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Background: Biased fear-related perception is one main characteristic in patients with panic

disorder (PD) and their prominent cardiovascular symptoms associated with enhanced heart-

beat perception.

Patients and Methods: We investigated interoceptive perception in 18 first-onset drug-

naïve PD patients and 21 age- and gender-matched healthy controls (HC). Moreover, we

compared blood oxygen level-dependent (BOLD) responses between the two groups during

a heartbeat perception (interoception) task to assess task-evoked activity and its relationship

with heartbeat perception scores (HPSs).

Results: We found that patients with PD compared to HCs revealed a trend higher but

insignificant HPSs. Higher activity in the bilateral superior parietal lobule (SPL) was

observed in PD patients compared to HCs during the perception of both heartbeats and

pure tones compared to rest. Furthermore, patients with PD exhibited a significant positive

correlation between BOLD activity in the left SPL during heartbeat > resting-state and HPS.

Conclusion: Using a sample of first-episode drug-naïve patients, our study reports that

patients with PD show altered activation in the bilateral SPL during both interoceptive and

exteroceptive perception. The increased activation during interoceptive stimuli might render

PD patients more engaged in processing information associated with their internal states.
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Introduction
Panic disorder (PD) is characterized recurrent unexpected panic attacks with symp-

toms like palpitation, sweating, and feeling of impending death.1 The enhanced

interoceptive processing of cardiovascular states such as rapid heartbeat is consid-

ered to play an important role in the maintenance of PD, which triggers the vicious

circle of fear and increases the probability of a panic attack.2

Recent studies support the role of the biased perception in the development and

maintenance of PD.3,4 Patients with PD suffer from high number of cardiovascular

symptoms, which increases cardiac liability and heightens sensitivity to bodily

responses.5 Since the PD patients are afraid that the bodily (cardiovascular) symp-

toms might lead to catastrophic consequences (eg heart attack), they monitor

excessively their cardiovascular state, especially the heartbeat. Heartbeat perception

score (HPS) was developed to measure the interoceptive sensitivity.1 Previous
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studies have reported higher HPS in PD,6 indicating their

abnormal interoceptive processing, including viscerocep-

tion and proprioception.1

Despite several behavioral studies in PD reporting altered

interoceptive awareness,1,6,8 the neurofunctional correlates

of biased interoception in PD remains poorly understood.

Neuroimaging had been applied to explore brain activation

patterns in PD. Based on recent research, patients with PD

showed decreased activation in the superior parietal lobule

(SPL) and middle frontal gyrus (MFG) in the alert state,

while cognitive behavioral therapy (CBT) results in

increased activation of these two regions.9 However, another

study reported decreased parietal lobe activation in remitted

PD patients, with improvements in severity of panic symp-

toms correlating negatively with changes of activity in the

right SPL.10 Further, the SPL is activated during self-related

tasks.11–13 Considering the above findings, SPLmay be a key

region for investigating the neurofunction of PD, especially

during interoceptive awareness task.

In the current study, we investigated brain activity

during interoceptive awareness in PD patients, using task

fMRI, during which the patients silently counted the num-

ber of heartbeats and number of tones. In order to avoid

confounding factors related to drug treatment, we chose

first-episode drug-naïve patients with PD. We aimed to

find the neural correlates of altered interoceptive aware-

ness, observed in PD.

Patients and Methods
Subjects
Eighteen subjects with PD and 21 age- and gender-

matched healthy control (HC) subjects without mental

disorders were recruited (Table 1). Patients were recruited

as outpatients in Shanghai Mental Health Center (SMHC).

HCs were recruited through advertisements. Blood pres-

sure measurements and an electrocardiogram were con-

ducted to ensure normal cardiovascular function of all

study participants.

Diagnosis of PD patients was confirmed by an expert

psychiatrist based on DSM-5 criteria, and all subjects were

further examined by two research doctors using the Mini

International Neuropsychiatric Interview (MINI), Chinese

version (citation). Inclusion criteria included: 1) age range

of 18–60 years; 2) ≥ 6 years education; 3) scores on the

Hamilton Anxiety Scale (HAMA) ≥ 14 and on the

Hamilton Depression Scale (HAMD) < 14; and 4) first epi-

sode of PD. Exclusion criteria included: 1) intellectual dis-

ability, dementia, and other neurological illnesses; 2) head

trauma leading to loss of consciousness; 3) severe somatic

disease, such as cancer, heart failure, or pneumonia; 4) cur-

rent substance abuse or dependence; 5) presence or history of

other mental disorders; 6) contraindication to magnetic reso-

nance scanning; 7) receiving any kind of drugs for syn-

dromes of anxiety; and 8) PD patients with comorbid

physical diseases.

HCs were screened using the MINI to rule out mental

disorders. The inclusion and exclusion criteria used for

HCs were identical to PD subjects except the third and

fourth inclusion criteria.

This study was approved by the Research Ethics

Committee at the SMHC and was conducted in accordance

with the Declaration of Helsinki. All participants signed

a written informed consent.

Assessment of Heartbeat Perception
Heartbeat perception assessment was performed using the

mental tracking paradigm.14 All participants were asked to

feel their heartbeat, count and report the number of

Table 1 Demographic and Clinical Characteristics of the Participants

Characteristics HC (N = 21) PD (N = 18) t/X2 p value Effect Size (Cohen’s d)

Age (years) 38.05 ± 10.32 38.11 ± 11.82 0.18 0.99 0.058

Gender (male/female) 8/13 6/12 3.17 0.11 3.075

HAMA – 20.79 ± 3.47 – – –

HAMD – 9.64 ± 3.32 – – –

HPS measures

1st heartbeat 0.65 ± 0.16* 0.73 ± 0.16** – – –

2nd heartbeat 0.63 ± 0.13* 0.75 ± 0.23** – – –

3rd heartbeat 0.61 ± 0.15* 0.72 ± 0.22** – – –

HPS-mean 0.63 ± 0.14* 0.74 ± 0.20** 1.55 0.07 0.625

Notes: *N, 11; **N, 14.

Abbreviations: PD, panic disorder; HC, healthy control; HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; HPS, heartbeat perception score.
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heartbeats. During the measuring period outside the MRI

scanner, a portable electrocardiograph was applied to

record the number of occurrences of R waves and deter-

mine the true number of heartbeats. The experiment was

repeated three times, and the heartbeat counting was per-

formed for the length of 26, 21, and 36 s, randomly. Then,

data were analyzed using the following formula. The HPS

was calculated to measure the accuracy of heartbeat per-

ception, and the full score was 1. Higher scores indicated

higher heartbeat perception level. In the current study, four

patients with PD and 10 HCs were not tested for HPS.

P ¼ 1

k
∑
k

i¼1
1� Oi � Gij j

Oi

� �

where “P” indicates HPS, “i” the number of times each

experiment was performed, “O” the actual heartbeat num-

ber of each subject during the experiment, and “G” the

heartbeat number counted by each subject.

Task Paradigm
The fMRI task was designed and administered using the

E-Prime software package (Psychology Software Tools

INC, US). Initially, the fMRI Hardware System (IFIS-

SA, Invivo Corporation, US) was used to project experi-

mental stimuli through a beamer into a mirror that was

located in the head coil. The auditory stimuli were pre-

sented to the participants through Sensimetrics S14 insert

earphone (Huth, de Heer, Griffiths, Theunissen, and

Gallant, 2016) inside the soundproof earmuff. This pro-

mised high-quality stimuli presentation and avoided the

noise impact from the MRI scanner.

An event-related functional MRI design for exploring the

awareness of interoceptive and exteroceptive was used in the

current study, based on the paradigm introduced by Pollatos

and Critchley andmodified byWiebking.15–17 The experiment

consisted of four scanning runs, and each run consisted of three

conditions (9–13 s each), which presented 48 times in

a pseudo-randomized order. The total experiment lasted 9.6

min. The three conditions included a heartbeat task (interocep-

tion), a pure-tone task (exteroception), and a rest state. Visual

stimuli were projected onto a projection screen using an LCD

projector through an adjustable mirror, angled 45° to the indi-

vidual’s eyesight. Before each scanning session, subjects were

instructed to adjust the tone volume to the same level of their

heartbeat in order to equalize the difficulty of the pure-tone and

heartbeat tasks. During interoceptive conditions (heartbeat),

a dark colored heart was presented for 9–13 s. During this

time, participants were asked to count their heartbeat silently.

Afterwards, they reported the number of heartbeats on one

rating scale (4 s) via pressing buttons. This feedback allowed

the monitoring of each participant’s attention to the task.

During the exteroceptive conditions (pure-tone), a dark colored

musical note was presented for 9–13 s. During this time,

participants were asked to hear pure-tones with one loudspea-

ker and count the number of pure-tones silently. Afterwards,

they reported the number of pure-tones on a rating scale.

During the rest conditions (resting-state), a dark cross was

displayed for 9–13 s. Participants were instructed to remain

relaxed in the resting-state. These rest conditions served as

baseline activity and were the inter-trial intervals.

MRI Data Acquisition
All images were acquired on a 3.0-T SIMENS

MAGNETOM Verio syngo MR scanner equipped with

a 12-channel head coil (Siemens, Erlangen, Germany).

Head motion was limited using form padding, and scanner

noises were reduced using earmuff. Parameters for Sagittal

three-dimensional T1-weighted images were: repetition

time (TR), 1900 ms; echo time (TE), 2.46 ms; inversion

time (TI), 900 ms; flip angle (FA), 9°; field of view (FOV),

256 mm × 256 mm; matrix, 256 × 256; slice thickness,

1 mm; 192 sagittal slices. Parameters for echo-planar

imaging (EPI) sequence were: TR/TE, 2000/32 ms; FA,

70°, FOV, 240 mm × 240 mm; matrix, 64 × 64; slice

thickness, 5 mm; 30 interleaved transverse slices; voxel

size, 3.8 × 3.8 × 5 mm3.

Data Analysis
Demographic and clinical data were analyzed using SPSS

19.0 (SPSS Inc., Chicago, US), and were compared using

two sample t-tests or chi-square test. Statistical signifi-

cance was set at p < 0.05. Before using t-tests,

a normality test (Kolmogorov–Smirnov) was performed

for each group.

The fMRI data were preprocessed using Statistical

Parametric Mapping Software (SPM12, http://www.fil.ion.

ucl.ac.uk/spm). The 247 volumes of each run were corrected

for time delay between different slices and realigned to the first

volume. Parameters of head motion were computed with

estimating translation in each direction and the angular rota-

tion on each axis for each volume. Each participant had

a maximum displacement of less than 3 mm in any cardinal

direction, and a maximum spin less than 3°. Individual T1

images were linearly co-registered to themean EPI image; and

the transformed T1 images were segmented into white matter,

grey matter (GM), and cerebrospinal fluid. The GM maps
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were then linearly co-registered to tissue probability maps in

MNI space. The functional images with motion correction

were linearly normalized to the individual’s structural image

using the parameters estimated with linear co-registration. The

functional images were resampled into 3 × 3 × 3 mm3 voxels.

Finally, all datasets were smoothedwith a Gaussian kernel of 8

× 8 × 8 mm3 FWHM (full-width half maximum).

We used SPM12 to do the analysis and modeled three

regressors of interest: resting-state, heart-beats, and pure-

tones, whichwere convolvedwith the canonical hemodynamic

response function. The voxel time series were high-pass fil-

tered at 1/128 Hz to account for non-physiological slow drifts

in the measured signal and modeled for temporal autocorrela-

tion across scans using an autoregressivemodel.We conducted

two sample t-tests to determine the differently activated

regions involved in interoception (heartbeats > resting-state)

and exteroception (pure tones > resting-state). Effects were

compared between HC and PD participants, including age

and gender as covariates. Multiple comparisons were per-

formed using whole brain voxel-wise family wise error

(FWE) correlation, resulting in a corrected threshold of

p < 0.05.

We further investigated the correlation of HPS with

hemodynamic activity in regions showing significant

group differences during heartbeats > resting-state using

Pearson correlation analysis. Before using t-tests,

a normality test (Kolmogorov–Smirnov) was performed

for each variable.

Results
Demographic and Clinical Characteristics
All PD subjects were first-onset drug-naïve. PD patients

and the corresponding HCs did not significantly differ in

age or gender (Table 1), and were right-handed. The HPSs

were higher in PD than in HC (not statistically significant,

p = 0.07). Please also report the behavior results during the

fMRI experiment, since you have the count heartbeat and

the tones conditions. How are the accuracies and HPS in

PD and HC in your experiment?

Task fMRI Findings
We studied all contrasts for the comparison “PD vs HC”.

When comparing activity of heartbeats with resting-state,

PD patients showed higher activity in the bilateral SPL (p

< 0.05, FWE corrected) than HCs (Figure 1A and Table 2).

When comparing activity of pure-tones with resting-state,

PD patients also showed higher activity in the bilateral

SPL (p < 0.05, FWE corrected; Figure 1B and Table 2).

Activation Correlation with the HPS
Patients exhibited a positive correlation between the HPS and

the BOLD activity in the left SPL (r = 0.47, p = 0.04;

Figure 2A) and in the right SPL (r = 0.41, p = 0.07;

Figure 2B) during the heartbeats over resting-state condition,

although the latter was not statistically significant. However,

Figure 1 Task fMRI results for the comparison “PD vs HC”. (A) During the

heartbeat vs resting-state condition, PD patients showed increased activity in the

bilateral superior parietal lobule [SPL; p < 0.05, family wise error (FWE) corrected].

(B) During the “pure tones vs resting-state” condition, PD patients showed

increased activity in the bilateral SPL (p < 0.05, FWE corrected).

Table 2 Brain Regions Exhibiting Differences in Hemodynamic

Responses Between Two Groups (PD > HC) in the Two Test

Conditions

Location x y z T Voxels

Heartbeat > Resting-state

Right superior parietal lobule 28 −68 26 6.99 203

Left lingual gyrus −28 −74 −10 6.57 32

Left superior parietal lobule −26 −62 30 6.56 70

Left fusiform gyrus −16 −84 −8 6.41 102

Pure tone > Resting-state

Left superior parietal lobule −32 −54 50 7.62 606

Left hippocampus −24 −30 −2 7.45 275

Left superior frontal gyrus −2 +32 +52 7.18 36

Left postcentral gyrus −54 −24 +50 7.00 415

Right superior parietal lobule 42 −44 +38 6.99 102

Left precentral gyrus +28 +2 +56 6.76 117

Left anterior cingulate gyrus −2 +36 +30 6.72 227

Right precentral gyrus +46 +16 +34 6.70 141

Right middle frontal gyrus +48 +34 +18 6.64 36

Right angular gyrus +32 −54 +40 6.48 88

Left middle frontal gyrus −38 +18 +34 6.44 92

Right cerebellum 26 −60 −50 6.43 39
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there was no correlation between BOLD activity in the SPL

and HPS in HC (Figure 2C and D). Furthermore, according to

the Z test for assessing the difference in correlation coefficients

no significant difference between two groups was found.

Discussion
The present study found that the accuracy of heartbeat per-

ception, although not statistically significant, was higher in

patients with first-episode drug-naïve PD than in HCs, which

is consistent with previous studies.6,8,18 We also investigated

brain activity for perceptive awareness and found altered

function of the SPL during interoceptive and exteroceptive

processing in PD patients. Furthermore, this hyperactivity

correlated positively with HPS in patients with PD but not in

HCs. To our knowledge, this is the first study to observe

altered brain activity during perceptive awareness in first-

episode drug-naïve PD patients.

Previous studies have shown that SPL is involved in

attention.19,20 During self-related tasks, such as read own

personality trait, the SPL and other brain regions are

activated.11–13 In the current study, we found that patients

with PD showed significantly higher activation of the

bilateral SPL during perceptive processing, especially

interoceptive awareness, because PD subjects could focus

and involve the attention control to detect the signals much

better than health controls. The bilateral SPL reflects

Figure 2 Activation correlated with heartbeat perception score (HPS). (A and B) During the heartbeats > resting-state condition, there was a positive correlation of the

HPSs with BOLD activity in the left superior parietal lobule (SPL; A) and a mild positive correlation with BOLD activity in the right SPL (B) in patients with PD. (C and D)

During the heartbeats > resting-state condition, there was no significant correlation between BOLD activity in the left (C) or right (D) SPL and HPS in healthy individuals.
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a baseline state of brain function in the absence of external

cognitive stimuli, and mediates self-referential

thoughts.21,22 Furthermore, utilization of interoceptive

cues aids intuitive decision-making in PD patients; how-

ever, interoception related to cardioceptive information

constitutes a major source of threat to these patients.23

This suggests that increased activation of what during

interoceptive stimuli processing renders PD patients more

engaged in processing information related to their internal

states, thus increasing the probability of panic attacks.

Moreover, the positive correlation between SPL activation

and HPS, ie, the accuracy of heartbeat perception, in PD

patients further confirms this hypothesis.

Our results also revealed an increase in bilateral SPL

activation during exteroceptive awareness in PD patients.

This increase was observed for both interoception and exter-

oception. We hypothesized that the increased sensitivity of

exteroceptive perception may be accompanied by changes in

interoceptive awareness and may enhance the severity of

panic syndrome. Wiebking and colleagues used a similar

paradigm to investigate the perceptive awareness in patients

with major depressive disorder (MDD) and found that

depressed individuals showed reduced activation during

exteroceptive processing.7 Although the SPL and insula are

differentially altered during exteroceptive awareness, both

regions are associated with interoception.12,24 During exter-

oceptive perception, PD and MDD patients have different

responses, which may be associated with differences in the

pathological mechanism of the two disorders. Future studies

are required to investigate the causal relationship between

interoceptive and exteroceptive perception among PD and

MDD individuals.

Recently, Pollatos and colleagues used repetitive transcra-

nial magnetic stimulation (rTMS) to inhibit specific locations

associated with interoceptive facets in healthy individuals. The

authors found that inhibition of the insula results in a decline in

cardiac interoceptive accuracy.25 Furthermore, a previous

study found that low-frequency rTMS on the right parietal

lobe could relieve anxious syndrome in patients with anxiety

disorder (Li et al, 2012). Thus, our study provides a hint for PD

treatment, by which inhibition of the SPL in PD patients may

decline cardiac interoceptive accuracy.

The current study should be considered in light of certain

limitations. The small number of sample subjects constricted

the statistical power, as shown in the case of group differ-

ences regarding HPSs. Additionally, four patients with PD

and 10 HCs were not tested for HPS, and others were tested

for HPS only once. Due to the small sample size, we did not

separate PD patients for specific stimuli responsible for

triggering panic symptoms, which may differ across the

cohort. Moreover, during the Schandry heartbeat perception

task, participants do not rely on external cues to count their

heartbeats, and Zamariola et al reported that the interocep-

tive accuracy scores massively reflect under-reports and

suggested undistinguishable interoceptive capacities within

the top scores.26 In the current study, the patients we col-

lected reported their heart complaint at the first visit and

were not young, so our results hardly applied to young

patients. Furthermore, we did not use an intervention

method, such as rTMS, to verify our hypothesis.

Therefore, future studies with a larger sample size and

applying an intervention method are required.

Conclusions
In conclusion, this research is notable as the first study

using fMRI to investigate the neural basis underlying

perceptive awareness in PD patients not receiving any

psychotropic medications, using fMRI. In these patients,

we identified increased activation of the bilateral SPL

during interoception and a positive correlation of SPL

activation with the HPS. This indicates that PD patients

may process information on their internal state more inten-

sively, which may increase the probability of panic attacks.

Our study provides insights to develop novel PD add-on

treatment.
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