in introverts. There is a mutual feedback
adjustment relationship between the CAU and HP. The
CAU is an important structure of the dorsal striatum (65).
It is thought to be related to the visual beauty response and
also to the generation of love (66). HP is closely related
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to the occurrence of anxiety (67,68). Feedback adjustment
of these two brain areas reduces the occurrence of anxiety
and increases the feeling of happiness, which plays a role in
placebo analgesia.

Personality differences in GCA brain network for the
nocebo response

The data presented here indicate that the regulatory signals
were emitted from the OFC and transmitted through the
PFC in extroverted participants, which had a negative
impact on the S1, CPL, and PHP. This characterizes the
brain network driving the nocebo response in extroverted
participants while concurrently decreasing the regulation
of emotion. As an essential emotional center, the AMYG
receives emotional information from the THS and relays
it into the PFC for analysis (69). A positive regulatory
pathway of MTL-ACC-AMYG-PFC was identified in
the brain network for the nocebo response in extroverted
participants. The activation of this pathway indicates that
multiple emotions are elicited under the nocebo response,
as demonstrated in the present study. Elevated anxiety via
the direct pathway or the CCK system participates in the
execution of the nocebo effect (70). Of note, a significantly
negative regulation was found among the ACC, pgACC,
MCC, and PCC in extroverts (71). This highlights that the
internal transmission of pain information is blocked in the
cingulate cortex, and each brain area mutually inhibits the
function of each sensory information processing system.
For the extroverts, this represents the characteristics of the
feedback regulation mechanism for the nocebo response.
Moreover, the PFC had a negative regulation of the S1
in extroverts, while it had a negative regulation of the
CAU in the introverts, indicating personality differences
in the regulation of the sensory cortex for the nocebo
response. It is worth noting that the brain network of
extroverts primarily displayed an activated emotional
release system (i.e., emotional circuit), suggesting the role
of anxiety in the brain network for the nocebo response
in extroverts. In contrast to extrovert subjects, introvert
subjects primarily showed the regulation of the sensory
conduction system (SCS). Analysis of brain networks
for the placebo and nocebo responses in each subgroup
revealed that the brain network for the placebo response
was largely characterized by activation of opioid and reward
systems accompanied by alterations in the emotional
regulation system in the introvert subjects. For the nocebo
response, the brain network primarily showed alterations
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in the sensory information transmission system and some
emotional regulation systems. In comparison, the brain
network for the placebo response in extroverts exhibited
a broader regulatory network whereas that for the nocebo
response predominantly involved the emotional release and
emotional processing systems.

Limitations

While the results presented here clearly show personality
differences in placebo analgesia and nocebo hyperalgesia,
the present study has some important limitations. First,
although we employed the ROI-voxel FC method to
reveal the key brain areas driving the placebo and nocebo
responses, some of the brain areas are not part of the
network. Therefore, more seed points (e.g., AAL time-
course analysis) should be used to comprehensively explore
the network in future research. Second, the study was
performed in only young people, and therefore differences
between participants of different ages were not examined.
Third, the study only focused on the placebo/nocebo brain
network in acute pain model participants, and did not
investigate the more complex placebo/nocebo brain network
in patients with acute or chronic pain, which is an area that
enquires future research. Fourth, due to the limited number
of participants, the present study lacks a multi-dimensional
analysis of research data. Multi-dimensional analysis based
on EPQ data, such as N (neuroticism) and P (psychoticism)
factors, will be used in future research.

Conclusions

We find that that extroverts are more likely to produce
placebo analgesic effects while introverts are more likely
to produce nocebo hyperalgesia effects. Both extroverts
and introverts exhibit significant changes in brain activity
under placebo response. Emotional control and inactivity
of the ventromedial prefrontal cortex might be the main
reasons for personality differences in placebo analgesia.
Notably, regulation of the SCS and release of the emotional
circuit are also important factors contributing to personality
differences in nocebo hyperalgesia.
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Supplementary

Brain response of placebo response in introvert
subjects (ROI-voxel)

In the FC network of the ACC, the findings indicated
that compared with pain status, placebo status exhibited
increased FC in the posterior cingulate cortex (PCC),
brainstem (BRS), right orbitofrontal cortex (OFC), right

dorsolateral prefrontal cortex (DLPFC), and the secondary
somatosensory area (S2). Besides, the ACC exhibited
significantly decreased FC in the cerebellum posterior lobe
(CPL), supplementary motor area (SMA), temporal pole
(TP), left OFC, thalamus (THS), parahippocampal gyrus
(PHP), left DLPFC (Tuble S1 & Figure SI).

Table S1 The locations of the brain areas showing significantly FC with the ACC in placebo response in introvert subjects. (P<0.05, FDR<0.05)

MNI
Brain region R/L Voxel Z-score
X Y z

CPL L -12 -36 -51 76 -5.4085
BRS R 18 -39 -33 200 6.6478
DLPFC L -33 36 6 129 -6.0736
DLPFC R 21 66 6 60 6.08
OFC R 45 45 -15 114 7.0473
OFC L -21 15 -9 88 -4.6067
PCC R 24 -45 27 3467 12.6427
TP L -45 21 -15 129 -7.2788
THS L -15 -24 -3 64 -6.5076
PHP L -27 -33 3 51 -6.099
S2 R 21 -51 51 200 10.0914
SMA L -27 -9 57 3287 -11.1188
SMA R 9 -12 60 59 -5.3913

FDR, false discovery rate; MNI, Montreal Neurological Institute. ACC, anterior cingulate cortex; BRS, brainstem; CPL, cerebellum posterior
lobe; DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; PCC, posterior cingulate cortex; PHP, parahippocampal gyrus;
SMA, supplementary motor area; S2, secondary somatosensory area; THS, thalamus; TP, temporal pole.

© Annals of Translational Medicine. All rights reserved.

http://dx.doi.org/10.21037/atm-20-5123



[
-11.12 12.64

N1

Figure S1 Brain areas showing significantly FC with the ACC in the placebo status in introvert group.
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Brain response of placebo response in extrovert

subjects (ROIl-voxel)

In the FC network of the ACC, the findings showed
that compared with pain status, placebo status displayed
increased FC in the PHP, putamen (PUT), THS, rolandic

operculum (RO), OFC, hippocampus gyrus (HP), right
insular cortex (IC), SMA, and the ventromedial prefrontal
cortex (VMPFC). However, the ACC exhibited significantly
decreased FC in the fusiform gyrus (FG), CPL, left IC,
PCC, and the caudate (CAU) (Table S2 & Figure S2).

Table S2 The locations of the brain areas showing significantly FC with the ACC in placebo response in extrovert subjects. (P<0.05, FDR<0.05)

MNI
Brain region R/L Voxel Z-score
X Y z
CPL L -30 -69 -24 89 -5.1574
VMPFC L -3 54 33 169 8.021
OFC L -51 42 -6 140 5.9012
FG R 42 -69 -18 175 -4.8967
RO L -60 6 6 232 9.109
PUT R 21 -6 -6 157 6.4611
CAU L -21 -9 15 119 -5.4231
PCC L -24 -63 3 193 -6.0579
THS L -9 0 3 78 5.5575
PHP L -27 3 -30 69 5.258
HP L -27 -12 -9 51 5.2567
IC L -24 33 12 82 -5.2257
IC R 36 3 21 69 4.3767
SMA L -21 0 33 473 8.5119

FDR, false discovery rate; MNI, Montreal Neurological Institute. ACC, anterior cingulate cortex; CAU, caudate; CPL, cerebellum
posterior lobe; FG, fusiform gyrus; HP, hippocampus gyrus; IC, insular; OFC, orbitofrontal cortex; PCC, posterior cingulate cortex; PHP,
parahippocampal gyrus; PUT, putamen; RO, rolandic operculum; SMA, supplementary motor area; THS, thalamus; VMPFC, ventromedial

prefrontal cortex.
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Figure S2 Brain areas showing significantly FC with the ACC in the placebo status in extrovert group.
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Brain response of nocebo effect in introvert VMPEFC. Nevertheless, the ACC exhibited significantly
subjects (ROI-voxel) decreased FC in the CPL, FG, middle temporal lobe

In the FC network of the ACC results, compared with the (MTL), superior temporal lobe (STL), pregenual anterior
pain status, the nocebo status displayed increased FC in cingulate cortex (pgACC), DLPFC, and the primary
the angular gyrus (AG), amygdala (AMYG), CAU, and the somatosensory area (S1) (Tuble S3 & Figure S3).

Table S3 The locations of the brain areas showing significantly FC with the ACC in the nocebo response in introvert group. (P<0.05, FDR<0.05)

MNI
Brain region R/L Voxel Z-score
X Y 4

CPL L -42 -63 -42 207 -5.9129
CPL R 42 -69 -39 66 -4.651

DLPFC R 18 48 48 53 -4.4172
VMPFC R 12 54 0 55 4.9024
VMPFC L -15 63 12 77 6.5867
CAU R 3 -3 0 56 5.2067
FG L -42 -18 -33 310 -7.2011
AG R 21 -57 54 2827 8.8551

pgACC L -21 9 21 1092 -8.5985
AMYG R 15 0 -15 64 6.0078
MTL L -54 -18 -6 86 -5.6578
STL L -63 -51 3 100 -6.5713
S1 L -18 -24 57 109 -9.7507

FDR, false discovery rate; MNI, Montreal Neurological Institute. ACC, anterior cingulate cortex; AG, angular gyrus; AMYG, amygdala; CAU,
caudate; CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; FG, fusiform gyrus; MTL, middle temporal lobe; pgACC,
pregenual anterior cingulate cortex; STL, superior temporal lobe; S1, primary somatosensory area; VMPFC, ventromedial prefrontal cortex.
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Figure S3 Brain areas showing significantly FC with the ACC in the nocebo status in introvert group.
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Brain response of nocebo effect in extrovert the AMYG, OFC, AG, MTL, DLPFC, pgACC, prefrontal
subjects (ROl-voxel) cortex (PFC) and S1. However, the ACC exhibited
In the FC network of the ACC results, compared with the significantly decreased FC in the CPL, PHP, MTL, PCC,
pain status, the nocebo status displayed increased FC in and the mid-cingulate cortex (MCC) (Table S4 & Figure S4).

Table S4 The locations of the brain areas showing significantly FC with the ACC in the nocebo response in extrovert group. (P<0.05, FDR<0.05)

MNI
Brain region R/L Voxel Z-score
X Y z

CPL L -24 -66 -24 186 -6.757
DLPFC R 42 27 36 246 7.1519
PFC L -6 36 57 1031 7.5948
OFC R 51 48 -9 68 5.1296
pgACC R 3 12 18 86 6.0886
PCC L -15 -33 30 240 -6.1891
MCC L -3 -39 48 186 -6.5768
PHP L -15 -81 36 1237 -7.7407
PHP R 21 -48 -9 53 -4.7556
AMYG R 30 -3 -12 96 5.695

MTL L -42 -66 -3 79 -5.3356
MTL R 27 36 6 63 4.9623
AG R 48 -57 48 284 5.4723
S1 L -15 -33 69 106 5.7912

FDR, false discovery rate; MNI, Montreal Neurological Institute. ACC, anterior cingulate cortex; AG, angular gyrus; AMYG, amygdala;
CPL, cerebellum posterior lobe; DLPFC, dorsolateral prefrontal cortex; MCC, mid-cingulate cortex; MTL, middle temporal lobe;
OFC, orbitofrontal cortex; PFC, prefrontal cortex; pgACC, pregenual anterior cingulate cortex; PCC, posterior cingulate cortex; PHP,
parahippocampal gyrus; S1, primary somatosensory area.
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Figure S4 Brain areas showing significantly FC with the ACC in the nocebo status in the extrovert group.
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